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Preface

This volume is an outgrowth of my four years of service
in the Army Air Force during World War II. During that time °
I worked on the coordination of research on air-crew selection
in the Aviation Psychology Program. A report specifically on
the problems encountered in that program and the techniques
adopted for dealing with them has already been published as
Aviation Psychology Program Research Report #3: Research
Problems and Techniques! The present volume is based on
that report but undertakes to formulate the problems and pro-
cedures in much more general terms which will be applicable
to civilian as well as military personnel problems. In addition,
a number of gaps in the earlier volume have been filled in, so
as to present a more balanced treatment of testing problems in
personnel selection.

I have used essentially the material of this book for the last
three years for a course in the theory of measurement. The
measurement problems in education and in personnel psychol-
ogy have much in common, and most of the topics discussed in
the following chapters refer to both.

This book is made up of two rather distinct parts. The first
eight chapters deal with the technical problems involved in de-
veloping a personnel testing program and in appraising its
effectiveness. The last three deal with administrative problems
of maintaining an efficient, smooth-running program with good
public acceptance. I believe that it is important for the worker
in personnel testing to be aware of the problems in both areas.
Both must be taken into account in planning an effective work-
ing organization.

Throughout the book, a number of problems have been raised
for which I do not have an adequate answer. This is probably
somewhat unsatisfying for the reader, particularly for the less
advanced student of the field. But awareness of ignorance is

1U. S. Government Printing Office, 1947.
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Introduction

The past thirty years have seen the birth, childhood, and
coming of age of objective aptitude and achievement tests as
devices for personnel selection. Tests of this sort came into being
at the time of World War I. They were nourished during the
period between the wars for educational selection in colleges, for
employee selection in various industries and public personnel
agencies, and for intellectual exploration by psychologists inter-
ested in tests and measurements. They took on adult burdens of
responsibility in World War II in all branches of the armed
forces. Hardly a man of the 14,000,000 who served the nation
during that period failed to have his career affected in some
measure by selection and classification tests devised and admin-
istered by personnel psychologists. Certainly in quantity, and
probably in quality and diversity, personnel testing reached an
all-time high. The record of wartime performance suggests that
a rich future lies before the psychologist in the use of tests for
selection and classification of personnel for industry, civil service,
and education. This volume is concerned with the problems of
testing such personnel.

Much of the discussion and, particularly, many of the illustra-
tions in this book are set in the military frame of reference. This
is in part a reflection of the general preoccupation of personnel
psychologists during the five war years with the problems of
military personnel. In part it is a specific reflection of the
experiences of the author in the Aviation Psychology Program of
the Army Air Forces. However, this setting is incidental rather
than central to the purposes and values of the book. Personnel
selection in the military differed from selection in industry in
scope and in specific types of job duties rather than in basic
principles. The steps and principles for developing, testing, and

1



2 INTRODUCTION

applying personnel selection procedures are much the same in
the two cases.

The use of tests in personnel selection has two aspects, the
research and developmental and the operational. A testing
program must first be devised and tested out; it must then be
organized effectively for day-to-day testing and the efficient use
of the test results. The first part of this book, Chapters 2 through
8, deals with the several steps in devising and testing out a
selection procedure. Chapters 9 through 11 are concerned with
administrative aspects of a testing program.

The feature that distinguishes reputable work in personnel
selection from that of the mass of self-styled “psychologists,”
“personnel experts,” and other quacks is that the reputable
worker in the field is continuously concerned with testing, verify-
ing, and improving the adequacy of his procedures. He knows
that he does not know all the answers, and he is ever on the alert
to find out more and to improve his procedures. There is no
easy road to scientific personnel selection. The road is long and
tortuous and beset with many pitfalls. Chapters 2 through 8
attempt to provide a guidebook to show the way that must be
traveled in developing a selection program and to point out some
of the rocky spots and morasses which lie in wait for the unwary.

Even after appropriate procedures have been determined,
testing on a large scale remains an impressive administrative
undertaking. How shall we guarantee uniformity of testing con-
ditions, ruling out the effect of the particular examiner and
equipment? How shall scoring be organized for maximum
efficiency? What checks shall be provided on the accuracy of
testing and scoring procedures? In what form shall records be
kept so as to be most useful for a continuing research program
as well as for day-by-day operations? In what form shall test
results be reported, and how shall they be combined with other
items of information about the individual? What shall be the
policy with regard to action based on test resultsP How shall
the use of test results be adapted to the factor of supply and
demand in the labor market? How shall the results from the
use of tests be shown? How shall the effectiveness of a selection
program be interpreted to the interested layman? These and
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other operational problems constitute the subject matter of
Chapters 9 through 11.

The remainder of this chapter will be devoted to a quick
over-view of the steps involved in the development, evaluation,
and operation of a personnel selection and classification program.
Thus, it will sketch in broad outline the picture for which the
following chapters will fill in the details.

STEPS IN THE DEVELOPMENT OF TEST PROCEDURES

Analysis of the job

Personnel testing is done with the aim of selecting certain
individuals from among the applicants for a job® or of deter-
mining to which of two or more possible job categories a particu-
lar individual shall be assigned. Before tests can be devised, or
any other procedures set up for such selection or classification,
the investigator must know as much as possible about the job in
question. What does the worker do? under what conditions?
What are the intellectual demands of the job? the physical? the
social? Does the worker supervise, or is he supervised? Does
he deal with other people or with machines? Is there pressure
of speed? of complexity? Is the task repetitive or varied? These
are only some of the questions to which answers should be forth-
coming before the investigator undertakes to build up a program
of tests to select individuals for this job. Evidently, profitable
hypotheses as to functions important for success and tests useful
for measuring them must arise out of an intimate knowledge of
the job itself. The foundation for any selection and classification
program is a rich background of information about the job or
jobs with which the program has to deal and a discriminating
analysis and organization of that information. Procedures for
job analysis are discussed in Chapter 2.

1 “Job” is used here, and throughout the book, as referring to a category
of employment in an organization, rather than a specific single position.
That is, the job is “stenographer,” and there may be 1000 girls who fall in
the category, rather than “Mr. Jones’ secretary,” who can be only a single
individual. Job may also refer to a program of training preparatory to em-

ployment, such as the training in medical school, engineering school, and
the like.
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Selection and invention of test procedures

After the research worker has become familiar with a job and
made an analysis of the qualities required by it, his next task is
to select or devise tests for those qualities. In some cases, an
existing test may appear satisfactory as a measure of a particular
function. Thus, if verbal comprehension is judged important
for the job, one of the standard vocabulary tests might be selected
for trial in an experimental test battery. In other cases, existing
tests may lack some characteristic which seems important for
the job in hand, and it may be desirable to build a new test
which is specifically tailored to the particular job or testing situa-
tion. For example, in building tests for use in the selection
program of the AAF, there was a general tendency to build tests
around aviation content. Judgment tests dealt with flying situa-
tions, reading comprehension selections had to do with naviga-
tion or aviation equipment, mechanical comprehension tests re-
placed a diagram of a truss bridge with a diagram of a truss roof
for an airplane hangar. These adaptations probably represented
in some measure changes in the function measured by the test;
in considerable part they were concessions to a demand for “face
validity.”? In still other cases, there may be no test available
that corresponds satisfactorily to a function which it secems im-
portant to test. The research worker is then truly put upon his
mettle to originate a new pattern of test performance and to
develop a crude test idea into a practical and reliable testing
instrument. This constitutes the most exacting and at the same
time the most interesting and rewarding phase of test develop-
ment work.

In any case, whether the test is genuinely new or merely a
new form or minor revision of an existing test, specifications for
each printed test must be set, in terms of type, number, and
difficulty level of test exercises; test items must be written, re-
vised, and edited; and the items for each test must be assembled
into a test booklet. Apparatus tests must be designed, apparatus

2 “Face validity” means that quality in a test which makes it appear
sensible for the use to which it is being put, both to the subjects who are
being tested with it and to the laymen in positions of administrative power
who have the authority to decide whether the testing program shall or
shall not continue to receive support.
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built, and instructions and testing procedures formulated. The

problems of test selection and development are considered in
Chapter 3.

Preliminary tryout and refinement

When a new test form has been prepared, some degree of
preliminary tryout, revision, and refinement is usually needed.
This preliminary work becomes particularly important when the
form of the test is very novel so that there is little background
for judging how subjects will react to the items, whether they
will comprehend the instructions, and the like. In this case, the
original crude procedures may often be tried out on available
clerical and office personnel to locate gross misunderstandings
and to determine in a general way the level of difficulty at which
items should be pitched. As a more refined form is developed,
more extensive trials are usually appropriate, with groups similar
to those for which the test is ultimately intended.

In careful work, it is generally desirable to submit the pool of
items that have been developed for a test to a rather complete
item analysis, to locate items that are too easy or too difficult and
items that fail to discriminate between the more and less able
members of the group. This analysis permits the test to be
pitched at the appropriate level of discrimination and minimizes
the wastage of testing time through faultily constructed items.
Techniques of item analysis are presented in Chapter 8. In addi-
tion to the critical analysis of the component items, certain sta-
tistics, particularly estimates of reliability, will be desired for the
test as a whole. The problem of obtaining suitable reliability
estimates is considered in detail in Chapter 4.

Validation of test procedures

Whenever a test is being tried for selection of personnel for
some job specialty, it is most desirable that it be validated em-
pirically. Experimental evidence is called for to show that the
test is in fact effective in discriminating between those who are
and those who are not successful in a particular job. Though it
may be necessary under the press of an emergency to rely upon
the professional judgment of the psychologist to establish the
value of a test for personnel selection, this must be recognized as
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a stop-gap. A concern with validation, with seeking to subject all
procedures to empirical test, is the mark of the sincere research
man in personnel work.

Three aspects of validation require scrutiny. These are the
establishment of criterion measures of proficiency, the administra-
tive problems of assembling an adequate store of test and criterion
data, and the statistical problems of analyzing those data and
determining appropriate indices of validity.

The key to effective research in personnel selection and classi-
fication is an adequate measure of proficiency on the job. Only
when proficiency measures can be obtained for the individuals
who have been tested is it possible to check the effectiveness of
test and selection procedures. The tests to be used for selection
of aircraft pilots can be determined only by relating test scores to
some later index of skill in the actual job of piloting a plane. The
appropriateness of tests for picking insurance salesmen can be
verified only against some such later record as actual amount of
insurance sold. It might seem that such records of proficiency or
performance would be so generally available as to constitute no
particular problem in personnel research. However, this is not
true. It is the general experience of workers in personnel research
that finding or gathering relevant, reliable, and administratively
practical criterion measures is the most difficult single task which
the personnel psychologist faces. Problems of obtaining criterion
scores are discussed in Chapter 5.

The administering of tests for personnel research and the
assembling of test and criterion records for subsequent analysis
present a number of practical administrative problems. These
are primarily problems of logistics, of obtaining the required
number of experimental subjects, and of assembling criterion
data upon them with a minimum of delay. After applicants for
a job are tested, months or even years may pass before each man
has had a chance to demonstrate his level of skill on the job.
Furthermore, the assembly of enough cases to provide stable and
dependable statistical results may entail quite a period of testing.
This is true particularly when the flow of personnel into a job
specialty is limited. However, even in such a testing program as
that of the AAF in World War 11, in which half a million men
were tested in four years, the pinch of limited numbers was felt
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at times. It is important, therefore, that the most efficient
possible use be made of the subjects available for testing.

After test and criterion data have been assembled, the next
problem is to extract the most useful index of the effectiveness
of a test for predicting the criterion. The usual correlation
indices will generally be found appropriate at this point. How-
ever, several special problems arise in their use. We sometimes
have to deal with dichotomous criteria, criteria which present a
twofold split into some such categories as “graduates” and
“eliminees,” and this calls for an adaptation of statistical proce-
dures. More seriously, the individuals who are available as a
criterion group are often in some degree restricted or selected
on tests or other bases, so that they are not representative of the
complete group of applicants to whom tests will be given and
from among whom future selections must be made. When high
standards of selection prevail, this factor can become quite a
serious one and can produce a very real distortion of the validi-
ties of different tests. These and other statistical problems in
test validation are covered in Chapter 6.

Combination of tests into a battery

In almost any situation in which tests are being used for
personnel selection and classification, there will be a number of
tests that are candidates for the selection battery. The problem
is to determine what efficiency of prediction can be obtained
from the tests together in teams and combinations, and with
what weights the tests should be combined to yield the maximum
accuracy of prediction. These questions may be asked concern-
ing the complete pool of tests for which data are available, or
they may be asked with reference to a more limited group of
tests. That is, if practical considerations limit the testing time
available in a particular selection program so that only three or
four tests are to be used, we will wish to know which three or
four of the available tests should be chosen, and in what way
they should be combined. The problems involved in selecting
tests and combining them into a composite prediction are elab-
orated in Chapter 7.

The basic factors which must be taken into account in com-
bining tests for personnel selection are the validities of the
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separate tests and the correlations between them. These factors
enter explicitly into the procedures of multiple correlation and
multiple regression, which constitute an objective and analytical
approach to the use of a battery of tests for selection. They are
also implicit in selection by means of cutting scores or in the
clinical use of test scores. Some attention must be give to these
alternative procedures for using a battery of scores. In each
case, the significance of correlation between separate test scores
must be appreciated as the major factor limiting the gain in
accuracy resulting from the combination of a number of tests.

The use of tests for classification of personnel, that is, for
determining which one of a number of jobs each individual is
best fitted to do, introduces certain new problems in statistical
analysis and procedure. Though analytical solutions are, for the
most part, not available for these problems, the problems arc
interesting and significant ones, and the general rational con-
siderations will merit analysis even though statistical procedures
cannot be indicated with certainty.

PROBLEMS IN OPERATION OF A TESTING PROGRAM

As soon as research and development have progressed far
enough to make it profitable to use the techniques, the personnel
psychologist faces the practical and administrative problems in-
volved in putting a continuing testing program into operation.
The operational phase often overlaps the research phase. On the
one hand, the pressure of time sometimes makes it desirable to
initiate a testing program based on accumulated previous ex-
perience and the best available professional judgment before
data become available from the current program of research
testing. In some limited testing programs, especially where the
job in question is a familiar one on which a substantial amount
of previous work has already been done, it may even be de-
fensible to short-circuit the research phase entirely and to base
selection procedures upon the accumulated experience of previ-
ous investigators. The research and operational phases also often
overlap since in a vital selection and classification program re-
search and development is a continuing process. Research does
not stop when operational testing is begun but continues through-
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out the program, with the goal of continuous refinement and
improvement of testing procedures.

Administration of the testing program

In a large-scale testing program, of which the testing of mili-
tary personnel during World War II represents an extreme
example, administrative and operational problems bulk quite
large. If the program involves a number of individuals located at
a number of places, the integration of their activities to assure
uniformity and efficiency of operation and effective application
of test results calls for administrative routines which are com-
plete, detailed, and carefully planned. Such a plan, which
became familiarly known as an S.0.P. (Standing Operating Pro-
cedure), might include such points as the following:

1. The order and timing of tests, intermissions, and other
activities.

2. The verbatim instructions for each test, and procedures for
handling all common questions and emergencies.

8. The responsibilities and duties of each member of the
testing team.

4. Routines for scoring tests, combining test scores, and check-
ing procedures both of scoring and combining.

5. Precautions for maintaining the security of test materials.

6. Procedures for calibration and maintenance of any equip-
ment used either in testing or test scoring.

In any continuing testing program, even of moderate scope,
it is worth while to give careful thought to the organization of
testing activities and to formulate plans and procedures ex-
plicitly. In Chapter 9 attention will be given to a number of
features that enter into accurate testing and efficient conduct of
the testing program.

The outcome of any testing program is a score or series of
scores for each individual. The analytical considerations in
arriving at the selection of tests and the weights to be attached
to them are discussed in Chapters 6 and 7. The form in which
the resulting score is to be expressed, however, involves largely
practical and administrative considerations. What form of score
will be most meaningful to those who have to interpret it? What
form of score will be most convenient for record keeping? What
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compromise between convenience and exactness will lead to the
most effective use of test scores in further research and develop-
ment? It will be desirable to consider the relative advantages of
raw and of standard scores for expressing the results of single
tests. With standard scores, a decision must be reached as to
whether they are to be reported to one, two, or possibly three
digits. Similar problems must be considered for the composite
score resulting from the weighted combination of the several
tests in the battery.

More important than questions concerning the form of the
test score are questions concerning the manner in which the score
shall be put to practical use. Any given personnel selection and
classification situation represents a problem in supply and de-
mand and a problem in flow. A certain number of individuals
must be chosen for each of one or several job specialties from
among a certain number of applicants. There is generally a
more or less fixed deadline by which time the personnel quota
must be filled. Test scores must be obtained and utilized in such
a way that the various quotas can be met by the specified times.
These administrative demands may vary greatly from one situa-
tion to another. In some cases, it may be necessary to make an
almost day-to-day adjustment of selection to immediate personnel
demands. In other cases, such as that of a college recruiting a
student body, there may be a time lag of weeks or even months
between the date of testing and the date on which an adminis-
trative decision with regard to a particular individual must be
reached. In some cases, an individual is a candidate for only
one particular type of job, and the test scores are necessary only
to select the most promising of the available applicants. In
others, each individual may be a candidate for many jobs, and in
using the score results an effort must be made to allocate the
available personnel so that the over-all aptitude in all job special-
ties is the maximum.

Frequently, data and considerations other than test scores
are also to be taken into account in the final decision as to
personnel selection or classification. Such factors as age, edu-
cation, preferences as to type of employment, record and
recommendations from previous employment, and ratings and
evaluations by interviewers may be relevant considerations. A
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decision must be reached whether these are to be incorporated
with the tests into a single composite score, or whether they shall
supplement the test results in some other way. Finally, some
decision must be reached on the allocation of final responsibility
for assignment and employment. Shall these responsibilities be
consolidated with those of testing and evaluation, or shall the
personnel psychologist make recommendations to some further
agency which will have the responsibility for the final adminis-
trative decision on each man? Some of these problems are
discussed in Chapter 10.

A final operational responsibility of the personnel psychologist
is to interpret his program and the results which he is obtaining
to the non-specialist personnel in positions of higher responsi-
bility in the organization, upon whom he relies for financial and
organizational support. It almost always happens that those
who have ultimate control over a personnel testing program have
not had training in test procedures. They do not have the back-
ground to interpret correlation coefficients, much less regression
weights. The rather involved statistical procedures of test re-
search are likely to appear to them as something of a mystical
mumbo jumbo unless the results from that research can be
formulated in simple and explicit form. It becomes the respon-
sibility of the research worker, therefore, to devise some relatively
simple numerical indices or forms of graphic representation which
will make clear to individuals in top administrative echelons
what the testing program is achieving. In every personnel re-
search program there must be a promotional campaign. No
research worker can afford to neglect this promotional function,
or he may find that he no longer has the opportunity to carry on
his research. Therefore, Chapter 11 is devoted to methods of
presenting test results to a lay audience, in order that the re-
search worker who believes he is doing a worth-while job may
have the best chance to show those in charge what his work is
accomplishing.
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Job Analysis

In any program of personnel selection for a certain number
of job specialties, the first step, logically and to a certain extent
chronologically, is an analysis of the jobs in question to determine
the activities which are carried out in those jobs and the circum-
stances “under which they are carried out. From this knowledge
of the activities and conditions of the job, and from his general
background of psychological knowledge, the personnel psycholo-
gist derives insights and hypotheses as to the psychological func-
tions required for success on the job and as to test procedures
which might be appropriate to measure them. Thus, before the
psychologist can hope to develop effective tests for the selection
of an aircraft armorer, a drill-press operator, or a Comptometer
operator, he needs to know as much as possible about what the
worker does in each of those job categories. This knowledge
must be not only complete but precise and specific to the duties
in the particular plant or organization. The description needs
to indicate not only the product produced but the processes gone
through by the worker in producing it.

Knowledge about the job is indispensable as a source of insight
about functions required in the job and consequently as a basis
for selection or invention of tests designed to measure those
functions. It is also essential for selecting or developing criterion
measures of proficiency on the job. The general topic of criteria
is discussed in detail in Chapter 5. We need only say at this
point that such criteria are indispensable for any research and
developmental program. We cannot do research on the selection
of pilots until we are able to tell which of the men we have
selected become good pilots. We cannot test a program for the
selection of salesmen until we have some measure of the success
of each man in the type of selling for which he was selected.

12
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To determine what indices of success are already available and
to obtain some estimate of their probable value, or to devise new
procedures for evaluating success, calls for intimate knowledge
of the job under study and of the records and other administra-
tive procedures pertaining to it. One can evaluate ground-
school grades as a criterion of pilot proficiency only as far as one
knows what is taught in ground school (and how it is graded) and
what the relationship of the material is to the skills of the pilot.
One can evaluate the practical usefulness of production records
in a given factory as a criterion for personnel proficiency only as
far as one knows what records are available, how accessible they
are, how accurately they relate to the individual worker, how
nearly equivalent different machines and operations are, and the
like.

As far as this volume is concerned, we are primarily interested
in job analysis as a source of hypotheses for selection tests and
as a source of insight about criterion measures. However, we
should be aware that job analyses serve a number of other pur-
poses in industry. One of the most widespread purposes of job
analysis is as a basis for establishing pay schedules. Each job is
analyzed to determine the extent to which various factors such
as complexity, skill, training, and danger appear in it, and rates
of pay are established by a weighting of those factors. Again,
job analysis may serve the needs of a training program by in-
dicating the specific skills and skill families which must be
developed. It may serve as a guide to channels of promotion and
of transfer from one job to another. It may serve as a basis for
locating and minimizing safety hazards. It may provide the
information needed for simplifying and regrouping the opera-
tions involved in producing some article.

The different applications of job analysis results call for the
gathering of rather different sorts of material and arranging it in
different ways.! It sometimes happens that the job analyses
which the psychologist is carrying out as a basis for the develop-
ment and evaluation of selection procedures may also be utilized
for one or more of these other purposes. Then the information

1 For a discussion of the use of job analysis for these varied needs, see
C. L. Shartle, Occupational Information, Its Development and Application,
Prentice-Hall, New York, 1946.
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which is gathered and the form in which it is gathered may have
to be modified to take account of the additional uses to be made
of it. For application in a selection program, however, the
information which a job analysis must provide is of two types.
In addition to routine identifying information which provides a
designation of the job category in which we are interested, we
need (1) an accurate characterization of the job, that is, a job
description, and (2) an examination of worker characteristics in
relation to the job, to which we shall here apply the term job
analysis.

JOB DESCRIPTION

A job description is primarily a description of what the worker
does and the conditions under which he does it. However, it
includes a number of component elements or aspects. It should
include first a statement in detail of the actual activities which
the worker carries out. This statement should be comprehensive,
covering every significant feature of the work that the worker
must do as part of the job. The crux of the matter is the term
“significant feature,” and it is at this point that the judgment of
the individual analyst enters in. Is it significant that this par-
ticular job requires the individual to read written instructions?
That depends on the nature of the instructions and the nature of
the group from which the candidates are being recruited. If the
instructions are simple and the group is well educated, a group
of college graduates, for example, the reading of those written
instructions may not be at all critical. They may be well within
the capabilities of every applicant. On the other hand, if the
instructions are fairly complex or if the employee group is being
recruited from applicants with limited educational background,
the necessity of reading instructions may well become a very
critical aspect of that job. A feature of a job is significant when-
ever inability to perform that feature might conceivably be a
cause of failure in the job in members of the group from among
whom employees are being selected.

The description of what the worker does should not only be
comprehensive; it should also be specific. It should describe the

. major activities of a job exactly and in detail. In describing the

work of the navigator in military aircraft, for example, the state-
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ment “maintains a continuous log of the position of the plane,
using pilotage, dead reckoning, celestial, and radio navigation
procedures” is so meager as to be almost completely useless.
This statement needs to be expanded to several pages, at least,
indicating what types of observations must be made, what types
of instruments, equipment, tables, and charts must be used, what
types of calculations must be carried out, how frequently each
must be done and under what conditions of pressure for speed
and precision and state of emotional tension.

The report of what the worker does should provide not only a
comprehensive and detailed statement of activities but also an
indication of the importance of each. The description of the
job should be organized in such a way as to facilitate identifica-
tion of those activities and characteristics that represent critical
requirements of the job, as distinct from those that are relatively
incidental features of it. The following three indications of
importance in a particular aspect of a job may be recognized:

1. The proportion of his time which a worker devotes to an
activity.

2. The seriousness of the outcome if he fails to perform a
particular activity satisfactorily.

8. The likelihood of some workers’ being unable to perform
the particular activity satisfactorily.

A description of a job should indicate not only what the
individual does but also the conditions under which he does it.
Is the work almost entirely sedentary or is it active? Is the work
done largely apart from other people or is it in a group setting?
Are there special characteristics of the physical environment,
such as noise, dirt, or extremes of temperature, which may affect
different individuals in their effectiveness on the task? Are there
noteworthy psychological conditions, that is, such factors as
danger, pressure for speed, or necessity for continuity of intense
effort and concentration? A job description should provide an
accurate picture of significant factors in the physical, social, and
psychological environment in which the work must be carried
out.

One feature of many job descriptions is a statement and some-
times a description of the materials and equipment which the
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employee in that job needs. If a milling machine operator must
work with calipers and a micrometer, that should be indicated.
If he must read blueprints, that should be stated. If a statistical
clerk is expected to use a computing machine, that should be
specified.

JOB ANALYSIS

After the description of the job has been completed, the job
analyst should then interpret the job in terms of needed worker
attributes. What qualities are called for if the worker is to be
successful? This statement of desired qualities is, of course, a
set of hypotheses. It is a set of inferences drawn from the job
description. At the same time it provides a series of proposals
for test construction.

There are two major problems in translating a job description
into a good job analysis. One is to have a sound set of categories
in terms of which to describe qualities of behavior. The other is
to show sagacity in identifying those categories in the job de-
scription. Little can be said here to aid the development of that
sagacity. It is the product of the individual’s native wit and of
all his psychological training, formal and informal. Experience
in job analysis may certainly be expected to make a substantial
contribution to it. The matter of categories, however, we may
well discuss somewhat further.

What qualities are needed in a set of categories used to
describe the attributes needed in a job? The following are
suggested:

1. The set of categories should be comprehensive. It should
cover the complete range of traits or qualities with which we may
expect to be concerned in any of the jobs analyzed.

2. The set of categories should be organized and systematic.
If each job analysis is to be complete, it is desirable to have a
comprehensive outline of traits of human behavior. Reference
to this outline and systematic review of the categories in it pro-
vides a check to make sure that no important points have been
omitted from the analysis.

8. As far as possible, the categories should be independent.
An efficient description of the individual calls for non-overlapping
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traits. If several categories are much alike, using them adds to
the complexity of the description without providing any cor-
responding increase in its completeness.

" 4. The categories should be psychologically meaningful. They
should “make sense” in terms of behavior as we know it. This
requirement is sometimes in conflict with our previous demand
for independence, since the categories of common speech often
are correlated. The factor analyses of human behavior carried
out by Thurstone and many others represent an effort to recon-
cile these desired qualities of independence and meaningfulness,
and many suggestions for useful psychological categories will be
found in the factorial studies.

5. The categories should be of such a nature as to suggest
testing operations for their measurement. We cannot, of course,
neglect categories for which no measurement procedure is readily
available. An effort should be made, however, to keep the
categories close to behavior, so that they will be readily trans-
lated into a set of operations for their measurement.

An outline of categories is given in Table I, to suggest the type
of organization that the analysis of traits required in a job might
take. This outline is rather brief and skeletonized and has no
special claim to being the outline of categories for a job analysis.
It does, however, suggest something of the scope which should
be covered in a job analysis and will guide the worker in the
development of a set of categories for his own needs.

Tasre I. OQurLINE oF JoB ANALYSIS CATEGORIES

1. Physical requirements.

. Strength—in general, and by specific muscle groups where these become
critical.

. Endurance—resistance to fatigue.

Speed.

. Gross coordination—in general, and for critical muscle groups.

. Fine coordination—for specific muscle groups.

. Adaptability—fluency in learning new motor patterns.

>

mETQR

1I. Sensory requirements—acuity of each of the special senses.

III. Perceptual requirements.
A. Speed of perception—for each sense as required.
B. Accuracy of discrimination—for each sensory attribute as required.
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TasLE I. OvurLINE oF JoB ANALYsIs CaTeGoRIES (Cont.)

IV. Intellectual requirements.
A. Verbal comprehension.
B. Numerical facility.
C. Deductive and inductive reasoning.
D. Mechanical comprehension.
E. Spatial visualization.

V. Academic skill requirements.
A. Accuracy in mechanics of expression.
B. Fluency in verbal expression.
C. Mathematical knowledge.

VI. Social requirements.
A. Pleasingness of manner and appearance.
B. Understanding of behavior of others.
C. Tact and deftness in dealing with others.

VIIL. Interest requirements.
A. Interest in people.
B. Interest in mechanical things.
C. Interest in abstract ideas.
D. Interest in adventure, excitement, change.

VIII. Emotional requirements.
A. Ability to function under pressures of speed, complexity, danger, etc.
B. Stability and personal adjustment.

Procedures for collecting job analysis information

Information about a job can be obtained from a number of
sources. Each has certain advantages and certain limitations.
Five sources to which the job analyst may turn will be discussed
here, and a section will be devoted to a critical review of each.
The sources are:
- 1. Previous studies of the job.

2. Analysis of documentary materials.

3. Interviews with and interrogations of personnel.

4. Direct experience by the job analyst.

5. Statistical analysis of test validities.

PREVIOUS STUDIES OF THE JOB

Science is a cooperative enterprise, and each scientist builds
upon the work of his predecessors. This is true in personnel
research as elsewhere, and the first resource in studying a job is
other studies of that or closely similar jobs. There are several
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places to which the research worker should automatically turn
in looking for material of this kind. One is the extensive series
of job studies published by the United States Employment
Service.?

A second source is the Psychological Abstracts, under the job
title or category. Among the psychological journals, the Journal
of Applied Psychology and Occupations are probably the most
fruitful sources of job analysis material. For military job special-
ties, much information is available in the reports, both of general
and of limited distribution, which were prepared by the various
psychological groups working in and for the armed forces during
the war.

The amount to be gained from the review of previous studies
varies from almost nothing to a substantial amount, depending
on the particular job specialty in question. For many jobs of a
more or less specialized nature, little directly relevant material is
likely to be available, whereas more standard occupations may
have been studied and reported on quite extensively. Where
material is available, it provides a natural introduction to the
study of the job. It has as outstanding advantages the facts that
(1) the material is already available in complete and organized
form and (2) the organization was presumably produced by a
psychologist, who brought professional training and a profes-
sional point of view to the task.

There are, however, several limitations to this approach. In
the first place, the literature provides an analysis of a job but not
necessarily of the job in which we are currently interested. Even
though the names are the same, the jobs may be different. The
term “engineer” covers everything from a man who tends fur-
naces to a man who designs and invents electronic devices. It is
only as firsthand acquaintance with a particular job is developed
that we can judge the degree of identity of that job with jobs
that are analyzed in the literature of personnel research.

2 A list of available materials has been published jointly by the War Man-
power Commission and the U. S. Office of Education. The reference is:
Guide to Counseling Materials, U. S. Office of Education, Federal Security
Agency and Bureau of Training, War Manpower Commission, May 1945.
Some of these materials, as well as certain others, are listed in C. L. Shar-

tle, Occupational Information, Its Development and Application, Prentice-
Hall, New York, 1946, pp. 81-94.
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Along a similar line, we can expect verbal job descriptions to
take on full meaning only when the reader has some basis in
personal experience for interpreting the verbal symbols. Just as
a child’s concept of an elephant must remain quite incomplete
if he has never seen an elephant, so a psychologist’s comprehen-
sion of certain job elements must remain pale and unreal if he
depends entirely on words for his understanding of that job.
Pilot instructors speak of “sense of sustentation” as a factor in
flying and of “flying by the seat of the pants.” How much mean-
ing do these expressions have to a person who has never flown,
or at least been flown, in a small plane? How adequate a picture
can mere words give of the sequence of demands and pressures
which a bombardier faces in synchronizing his bombsight during
the last crucial seconds of the bombing run?

Some amount and type of direct personal experience is indis-
pensable if the report of the work of others is to be meaningful
and if its applicability to the present job is to be evaluated.
Reports of the work of others are valuable, therefore, as a supple-
ment to but not as a complete substitute for direct contact with
the job to be analyzed.

ANALYSIS OF DOCUMENTARY MATERIALS

Two main types of documentary material are encountered in
job studies. One type is made up of the instructional and
operational manuals which are necessary in the operation of any
extensive program of training or operations. The other type
consists of records of the performance, achievements, or de-
ficiencies of particular individuals or groups. As these two types
of documents are quite different, it will be necessary to examine
each in turn.

General training or operating manuals are often the materials
most readily available for study of a job by a newcomer to a
field. Whenever an extensive training program is carried out one
may expect to find ready at hand courses of study, syllabi, text-
books, examinations, and the other printed devices for aiding
and controlling the program. Operating procedures are often
standardized in technical manuals and in codes of approved
procedure. These materials were particularly prevalent in the



JOB ANALYSIS 21

military setting, but their counterpart will also be found quite
generally in civilian education and other civilian affairs.

The availability and convenience of these materials are their
chief advantages. They may usually be obtained readily, and
once obtained they may be taken home and absorbed at leisure.
The limitations of the materials are fairly obvious. They are,
after all, purely verbal presentations removed from the realities
of the actual task. Like reports of previous studies of the job,
the meaning they can convey to the reader is limited by his
background of actual contact with the materials and operations
to which the documents refer. They deal typically with rather
gross units of behavior to be learned and results to be achieved
rather than with detailed reports of activities to be carried out
or of conditions under which they are to be carried out. They
are concerncd with results to be attained rather than personal
qualities important for attaining them. They provide, therefore,
only an indirect and rather remote set of cues to the actual
psychological functions for which tests are desired.

The second type of record merits somewhat more detailed
consideration. In any program of training or operations we may
expect to find a number of types of records of the performance
of individuals and groups. Most of these records are of interest
in aptitude test development only because of their possible use
as criteria of proficiency. They are in the form of quantitative
grades, ratings, production figures, and the like, rather than in
the form of qualitative records. As potential criteria for valida-
tion of selection procedures they are of great interest to the
personnel psychologist, and he must become intimately ac-
quainted with the characteristics of each type of record. One
may also find, however, that certain types of qualitative and
descriptive records have been maintained which throw light on
the nature of job success or of job failure and of the traits which
enter into such success or failure.

In the AAF pilot training program, “grade slips” were made
out for each man for each flight. These grade slips contained
not only quantitative grades on various maneuvers and phases
of flying but also comments on the nature of the student’s de-
ficiency in any maneuver in which he was judged to be deficient.
The reports of deficiencies were analyzed by aviation psycholo-
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gists and tabulated by categories to provide evidence on the
relative importance of various types of difficulties in flying.

Another ‘type of record from which clues were obtained on
the difficulties encountered and deficiencies revealed in learning
to fly is represented by the Elimination Board Proceedings,
available for each cadet who was eliminated from flying training,
Here the instructor’s testimony on particular deficiencies was
available for each cadet. Analysis of 1000 of these Board Pro-
ceedings brought out the recurring patterns in instructor com-
ments and provided a basis for setting up categories with regard
to reasons for elimination.

A further type of record found for a few squadrons, and of
particular interest because of its direct relevancy to the task of
the flier in combat operations, was the report of reasons for
failure of combat missions. For certain of the groups in combat
theaters, mission reports were assembled and analyzed to show
what had gone wrong on each unsuccessful mission. These
analyses pointed to certain recurring deficiencies of combat per-
sonnel and provided suggestions as to factors to be considered
in either selection or training of combat personnel or both, if the
efficiency of the combat team was to be improved.

Civilian training and operational programs may well provide
similar qualitative records of success and failure and of the
reasons therefor. Types of records concerning which inquiry
might be made include the following:

1. Qualitative reports by instructors or supervisors specifying
the strong and weak points of students or of supervised personnel.

2. Case records of counselors and guidance workers, particu-
larly in an educational program.

8. Separation interviews given at the time of leaving employ-
ment.

4. Reports of accidents involving personal failure.

Other personnel records useful for job analysis may be found
in the particular situation.

Materials of the sort described in the preceding paragraphs
appear to get somewhat nearer the determination of the actual
psychological functions involved in a job than do general state-
ments of training or operational procedures. It was possible to
classify most of the comments on pilot grade slips or in Elimina-
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tion Board Proceedings into categories according to the psycho-
logical function involved. Thus, certain remarks were classified
as indicating deficiencies of memory, others as exhibiting defec-
tive judgment, and the like.

In the evaluation of materials such as Elimination Board Pro-
ceedings as they were used in the AAF, certain features made
the records seem quite promising. In the first place, each record
summarized impressions based upon a good deal of quite inti-
mate experience with the man in question, since it was the final
summary evaluation based on all his training at a particular
training station. The evaluation typically combined the judg-
ments of several men, instructors, and check riders, who had had
a varied and often extensive experience of instructing cadets and
checking their performance. The seriousness of the use to which
the evaluations were put may be urged as evidence that they
were carefully and deliberately made. The statements were
subject to rebuttal by the student at the hearing, so that judges
were under some pressure to make criticisms appear reasonable
and appropriate to him. In other words, the evaluations repre-
sented an appraisal of individual ability which was the basis for
an important practical decision and were therefore probably
carefully and conscientiously rendered. In evaluating this type
of record in other situations, points to be noted would be (1) the
opportunity of the judge to observe the behavior, (2) the back-
ground and training of the judge, and (3) the amount of practical
significance which the judge knows will be attached to the
report.

However, such materials as the Elimination Board Proceedings
and pilot grade slips also present several difficulties, both as to
the adequacy of the original records and as to the interpretation
of the reports in categories useful for test construction. In the
AAF under the pressure of the wartime training program the
number of these reports became very great, and it was felt that
they became rather perfunctory and stereotyped. Instructors
who were concerned with evaluating students developed a stock
set of remarks which they applied, somewhat uncritically it was
felt, to new individuals as they came along. Of course these
stock remarks themselves represented a type of distillation of
the essence of the instructors’ experience, and they may have had
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a certain basic validity for that reason as descriptions of funda-
mental student difficulties. However, they probably also repre-
sented in part the accidental growth of a tradition. Any job
analysis based on case records consisting of stock phrases repre-
sents a rather remote second-order abstraction of a set of cate-
gories, since these stock remarks have themselves been abstracted
from the concrete realities of experience.

A second difficulty with the AAF records was the tendency to
make a strong case in an official hearing as a result of which
administrative action was contemplated. If a person was being
recommended for elimination, it was only natural to make the
report on that individual as clear-cut and decisive as possible.
It was felt that stock criticisms were often included in the report
not because they were a particularly apt characterization of the
individual being considered but because they were part of the
accepted pattern of reasons given in connection with elimina-
tions. This type of stereotyping must be borne in mind in
connection with the use of any administrative records.

A final source of difficulty, which characterized both the
approach to job analysis through records which is presently
under discussion and the approach through interview and inter-
rogation which is the topic of the next section, was semantic
difficulty, that is, difficulty with language and meanings. Terms
were used with meanings that varied from one report to another
and that were in some measure at variance with the meaning of
the same term to the psychologist working on the problem.

This can be well illustrated by the term “judgment.” “Poor
judgment” was repeatedly offered as a reason for failure in flying
training, either upon a single maneuver or for the whole course
of training. Further investigation into just what was meant by
“poor judgment” revealed that it meant quite different things at
different times and to different persons. In one case it meant
lack of common sense as shown by a decision to fly through a
storm rather than returning to the starting field. In another case
it meant a faulty choice when the student was required to make
an immediate selection of an emergency landing field for a
simulated forced landing. In yet another case it meant in-
accurate perception of the speeds and distances of planes in a
traffic pattern. In still other cases it meant variations of these
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and other types of judgments, intellectual or perceptual, which
the individual was called on to make. It can be seen that the
bare report of failure because of poor judgment could be only
moderately instructive to the psychologist who was searching
for hypotheses in terms of which to construct tests.

Language is a sufficient source of confusion in communication
between trained psychological personnel; it becomes even more
confusing when the psychologist is relying on various types of
military or industrial personnel who have not been chosen on the
basis of verbal facility and have not been trained to be precise
or analytical in their reports of human behavior. The inarticu-
lateness of worker and supervisor is a common difficulty in any
method of job study that relies on communication from personnel
engaged in the job.

INTERVIEWS WITH AND INTERROGATIONS OF PERSONNEL

Whenever the personnel psychologist studies a job, one im-
portant source of information will be the individuals who are
learning, engaged in, or supervising the performance of the job
being studied. These individuals represent a resource which is
universally available whenever there is a job to be studied.
Whether through informal and casual personal contact or through
systematic interrogation, the analyst will find it desirable to
assemble the testimony of those who have already had experience
with the job. There are three types of individuals that should
usually be considered as subjects for interview: persons who are
proficient and experienced in the job under study, persons who
are being trained to pursue the job, and persons who have failed
in the task.

The values in interviewing competent and experienced per-
sonnel are fairly obvious. These are the individuals who, by
virtue of their experience, are well acquainted with the job in its
many phases. If they have had experience in instructing, super-
vising, directing, and coordinating the work of others, they are
particularly likely to have a broad understanding of the task.
Having engaged in the more advanced and specialized aspects
of the job, they know what is demanded at the higher levels of
performance. Thus, one could get insight into the job of training
airplane pilots from instructors and supervisors of instruction,
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whereas information about combat flying was almost necessarily
obtained from those who were currently or had recently been in
a combat assignment, preferably as a squadron or group com-
mander or operations officer. In an industrial situation, one
would look for job insight to the experienced workmen, foremen,
and shop supervisors.

Learners may profitably be interviewed to determine the exact
nature of their difficulties and problems. Since they are currently
experiencing the difficulties, their awareness of them is more
immediate and often more exact than that of the experienced
workman who now experiences those difficulties only vicariously
through others or in the far reaches of memory. For example,
a focus of difficulty in the early stages of learning to fly is making
landings. One helpful procedure for learning more about the
specific nature of landing difficulties was to interview a number
of students who were just going through the stage of learning to
make landings.

Persons who are actually failing to make progress in the
learning task provide another resource for learning about the
critical difficulties of the task. The very fact of failure indicates
that these individuals found the task particularly difficult and
suggests that these individuals are in a particularly advantageous
position to give testimony as to those difficulties. Their limited
ability serves in a sense as a magnifying glass to pick out and
emphasize those critical aspects of the task which are glossed
over by the more experienced and competent. Though probably
less able to provide a picture of the finished skill, failing students
may provide valuable insights into the pitfalls along the way.
Their report may, of course, be distorted somewhat by a tendency
to rationalize their own failures by assigning responsibility to
others and by their limited insight into the cause of their own
difficulties.

These interview procedures have a great advantage over
analysis of recorded material in that they are more flexible and
permit the interviewer to pursue in detail any avenue that
appears novel or promising. They make it possible to explore
any leads suggested either by the interviewer or by the person
interviewed. Again, if the individuals to be interviewed are
selected with discrimination, it is possible to obtain from them an
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otherwise unavailable richness and breadth of experience in the
job being studied. Certainly the psychologist, who must be
both a technical specialist and a student of many jobs, cannot
expect to develop personally the degree of expertness in any one
job which is attained by the specialists in that particular occupa-
tion. The real understanding of the job must come from the
experts in it.

The effectiveness of interview procedures is very dependent
on the qualities of the individuals interviewed. Many inter-
viewees prove rather unrewarding sources. Articulateness and
accuracy of expression together with an analytical approach to
his job seem to be the important qualifications of an interviewee.
In any interview, the psychologist is at least one step removed
from the actual situation and can experience it only as it is
reported to him by the person interviewed. The difficulty of
communication is aggravated by the fact that in many jobs the
specialists are not highly articulate about their own experiences.
They are doers rather than tellers. Furthermore, their back-
grounds may be quite different from that of the psychologist,
so that there are differences in the referents and meanings of
common terms.

In addition to the difficulties of getting from the job specialist
effective expression in understandable terms, there are limitations
in the analytical insight of the specialist. In a sense, interview
procedures substitute the worker’s untrained analysis of the
functions which enter into his job for the trained analysis of the
professional psychologist. Whether he is successful or unsuccess-
ful, there may be reason to question the amount of insight which
an individual has into the reasons for his success or failure unless
he has had some special background or motivation to develop
that insight. Responsibility for the training, supervision, and
evaluation of others would, in general, appear to be good back-
ground experience for the development of such insights.

+ DIRECT EXPERIENCE BY THE JOB ANALYST

'

The fundamental resource of job analysis should always be
_ firsthand experience of the job by personnel psychologists. Some
~ degree of direct experience is almost a prerequisite for effective
use of the secondary sources discussed in the previous paragraphs.
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Reports of the experiences of others have meaning only in so far
as the psychologist has some background of personal experience
in terms of which to interpret these reports. Furthermore, the
psychologist’s professional training should make him the most
apt individual at translating the job’s demands into psycholog-
ically meaningful categories and into categories that may readily
be transferred into testing operations. Experience by the psy-
chologist may be of two main types, observation of the job and
participation in the job. Each of these forms of experience must
be considered for what it has to offer.

Observation of the job usually takes an early and a prominent
place in any program of job study. The job analyst may sit
beside the pilot and see what he does when taking off, flying,
and landing the plane. He may ride with the bombardier and
watch the sequence and tempo of his manipulations on a bomb-
ing run. He may stand beside the drill-press operator and
follow the course of his operations of the machine. More will be
learned if the worker explains step by step what he is doing as
the job analyst watches. The understanding of a job which
develops from such observation is probably a superficial one at
best, but observation of the worker, inspection of his tools and
instruments, and examination of his product provide a familiar-
ization which enables the analyst to continue his study of the job
through both direct experiencing and the indirect sources already
discussed.

To obtain a fuller personal understanding of any job, the
analyst needs to participate in it to some degree, as well as to
observe it. He needs to fly the plane a bit, drop a bomb or two,
try to operate the machine, or assemble a few of the gadgets.
If time were of no concern, it would be desirable for him to take
enough of the training so that he could experience at first hand
the difficulties of mastering that job and developing the skills
required of the competent operator. However, time is always a
critical factor. The personnel psychologist is usually under
pressure to develop selection procedures for a number of jobs,
and, for each of these, job analysis represents only the preliminary
step to the subsequent development and validation of test pro-
cedures. The amount of actual participation in the job by the
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personnel psychologist is necessarily limited by such practical
considerations.

The question of how far psychologists should go in mastering
a particular specialty for which they wish to develop measures
of aptitude or achievement raises a more general issue. The
question is whether psychologists, in addition to acquiring a
background of experience and highly technical training in appro-
priate psychological techniques, should also be expected to
master the specialties to which they apply those techniques. It
may be questioned whether such a philosophy of dual or multiple
specialized training will be an eflicient utilization of time and
effort. The alternative is to draw heavily upon the background
and expericnce of specialists in the various job categories. The
experience of the psychologist serves then in large measure to
provide a background which permits him to interpret and use
the intensive training of the specialist.

From the practical administrative point of view, there seem to
be very real advantages in enlisting the participation of operating
specialists in developing the program of personnel selection and
evaluation of their specialty. Interest in and support for the
program will appear more spontaneously if responsible operating
personnel have participated in its development. If the chief
pilots or superintendents of flying have helped to develop the
program for pilot selection, if the directors of maintenance have
participated in developing the program for selection and evalua-
tion of mechanics, or if the regional sales managers have had a
hand in working out the problem of selecting salesmen, better
administrative support for the program is almost guaranteed.
Both from the point of view of necessary time limitations on the
one hand and of organizational support on the other, therefore,
there seems to be much to be said for leaving specialization to
the specialist. The psychologist must have enough experience
with the job to enable him to ask the specialist the right questions
and to interpret the answers which he gets, but he should prob-
ably not try to become a specialist in each job that he studies.

STATISTICAL ANALYSIS OF TEST VALIDITIES

Some improvement of the research worker’s insights concerning
the important factors in a job may be obtained from an examina-
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tion of the tests which are found empirically to have validity for
that job. Although validity data become available too late in
the cycle of test development to be of initial use in providing an
understanding of job requirements, they provide a valuable
objective check upon the initial hypotheses as to those require-
ments. As validity coefficients for different types of tests be-
come available in considerable number, together with the test
intercorrelations, a good deal of insight into the factors related
to the criterion may be obtained from an examination of the
correlational data. This insight may be further refined by the
techniques of factor analysis,® including both test and criterion
variables in the analysis. Study of the AAF classification test
battery together with the available criterion measures of success
in pilot, navigator, and bombardier training indicated, for ex-
ample, that factors identified as “mechanical,” “space relations,”
and “aviation interest” had the highest validity for the pilot,
whereas “verbal,” “numerical,” and “reasoning” had substantially
zero validity. In the case of the navigation criterion, high validi-
ties were found for the “numerical,” “space relations,” “science
education,” and “reasoning” factors, whereas “coordination,”
“aviation interest,” and “visualization” had near zero validity.
The designations of the factors are, of course, quite tentative,
since the nature of each factor must be inferred from the tests
in which the factor is found.

Analysis of validity data is valuable in clarifying aspects of the
job performance which are already included in some degree in
the existing tests. This may contribute to the improvement of
a selection test battery by indicating factors for which improved
and purified tests are needed. Again, tests may be found valid
in combinations or for reasons that were not anticipated when
the job was originally analyzed and the tests constructed, and
thus understanding of the job may be extended. However, in-
sights from an analysis of validity data are limited to the factors

8 Factor analysis is a technique for analyzing the pattern of relationships
among a set of variables, as shown by the intercorrelations of the variables,
into a number of independent components or factors. For an introductory

discussion of techniques see J. P. Guilford, Psychometric Methods, McGraw-
Hill Book Co., New York, 1936.
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that were in some measure included in those tests that were de-
veloped on the basis of the original job analysis. Within the
scope of the original battery of tests, analysis of test validities
and intercorrelations serves to check and refine the original job
analysis, but these statistics do not provide a basis for extending
the job analysis to new and virgin fields.
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Test Selection and Invention

After a study has been made of the job for which selection is
to be carried out, leading to a description of the job functions
and to hypotheses as to traits for which tests are needed, the next
step is to assemble a battery ol tests for experimental tryout and
validation.

USE OF EXISTING VERSUS CONSTRUCTION OF NEW
TESTING INSTRUMENTS

It may be possible to select some of the tests for a battery
from the existing pool of testing instruments; it usually is neces-
sary to invent and construct some of the tests specifically for the
particular selection project. Whether to use an existing test in
any given case or to construct a new one depends on a number
of different factors. Relevant considerations are the appropriate-
ness of existing tests, the degree to which speed is an urgent
consideration, the importance of maintaining .the secrecy or
“security” of the tests, the number of individuals to be tested,
and the facilities available for new test construction.

The use of an existing testing instrument has a number of
advantages. Perhaps the most obvious is availability. The test
is available in printed form for immediate use. If the population
to be tested is rather small it will also probably represent a
decided economy to buy copies of an existing test rather than
invest the time necessary for the construction of a satisfactory
new test form. An advantage in some cases is that most existing
standardized tests provide norms for various types of groups, so
that there are standards with which to compare the present
population. The chief disadvantage of a ready-made test is that

it may not be exactly adapted to the needs of the present testing
32
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situation. Thus, in the AAF air-crew selection program, rather
than use an existing mechanical comprehension test, a new test
was developed around planes and aviation situations. This test
had much more face validity (apparent relationship to air-crew
duties), and the specific content probably also contributed some
additional component of actual validity. For flight engineer
selection the general mechanical test seemed less appropriate
than one dealing specifically with electricity and electrical sys-
tems, so a test of that type was prepared. For a large-scale
testing program it is often worth while to develop a test spe-
cifically tailored to the needs of the unique situation.

Another factor which may prove a limitation in the use of
commercially available tests in a personnel selection program is
the availability of these tests to the public through various
sources. It is more possible to maintain the security of test
materials if the test has been specifically prepared for and is
completely controlled by the present testing program. In civil
service testing, where a good deal is at stake for the examinees,
this consideration of security of materials becomes all-important.
The administrative problems in connection with this problem of
security will be considered further in Chapter 9.

There may be certain functions that are deemed important for
the job under study for which no one of the pool of existing tests
appears to provide a satisfactory measure. In that case it is, of
course, necessary to construct a new testing instrument. These
relatively novel types of test functions place the severest demands
on the test constructor and at the same time provide his richest
intellectual rewards.

SOURCES OF INFORMATION ABOUT EXISTING TESTS

Effective use of the stock of ready-made tests depends on
adequate sources of information about them. In recent years
this information has been gradually better organized for the
convenience of the test user. There are a number of sources of
information with which any serious user of tests should be ac-
quainted. First of all, mention may be made of the standard
textbooks on psychological and educational measurement. Al
most all these provide descriptions of and references to a number
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of the standard tests of different aspects of aptitude and achieve-
ment. It is difficult to select specific titles for mention from
among the many candidates, but the following list of annotated
titles should help to guide the newcomer in the field to useful
material.

G. M. Whipple, Manual of Mental and Physical Tests, Warwick and York,

Baltimore, Vol. 1, 1914; Vol. 2, 1915.

An early book on testing which provides a very useful compilation of
tests of simple psychological functions. Describes a number of procedures,
in most cases individual laboratory procedures, for testing physical and
motor capacity, sensory capacity, attention and perception, association, sug-
gestibility, imagination, and the like.

P. M. Symonds, Diagnosing Personality and Conduct, D. Appleton-Century
Co., New York, 1931.
Provides a full discussion of observation, rating, questionnaire, and test
procedures for evaluating personality traits. Tests are described, and evalu-
ative material with regard to each test and type of test is presented.

H. E. Garrett and M. R. Schneck, Psychological Tests, Methods, and Re-
sults, Harper & Bros., New York, 1933.
Describes a variety of tests, including tests of simple functions but em-
phasizing tests of complex abilities and traits. Provides fairly extended
discussion of the problems and results of testing in different fields.

E. B. Greene, Measurements of Human Behavior, Odyssey Press, New York,
1941.

Describes, illustrates, and reviews typical tests of all types of psychologi-
cal material. Noteworthy for the large number of reproductions of actual
samples of test material.

H. A. Greene, A. N. Jorgensen, and J. R. Gerberich, Measurement and
Evaluation in the Secondary School, Longmans, Green and Co., New
York, 1943.

Test materials described are primarily those likely to prove useful in a
school situation. However, many of the tests will also be of interest for
use in non-school situations.

D. G. Paterson, G. G. Schneidler, and E. G. Williamson, Student Guidance

Techniques, McGraw-Hill Book Co., New York, 1938.

The book consists largely of brief descriptions and evaluations of tests.
Though these are chosen with a view to their usefulness in the guidance
of high-school pupils, the material on scholastic aptitude tests, vocational
achievement tests, personality tests and questionnaires, and special aptitude
tests will be of interest also for the research worker in personnel selection.
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W. V. Bingham, Aptitudes and Aptitude Testing, Harper & Bros., New York,
1937.

The body of the text is devoted to a discussion of different types of job
categories. An appendix is devoted to the description and evaluation of a
number of specific tests. These are chosen for their usefulness with adults
in a counseling or employment situation.

Herbert Moore, Experience with Employment Tests, Studies in Personnel
Policy No. 32, National Industrial Conference Board, New York, 1941.

This is not a textbook but a report prepared specifically for those working
on employment problems in industry. It describes a number of tests and
evaluates them in terms of the success which has attended their use in
industrial personnel work.

The most comprehensive bibliography on testing has been
prepared by Hildreth.t This bibliography, which is organized
by the type of function tested, lists all the tests which have been
published or concerning which published material is available.
No annotation or other comment is given with the references,
however, so that the bibliography serves purely as a library tool
in locating the basic sources of information about any one test
or about tests of a particular function. For that purpose it is
outstandingly useful. A somewhat less complete and less current
bibliography, but one supplying an annotation about each test,
has been prepared by Wang.?

Further information about published tests, together with criti-
cal reviews of them, may be obtained from the Mental Measure-
ments Yearbooks.* The yearbooks of most importance to the test
user are those of 1938 and 1940. Publication was discontinued

1 G. Hildreth, A Bibliography of Mental Tests and Rating Scales, The
Psychological Corporation, New York, 1939; A Bibliography of Mental
Tests and Rating Scales, 1945 Supplement, The Psychological Corporation,
New York, 1946,

2 C. K. A. Wang, An Annotated Bibliography of Mental Tests and Scales,
Catholic University Press, Peiping, China, 1939.

8 0. K. Buros, Educational, Psychological and Personality Tests of 1933,
1934, and 1935, Studies in Education No. 9, Rutgers University, New
Brunswick, N. J., July 1936; Psychological and Personality Tests of 1936,
Studies in Education No. 11, Rutgers University, New Brunswick, N. J.,
August 1937; The 1938 Mental Measurements Yearbook of the School of
Education, Rutgers University Press, New Brunswick, N. J., 1938; The
1940 Mental Measurements Yearbook, The Mental Measurements Year-
books, Highland Park, N. J., 1941.
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during the war but has been resumed, and it may be assumed
that future volumes will also be fundamental sources of informa-
tion for the test user. These yearbooks have been concerned
primarily with reviewing recently published tests, though they
have attempted to provide some coverage of earlier material.
As a result, the tests covered in the yearbooks do not exhaust
the whole list of existing tests in a given field. Most tests are
critically reviewed by one or more reviewers, so that the reader
obtains some description and evaluation of each instrument.

One source both for information about and supply of existing
tests is the Psychological Corporation.* This organization,
founded in 1921 by James McKeen Cattell as a pioneer organiza-
tion to market psychological services, includes among its activities
the publication of psychological tests and the distribution of a
wide range of tests put out by other publishers. To a legitimate,
bona fide professional user of tests the staff of the testing division
will supply not only the tests but also some advice and informa-
tion about them.

As a final source of information about existing tests, reference
must of course be made to the test publishers. In addition to
the Psychological Corporation there are many concerns which
publish educational and psychological tests. A list of most of
these can be found in The 1940 Mental Measurements Yearbook
referred to in an earlier paragraph. The catalogues of these
publishers indicate the items available from each. By obtaining
a sample set, together with the accompanying test manual, the
user can determine for himself the exact nature of the test and
estimate whether the test will prove satisfactory for his purposes.

APPROACHES TO THE ASSEMBLY OF A TEST BATTERY

In a thorough program of research directed toward the de-
velopment of a testing battery to predict success in one or several
jobs with maximum accuracy, some systematic approach is
needed to develop tests that cover as many as possible of the
functions disclosed by job analysis. A haphazard attack on the
problem is likely to result in overconcentration of test develop-

4+The address of the Psychological Corporation is 522 Fifth Avenue,
New York, N. Y.
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ment in certain areas and neglect of other areas of importance.
There are two ways in which this systematic approach may be
oriented. It may be focused on the job or on the individual.
The former we shall label the job approach and the latter the
trait approach. These two approaches use the results of job
analysis and go about test construction in quite different ways.
We must examine each to see what its characteristics and
potentialities are.

Let us first examine the job approach to test development.
In this approach, the research worker starts primarily from the
job and the duties which the individual must perform in it. He
tries to build tests that reproduce some feature of the job. Since
in flying the pilot must use a stick and rudder pedals and
coordinate the movements of the two, the developer of tests for
pilots is likely to construct an apparatus that requires the subject
being tested to use a stick and rudder bar and to make co-
ordinated movements with them in response to some type of cue
stimulus. Since the navigator must use various types of rather
complex tables, a test of table reading is prepared. A test for
street-car motormen may require reaction with one of several
handles to cues from a motion picture of a street scene. In these
examples the functions to be tested have been seen primarily in
terms of the characteristics of the job and job duties rather than
in terms of any fundamental pattern of human abilities. This
approach yields a job sample type of test in which the tester
endeavors to reproduce in a miniature situation all the complex
conditions of the job itself rather than tests of relatively simple
and general traits of behavior. In determining whether he has
achieved complete coverage of the job, the investigator will say
to himself, “This worker must do X on the job. Do I have a test
in which he must do X or something very like it? In which test
have I required the examinee to carry out a task similar to job
function Y? I must put into one of my tests a task as much like
Z asIcan”

The trait approach stands in sharp contrast to the job approach
in that the test development is based on the general qualities of
the individual rather than on the characteristics of a specific job.
The initial effort is to identify a set of fundamental categories
or traits of human behavior, preferably non-overlapping traits in
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the sense that each trait will have zero correlation with each of
the others, and then to develop tests of those basic traits.
Initially, hypotheses concerning human trait structure emerge
from the general psychological study and analysis of human
behavior. These hypotheses become refined by a study of the
obtained pattern of relationships among tests designed to meas-
ure the hypothesized traits. This approach to test development
yields tests measuring such functions as numerical facility, verbal
fluency, and perceptual speed. They are tests of generalized
functions, not specifically related to any one job. Research on
personnel selection for a particular job involves trying out tests
of all those traits that seem to have some relationship to success
on that job. The job analysis is studied with a view to selecting
the promising trait categories. Then tests of these categories are
selected from the existing pool of tests or developed for the
specific program.

The job and trait approaches, in their pure forms, represent
opposite extremes of a continuum rather than unrelated ap-
proaches. In practice, most test development research falls
along some intermediate range of that continuum, emphasizing
to some degree both the reproduction of the conditions of the job
and the analysis of the basic traits of human behavior. In
general, the job approach, in which each test is built to the
specifications of the particular job specialty which it is to predict,
is likely to yield tests with higher validity for a specified job.
However, the single tests for a particular job will tend also to
have higher intercorrelations, so that there will be less gain from
adding on supplementary tests. High correlation among the
single tests also makes their use for differential prediction of a
number of job categories more difficult. The advantages of the
two approaches are, in part at least, relative to the manner in
which the test results are to be used. A more complete evaluation
of them must be postponed to Chapter 7, in which the use of a
battery of tests for simple selection is contrasted with its use for
multiple selection and for classification.

Both the job and the trait approaches provide frameworks for
a systematic and complete coverage of the abilities important
for a job. An integrated program will represent some synthesis
of these two. However, in any research program, especially
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where the research is being carried out by a number of persons
and possibly in a number of places, some test development is
likely to take place outside the systematic program. Although
a systematic framework is a necessity for the effective organiza-
tion of ideas and plans for test development and the reduction
of duplication of effort, individuals inevitably have ideas for
tests independently of this framework. Arising from some special
interest or experience of a particular investigator, an idea for a
test emerges. Such an idea may be worth developing, even
though it does not fit into the systematic over-all program of test
development. Because of the limitations of human insight in
planning an inclusive, comprehensive program, the encourage-
ment of isolated ideas, which arise without regard to the total
program of test construction, is a sound procedure for extending
the scope of test development.

MEDIA OF TESTING

When we speak of a testing program, we first think of printed
tests, in which successive test items present problems to the
subject who is required to work out or identify the correct answer.
This is the most usual and universal type of test, but there are
others. Test problems may be presented on a motion picture
screen, making possible the presentation of certain types of tasks
that cannot be presented in printed form. Again, it may be
desired to test skills of manipulation or coordination, and for
these purposes apparatus tests may be required. Still other
assessment procedures may involve interview or rating proce-
dures. These may be relatively informal and uncontrolled, or
they may require a highly standardized form of interview and
procedures for evaluating interview responses. The individual
test of the Binet type is a familiar illustration of the highly
standardized interview procedure. This section will be devoted
to a discussion of the values of different media of testing; the
next section will be devoted to a consideration of interview and
rating procedures.

Printed group tests have always occupied and will continue to
occupy a major role in most mass testing programs. These
possess as their outstanding advantage the efficiency and economy
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with which they can be administered and the relative ease with
which objectivity can be achieved in administration and scoring.
The matter of economy and efficiency is particularly important
in large-scale testing programs, but the matter of objectivity
maintains its importance no matter what the scale of the testing.

Of course, some types of ability do not lend themselves to
assessment by printed tests. The range of traits measurable by
printed test techniques is not sharply defined, however, and with
sufficient ingenuity it may be possible to develop printed test
techniques for assessing various aptitudes that had previously
been considered susceptible only to other more laborious methods
of assessment. In the AAF air-crew testing program this was
illustrated by measurements of a “spatial relations” factor.
Analyses of the test battery in use for personnel classification
together with groups of research tests indicated that a large
fraction of the validity for pilots of several apparatus tests could
be attributed to a “spatial relations” factor. Subsequently, sev-
eral printed tests were developed which emphasized the orienta-
tion of planes in the air and of the ground as seen from planes,
and these depended on this same “spatial relations” factor.
Much, though not all, of the valid variance of the apparatus
tests could have been covered by these group tests. If group
test procedures could have been developed to cover the remain-
der of the valid variance contributed by the apparatus tests, the
testing procedures would have been appreciably simplified. As
a general guiding principle of testing programs, printed tests
should be used for all functions for which they are adequate.
Furthermore, it is usually worth while to devote some part of the
creative effort of a testing program to inventing printed test
procedures for measuring traits of importance not previously
measured by those techniques.®

In spite of all efforts to broaden the field covered by printed
group tests, there will probably always remain certain functions
for which printed tests are not adequate. Types of perception

8 The development and application of a wide range of printed tests to
a particular personnel selection program is illustrated by the work on air-
crew selection in the Army Air Forces during World War II. The tests have
been described in detail and provide a rich pool of suggestions for workers
in other specific personnel situations. Tests and results from using them
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in which motion of the stimulus is a necessary feature call for
motion picture tests. Printed tests also seem poorly adapted for
use in almost all areas in which speed or coordination of motor
response are significant features. Individual apparatus tests then
seem indicated. Again, with printed tests it is almost impossible
to devise procedures for timing accurately the exposure of each
successive stimulus or the rate at which the stimuli are presented
to the subject. Either motion picture or individual apparatus
techniques can be devised to deal with this type of situation.
Finally, where accurate timing of single responses by the subject
is required, individual apparatus testing seems to be almost a
necessity. Depending on the type of job for which selection is
made, it may be desirable to devote some fraction of the test
development research to investigation of motion picture and
apparatus tests.

Motion picture tests retain most of the advantages of group
administration which characterize printed tests. In certain
phases of standardization and objectivity they even surpass the
printed test. Instructions recorded on a sound track and accom-
panied by illustrative exercises on the screen reduce the variation
in that aspect of the testing situation almost to the vanishing
point. These tests possess in addition certain unique advantages.
The most obvious of these is the possibility of introducing move-
ment in the stimulus field. It is thus possible to construct a
variety of tests of perception of rate of movement, direction of
movement, and the like, as well as tests that simulate the expe-
riences of an individual in a moving vehicle. These have obvious
relevance to research on the selection of gun-pointers, pilots,
truck drivers, and so forth.

A second conspicuous advantage of the motion picture is the
control that this medium permits in the time allowed both for
presentation of the stimulus and for response by the subject.
The number of frames allotted to a particular test item deter-
mines the former, and the amount of blank film introduced

are described in the following reports: J. P. Guilford, Printed Tests, AAF
Aviation Psychology Program Research Report #5, U. S. Government
Printing Office, 1947; F. B. Davis, The AAF Qualifying Examination, AAF
Aviation Psychology Program Research Report #6, U. S. Government
Printing Office, 1947.
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between items fixes the latter. It is possible, therefore, to control
both the time allotment for any single item and the amount of
over-all speed pressure of the test. A further characteristic
which may be of advantage is realism. By using motion pictures
with sound, it is possible to present test situations that appear
more like the real life situation than can be done with any type
of printed material. This seems particularly advantageous in
proficiency tests, in which every increase in resemblance between
the test and the actual job situation contributes to relevance of
the test as a measure of on-the-job performance.

The limitations of motion picture tests are primarily practical
ones connected with test construction and use. A first obstacle
is the very considerable amount of technical skill required to
produce an effective ilm. Though some photography, especially
for preliminary forms, may be done by the psychologist, for the
production of a satisfactory final test form it often is necessary
to rely on the technical skill of professional studios. This involves
not only expense but also certain problems of coordination and
cooperation between the test constructor, who knows what effect
he is trying to achieve for his test, and the technician, who has
the skills necessary to achieve it.

Other problems arise in connection with the actual conduct of
testing. These have to do with lighting and seating. There
must be enough general illumination so that subjects can see to
mark their answer sheets, and yet not so much as to sacrifice
sharpness of definition of the screen image. Seating must be
arranged so that no individual is penalized or favored because
of his angle of vision or distance from the screen. Experience in
the testing program for selecting air crews for the AAF showed
these factors to be less critical than had been anticipated. Over
rather wide limits position seemed to be unimportant, except in
certain tests which made obvious demands on visual acuity. By
the same token, rather a wide range of illumination levels seemed
to be equivalent as far as test score was concerned, including
levels at which the answer sheet could readily be marked.
However, these factors would have to be explored for each novel
type of motion picture test.®

6 The use of the motion picture as a medium for testing was explored

quite extensively in the Aviation Psychology Program of the AAF. A full
report of this experience is given in J. J. Gibson, Motion Picture Testing



MEDIA OF TESTING 43

Individual apparatus tests appear necessary whenever we are
primarily interested in the motor aspect of the subjects’ response.
Whenever the making rather than the selecting of the response
is the important consideration, some instrument is usually needed
to record the speed, precision, or other relevant features of the
subjects’ response. Measures of this type are often required in
selecting personnel for a job in which manipulative skills play a
critical role. Apparatus tests may cover the whole gamut in
complexity. Simple form and peg boards represent these tests
at the simplest level. The most complex type of apparatus test
is suggested by some of the synthetic training devices used in
the armed forces. Devices such as the Link Trainer, which
reproduces for the student pilot all the characteristics of flying
a plane by instruments, or the Celestial Navi-trainer, in which
the student navigator has a continuous view of the sky and stars
just as they would appear to him in a plane flying over a given
route at a specified time, are examples of tests that very nearly
reproduce the actual job itself.

The use of apparatus tests in personnel selection in general
and in personnel selection research in particular raises a number
of problems. An obvious one is the time and equipment required
for any large-scale testing program. The usual testing situation
requires one copy of the apparatus and one examiner to test one
subject. In the AAF air-crew selection program, a considerable
increase in efficiency was obtained by grouping four copies of
an apparatus together in a testing room, with a single control
table on which all controlling and recording instruments for the
four copies were centered. In this way, one examiner was able
to test four subjects at the same time. Even so, to administer a
battery of six apparatus tests to a hundred men a day called for
five copies of each test (including a spare copy in reserve for
breakdowns) and the services of eight to ten examiners. Such a
program clearly represents a substantial investment and must be
justified by real increments in validity resulting from use of the
apparatus tests.

A second difficulty with apparatus tests is that of standardiza-
tion and maintenance. This point will be elaborated in Chapter
9. It will suffice at this point to say that if the several copies of

and Research, AAF Aviation Psychology Program Research Report #7,
U. S. Government Printing Office, 1947.
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an apparatus test are to yield equivalent scores their construction
must be accurately engineered. If a single copy of a test is to
continue to give equivalent scores it must receive effective main-
tenance and frequent calibration.”

When apparatus tests are used for research, one additional
major difficulty is encountered. That is the difficulty of assem-
bling test records fast enough so that validation data become
available upon an adequate population within a reasonable time.
When a new printed test has been developed for research pur-
poses, it is administratively quite simple to include that test in
the battery being given to all personnel applying for the job
under study. When a new apparatus test is developed, however,
it may be available in only one or two pilot copies. Particularly
if the test is complex or expensive, it is unlikely that a number
of copies of it will be developed for research use alone. It is
then often possible to test no more than 100 or 150 subjects a
week with the new test. Conditions often require the testing
of several thousand applicants in order to get an adequate popu-
lation for whom criterion data will become available in a par-
ticular job specialty. (The practical problems of scheduling
validation testing will be discussed in more detail later in the
chapter.) Thus, testing over a period of several months may be
required for the accumulation of sufficient testing data. When
to this the time is added that must elapse while criterion data
mature and while copies of the apparatus are procured, it can
be seen that a research program for the development and use of
validated apparatus tests is likely to be a slow-moving affair.

RATING AND OBSERVATION AS SELECTION
INSTRUMENTS

Certain types of behavior do not readily yield a record on any
type of test. These are particularly the situations involving the

7 Apparatus tests were used extensively for mass testing in the Aviation
Psychology Program of the AAF. A report of much of the research work
on the development and validation of these tests and some of the problems
of standardization and calibration of equipment is planned for publication
by the U. S. Government Printing Office as AAF Aviation Psychology
Program Research Report #4.



RATING AND OBSERVATION 45

social interaction of two or more individuals. The reaction of a
subject to the situation of being interviewed, the manner of the
subject when placed in charge of two or three other individuals,
the response of the subject to interference, heckling, or cross-
examination, and other types of responses can probably be
evaluated only or most readily by the ratings of those who ob-
serve the behavior in question. Again, for some types of jobs
we are concerned with the impression which an applicant makes
upon other people. In the selection of salesmen, for example,
an important consideration, in addition to what a person can do,
may be what he appears to be as he encounters the prospective
customer. Where the factor to be evaluated is the impression
made on another individual, we can probably best evaluate that
factor by determining the impression made on another individual
in a situation as similar as possible to that occurring on the job.

A second purpose for which interview procedures may seem
the most suitable is to obtain information about the life and job
history of the individual. Information about the type of life an
individual has led, his home and family relations, his school
experiences and his reaction to them, his social activities and
interests, and his background of work experience are often very
important in the total selection and classification situation. This
is especially true when one is concerned with employing not
novices but rather men with a substantial work history, which
may bear some relationship to their present assignment. It may
be desirable to give as much or more weight to what the indi-
vidual has done in life in the past as to what he can do on a
specific battery of tests at the present time. Thus the Army and
Navy, in planning for classification of enlisted personnel, found
it important to get both records of civilian training and work
history and objective test records of present aptitudes.

It is possible to obtain information about life history with
group test procedures. A biographical data blank may be pre-
pared in multiple-choice form which presents a number of fixed-
choice questions to the subject and requires him to select the
option or options applicable to him. Such a blank was used to
advantage during World War II by both the Army and the Navy
for the selection of airplane pilots. This type of blank has the
complete objectivity of scoring found in any good aptitude or
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achievement test. It is, however, quite inflexible and is limited in
scope by the questions asked and the response options provided.

A second approach to personal data is through a job applica-
tion blank or personal data questionnaire, on which the applicant
makes unrestricted responses to a number of questions about his
background, education, and training. Everyone has the experi-
ence of filling out many such blanks as he pursues his education
and his job career. The application blank sacrifices the objec-
tivity of a fixed-choice blank, which can be scored by a pre-
determined key, but it permits more flexibility and variety of
response by the applicant. A somewhat subjective and clinical
evaluation must then be made of this material in order to judge
how well the individual is qualified for the job for which he is
applying.

In addition to or in place of the above methods, a personal
interview may be a source of biographical information. The
interview permits still greater flexibility. It is possible to adapt
the questions to the individual and to concentrate on exploring
those aspects of his background that seem most important.
Interesting leads may be followed up in more detail, and re-
sponses that are not clear may be further clarified.

The interview may yield a record, usually in the form of a
descriptive report, of certain aspects of the individual’s back-
ground. It may also result in a definite impression on the part
of the interviewer as to how suitable the candidate is with respect
to the different qualities required for the job. That is, an inter-
view may yield both a description and a rating or evaluation of
the individual’s background. This evaluation is at once the
strength and the weakness of the interview procedure. Only
part of what occurs in an interview can ever become a matter of
record. The interviewer, however, is reacting to the complete
experience, the complex interplay of statement, intonation,
manner, and the like. He is, therefore, probably in the best
position to synthesize and evaluate the material brought out in
the interview period. His direct judgment is more likely to be
correct than is the secondhand judgment of someone else applied
only to the recorded material of the interview. On the other
hand, the very complexity and subjectivity of the interview situa-
tion makes it possible that the interviewer will react to non-
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essential features and will be unduly influenced by the fluency,
presentableness, or earnestness of the applicant. Certainly, the
responsibility placed on the interviewer is very heavy, and skill
and training are needed if the clinical synthesis of interview
material is to be more effective than the objective treatment of
life history data which is possible in an objective biographical
data blank.®

The subjectivity and bias inherent in rating procedures sharply
limit the value of these methods, so that they are not to be
favored for functions that can be evaluated by any type of
objective test. However, it does seem that observational, inter-
view, and rating procedures help to extend the scope of evalua-
tion. Nevertheless, in planning a rating procedure in a personnel
selection program, one should first be reasonably sure that no
objective test procedure is available for that function. To cite
an extreme illustration, it would be foolish indeed to try to
evaluate the extent of an applicant’s vocabulary on the basis of
an interview and rating rather than on the basis of a test.

The second prerequisite in using rating procedures is that the
qualities to be rated must be those that the rater has had or will
have an opportunity to observe. On the basis of the usual inter-
view situation, the interviewer could rate the applicant with some
assurance on neatness of dress, on poise in the interview situation,
or on pleasingness of voice and diction. It would not be reason-
able to ask for a rating on integrity, industry, or ability to get
along with fellow workers. These are aspects of behavior that
could hardly appear within the limited framework of the inter-
view situation.

The range of behaviors exhibited during an observation or
interview situation can be increased by presenting the subject
with various task situations. He may be called on to work with
others or to supervise the activity of others. He may be placed
in a situation in which the task he must do is frustrating, or in

8 A discussion of techniques of interviewing and of using interview mate-
rials is beyond the scope of the present volume. A general discussion of
interviewing is given in W. V. D. Bingham and B. V. Moore, How to Inter-
view, Harper & Bros., New York, 1941. A specific technique of interview-
ing and using interview results in personnel selection is described in R. A.

Fear and B. Jordan, Employee Evaluation Manual for Interviewers, The
Psychological Corporation, New York, 1943.
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which it is made so by the observation or heckling of spectators.
Ile may be asked to play one or more imaginary roles. He may
be subjected to interrogation approaching the third degree.
Situations of these and other types were combined with observa-
tion and rating procedures by the Office of Strategic Services in
the selection of agents for special types of duty during the war
and were considered to have been effective, though statistical
validation in this case encountered a variety of difficulties.?

In addition to limiting ratings to behaviors evident during the
interview or observation situation, the interviewers or observers
must know what they are looking for and must have a common
understanding of the scale of ratings. That is, the observers
must become acquainted with the rating instrument and proce-
dure prior to the period of observation or interview upon which
the rating is to be based. This means a consideration of the
qualities to be rated, of the symptoms of these qualities to be
looked for in the rating situation, and of specimens of behavior
representing a particular degree of a particular trait. When a
number of observers or interviewers are to make the ratings, as
is usually the case, preliminary training of raters is particularly
important. Subjectivity and individual idiosyncrasy in ratings
will be large enough in any case, and every effort must be made
to reduce it. One procedure is to hold preliminary and periodic
conferences and discussions among those doing the rating in
which the meanings of the several scales upon which ratings are
being made and of the separate points upon those scales are
reviewed.

In general, the simpler and more overt the behavior to be
rated, the more nearly objective we may expect the ratings to be.
We may anticipate more agreement on rating or checking some-
thing that the individual did than in evaluating what he appeared
to be. As far as possible, therefore, ratings and evaluations
should be expressed in terms of observable actions.

The usefulness of rating procedures in a selection program
may be evaluated on two bases, effectiveness and practicality.
Effectiveness is limited by those factors of subjectivity and in-

9 A full description of the procedures developed in the OSS assessment
program will be found in the assessment staff report, Assessment of Men,
Rinehart & Co., New York, 1948.
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dividual bias which produce low reliability in ratings, and which
can be only partially compensated for by a program of rater
training and review. The fundamental question of the validity
for a particular job of those traits which can be rated in an
interview or observation session is, of course, a question that
must be determined empirically for each job specialty.

It is from the standpoint of practicality that rating methods
may be most seriously questioned, especially in a large-scale
personnel selection program. Providing personnel to carry out
the necessary observations or interviews is usually an expensive
undertaking. Observations are time-consuming, and if they are
to have value they must be made by capable and trained per-
sonnel. Therefore there must usually be good a priori reason
for thinking that ratings will yield information of value before
the personnel research worker feels justified in embarking upon
an extended study of them as selection procedures.

STEPS IN THE CONSTRUCTION AND ANALYSIS OF A
NEW TEST

Whenever a program for personnel selection is to be based at
least in part on new tests constructed specifically for that pro-
gram, it is necessary to consider the operations involved in the
construction, preliminary analysis, revision, and validation of a
test. At this point, we shall outline the usual sequence of opera-
tions, commenting briefly upon certain of the steps in the chain.
The particular statistical operations involved in pre-validation
and validation analysis will be discussed in considerable detail
in subsequent chapters. The usual sequence of steps will be
approximately as follows:

Original conception of an idea for a test.

Development of specifications for construction of the test.
Construction of a preliminary test form.

Small-scale tryout of preliminary test form.

Statistical analysis of the preliminary form.

Preparation of a revised form.

Administration of the test for validation.

Determination of test’s validity and correlations with other
measures.

© N3 Utk
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Original conception of a test idea

Little can be said about the original insight that suggests a
test idea. The process of invention has never yielded very grace-
fully to psychological investigation. Without much doubt, the
more a person knows about a particular job the more likely he
is to have shrewd ideas about types of tests that will have validity
for that job. By the same token, a wide knowledge of existing
tests provides the background for fruitful new combinations of
testing materials and procedures. The test inventor should,
therefore, become intimately acquainted with the job or jobs for
which the tests are being developed. He should also have a
wide acquaintance with existing test forms and with the literature
on the determination of distinct traits or dimensions of human
performance. Beyond that, he must rely on his native wit and
ingenuity.

Development of specifications for construction of the test

The fact that the research worker has an idea for a test means
immediately that he has in some vague form a mental picture of
the finished test. This picture, vague at first, will become in-
creasingly clear as work on the test proceeds. It will probably
pay in most cases to make this mental picture as explicit as
possible at each stage of the work by formulating a written
statement of specifications for the test. This statement will
clarify both for the test maker himself and for his colleagues just
what he is trying to do in the test. The specifications might
cover such points as the following:

1. The function or functions that the test is to measure.

2. Illustrations of each type of item to be included in the test.

8. The number of each type of item to be included.

4. The range of content to be covered in the test, where variety
in content is a factor, and the allocation of items within that
range.

5. The time limits for the test, or for each separately timed
section of it.

6. The nature of the population for which the test is designed.

7. The desired level and range of difficulty of test items for
the population.
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8. The editorial and statistical procedures to be used in
selecting and refining test items.

The specifications for a test must, of course, remain somewhat
fluid while the test is in the preliminary stages of development.
A description of a test covering the above points would repre-
sent the thinking about the test at that time. It would be subject
to revision on the basis of new ideas concerning the test and
particularly in the light of actual data from the trial of sample
sets of instructions, sample items, or a rough and preliminary
form of the test. The specifications must necessarily grow with
the test.

A set of specifications has one value in crystallizing the plan for
a test in the mind of its creator. It has a second value in making
available to collaborators the explicit plan for the test, so that
individuals may work together on it effectively and so that posi-
tive suggestions and criticisms may be stimulated and directed.
A third and often quite important value of a set of specifications
lies in its use as a guide to the construction of further equivalent
forms of the test. If a clear statement is available of what a test
contains in terms of type, content, and difficulty of items, and if
the statement further specifies the procedures for item editing
and selection, then the preparation of further forms of the test
which are truly equivalent to the first form in functions measured,
scope, and difficulty level should be greatly facilitated.

Construction and statistical analysis of the preliminary
test form

In the development of a new test, we can roughly identify
three stages. These we shall speak of as (1) the exploratory
stage, (2) the preliminary stage, and (3) the final stage. In the
exploratory stage the test developer is concerned with working
out the format for typical test items, with phrasing directions
which will be uniformly understandable and will give each
individual an opportunity to perform at his best level on the test
itself, with determining roughly the rate at which the test items
can be done, and generally with locating “bugs” in the test. At
this stage, it pays to make frequent informal use of any small
group of subjects who may be conveniently available as guinea
pigs for try-out of the materials. Submission of the instructions
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and perhaps some preliminary test items to available stenogra-
phers, clerks, students, or co-workers will provide some imme-
diate information on the adequacy or, particularly, the inade-
quacy of the materials. Both the test performances of and the
comments and criticisms from those who take the test will enable
the author to identify and eliminate many difficulties before the
test is reproduced in quantity and tried out on a wider audience.

When the difficulties revealed by the initial exploratory try-out
have been overcome satisfactorily and informal work with in-
dividuals and small groups indicates that a feasible testing pro-
cedure has been developed, it will then be appropriate to develop
a preliminary form of the test for administration to substantial
groups of individuals having approximately the same character-
istics as the population with whom the test is ultimately to be
used. This administration is for the purpose of getting some
preliminary statistical evidence about the test as a whole and
about the characteristics of individual test items. The informa-
tion about the test as a whole that is of particular interest at this
stage is its reliability. The problem of obtaining estimates of the
reliability or precision with which a test measures is discussed
in detail in Chapter 4. Information is also often desired on
individual differences in time taken to complete the test, so that
appropriate time limits can be set for a final test form. For pur-
poses of editing and revision, data are required on the difficulty
level of the individual test items and the degree to which each
item discriminates between those who are high and those who
are low on total test score. The problems and uses of item
analysis are expounded further in Chapter 8.

Where a preliminary test form is to serve as the basis for item
selection and revision, more items must be included in the pre-
liminary form than are to be included in the final form. The
number of surplus items included depends somewhat on the type
of test. Where items are of a rather simple and standard form,
as in simple number problems or tests of word meaning, an
excess of 25 or 50 per cent may provide enough to permit elimi-
nation of items that fail to discriminate or items not of appro-
priate difficulty. For types of items that are more complex and
more difficult to write, such as “judgment” items, an excess of
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100 per cent or even more may be needed to provide an adequate
stock for the final test form.

Administration of the preliminary form

When the preliminary form of the test is complete, it should be
reproduced and administered to a sample of the same population
with which it is ultimately to be used. If a sample of the exact
population is not available, the sample studied should resemble
it as closely as possible. The closer the resemblance, the more
directly the sample statistics will be transferable to the popula-
tion ultimately to be tested. To provide adequate item analysis
data, the sample tested at this stage should preferably number
four or five hundred. When the results from this preliminary
testing are to be a basis for item analysis, the test should be
given with quite ample time limits, so that most individuals will
have a chance to try all items. If the test is primarily a speed
test, it may not be desirable to plan an item analysis for it. Item
analysis of a pure speed test is a relatively meaningless under-
taking. However, if item analysis is planned for a test which will
ultimately be administered as a speed test, the data for the item
analysis should be obtained when the test is administered
unspeeded.

Preparation of the revised form

Analysis of results from the administration of the preliminary
form of a test provides the basis for revising the test and prepar-
ing a form to be administered for purposes of validation. The
results most extensively used in preparing the revised form are
those from analysis of the single test items. These results provide
a basis for selecting items from the available stock and for editing
and revising defective items. Data on the reliability of the whole
preliminary form of the test give some clue as to how long the
final test needs to be to provide a reasonably precise measure of
individual ability. Records of time taken to complete the pre-
liminary form suggest the number of test items that should be
allotted to a given amount of testing time. If the test is pri-
marily a power test, this time allotment is set so that most of
the individuals tested have an opportunity to attempt all or
nearly all the test items. If the test is designed as a speed test,
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time limits are set so that there are a few more items than the
fastest worker can complete. Finally, the trial of the preliminary
form under conditions of group testing may have revealed
difficulties in instructions or in the mechanics of test administra-
tion of which the author had not previously been aware, and
these must then be corrected in the revised form. The revised
form constitutes, at least tentatively, the form ultimately to be
used for selection purposes.

Administration of the test for purposes of validation

When the test has been prepared in its revised and presumably
final form, the next step is to determine its validity for the job
or jobs being studied. The empirical determination of validity
requires (1) the determination of a test score for each member of
an experimental group, (2) the determination of a measure of
success on the job for each member of this same group, and (3)
the calculation of appropriate statistical indices of relationship
between the test scores and the measures of job success. Criteria
of job success will be discussed in Chapter 5. Indices of rela-
tionship between test and criterion will be considered in Chapter
6. Our present concern is with certain problems involved in
getting the test scores for a group for whom criterion data will
become available.

Practical problems in validation testing center around questions
of whom to test, when to test them, and how many individuals
to test. Shall we give our research test to all applicants when
they first apply for a job? Shall we test only those who are
accepted for a given job category? Shall we test experienced
workers who have been on the job for a considerable period of
time? Shall we test before or after a period of training for the
job? The specific options and alternatives depend upon the
unique features of the particular personnel situation. However,
there are certain general considerations and alternatives which
we can profitably discuss here.

There are two major and basically conflicting considerations
in determining whom and when we shall test. On the one hand,
we should like to have a minimum of waiting time and attrition
in the tested population between testing and obtaining criterion
data. From this point of view, it would be ideal to test experi-
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enced personnel for whom records of success on the job are
already available. On the other hand, we wish our validation
testing to be carried out under conditions of motivation and
experience as nearly as possible like those to be encountered in
the final use of the test. From this point of view, our ideal
would be to administer a research test to job applicants when
they are applying and being considered for the job in question.
The conflicting advantages of these two procedures bear some
further elaboration.

In almost any personnel situation there must be a rather
substantial time lapse betwcen initial selection for the job and
the maturing of usable criterion information about the individual.
The employee must have time to learn the job and must perform
it for enough time to yield a representative picture of his ability.
Even in simple and routine jobs, this period of learning, adjust-
ment, and building up of an adequate performance record may
take several months. In jobs involving extensive special knowl-
edges and skills the training period may take years. Thus, even
under the pressures of the war emergency the minimum interval
between the date of testing an AAF aviation cadet in order to
estimate his aptitude for different types of air-crew duty and the
date of completion of his individual flight training was often as
much as a year. Many additional months of advanced tactical
training were added to that before the man was assigned to
combat duty, and many more months elapsed before a record
of his combat performance became available. The period of
apprentice training for such crafts as carpenter or plumber has
been several years in length. And the training programs for most
of the professions also extend for a number of years.

Of course, some criteria of success may be obtained for per-
formance during the training period. In fact, it has been a rather
general procedure to use such criteria, due to the great time lag
introduced if one waits for actual records of success on the job.
In wartime, new test development could not wait the two years
or more that would have been required to obtain combat criterion
data. In times of peace, relatively few personnel research proj-
ects have or are willing to take the time to follow up test results
over a period of five or ten years to see how the candidate for
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training in law, medicine, or accountancy makes out after he has
had a chance to establish himself in his profession.

A second problem that arises if job applicants are tested at the
time of their initial application is loss of cases between the time
of testing and the time that criterion data mature. A portion of
the applicants, perhaps a substantial portion, may be rejected
on the basis of test scores or of some other consideration, and for
them no criterion data ever become available. Others may de-
cide not to accept the job or take the program of training.
Others may drop out during the training period for one of a
great variety of reasons, some related to success in the job and
some entirely incidental to quality of performance. The problem
of shrinkage in the criterion group becomes particularly acute
when the tests are a basis for classification rather than selection.
If the applicants being tested are candidates not for a single job
but for one of several, then the number who will eventually be
placed in any one job and for whom criterion data will become
available for that particular job may be only a small fraction of
the total tested. Thus, in the testing of air crew in the AAF, not
more than five or ten of each hundred tested eventually entered
training for the job of navigator or that of bombardier. To get a
criterion group of 1000 navigation students, being satisfied with
only a training criterion of success, it would have been necessary
to test 10,000 to 20,000 men in classification centers.

These two factors of (1) time lag and (2) loss of cases between
testing and the maturing of criterion data represent serious
practical handicaps to the use of pre-tests of applicants as a
basis for a personnel research program. From the point of
efficiency in time and testing, the more attractive procedure
would be to test individuals already on the job, for whom
records of proficiency exist or can be procured without delay.
Unfortunately, this procedure also has its practical drawbacks
in many cases. It may be administratively difficult to assemble
for testing a group of individuals who are busy in a job, both
because of interference with the progress of the work and because
of geographical factors. The main problems involved in testing
individuals at these later stages, however, concern the inter-
pretability of the test results. The interpretation of test results
from on-the-job personnel may be questioned on two counts:
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(1) Are the conditions of motivation and rapport for those tested
on the job equivalent to conditions for job applicants? (2) How
have test scores been affected by job training and job experience?

With regard to the first of these points, we may often question
whether the same level and universality of effort can be obtained
from those who are tested as part of a research project, and who
see no direct relationship between the tests and getting a job, and
those who are tested as part of the process of applying for a job
or a program of training. Research tests may be taken grudg-
ingly, and motivation may vary widely, @epending on the indi-
vidual’s interpretation of the purpose of the testing, his feeling
of adequacy in a test situation, and his general level of coopera-
tiveness and affability. The level of motivation often will be
lower and the variability in motivation usually will be higher if
the test outcomes have no clear bearing upon the goals of the
individuals tested.

In certain types of tests, we may expect training for and
experience on the job to have an appreciable direct effect on the
test scores. A test may be diagnostic of future success if applied
at one level of experience and yet fail to be diagnostic at some
other level. Thus in selecting airplane pilots a test of general
information about planes and aviation was found to have appre-
ciable validity as applied to applicants. This same test would
certainly have given a very different score distribution and might
have shown quite different validity if applied to pilots who had
already completed some part of their training. Measures of
skills, information, and interests related to the job will be most
clearly affected by job training, but the possibility of job training
transferring to test score is quite a real one in any test. This
makes any validation based upon tests administered at some time
during training or work on the job necessarily tentative.

The choice of a group and time for validation testing is at best
a compromise. For the test results to be most clearly and
directly applicable to the selection testing situation, research
testing should be done with applicants at the time of their
application and under the same conditions that will prevail in
subsequent use of the test. On the other hand efficiency and
prompt availability of results often suggest testing groups at
more nearly the time that criterion data will be available. How-
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ever, results obtained from testing during training or on the job
necessarily provide only a tentative picture of the validity of a
test as a selection device.

A decision as to the number of cases to be tested for validation
purposes again presents a conflict between the theoretically
desirable and the practically expedient. Ideally, the validation
of a research test should be based on a large number of cases.
In practice the number of available subjects, the amount of
testing time, and the amount of time of research and clerical
personnel are always limited. A number of research tests may
be competitors for these limited facilities. Allocation must be
made among the various competing research tests.

The need for large numbers of cases in validation arises out of
the instability of the correlation coefficient from sample to sample.
With a sample of 100 cases and a true population value for the
correlation coefficient of 0.50, we may expect to get a correlation
either as large as 0.61 or as small as 0.36 in 1 sample out of 10.
The weights for combining tests to give the best joint prediction
of a criterion are even more sensitive to fluctuations from sample
to sample. In order to get an accurate index of the degree of
relationship, therefore, and particularly to determine with con-
fidence and precision the best combination of tests for predicting
a criterion, test validities (and test intercorrelations) need to be
based on substantial samples.

The appropriate size of validation groups depends on the one
hand on the total flow of personnel into the job in question and
on the other on the extensiveness of validation data already
available for other tests. Obviously, we must be content with
smaller validation groups for a job specialty that has an input of
200 men a year than for one in which the flow is 200 men a day.
Even though we should have to spread any testing project over
a much longer time span in the smaller group, we could never
build up the substantial populations that we could in the larger.
There comes a point where the flow is so small that personnel
research is almost impractical, and the figure of 200 men a year
certainly approaches that limit. Validity coefficients based on
fewer than 100 cases are too unstable to serve as the basis for any
serious comparative study of the validity of different tests for
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personnel selection, and if six months is required to accumulate
a population of that size a research program must progress slowly
indeed.

The second consideration in deciding the size of populations
for validation testing is the extensiveness of validation data
already available as a backlog of information for certain tests.
If we already have a pool of tests, some of which are routinely
being used for personnel selection, and if we have validation
statistics for those tests for substantial numbers of cases, we will
require more evidence indicating the validity of a new test before
adding it to or using it to replace some of the tests already in
use. When a research program of personnel selection for a
particular job is starting, it may be worth while to validate an
assortment of tests on populations of two or three hundred, in
order to obtain as quickly as possible a rough approximation of
the validity of a number of tests. At a later stage, however, when
a battery of tests has been used for selection for some time, and
when repeated analyses of the validity of those tests have built
up validation populations for many hundreds or even thousands,
much more extensive data on any new test are required before it
can receive serious consideration as a candidate for the battery.

In the AAF air-crew classification program, for example, the
earliest validation testing was done with groups of a few hundred,
and validity coefficients were obtained for groups of one or two
hundred pilots. These data served a valuable purpose in pro-
viding some guide to the early composition of a testing battery.
By the time this battery had been in use for two years, however,
repeated analyses of the validity of the tests for the job of pilot
provided data based on thousands and even tens of thousands
of cases. The validities of those tests had been determined with
great accuracy. At this stage of the program, it did not seem
worth while to validate any new research test on groups of less
than one or two thousand, because very convincing evidence
would have been required for a research test to compete for
testing time with one of the thoroughly tested tests in the battery.

In general, therefore, in the initial validation of a group of
tests for a personnel research program, the time, facilities, and
available flow of personnel should be divided among a number
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of the most promising tests. As much testing should be done as
possible, still permitting results to be available by the time at
which a decision must be made. In a continuing test program,
repeated validation studies should establish with greater and
greater precision the validity of tests actually being used for
selection or classification. As this precision becomes greater,
larger groups will be required for each new research test, if it
is to compete with the tests in the existing battery.

PREPARATION OF OBJECTIVE TEST ITEMS 1°

The backbone of most mass testing programs is the printed
test made up of a substantial number of separate brief items.
The standard forms of the short-answer test question are already
quite familiar to anyone who has gone to school or otherwise
had occasion to take tests in recent years. A single item of
knowledge, formulated in various ways, will serve to illustrate
these. Some of the most familiar types are the following,.

True-false

True False The first president of the United States was George
Washington.

Multiple choice

( ) Who was the first president of the United States?
A. Benjamin Franklin
B. George Washington
C. John Adams
D. Thomas Jefferson
E. Abraham Lincoln

10 This section is a brief and necessarily superficial presentation of the
whole problem of test item writing. The reader who is interested in further
help on this problem is referred to the standard texts on educational and
psychological measurement, and especially to the following:

D. C. Adkins et al., Construction and Analysis of Achievement Tests,
U. S. Government Printing Office, Washington, D. C., 1947.

H. E. Hawkes, E. F. Lindquist, and C. R. Mann, The Construction and
Use of Achievement Examinations, Houghton Mifflin Co., Boston, 1938.

Technical Staff, Board of Examinations, University of Chicago, Manual
of Examination Methods, University of Chicago Bookstore, Chicago, 1937.

R. W. Tyler, Constructing Achievement Tests, Ohio Bureau of Educa-
tional Research, Ohio State University, Columbus, Ohio, 1934.
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Matching

1. First president of the United A. Alexander Hamilton
States B. John Marshall

___ 2. Chief Justice of the Supreme C. Patrick Henry
Court D. George Washington

3. Secretary of the Treasury E. Andrew Jackson

Completion
The first president of the United States was named

Unrestricted response.
Who was the first president of the United States?

The advantages of a test made up of items in these forms lie
in the breadth of sampling of behavior which the test provides,
the objectivity which is possible in evaluating individual per-
formance, and the speed and convenience with which the test
may be scored. Breadth of sampling results from the number of
separate items which it is possible to include in a limited amount
of testing time. Objectivity and ease of scoring are automatically
favored by the brevity of the required answer. However, not all
short-answer tests are equally objective or easy to score.

Objectivity stems from uniqueness in the correct response.
Only when the correct response can be specified as some one
number, name, or the like does evaluation of the response become
strictly objective. This situation prevails most clearly when the
subject being tested must select the best answer from a given
set of response alternatives. When the testee produces the re-
sponse rather than selects it from an established set of alterna-
tives, a very large number of different responses may be obtained.
These may often be graded by small steps from the clearly
correct response planned by the test maker through approxima-
tions to it and on to responses that are clearly incorrect. Judg-
ment is then required to determine how closely the response
given corresponds to the ideal and whether credit should be
given for it. The more difficult the items become, the higher is
the level of ability required in the scorer in order to make the
necessary discriminations.

The scoring becomes completely objective in such test forms
as true-false, multiple choice, or matching. In these, once a
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scoring key has been established on the basis of a consensus ot
experts, the one correct response for each item is entirely speci-
fied. Such a rigid scoring key not only permits the test to be
scored by clerical personnel with no special knowledge or judg-
ment in the area conicerned but also makes the test suitable for
mechanical scoring, using such a device as the IBM Test Scoring
Machine. Where testing is on a scale sufficiently large to justify
the expense, machine scoring usually speeds the scoring of tests
very markedly and improves scoring accuracy.

The familiar forms of completely objective items are open to
criticism because they call for a limited type of recognition
solution of the task presented by the items. This criticism is
especially relevant in achievement and proficiency tests, where
validity is judged by the closeness with which the test task
duplicates the actual functions performed on the job. Usually
the real task on a job is to produce the correct response, not to
select it from a few alternatives already provided. One outlet
for ingenuity in test construction lies in the designing of item
types that require the testee to produce the response but still
retain the objectivity of a unique correct answer and permit the
convenience of machine scoring. Two examples of this sort may
be cited.

The conventional vocabulary test item is of the following type:

Which word means most nearly the same as tepid?

(1) Tent shaped

(2) Tilted

(3) Warm

(4) Sweet

(5) Spoiled
In the American Council on Education Psychological Examina-
tion, the cues presented to the subject have been somewhat
reduced and the items have been constructed differently, thus

forcing the subject to depend to a greater extent upon active
recall. The following is an example:

A four-letter word meaning the same as tepid begins with the letter:
()B (29N (8)S 4T GBYW
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In the AAF a test requiring the reading of numerical scales
was arranged so that a standard code was used for recording the
last digit of the answer. An answer sheet with space for ten
different responses was used. Any answer ending in 0 was to
be marked in the A position on the answer sheet, an answer
ending in 1 in the B position, and so forth. In this test, any error
was almost sure to occur in the final digit, so that this procedure
gave the subject complete freedom of response but still caught
practically any error. Similar devices can be applied in other
tests to limit the cues provided the testee and yet permit
complete objectivity in scoring of his responses.

Although writing good test items is to a considerable extent an
art, consideration of the factors to be looked for in an item may
guide the novice through some of the more common pitfalls.
This discussion will center on the multiple-choice type of item,
which is by far the most common item type in well-constructed
objective examinations. The multiple-choice item consists of
two parts, the stem and the response options. The stem of the
item states the problem. In our earlier example it is “Who was
the first president of the United States?” The response options
are the four or five choices from which the examinee must select
the best one. In the example these are the five names.

As its first consideration a test item should cover content that
is significant for the purposes of the test. This is particularly
true of achievement or proficiency tests. Thus, if a test of
weather knowledge is being prepared for airline pilots, each test
item should be scrutinized to make sure that it deals with an
element of weather knowledge that is really of concern to the
pilot. The judgment of specialists in the field is of the greatest
importance at this point. In aptitude tests, the question of
appropriateness of content is less readily determined. However,
the function underlying the test should be kept in mind as each
item is developed.

Since most tests are not intended to measure ability to under-
stand difficult and obscure writing, the linguistic difficulty of test
items should ordinarily be kept low. Except in tests of reading
ability and verbal comprehension, the language of test items
should be kept so simple that very few examinees fail the item
because they do not know the words used in the question or
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because they cannot unravel the complexities of the sentence
structure. This problem is a very real one for tests of arithmetical
problem solving, mechanical ability, social intelligence, and a
variety of other functions. The liberal use of pictures or dia-
grams often provides an appropriate technique for minimizing
language difficulty.

There are two goals in preparing response options for multiple-
choice items. In the first place, the options should be brief,
with as much of the item as possible incorporated into the stem.
An item would not be written:

The first president of the United States
A. was named Benjamin Franklin.

B. was named George Washington.
etc.

but rather

The first president of the United States was named

A. Benjamin Franklin.
B. George Washington.
etc.

The second form reduces the amount of reading material in-
cluded in a single item, and also simplifies somewhat the
expression of the item.

The second goal in selecting response options is that the
misleads should be plausible and attractive. In order to justify
its inclusion, each option must be chosen an appreciable number
of times by individuals of limited ability in the function being
measured. In the selection of misleads, the purpose is to pick
options which are definitely not right, but which will attract the
individual who does not know with assurance the answer to the
problem presented by the item. Devising these response options
requires a great deal of skill. It is an art to decide: How would
the inept person be likely to answer this question? Where time
and facilities permit, this art may be supplemented by prelimi-
nary experimentation with the item in completion or free-answer
form. The most common errors resulting from free response to
the item provide the logical options for use when the test is cast
into multiple-choice form. However, some studies suggest that
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the insights of the skilled writer of items are at least as valid as
free-response data as a basis for multiple-choice options.

One vital step in the preparation of good test items is the
editorial review. The review serves the two purposes of locating
ambiguities in statement and of checking the authenticity of the
key. It is an axiom of writing that the author of a statement is
not best qualified to judge the clarity of the statement to others.
The author knows the idea that he is trying to convey; therefore
he cannot appreciate the difficulties that others will have with
his idea. He can achieve some perspective on his work by
reviewing it after a period of time. The best check of its clarity
to another, however, is having it read by another. The independ-
ent review by an editorial reader provides an effective source of
criticisms and suggestions for refining the test item. At the same
time, an independent judgment of the keying of test items is
always desirable. If the material of the test is technical or deals
with a subject in which the item writer does not have specialized
competence, review by an expert becomes imperative. It is only
through such a review that one can determine that there actually
is one and only one correct answer to the item. If a test is to
retain the respect of specialists in the field with which it deals,
the items must be correctly and unambiguously keyed.

One particular fault the item writer must avoid in preparing
test items is providing irrelevant cues or “specific determiners”
for the correct response. In their most obvious form, these cues
arise out of the grammatical structure of the question. Thus an
item might read:

A man who designs houses is called an

A. contractor.

B. architect.

C. carpenter.

D. engineer.

E. plumber.
In this example, the form “an” in the stem automatically elimi-
nates three of the response options. The cue in this case is very
obvious. In other cases, the extraneous cues may be more subtle
and indirect. In true-false questions, for example, the words
“all” or “none” in the statement are probable cues that the state-
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ment is false, whereas “many” or “few” tend to characterize
statements that are true. Also, in true-false questions, long
statements with many qualifying clauses are usually keyed as
true, whereas shorter statements are more likely to be false. If
an item can be solved by cues of this sort, the purpose of the
test is usually defeated.

When the items for a test have been prepared, they must be
assembled into a test form and reproduced in quantity for ad-
ministration. The preliminary form of the test will usually be
needed only in fairly limited quantities, and it is often satis-
factory to use stencil or gelatin duplicators. A much better
quality of reproduction can be obtained by photo-offset or by
actual printing. These processes are, of course, much better
suited to the preparation of large editions of a test.

In assembling a test there are a number of factors to be con-
sidered. Attention may first be turned to the instructions. It is
very important that these be clear and adequately detailed.
When the test is of a familiar form and the procedures are simple,
a brief paragraph of instructions may suffice. Whenever the
testing procedure promises to be at all novel for the group to be
tested, however, instructions should be full and detailed. They
should include- illustrative examples and practice examples, and
it is often desirable to provide time for a brief practice test.
Instructions should be pre-tested with individuals and small
groups comparable to the less able individuals in the groups
eventually to be tested. They should be revised on the basis of
this preliminary exploration until they prove satisfactory.

The sequence of test items is a second consideration. In a
speed test, items are presumably all easy and all more or less
equivalent, so that sequence is a minor matter. In a test with a
definite power element it is good practice to arrange items in an
approximate order of difficulty, starting with the easiest items.
Items referring to a single passage of text, diagram, or table
should, of course, be grouped together. Also, it is usually de-
sirable to group all items which are to be answered in the same
way or which depend on a single set of instructions.

The format and typography of a test should be based on
considerations of legibility, convenience in taking the test, con-
venience in scoring, and attractiveness. In the interests of
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legibility and attractiveness the test form should not be too
crowded. Type should be of good size and diagrams and illus-
trations should not be cramped. Short lines of text are more
legible, and a test often appears better if it is printed two columns
to the page. A test is more convenient to take if the need to
turn pages is reduced to the minimum. A single item should not
run over from one page to the next, and if possible all the items
referring to a particular passage of text, diagram, or table should
be on a single page or on facing pages. It will then not be
necessary to turn back and forth from question to diagram. This
makes the test more convenient for the user and also lessens the
possibility of error on his part because of losing his place.
Scoring is easiest if a separate answer sheet is used upon which
answers to all items are entered. The separate answer sheet is
usually a necessity for machine scoring, but it also lends itself
very well to hand scoring with a stencil. The separate answer
sheet makes it possible to use a test booklet a number of times.
This provides a substantial economy in a continuing testing pro-
gram. If answers are entered upon the test blank itself, spaces
for answers should be placed in a column, usually on the right-
hand side of the page. A scoring stencil may then be laid along-
side the answers, and the responses may readily be compared
with the key. A neat and attractive cover page helps any test
blank to make a good impression.
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The Estimation of Reliability

The two qualities of a single personnel selection test in which
the research worker is particularly interested are its reliability
and its validity. A measurement procedure is reliable to the
extent that repeated measurement gives consistent results for the
individual—consistent in that his score remains substantially the
same when the measurement is repeated, or in that his standing
in the group shows little change. A measurement procedure is
valid in so far as it correlates with some measure of success in
the job for which it is being used as a predictor.r The qualities
of reliability and validity are important in each single test. As
soon as two or more tests are used as joint predictors of a cri-
terion of job success, the research worker also becomes concerned
with the correlation between the separate prediction tests. The
manner in which correlation between tests enters into the pre-
diction problem will be considered in Chapter 7, in which the
development of a battery of tests for prediction is discussed.
Test validity will be the subject of Chapters 5 and 6. The present
chapter deals with the concept of reliability and the uses
and limitations of data on reliability for evaluating personnel
measurement procedures.

Reliability or consistency in a measurement procedure is a
matter of degree and not an all-or-none matter. Whenever we
measure anything, whether in the physical, the biological, or the
social sciences, that measurement contains a certain amount of
chance error. The amount of chance error may be large or
small, but it always is present to some extent. If the chance
errors are small in size, relative to the variation from person to
person, the reliability or consistency of the measure is high. If

1 This definition of validity is somewhat limited. For a fuller discussion
of the topic see Chapter 5.
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the chance errors become large in proportion to the variation
from person to person, the reliability of the measure is low.

In evaluating the consistency of a set of measurements, there
are two somewhat different aspects to be considered. These
may be spoken of as absolute consistency and relative con-
sistency. The degree of absolute consistency is seen in the actual
amount of variation which results when a particular measuring
instrument is applied more than once to the same individual.
The standard deviation of such a distribution of repeated
measurements, called the standard error of measurement, is the
statistic used to express the absolute consistency of a measure-
ment procedure. For the evaluation of relative consistency,
some statement is required of the degree to which individuals
keep the same relative standing in the group when two equivalent
forms of a test are applied to all the members of the group.
The correlation between the two sets of scores, called the
coefficient of reliability, provides an index of consistency relative
to the group as a whole. Although absolute consistency is more
meaningful if a descriptive statement of the accuracy of measure-
ment is desired, practically all analytical study and critical com-
parison of tests are based on the measures of relative consistency.

LOGICAL CONSIDERATIONS IN EVALUATING
RELIABILITY

The evaluation of the reliability of a measuring instrument
involves two types of operations, one experimental and the other
statistical. On the one hand, it is necessary to apply the instru-
ment to a defined group of cases following a specified experi-
mental plan and maintaining specified experimental conditions.
On the other, the scores resulting from such administration must
be analyzed by appropriate procedures to yield a statistic which
will represent the reliability characteristics of the test. These
two aspects are somewhat independent, in that essentially the
same statistical procedures may be applied to data gathered in
quite a variety of ways.

The experimental procedures underlying an estimate of re-
liability are very closely bound up with the logical aspects of
the problem, so that one needs first to analyze the purposes to be
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served by a measure of reliability. The experimental operations
must be planned and evaluated with these purposes in view.
The next sections of this chapter are organized around the
analysis of the logical and experimental aspects of reliability.
Consideration of statistical procedures follows discussion of the
various experimental procedures, a given statistical analysis
being discussed in connection with the experimental procedure
with which it has the closest connection.

Reliability and analysis of variance

Whenever a measuring device is applied to a group of in-
dividuals and a score is obtained for each individual in the
group, the resulting distribution of scores will spread out over
an appreciable range of score values. The variation in any set
of scores arises from a number of different contributing factors.
Some of these factors refer to true differences among the indi-
viduals in the group with respect to the quality being measured.
Some represent sources of inaccuracy in the measurement of the
separate individuals. The evaluation of the reliability of any
measure reduces to a determination of how much of the variation
in the set of scores is due to true differences among the individ-
uals in the group and how much to inaccuracies in measurement
of the particular individuals.

A number of different statistics have been developed as sum-
mary values to describe the variability in a set of scores. For
the purposes of the present discussion, the most useful will be
the variance o%* This is defined as the average of the squared
deviations from the average of the group.
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The particular advantage of the variance for the present discus-
sion is that it can be broken down into separate parts which
combine additively to give the total. Thus, if the variance of
weight, in pounds, of pupils in a class was 150, this might break
up into a variance of 125 permanently associated with the indi-
viduals and a variance of 25 associated with the accidents of
2 In representing the variance of a distribution, the symbol ¢2 will repre-

sent the theoretical population value, and s2 will des1gnate the value ob-
tained from a specific limited sample.



LOGICAL CONSIDERATIONS 71

that particular set of measurements. These parts added together
make up the total variance of 150 for the set of scores. When-
ever a number of independent factors combine to produce a
score, it is possible to make an analysis of variance into fractions
which are associated with particular factors. Conversely, these
fractions add up to the total variance.® " That is,

2 2
=0l +el+ -+

where o? is the total variance of the distribution of scores and.
a3, o2, *°, ox are the fractions of the variance associated with
factors a, b, - -, k, respectively. Thus, the variance in weight
of pupils in a classroom might be broken down into variance
associated with age, with sex, with family, and with each other
definable characteristic of the individuals in the group. There
would also be variance associated only with the one particular
set of measurements, that is, variance that would not be repro-
duced another time. This may be designated error variance.
The existence of this error variance corresponds to the fact of
unreliability, and its amount relative to the total of all variance
is a measure of the degree of unreliability.

Let us designate the variance of true scores of a group on a
trait by o 2 and the variance of errors of measurement by o 2,
If the error of measurement is independent of the true score,
we have

o2 =02 402

That is, the variance of the obtained scores equals the variance
of the true scores plus the variance arising from errors of meas-
urement. It is also possible to relate these fractions of variance
to the reliability coefficient discussed earlier in the chapter.
We have

i (1)
"M = —
11 2
and
a2
m=1-- €]
o

3 When factors are not independent, it becomes necessary to analyze co-
variances as well as variances.



72 THE ESTIMATION OF RELIABILITY

That is, the numerical value of the reliability coefficient of a test
corresponds exactly to the proportion of the variance in test
scores that is due to true differences between individuals in the
quality being evaluated by the test. A test is unreliable in
proportion as it has error variance.

It becomes clear that the basic problem in determining the
reliability of any measurement procedure becomes that of
defining what shall be considered true variance between indi-
viduals and what shall be thought of as error variance. When
_this definition has been reached, the next step is to devise a
series of experimental and statistical operations which will pro-
vide the best estimate of the defined fractions of variance.

Sources of variance in test scores

As noted above, variance in a set of scores from any test or
measuring device arises from a great variety of specific sources.
However, these may profitably be grouped, for purposes of
discussion, into a few major categories. A classification of sources
of variance is presented in Table I. The categories given here
probably do not exhaust the possible range of categories. Cer-
tainly, many more subcategories could be listed under most of
the major headings, and the list presented should be thought of
as illustrative rather than exhaustive. A consideration of each
of the categories will provide the basis for a decision as to which
fractions of variance should be thought of as true, systematic
variance in the quality or qualities being measured and which
should be thought of as error variance.

Variance within a set of scores arises first of all because differ-
ent individuals possess different amounts of certain general and
persistent traits (category I of Table I). Thus some type of
ability to reason deductively might be a general quality which
entered into performance on a number of tests of intellectual
functioning. Verbal comprehension is likely to enter into a wide
range of tests requiring reading. Almost any test performance
depends in part on general abilities which are also involved in
a number of other types of test performance. Since this variance
is due to a lasting characteristic of each individual, it is clearly
systematic variance and should be treated as such in any se-
quence of operations set up to provide an estimate of reliability.
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TaBLE I. PossiBLE SOURCES OF VARIANCE IN PERFORMANCE ON A PARTICULAR

1

II.

111

IVv.

V.

Test
. Lasting and general characteristics of the individual.
A. Level of ability on one or more general traits, which operate in a number
of tests.
B. General skills and techniques of taking tests.
C. General ability to comprehend instructions.

Lasting but specific characteristics of the individual.
A. Specific to the test as a whole (and to parallel forms of it).
1. Individual level of ability on traits required in this test but not in others.
2. Knowledges and skills specific to particular form of test items.
B. Specific to particular test items.
1. The ‘“chance” element determining whether the individual does or
does not know a particular fact. (Sampling variance in a finite number
of items.)

Temporary but gencral characteristics of the individual. (Factors affecting per-
formance on many or all tests at a particular time.)

A. Health.

B. Fatigue.

C. Motivation.

D. Emotional strain.

<. General test-wiseness (partly lasting).

F. Understanding of mechanics of testing.

G. External conditions of heat, light, ventilation, etc.

Temporary and specific characteristics of the indiridual.
A. Specific to a test as a whole.
1. Comprehension of the specific test task (in so far as this is distinct from
IB).
2. Specific tricks or techniques of dealing with the particular test materials
(in so far as this is distinct from II A 2).
. Level of practice on the specific skills involved (especially in psycho-
motor tests).
. Momentary “set” for a particular test.
B. Specific to particular test items.
1. Fluctuations and idiosyncrasies of human memory.
2. Unpredictable fluctuations in attention or accuracy, superimposed
upon the general level of performance characteristic of the individual.

(%]

'S

Variance not otherwise accounted for (chance).
A. “Luck” in the selection of answers by “guessing.”

Two rather special types of persisting general factors deserve

particular mention. These are general ability to comprehend
instructions and what we may speak of as “test-wiseness.” These
factors are mentioned because they are likely to enter into any
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test score, whether we want them to or not. Performance on
many types of tests may be in some measure a function of the
individual’s ability to understand what he is supposed to do on
the test, particularly if the test situation is novel or the instruc-
tions are complex. At the same time, the test score is probably
in some measure a function of the extent to which the individual
is at home with tests and acquainted with tricks of taking them.
The presence of variance in score due to variation in compre-
hension of instructions and in “test-wiseness” is frequently un-
desirable for the purposes of the test in question. However,
these factors must be recognized. They present a challenge to
the author of the test, who will try to minimize them, except
where their presence is specifically desired, by providing the
clearest possible instructions and a minimum of secondary cues.
These factors present a practical rather than a theoretical prob-
lem; statistically they represent a general, lasting quality of the
individual and must be treated as such.

In addition to the variance common to a range of tests, each
test has some variance arising from the persistent characteristics
of the individuals being studied yet specific to the particular
area being tested (category II). That is, some variance will be
present in spelling tests, for example, but not in tests of any
other performance. There are, of course, degrees of specificity
of knowledge or skill, so that further narrowing down may take
place even within a given ficld. In addition to variance charac-
terizing the field of performance, such as spelling or numerical
computation, there may be variance associated with the specific
form and manner of testing. In a spelling test this might depend
on whether the test consists of oral presentation as in a spelling
bee, writing words from dictation, or recognition of errors in
words presented in a printed test. Finally, in any test there is
usually variance associated with the particular sample of test
items. Given two tests made up of samples independently
chosen in the same way from the same universe of items, an
individual will fail to receive identical scores on the two tests
because of variation in the particular items for which he happens
to have the necessary skill or information.

At this point we begin to encounter difficulty in deciding which
fractions shall be included in the systematic variance and which
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thought of as error variance. Variance specific to the area cov-
ered by the test (category IT A 1) is certainly systematic variance,
and any operations for determining reliability should be so
planned that this type of variance is treated as systematic. The
problem arises in connection with variance associated with the
particular test format and with the particular sampling of test
items. The question is to determine the most useful definition
of reliability. Shall we define it in terms of a subject or a func-
tion only? In terms of a function and a specific form of test?
Or in terms of a function, a form of test, and a partlcular set of
test items?

Defining reliability in terms of function alone leads to experi-
mental procedures that appear to come closer to evaluating test
validity than test reliability. That is, if format and item type are
considered sources of error variance, we are led to correlate tests
with different types of items and manner of presentation. We
are then beginning to inquire whether the test is consistent with
other mecasures rather than whether that particular test measures
consistently. Defining reliability in terms of function, form of
test and specific set of test items is so narrow that it has little
practical meaning in most cases. We are rarely interested in per-
formance on a limited set of test items for their own sake. We
are almost always interested in test performance as an indication
of ability to perform on the whole universe of items of which the
test represents a limited sample. The variance due to the sample
of items is, therefore, in an entirely true sense part of the error
of measurement. In conclusion, then, in the most meaningful
definition of reliability, variation arising from the specific abilities
required in the area being studied (category II A1) and from
knowledges and skills specific to the particular form of the test
(category II A 2) is treated as systematic variance, but variation
in performance arising from the particular sampling of test items
(category II B) is treated as error variance.

The above discussion emphasizes one very important point.
There is no single, universal, and unequivocally correct reliability
coefficient for a test. Determination of reliability is as much a
logical as a statistical problem. The appropriate allocation of
variance from different sources calls for practical judgment of
the ultimate use to be made of the resulting statistical value.
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This point will become increasingly apparent as the discussion
continues.

A third group of factors producing variation in test scores are
certain general but temporary characteristics of the individual
or of the testing situation. These include state of health, amount
of sleep the previous night, presence or absence of worries or
other distracting influences, weather, ventilation, illumination,
and a host of other internal and external factors which may affect
the individual’s mood and the efficiency of his work. Different
test performances are susceptible to these factors in varying de-
grees, but all are probably influenced by them in some measure.
The factors vary both in their permanence and in their generality.
Some may change from day to day, some from hour to hour.
There may even be very short time fluctuations in efficiency
which represent changes from minute to minute. In general,
however, the present category includes factors which character-
ize a particular testing session but not another session.

Here, again, a problem arises as to how to allocate variance of
this type. Once again, the difficulty is to decide what type of
consistency should be measured. Is it important to determine
how consistent a measure we have of the individual as he exists
at a particular moment? Or is it important to determine how
consistent his performance is from day to day and week to week?
There may be purposes for which the former is the significant
information. Thus, in making an experimental study of day-to-
day fluctuations in mood, we might be interested in knowing
how reliable our assessment of mood on a particular day was.
In general, however, in personnel psychology we are interested
in a test score as representative of an individual’s level of per-
formance not on a specific day but over some period of time.
Factors that cause his score to vary from one day to the next
are usually sources of error as far as the purposes of our meas-
urement are concerned.

Our discussion so far has provided no indication of whether
this or any other possible source of variance does in fact yield
practically significant amounts of variance. That is, we have not
shown whether or not it makes any practical difference what we
do with variance in the above category. That cannot be a matter
of general theoretical discussion but must be a matter of specific
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empirical evidence. The answer will probably vary widely in
different areas of measurement. For example, in a simple power
test of vocabulary, very little of the variance would be accounted
for by temporary characteristics of the individual, but in a test
of body metabolism those factors would probably be the source
of a substantial amount of variation.

A further group of factors contributing to variation in test
performance consists of certain relatively temporary and specific
factors. In this category are included influences which tend to
be more limited both in time and in scope than those discussed
in the immediately preceding paragraphs. Certain of these
factors characterize performance on a test as a whole. If the
test is novel and the instructions difficult, individuals may vary
in the extent to which they “catch on” to the nature of the task.
In part this probably represents general ability to understand
instructions (category IB), but in part it may represent tem-
porary or “chance” variations superimposed on that general
ability. Again, a test may have certain specific tricks or tech-
niques of which the individual does or does not “get the hang.”
Furthermore, performance on many tests, particularly measures
of complex coordination or skill, is susceptible to considerable
improvement through practice. A temporary feature of some
importance may be the individual’s practice level at the moment
of testing. Finally, there are certain factors which, for the lack
of any better term, we may group together under the heading of
“mental set” at the time of taking the test. Was the subject
emphasizing speed or accuracy if it was a speeded test? To
what cues was he particularly alert if it was a perceptual task?
What was his momentary mood if it was an attitude or interest
questionnaire?

The factors grouped in this category (IV A) are the ones whose
presence and significance in any given case are probably most
open to question. In many types of simple and standard tests
they can very likely be ignored. However, in novel types of
tests, highly speeded tests, measures into which introspective
interpretation enters heavily, and perhaps other types, the possi-
bility of encountering variance from such sources must be con-
sidered. This variance should probably be treated as error
variance in most personnel research.
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In addition to factors specific to a particular test and date of
testing, there may be even more specific and temporary factors.
These are factors which are specific to an item or a few items
and a minute or a few minutes of time. They include short-time
fluctuations of memory or attention, momentary blockings of
performance, cyclic variations in effort, and a variety of other
fluctuations superimposed upon the general level of performance.
These factors (category IV B), as far as they affect score, intro-
duce variable and unpredictable error into the score, and in the
treatment of results this variance should be allocated to error.

Finally, we must introduce the concept of “chance” to take
care of variance not otherwise accounted for. We can never find
antecedent factors to account for all the variance in a set of test
scores. Some variance arises from guessing at answers, some
from other obscure variable influences which we cannot define
or specify. The variance of this type (category V) is error
variance in its purest form and the operations which define
reliability must allocate it to that category.

PROCEDURES FOR ESTIMATING RELIABILITY

The evaluation of the reliability of a measuring instrument
requires a determination of the absolute or the relative consist-
ency of repeated measurements of the same object or group of
objects. In the physical sciences many repetitions of a measure-
ment of a single object or phenomenon may provide a reasonable
method for estimating the precision of the measurements. In
dealing with human behavior, however, the individual is likely
to be changed as a result of the operation of measurement, and
it will usually be necessary to limit sharply the number of times
a single individual is measured. In practice, therefore, all proce-
dures of reliability determination generally useful in personnel
research are based upon getting a small number of measure-
ments, typically only two, for each individual in a representative
group. Stability of results is achieved by increasing the number
of individuals measured rather than the number of measurements
of each. These measurements provide sets of scores, again
usually two for each individual, for analysis. The usual analysis
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consists of computation of the coefficient of correlation between
the two sets of scores.

We have defined the reliability coefficient as the correlation
between two sets of equivalent measures of a characteristic for
a group of individuals. We must next consider what actual
testing operations correspond satisfactorily to the logical require-
ments for equivalent tests. A number of different testing and
statistical procedures have been proposed to provide the neces-
sary coefficient of correlation between equivalent measures. We
shall consider the major sets of experimental and statistical pro-
cedures in turn, describing and evaluating each in terms of its
treatment of different categories of variance. The major proce-
dures are:

1. Administering two equivalent tests and correlating the
resulting scores.

2. Administering the same test form or testing procedure twice
and correlating the resulting scores.

3. Subdividing a single test into two groups of items, each
scored separately, and correlating the resulting two scores.

4. Analyzing the variance among the individual items of a test,
and determining the error variance therefrom.

A section will be devoted to each of the above procedures,
describing various subprocedures and discussing the problems
of each.

1. Reliability defined by equivalent test forms

Since the formal definition of reliability has been phrased in
terms of the correlation between two equivalent sets of measures,
it follows that the procedure for reliability determination that
makes use of two equivalent tests will measure up to our logical
requirements. We must, however, establish some satisfactory
set of operations for preparing truly equivalent tests. This is a
problem in the logic and practice of test construction. In pre-
paring equivalent test forms one danger is that the two tests will
vary. so much in content and format that each will have some
specific systematic variance (category II A) distinct from the
other, in which case the correlation between the two will under-
estimate the reliability. Conversely there is the danger that the
two forms may overlap to such an extent in specific details of
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content that variance due to specific sampling of content (cate-
gory II B) may be common to the two tests. In that case, this
variance will be treated as systematic rather than chance variance,
and the obtained correlation will overestimate the reliability.

The best guarantee of equivalence for two test forms seems to
be a complete and detailed set of specifications for the test, as
described in Chapter 3, prepared in advance of the assembly of
any final test form. The specifications should indicate item types,
difficulty level of items, procedures and standards for item
selection and refinement, and distribution of items with regard
to the content to be covered, specified in as much detail as
feasible. If each test form is then built to conform to the outline,
while at the same time care is taken to avoid identity or detailed
overlapping of content, the two resulting test forms should be
truly equivalent. That is, each test must be built to the same
specifications, but within the limits set by the complete speci-
fications each test should present a random sampling of items.

Two tests thus constructed will treat as systematic the variance
in categories I and II A of Table I. They will treat as error
variance that in categories II B, IV B, and V. The allocation of
variance in categories III and IV A depends on the time interval
between the administration of the two forms. If they are given
in immediate sequence, this last variance is treated as systematic
variance; if some time intervenes between the testings, this vari-
ance is allocated to error. For most uses of the resulting statistic,
it is probably more meaningful to let some time elapse between
the two testings, thus treating temporary day-to-day fluctuations
as errors of measurement. The question of length of the interval
arises. For most purposes, the answer depends on the fact that
it is day-to-day fluctuations which we wish to allocate to error.
An interval of a few days or weeks is sufficient. With longer
intervals the problem of genuine growth and change in the
individual is encountered, and the coefficient may be lowered
because of these changes. Of course, for some purposes we may
be interested in consistency of performance over an extended
period of time, but consistency of this type probably goes beyond
the concept of reliability.

In most of the usual types of tests of ability or achievement,
preparing and administering equivalent forms should not present
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undue technical difficulty. There are some situations, however,
in which equivalence is very difficult to achieve. This is true
when either (1) the test task is essentially unique or (2) a single
exposure to the test changes the individual to such an extent
that he is really a different individual at the second exposure.
A unique test task occasionally occurs in connection with unusual
problem-type tasks. Changes in the individual are a more
common source of difficulty. In any task that is sufficiently novel
so that the experience of being tested adds a significant incre-
ment to the individual’s practice with the task, he becomes a
somewhat different individual at the time of a subsequent test.
In novel tasks, or in tasks which present essentially a learning
situation, the changes may be quite marked. The problem of
defining reliability for such a changing function is a very difficult
one, and no completely satisfactory solution seems available.

2. Reliability defined by repetition of the identical test
form

In some cases, obtaining two equivalent measures reduces to
repetition of the identical measuring instrument, the only differ-
ence being the time at which it is administered and perhaps the
person by whom it is administered. Thus, two equivalent
measures of weight can be obtained by weighing the members
of the group being studied on the same scales at two times, ten
days apart. The same situation holds for almost any physio-
logical or anatomical measurement. In these cases, we do not
encounter the problem of sampling items from a larger universe
of behavior, and therefore distinct equivalent test forms are
neither meaningful nor possible. Equivalence in this case means
identity of measuring instrument and procedure.

There are also certain behavioral measures in which the situa-
tion of sampling from a large universe of items does not arise.
This is the case in simple repetitive tasks of motor speed and
skill or of perceptual judgment. Thus, in a test of simple re-
action time, in which a measurement of the individual is obtained
by timing repeated simple reactions to some stimulus, the test
task is so defined that no varied sampling from a more extensive
universe of behavior is involved. Here, again, repetition of the
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same test provides the meaningful definition of “equivalent
measures.” The same is true of the type of perceptual judgment
that is involved in a simple psychophysical experiment, as with
judgments of brightness, length, weight, and so forth. In all
such tests, repetition provides an acceptable procedure for
estimating reliability.

In most measures of intellect, temperament, or achievement,
however, repetition of the same test form and correlation of the
two resulting sets of scores is less defensible as an operation for
determining reliability. In these cases, a particular test con-
sists of a limited sample from a much larger universe of possible
items. The test score has practical significance in so far as it is
representative of the individual’s ability to respond to all the
tasks in the universe from which it undertakes to sample.
Reliability is a matter of the adequacy of the sampling of items
as well as the consistency of behavior by each individual. In
other words, in this case sampling of items (category II B) is an
appreciable source of variance. Practical usefulness for the
result dictates that this variance should be treatéd as error vari-
ance in determining the reliability of the test. Repeating the
same test form holds the sampling of items constant so that this
factor is treated as systematic rather than error variance. Reli-
ability coefficients calculated from a repetition of the same test
may be expected to be higher than those based on parallel,
equivalent forms by an amount that is equal to this variance
associated with sampling of items.

A second possible difficulty with repetition of the same test is
actual memory of particular items and of the previous response
to them. If this memory is effective in leading the individual to
repeat the same response he made the time before, the results on
two test administrations tend to be abnormally alike. The same
answers may be repeated not because the individual is consistent
in his behavior and arrives at the same conclusion in the same
way, but because he happens to have a memory of his previous
response. In effect, some of the variance associated with mo-
mentary memories and chance choices (categories IV B and V)
becomes common to the two testings and is treated as systematic
variance. Memory of previous responses is likely to be a factor
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in proportion as (1) the test is short, (2) the test items are dis-
tinctive and memorable, and (3) the interval between testings is
short. ‘ ‘

In summary, for those types of test in which sampling of items
and memory of previous responses are not an issue, a second
application of the same test at a later date and correlation of the
two sets of scores provides an adequate set of operations for
reliability determination. In the many other tests, however, in
which the factors of sampling and memory are significant sources
of variance, repetition of the same test form will yield an estimate
of reliability which tends to be systematically too high. In these
latter cases the procedure is to be avoided.

3. Reliability defined by subdivision of a single total test

The preparation and administration of two equivalent test
forms, though logically entirely satisfactory as a procedure for
determining reliability, present certain practical difficulties.
These arise from the time and labor involved both in the con-
struction and in the administration of two complete test forms.
When a new selection test is being developed for experimental
trial it often seems unduly burdensome to prepare two separate
forms of the test merely in order to obtain an estimate of reliabil-
ity. Furthermore, in a rescarch testing program, time for the
administration of an equivalent form of the test is often not con-
veniently available. In the interests of economy it becomes de-
sirable to set up procedures for extracting an estimate of relia-
bility from a single administration of a single test. One group
of such procedures subdivides the total test artificially into two
half-length tests and correlates the scores on those. The second
group of procedures is based essentially upon the analysis of vari-
ance among single test items. The procedures for subdividing
the test will be considered in this section, the next section being
devoted to procedures based upon analysis of the single items.

RELIABILITY OF THE TOTAL TEST FROM PART-TEST CORRELATIONS

If we are to use the correlation between two half-length tests
as the basis for estimating the reliability of a full-length test,
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some formula must be established expressing the relationship
between half-length-test and full-test reliability.

It can readily be shown that the correlation between the sum
of any two sets of scores, x; and x,, and the sum of any two other
sets of scores, x5 and x4, is given by the formula

7130103 + 7110104 + T230203 + 7240204
2 2 2
Vioi® + 05% + 210102 Viou® + 0% + 2rag0s0

T@+ad) @3tz =

If, now, x; and x. are scores for two halves of one form of a test
and x3 and x, are scores for two halves of another equivalent
form of the test, it may seem reasonable to make certain assump-
tions which considerably simplify the above formula. If we
assume that

01 = 0 = 03 = 04
and

Tiz = T13 = T14 = T23 = T24 = T34

that is, that the standard deviations of all four distributions of
part scores are equal and that the correlations among all four
part scores are equal, we get

2rig

T+ Tig1 ®)

(B3
where 1y, is the correlation between two full-length tests and
7y, is the correlation between two half-length tests. This
formula may be generalized to any increase in the length of a
test, and it then becomes

nryy

B 1+ (- 1y

4)

Tnn

where ., is the reliability of a test n times the length of the test
from which the observed correlation ry; was obtained.

The assumptions made in arriving at formulas 3 and 4 should
be noted. They are (1) equality of standard deviations of the
part scores and (2) equality of the part-score intercorrelations.
These assumptions are appropriate when (1) the specifications
for each part are the same in terms of number of items, dis-
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tribution of item difficulties, and distribution of item internal
consistency measures (see Chapter 8 on item analysis procedures)
and (2) the function tested in later items or trials is not changed
as a result of the experience with earlier items or trials. Essen-
tially these same conditions are implied by the assumption of
equality of all part-score correlations. That is, the several scores
must be truly equivalent in the sense that all parts conform to
the same detailed specifications as to sampling of item content,
distribution of item difficulty, and internal consistency, and the
function measured must not change qualitatively during the
course of the test. When these conditions are approximately
met, the formula may reasonably be applied.

The reliability of a test may also be estimated from the dis-
tribution of differences between scores on the two halves of the
test. Under certain simple assumptions the variance of the
differences between scores on the two halves of a test is equal
to the error variance of scores on the total test. Referring to
formula 2 on page 71 and substituting the variance of the half-
score differences for the error variance of the test, we have

M = 1 - ) (5)
v
where 7, is the reliability coefficient for test 1.
o? is the variance of scores on test 1.
4% is the variance of difference scores between the two
halves of test 1.

Formulas 3 and 5 will give identical results when the assump-
tions for both are completely satisfied, but since they are based
upon slightly different assumptions the two may yield slightly
different results in individual cases. Formula 5 makes only the
assumptions that (1) the variation from true score in a series of
measurements of a single individual is constant for all individuals
in the group and (2) the errors of measurement in the two half-
scores are uncorrelated. When the group tested is fairly homo-
geneous the first assumption appears quite reasonable. The
second assumption is equally involved in any procedure of
splitting scores on a single test. The simplicity of formula 5
often provides an attractive computational routine.
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GENERAL EVALUATION OF RELIABILITY ESTIMATION FROM PART
SCORES

In general, an estimate of reliability obtained from two parts
of the same total test differs from one obtained from the admin-
istration of two separate tests in two respects: (1) the two parts
are not separately ttmed and (2) the performances on the two
parts are necessarily adjacent or even intermingled in time. A
question may be raised as to the comparability of the two part
scores, but the same issue arises with any two test scores,
whether they stem from artificial subdivisions of the same total
test or from separate and distinct test forms.

The extraction of two scores from a test with a single common
time limit becomes of critical importance whenever the test is
in some degree a speed test. This can be seen most clearly by
considering an hypothetical pure speed test, in which each
individual could do every item if he were given enough time
and in which individuals differ only in the number of items which
they can do within the limited amount of time available. It is
in this case impossible to extract two meaningful scores from a
test with a single time limit. The score which an individual
makes on a group of items will depend solely on where the items
are placed in the test. If two part scores are made up, one of
the odd-numbered and the other of the even-numbered items,
each individual will necessarily have practically identical scores
on the two halves, because opportunity to attempt items has
been systematically equated for the two half-scores. On the
other hand, if one half-score is made up of the first half of the
items on the test and the other of the second half, scores on the
two halves cannot possibly be compared meaningfully because
the individual can score on the second part only when he has
completed and achieved a perfect score on the first part.

In practice, no test is an absolutely pure speed test of the sort
which we have imagined in the previous paragraph. However,
there are many tests that involve speed to a greater or lesser
extent. In so far as speed, as distinct from “power” or level of
performance with unlimited time, is a factor in the test per-
formances of a group of individuals, the results from split-test
procedures for determining reliability will lack meaning. The
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amount of distortion of the results will be a function of the extent
to which individual differences in score depend upon’individual
differences in speed of performance.

The second limitation on split-test reliabilities is the lack of
time interval between the two performances. In many cases the
two performances are not only adjacent in time but even inter-
mingled. This means that the day-to-day fluctuations in condi-
tions (category III) and even the minute-to-minute variance in
performance (category IV) tend to- be equated for both part
scores and to be allocated to systematic rather than error vari-
ance. This will make split-test reliabilities in error on the high
side, and as far as variance of these types is substantial we may
expect a substantial overestimation of the effective reliability of
the test.

MANNER OF ASSEMBLING PART SCORES

If a test is composed of 2n separate items or parts, there are
2n —1(2n —-2)---(n+1)/(n —1)---1 ways in which two
subtests, each composed of n items, can be assembled from it.
Certain procedures have been proposed for selection from among
these many possible alternatives, either on logical grounds or on
grounds of convenience. The more usual procedures include:

1. Selecting rationally equivalent groups of items for each
half-test.

2. Putting alternate items or trials in each half-test.

3. Putting alternate groups of items or trials in each half-test.

4. Using the first half of the items or trials as one half-test and
the second half as the other.

We must now consider the specific merits of these different
procedures.

Rational equivalence as a basis for splitting tests. Since the
total test was presumably constructed to conform to certain
specifications (content, difficulty, and the like), it is only reason-
able that each of the half-tests should conform to these same
specifications. The best guarantee of equivalence in the two
half-tests would be to choose equivalent items for each. In
other words, the same procedures that were described on
page 80 as appropriate in the construction of the two equivalent
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forms can be applied to the problem of subdividing the items
within a single form. Items selected for each half-test should
conform to the specifications for the total test, but within these
limits chance should determine which items go in which half of
the test.

This appears to be the most defensible procedure for obtaining
two half-scores from a test. Its disadvantages are chiefly prac-
tical ones: it requires work, and also ideally some data about the
individual items, to obtain effective equivalence. It may also
involve some sacrifice of convenience in scoring the tests.

Rationally equivalent and separately timed halves. A proce-
dure that is a compromise between the use of equivalent forms
and the use of halves of a test for estimating reliability is to
prepare a test in the form of two rationally equivalent, separately
timed halves. These halves can be printed in the same booklet
and administered in immediate succession, but each has its own
time limits. The scores on the two halves then represent experi-
mentally independent scores, and the speed factor can no longer
produce a spurious relationship between the two. At the same
time, the two samples of behavior are at least distinct in the
segments of time which they occupy.

The preparation of a test in two separately timed halves
overcomes most of the practical objections to preparing equiva-
lent forms of a test. No more test items need be assembled than
will be used for the experimental form of the test. No extra
testing time is required. Some extra work and inconvenience is
involved in arranging the test items in equivalent halves, and
testing is complicated slightly by the necessity of separate timing
for the two halves of the test. However, these are very minor
inconveniences. The gain from having two scores which are
defined by separate testing operations is quite adequate com-
pensation for the added work in most cases. Where practical
considerations rule out the preparation of two complete equiva-
lent forms of a test, this procedure is judged generally to be next
in order of desirability.

The additional complications due to separate timing of the
halves of a test need not be retained when the test is adopted for
routine use in a testing program. It is always possible to combine
the two halves into a single test. If this is done, the order of
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items will often need to be rearranged, in order to progress from
the less to the more difficult items. New norms will be required,
of course, for the test with a single time limit.

Alternate items as a basis for splitting tests. A procedure
which has been widely adopted for splitting the items in a test in
order to yield two half-scores is to treat the odd-numbered items
as one half-test and the even-numbered items as the other. This
procedure has simplicity and objectivity to recommend it. It
also is related to the frequent practice of grouping similar items
together in a test form and graduating the difficulty of the items
from easy to hard. If the items within the test are arranged in
this systematic fashion, the odd-even procedure provides a simple
way of approximating equivalence in the two half-scores. If
there are several successive items on the same topic or of the
same type, this procedure automatically divides them evenly
between the two half-tests. If the items progress in difficulty,
approximate equivalence of the half-tests in difficulty level is
guaranteed. However, this reasoning is based on very definite
assumptions, which may not be warranted in a given case, as to
the manner in which the test items were arranged.

The odd-even items split provides, therefore, only an indirect
approach to equivalence in the two half-tests. Particularly with
this procedure, certain other issues are raised. If, either because
of very close similarity of content or because of moment-to-
moment fluctuations in efliciency, performance on successive
items tends to be more alike than on items widely separated in
the test, we may find that the error of measurement in successive
items is not independent but correlated. That is, variance in
categories II B and IV B of Table I, which should be treated as
error variance, may be common to successive items. By sys-
tematically allocating alternate items to the two half-scores, this
variance becomes common to both scores and is treated as
systematic variance. The odd-even procedure is preeminently
the one which makes short-time fluctuations in individual per-
formance operate to give an appearance of reliability rather than
one of unreliability.

Alternate groups of items as a basis for splitting tests. In some
tests, several items may be unduly closely related in content.
Examples of this are a group of reading comprehension items all
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based on the same passage, a group of items all referring to the
same chart or table, or a group of mechanical comprehension
items all referring to a single diagram. Such groups of items
may share specific content (category II B). If so, it may be
preferable to put all the items in a single group into one half-
score and to base the two half-scores on alternate groups of
items. This procedure reduces somewhat one of the objections
to the odd-even items procedure.

First versus second half as a basis for splitting tests. In order
to avoid the possibility of correlated errors of measurement
arising from relatively short-time fluctuations in performance,
the procedure has sometimes been adopted of correlating score
on the first half of a test with score on the second half. This
introduces obvious difficulties whenever the test is not very
homogeneous in content. If there is a systematic shift in content
or function from the beginning to the end of the test, the first
and last half are clearly not equivalent. In the ordinary test of
aptitude or achievement, this procedure probably gives a less
satisfactory approximation to equivalence in the two half-scores
than the odd-even items procedure.

Even when the formal content of a test is homogeneous from
beginning to end, as in a series of trials in some complex motor
task, the function may change qualitatively for the individual
subject. That is, with continued practice the individual may
find that the demands and character of the task change. What
was initially a problem in discovering correct responses and
procedures may, with practice, have changed to a task in develop-
ing maximum speed and precision of motor control. Thus, even
identity of the external definition and formal requirements of the
task cannot guarantee equivalence of the task as faced by the
subject.

4. Analysis of variance among items

Any subdivision of a total test into two halves requires a
somewhat arbitrary choice from among the very large number
of possible ways of making that subdivision. With that in mind,
several workers have developed procedures to make use of all
the information about consistency of performance from item to
item within a test and thus provide a unique estimate of internal
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consistency. This type of reliability estimate is analogous to
those obtained from subdividing a test and has many of the
same characteristics and limitations.

In particular, the procedures for analyzing item consistency
are not applicable to a test that involves the element of speed
and is administered with a single time limit. The assumption is
implicit that the individual has attempted each item. Item
characteristics, such as item difficulty, item variance, and item
intercorrelations, become quite meaningless when any appre-
ciable fraction of the group has not had time to read and attempt
the item.

Moreover, analysis of the items or trials of a test provides an
estimate of consistency at a specific time. The temporary factors
which were grouped in categories III and IV A of Table I remain
relatively constant for each individual during a single test period
and are therefore considered as systematic rather than error
variance. No estimate of the day-to-day consistency of the
individual is possible with those procedures.

KUDER-RICHARDSON FORMULAS

An article by Kuder and Richardson * presents the development
of a series of formulas which extract from the consistency of
performance within the items of a test an estimate of reliability.
The most general formula assumes only the existence of two
hypothetical equivalent tests, equivalence being defined as mean-
ing that for every item a, b, ¢, -+, n in one test there is a
comparable item A, B, C, -+, N in the other test. To be com-
parable, a pair of items must have the same difficulty level, the
same non-error variance, and the same correlations with the
other items in each test. This formula is not soluble, so further
assumptions must be made. The first additional assumption is
that each of the items in the test measures exactly the same
composite of factors as every other, i.e., that the test is perfectly
homogeneous.® This yields a soluble formula (Kuder-Richardson

+G. F. Kuder and M. W. Richardson, “The Theory of Estimation of Test
Reliability,” Psychometrika, 2, 151-160 (1937).

5 Kuder and Richardson define homogeneity statistically as meaning that
the matrix of item correlations is of rank one. This has been shown to be
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Formula 8), but one that involves very laborious computation.
If a further assumption is made that all the inter-item correlations
are equal,® a considerably simpler formula results. This formula
(Kuder-Richardson Formula 14) is then

_ a?—Zpq =Vpe)®
t = —_ . . b
EVpg)? —Zpg o

Tt (6)
where r,; is the estimated reliability.
a2 is the variance of the total test.
p is the proportion of individuals passing an item (each
item in turn).
q is the proportion of individuals failing an item.

A further simplification of computations may be achieved if
it is assumed that each item has the same variance. We then get

2
n oy Zpq
r = . 7
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where n is the number of items in the test. This is Kuder-
Richardson Formula 20 and is the formula which is most likely
to be used. An independent derivation of this formula has been
presented,” which depends upon rather less cramping assump-
tions than the original ones. This derivation requires the ex-
istence of two equivalent tests, where equivalence is defined to
mean (1) equal variance for the two tests and (2) equal average

untenable when the test contains items varying in difficulty. See R. W. B.
Jackson and G. A. Ferguson, Studies on the Reliability of Tests, University
of Toronto Department of Education Research Bulletin 12, 1941.

8 This also cannot hold unless the items are of equal difficulty, if one
thinks of the item as having a point distribution. That is, if an item is con-
sidered as either passed or failed and performance is treated as falling in
one or the other of those two categories, the correlation between two items
will depend in part on the proportion of individuals succeeding with each.
The correlation will be the maximum when these two proportions are equal
and will become less as the difference between the two is increased. 1f in
our theoretical discussion, however, we can conceive of each item as cor-
responding to a continuously distributed underlying variable, this diffi-
culty is perhaps overcome.

7See R. W. B. Jackson and G. A. Ferguson, Studies on the Reliability of
Tests, University of Toronto Department of Education Research Bulletin 12,
1941.
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co-variance for the items of each test and of the items of each
test with those of the other test. It can be shown that the second
half of this definition is in essence a specification of homogeneity
of content among the items of the test, but other assumptions are
not required. The above formula is quite convenient to com-
pute, requiring only the variance of the test, the number of items,
and the difficulties of the separate items. If the assumption of
homogeneity of content seems reasonable, it may be considered
equivalent to a generalized split-half reliability for the test.

Kuder and Richardson present one additional formula (For-
mula 21) which reduces computation to the barest minimum.
This formula involves the further assumption that all the items
are of the same difficulty. The formula can be written

n o o?— npq

Ty = 8
¢ n—1 0’12 ()

where p = M,/N. Thus, this formula requires only the mean
and standard deviation of the distribution of test scores and the
number of items on the test. However, the assumption of equal
difficulty for all items of a test is definitely inaccurate in most
cases, and the use of this formula is thereby rendered question-
able. It can be shown that any error introduced by this assump-
tion will result in a lowering of the resulting coefficient. This
means that Formula 21 represents a minimum estimate of the
type of internal consistency that is shown by the relationship
between performance on the different test items. It may have
some usefulness as such a quick minimum estimate, but it prob-
ably cannot be relied upon beyond that point. The general
limitations of internal consistency estimates, which are discussed
later, apply to this formula.

Hov1's ANALYSIS OF VARIANCE PROCEDURE

The problem of estimating test reliability from consistency of
individual performance upon the items of a test has been at-
tacked directly by analysis of variance techniques by Hoyt.*
Hoyt assumes that the score of an individual on a test may be

8C. Hoyt, “Test Reliability Obtained by Analysis of Variance,” Psy-
chometrika, 8, 153-160 (1941).
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divided into four independent (mutually perpendicular) com-
ponents, as follows:

1. A component common to all individuals and to all items.

2. A component associated with the item.

3. A component associated with the individual.

4. An error component that is independent of (1), (2), and (8).

It is assumed further that the error component of each item is
normally distributed, that the variance of the error component
is the same for each item, and that the error components for any
two distinct items are uncorrelated. When these conditions are
met, it is possible to analyze the variance in test scores into the
variance contributed by each of the last three components. (The
first component is a constant for all items and all individuals and
hence is not a source of variance.) Reliability may be estimated
from the expression

R Error variance
Reliability = 1 — - — (9)
Variance among individuals

If data are available for a total of k students on each of n items,
the situation may be illustrated as shown in the table. The t's
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tepresent scores of individual students, and the p’s represent
numbers of correct responses on the particular items of the test.
The sum of squares “among students” is

IZ—@

t;
n 4= nk

(10)
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and the variance among students is this quantity divided by
k — 1. The sum of squares “among items” is

1 <2pi>2

1=1
Sy pr o 11
o Led? nk (1)

t=1

and the variance among items is this quantity divided by n — 1.
The total sum of the squares is

(32~ 29

nk

that is, the number of correct responses times the number of
incorrect responses divided by the total number of responses.
The residual or error sum of squares is the total sum of squares
minus the sums of squares attributable to the two systematic
factors of individual and item. The error variance is the error
sum of squares divided by (n — 1)(k — 1).

The results obtained with the above technique can be shown
algebraically to be identical with those of Kuder-Richardson
Formula 20. It is clear, therefore, that the same restrictions
which applied to that formula must apply here also. As we
exemine the assumptions of this method we note the following
points:

1. The test is assumed to be completely homogeneous. No
variance is admitted which is common to certain groups of items
but not to others. Where homogeneity does not obtain, the
procedure is not applicable.

2. Independence of error on successive items is assumed.
This neglects moment-to-moment variations in efficiency which
may effect small groups of items (variance in category IV B).

8. No provision is made for non-attempted items, so that the
procedure is not applicable to a speeded test.

4. In addition, it must be remembered that any procedure
based on a single testing allocates to systematic variance any
day-to-day fluctuations in individual performance.

(12)
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These considerations apply quite generally to any attempts
to estimate reliability from consistency of individual achieve-
ment on the items of a single test. The limitations which they
impose on the value of this type of estimate are quite severe—so
severe that the question has been raised whether this type of
estimate should even have the term reliability applied to it.
However, we have seen that many of the same objections apply
to any split-test procedure based on a single time limit. The
chief additional assumption introduced in item consistency pro-
cedures is that the test is homogeneous as to the functions
measured by each item. Where this assumption is reasonable,
the results from item consistency analysis would seem to be
equivalent in meaning to those resulting from splitting a test
into two parts and to be superior to the latter in that item con-
sistency analysis yields a unique result.

FACTORS INFLUENCING THE RELIABILITY OF A TEST

The reliability coefficient obtained from administration of a
particular form of test to a group of individuals depends on three
types of factors. First, we have the series of experimental and
statistical operations which were used to define reliability. The
various procedures have been considered in the previous section.
Second, we have factors relating to the group to whom the test
was administered. These factors are, of course, extrinsic to the
test itself and serve primarily to confuse the problem of reliability
determination. A third group of factors are those that character-
ize the test itself and the method of its administration.

Reliability as a function of group variability

The feature of a group of individuals that has the most effect
on the reliability coefficient obtained for that group (but not on
the standard error of measurement) is the range of ability repre-
sented therein. It will be remembered that total variance in test
score can be divided into error variance and true variance, and
that the reliability coefficient may be expressed in the form
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where o 2 represents the error variance and o® the total variance.
The error variance is that variance which would arise from re-
peated measurements of the same individual. (For the moment
it is assumed that a single value of the error variance character-
izes all individuals over quite a range in ability level.) The error
variance is not concerned with and does not reflect the amount
of variance between individuals, as the total variance does.
Therefore, the numerator of the expression ¢ ?/0* may be
thought of as essentially constant in groups with different ranges
of ability, whereas the denominator increases as the variability
of the group increases. Assuming that the standard error of
measurement is the same in groups of different ranges of ability,
the following equation may be used to express the relationship
between reliability coeflicients in such groups.

S 1 - Ru
- = — 13
S \/1 — T11 ( )

where ¢ is the standard deviation in the less variable group.
11 1s the reliability coefficient in the less variable group.
S is the standard deviation in the more variable group.
R, is the reliability coeflicient in the more variable group.

This formula permits the estimation of reliability for a group
other than that for which the reliability coefficient was originally
computed, if the standard deviation in the new group is known.
Sometimes it may be nccessary to estimate the reliability in a
basic population when one knows the reliability coefficient and
standard deviation only for a sample that has been curtailed on
some other variable. Thus, data on an achievement test may be
available only for that part of a group which had passed a pre-
liminary aptitude measure. One may wish to estimate what the
reliability would have been in the total group had no screening
been carried out. In this case, the only data available for the
total group are scores on the screening test. The basic formulas
for this general problem of restriction of range are considered in
Chapter 6. A simpler variation of these formulas applicable to
the reliability coefficient when the equivalent forms correlated
have the same standard deviation and the same correlations with
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other variables has been reported by Davis.® The formula

becomes
S?
g —5 -1

2 (14)

Sy
1+1’12 '—2'—1
S2

where r,; is the reliability coefficient for the curtailed group.
Ry, is the reliability coefficient for the uncurtailed group.
712 is the correlation between the curtailing variable, 2,
and the variable under study in the curtailed group.
S, is the standard deviation of variable 2 in the uncurtailed
group.
8, 1s the standard deviation of variable 2 in the curtailed
group.

Ry =

Reliability as a function of average ability level

In the immediately preceding discussion it was assumed that
the error variance was the same at different ability levels. This
assumption means equal variability in each row or in each
column of the bivariate frequency distribution for two forms of
the test. The assumption will not necessarily hold in particular
cases, especially where the range of abilities under consideration
is great. On the one hand, the nature and instructions of a test
may cause persons of low ability to rely very heavily upon
guessing to determine their answers. .Then error variance will
be greater at the lower score levels. In another type of situation,
the amount done by persons of low ability may be very small
compared to the amount for persons of high ability, and as a
result the variability may be small because of the restricted range
of total scores. Consider a test of speed of reading applied to
one group of slow readers able to read an average of 100 words
in the unit of time and to another group of fast readers able to
read 1000 words in the same unit of time. The variation from
test to test in number of words read would seem almost neces-
sarily to be less for the slow readers than for the fast readers,

9F. B. Davis, “A Note on Correcting Reliability Coefficients for Range,”
J. Educ. Psychol., 85, 500-502 (1944).
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and the error variance would therefore be less. Whether the
reliability coeflicient would be higher for the slow readers would
of course depend upon the total variance of scores in the two
groups.

Enough has been said to indicate that either the standard error
of measurement or the reliability coefficient may vary with the
average ability level of the group being studied. The variation
with ability level is not statable in general terms and must be
determined empirically for any given measuring instrument.
The possibility of such a variation should make the test user
hesitate to apply data on reliability obtained from a group at
one score level to a group at a radically different score level.
Reliability data should be based on groups that resemble both
in average level and in variability of scores the groups with
whom the test is finally to be used.

Intrinsic factors affecting reliability

To the test constructor the important question is: What char-
acteristics of the test itself make for reliability? In respond-
ing to this question we must consider (1) the characteristics of
the single items, trials, or measurements of which the total score
is composed, (2) the number of items, that is, the length of the
test, and (3) the conditions under which the items are ad-
ministered.

The typical test for personnel selection is built up of separately
scored items, and the typical score is a linear combination of the
separate item scores. Therefore the correlation between groups
of items can be expressed in terms of the correlations of each
component item with itself and with the other items. Following
the standard formula for the correlation of sums, the correlation
between one score based on a group of a items and another score
based upon a different group of B items is

aB

pQ
T

al—a Bi-B
\/a +erq\/3+ TPQ
1

1

T+2+- - +a)A+II+--+B) =

(15)
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That is, the numerator is the sum of all the terms in the matrix aB
of correlations between items in the two parts, and the denomina-
tor is the square root of the product of the two matrices aa’ and
BB’ of self- and cross-correlations of items within the same part.
(The self-correlations are, of course, unity.) When the a items
represent one form (or half) of a test and the B items represent
another equivalent form (or half) of the test, this formula yields
the reliability coefficient for the test.

Inspection of this formula shows that in the limiting case
where all the item intercorrelations are zero the reliability of the
test will also be zero, and at the other limit where the item
correlations are all unity the reliability will be unity. In general,
the higher the item intercorrelations, the higher the reliability
of the test. However, the relationship is a complex one. If
paired items or groups of items in the two forms of a test have
high correlations, it is possible to obtain a very high reliability
coefficient even though the correlations of different items within
each test and of non-paired items in the two test forms are quite
low. Thus, two forms of a test might be constructed, each
containing one-half vocabulary items and one-half block-counting
items. Even if the correlation between vocabulary and block-
counting items were zero, the reliability of the test might still
be high, provided the vocabulary items in one form had a high
correlation with the vocabulary items in the other and the block-
counting items in one had a high correlation with the block-
counting items in the other. We may conclude, therefore, that
a high general level of correlation among items of a test is a
guarantee of reliability in the test, but that when reliability is
defined in terms of equivalent forms low correlation among items
does not necessarily mean low reliability.

The size of the item intercorrelations is in part a function of
item reliability, in part a function of homogeneity of content
from item to item, and in part a function of homogeneity of
difficulty level from item to item. Item reliability can be seen
in the correlation of pairs of equivalent items from two forms of
a test, in so far as it is possible to construct pairs of truly equiva-
lent items. Evidence on homogeneity of content is provided by
the correlations among items of a single form of test and by the
correlations of non-paired items of different forms. When all
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the items of a test appear similar to about the same degree, the
distinction between item reliability and item homogeneity dis-
appears. This tends to be the case in tests that are relatively
homogeneous in form and content. In such tests, average item
intercorrelation gives an expression of the degree of consistency
in test performance, this average being a function both of
homogeneity of material and consistency of behavior. The de-
pendence of test reliability upon inter-item correlations is seen
most clearly in the Kuder-Richardson formulas for estimating
reliability (see page 91), which were developed from the formula
for the correlation of sums, based on the assumption of complete
homogeneity of items. Variations in difficulty level also have a
limiting effect on item intercorrelation, since difference in diffi-
culty level between two items sets a ceiling on and generally
reduces item intercorrelation.

High item reliability appears unequivocally desirable. That is,
if the same functions are measured by two items, the item that
measures those functions with greater consistency and precision
is to be preferred. A high level of homogeneity of items may,
however, be a mixed blessing. Although greater homogeneity
generally results in greater reliability, it may do so at the cost
of validity. Just as low correlations among tests permit higher
multiple correlation from a combination of those tests, so low
correlation among items permits a higher validity for the total
test composed of those items. Where a single test is used for
purposes of practical prediction, a great deal of concern for
homogeneity of test materials in order to achieve high reliability
is probably a mistake. In analytical studies of human behavior,
however, concern for homogeneity of function in the items of a
test seems legitimate, and when a test battery is being used
increasing the homogeneity of the separate tests in the battery
is a legitimate technique for holding down the correlations among
different tests. Procedures for selection of items to improve test
reliability are discussed further in Chapter 8 on item analysis.

A second major factor in the reliability of a test is the number
of items. This is expressed in the generalized Spearman-Brown
formula for estimating the reliability of a test of any length n
from a test of unit length (formula 4 given on page 84). How-
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ever, this formula assumes that the added items are equal in
quality to those of the original test. That is, each added unit of
length must show the same variability and same correlations with
other units as does the original unit test. For some types of tests
the difficulties involved in producing additional large numbers
of equally good items must be given serious consideration. It
has been shown that the reliability of many existing tests could
actually have been increased by omitting the items with the
lowest item intercorrelations. Lengthening a test does not guar-
antee an increase in reliability, if the additional material has
lower item intercorrelations than the original. The quality of
the items, as discussed in previous paragraphs, may outweigh
quantity, and sometimes a brief test built of the most consistent
items is preferable to a longer test of less carefully chosen
materials.

Finally, reliability is a function of the uniformity of testing
conditions. Any variation in testing conditions from one test
administration to another may be a source of variance in test
performance. This variance must be considered error variance
and will have the effect of reducing the reliability of the test.
Administrative problems which arise in connection with main-

taining standard testing conditions will be discussed further in
Chapter 9.

INTERPRETATION OF ESTIMATES OF RELIABILITY

Relative versus absolute measures of precision

As indicated at the beginning of this chapter, reliability or
consistency of performance can be expressed either in absolute
or in relative terms. Absolute consistency is indicated by the
standard error of measurement. This is the standard error of the
distribution of scores all of which are estimates of the same true
score. It is given by the formula.

8 = sV1 — T11 (16)

The standard error of measurement is of particular value when
one is interested in applying the information with regard to
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consistency to different groups. It has been shown in a previous
section that the reliability coefficient depends on the range of
ability in the group from which the coefficient was determined.
This makes it impossible to apply the coeflicient directly to
another group differing in variability on the trait in question or
to compare directly results from such different groups. The
standard error of measurement is usually relatively independent
of exact spread of scores. It is reasonable, therefore, to expect
the standard error of measurement to remain uniform in groups
of approximately the same level of ability. This means that it is
possible to apply that value directly to new groups which may
differ considerably in variability from the group on which the
standard error of measurement was originally determined.
Where it is desired to apply reliability data to various differ-
ent groups, the standard error of measurement has definite
advantages.

A second situation in which the standard error of measurement
has unique advantages is when a test has been constructed with
the specific aim of discriminating at a particular point or within
narrow limits of the total range of ability. Thus, a test may have
as its purpose the distinguishing of the top 10 per cent of a
group, and the items may have been selected with the special
purpose of differentiating at this point rather than over the whole
range. A test constructed in this way would show several
interesting properties. In the first place, the raw score units
would not correspond to equal scaled steps of ability at different
points on the score scale. The raw score units would correspond
to smaller scale units in the neighborhood of the critical score
level, so that the test would make finer discriminations of ability
in that vicinity. The standard error of measurement in raw
score units would be found to increase near the critical level,
but if raw scores were converted into scaled scores, scaled in
equal increments of ability, it would be found that standard error
of measurement in scale units was less in the critical region.
The relevant estimate of that test’s precision for the special
purpose for which it was designed would be the standard error
of measurement, in scale units, of individuals scoring at or near
the critical score level. General correlational measures of per-
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formance over the whole range would provide only an average
estimate which would fail to reflect the specific purpose of the
test.

There is one further situation in which the standard error of
measurement is more useful than a reliability coefficient. This
is when we are trying to interpret the score of a particular
individual. The standard error of measurement gives us an
index of how much variation we may expect in repeated measure-
ments of the same individual and therefore of how accurate we
may expect our measurement to be. Knowing the amount of
variation expected in repeated measurements, we are better able
to judge how much significance to attach to a difference between
two individuals or between measures of two traits in the same
individual.

For most analytical studies of tests the reliability coefficient is
preferred to an absolute measure of consistency such as a stand-
ard error of measurement. This is true whenever it is necessary
to make comparisons between different tests for the same sample
of cases. In general, no two tests have raw scores that are
expressed in comparable units of measurement. This makes any
direct comparison of absolute measures of consistency from test
to test impossible. In such a situation, the only comparison of
reliabilities which has meaning is the comparison of measures of
relative precision. Consistency of placement within the group,
if the group is the same for both tests, provides a meaningful
basis for comparing the precision of measurement in two or more
different measuring instruments.

Another frequently occurring situation in which the research
worker has occasion to use measures of reliability is in the
evaluation of the correlations between different tests. The re-
liability coefficient is the index which can be used in an analytical
study and interpretation of the relationships among tests.

NEED FOR DATA ON RELIABILITY

In general, the importance of information on the reliability of
measuring instruments has been adequately recognized in the
literature of measurement. If anything, the significance of re-
liability has been overestimated. It must be remembered that
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precision in a measurement procedure is a necessary condition
only for obtaining significant relations between different measures
and is not an end in itself.

For personnel research the importance of unreliability lies in
the effect that unreliability has on the correlation between two
different measures. The relationship of the correlation between
hypothetical perfectly reliable measures of two variables to the
correlation obtained from two sets of actual observations is given
by the formula

’ TAB
A B
e \/TAArBB

(17)

wherer, , is the correlation between perfectly reliable ‘“‘true”
scores on variables A and B.
r4p 1s the correlation of actual scores on A and B.
T44 1s the reliability of the measure of variable A.
rpp is the reliability of the measure of variable B.

This is the formula to estimate true score correlation from the

correlation of fallible measures, or to correct correlation co-

efficients for attenuation due to unreliability of measurement.
Equation 17 can be rewritten in the form

TAB = TAme V r447BB

In this form it is easy to see that the obtained correlation will
always be less than the correlation of “true” scores, since the
expression under the square root sign must be less than unity.
It can also be seen that, as the reliability of either test becomes
zero, the obtained correlation between the tests must be zero.
Of course, in a limited sample the values of intercorrelations of
other variables with a measure having zero reliability will not
be exactly zero, but the deviations from zero will be no more
than chance sampling fluctuations.

When r4 _ g equals unity in the above expression we find that
the maximum value of r,p is equal to the quantity V7 ifss.
This quantity gives the ceiling for the possible correlation be-
tween two tests of specified reliability and indicates the propor-
tion by which the test intercorrelations are reduced due to errors
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of measurement. If we consider one of the two measures, B for
instance, to have perfect reliability, the quantity under the radi-
cal becomes /7414, and this is the extent to which correlations of
variable A with other variables are reduced due to the unrelia-
bility of A alone.

Reliability is a factor to be considered in variables used both
as predictors and as criterion measures. We shall turn our
attention to reliability as a factor in a criterion first and then
consider reliability as a factor in a prediction test.

Reliability data in the evaluation of criteria

The qualities desired in a criterion measure will be discussed
more completely in Chapter 5. We may anticipate at this point,
however, by saying that one characteristic desired in a criterion
measure is reliability. If we think of the criterion as variable A
in the preceding formulas, we can see that the more reliable the
criterion is, the higher the correlation which may theoretically
be obtained between the criterion and various predictor variables.
If the reliability of the criterion is 0.90, it is theoretically possible
to get a correlation of 0.95 between a perfectly reliable test and
that criterion. If the reliability of the criterion is 0.64, the
theoretical maximum is 0.80; if it is 0.25, the theoretical maximum
is 0.50; if it is 0.09 the theoretical maximum is 0.30; if it is 0.00,
the theoretical maximum is 0.00. We can see that it is not of
critical importance that the reliability of a criterion be high as
long as it is established as definitely greater than zero. Even
when the reliability of a criterion is quite low, given that it is
definitely greater than zero, it is still possible to obtain fairly
substantial correlations between that criterion and reliable tests
and to carry out useful statistical analyses in connection with
the prediction of that criterion. Given a test or composite of
tests with a reliability of 0.90 and a criterion with a reliability of
0.40, it is theoretically possible to obtain a correlation of 0.60
between the two.

When the criterion measure is unreliable, the range of numeri-
cal values lying between no relationship and the theoretical
maximum relationship is restricted, since the maximum is not
unity but \/7,4. The range of values actually obtained for test-
criterion correlations will be correspondingly restricted. There-
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fore, in order to allow for sampling fluctuations and to get
stability in the relative size of the coefficients for different tests,
the size of the test population must be increased. If all cor-
relations are reduced by one-half because of attenuation due to
an unreliable criterion measure, four times as many cases will be
needed in order to obtain the same stability of discrimination
between the validity of different tests as would have been re-
quired if the criterion had been perfectly reliable. However,
this is a practical limitation only, and if the additional cases can
be obtained the relative validity of different tests can be deter-
mined as accurately for an unreliable as for a reliable criterion.
From the validity for the unreliable criterion, it is possible to
estimate what the validity would have been if the criterion had
been perfectly reliable by the formula

TAB
v (18)

provided only that we have a satisfactory estimate of r,,, the
reliability of the criterion.

It is more important that the reliability of a criterion measure
be known than that it be high.. This information is needed to
establish the fact that the reliability of the criterion is not zero.
Unless this can be established with reasonable confidence, further
data based upon that criterion measure may be ambiguous. In
particular, the finding that none of the experimental tests give
appreciable predictions of that criterion will be uninterpretable.
We will not know whether the lack of correlation arises because
the tests were poorly chosen or because the criterion is essentially
unpredictable.

In the AAF air-crew classification program there were a
number of cases in which correlations were obtained between
aptitude measures and existing records of achievement in train-
ing or combat and in which the available tests gave no prediction
of those criteria. In many of these cases the nature of the
criterion was unfortunately such that no estimate of its reliability
could be obtained. For instance, ratings were obtained on
combat personnel in certain overseas Air Forces. In these ratings
only a single rater evaluated each man, so that no estimate of
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consistency in making the ratings was possible. The available
classification test data were found to have little or no correlation
with these ratings. However, general experience with ratings
prepared by a number of relatively untrained raters under condi-
tions of minimum supervision leads one at least to entertain the
possibility that the reliability of these ratings was essentially zero
and that nothing could possibly have been found that would
have correlated with them. In a case such as this, one is in the
dilemma of never knowing whether the failure to predict was
due to inadequacy of the test battery or to extreme unreliability
of the criterion.

A second use for statistics on the reliability of a criterion
variable is to indicate the maximum correlation that can possibly
be obtained between that criterion and a group of highly reliable
tests. If the test composite is assumed to be perfectly reliable,
this maximum is \/7.;, where 744 is the reliability of the cri-
terion. If the reliability of the test composite has been found to
be 7zg, then the maximum correlation is \/r44rps. The square
of this value gives the proportion of variance which test com-
posite and criterion can possibly have in common. The square
of the correlation between the test composite and the criterion
shows the proportion which test composite and criterion do have
in common. The difference between these two proportions gives
an indication of the amount of variance in the criterion which
might possibly be predicted by some test battery but is not being
predicted by the existing battery. It provides some guide to the
probability of significant gains from further research devoted to
the prediction of the criterion in question, and consequently
some indication as to whether research can still profitably be
pursued in that area.

Reliability statistics in the analysis of test data

The qualities which are ultimately desired of a prediction test
are that it be valid and that it measure some unique and distinc-
tive quality of the individual. Validity for a test is shown by
high correlation between that test and a criterion measure.
Uniqueness is shown by low correlation between the test and
other tests being used as predictors. The reliability of a pre-
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diction test is of interest only as a necessary condition of and as
a clue to validity and uniqueness. Information with regard to
reliability is of interest during the early stages in the develop-
ment of a new test because it gives some clue to the possible
validity of the test. It is of interest later on in determining to
what extent the validity of the test could be increased merely
by increasing its reliability. The information can also profitably
be studied when the correlations of the test in question with the
rest of the tests in the battery are available, in order to determine
the uniqueness of each test.

When a new test is being developed, we must be sure that
it meets at least minimum standards of reliability. Reliability of
the preliminary form should be studied with this in mind. Other
things being equal, the more reliable a test is, the higher validity
coefficients it may be expected to yield. However, emphasis
must be placed on the phrase other things being equal. We
should rarely sacrifice any feature that promises to contribute to
the validity of a test in order to make the test more reliable.
Efforts to increase reliability by careful selection and editing of
test items are well worth while, but novel and experimental test
forms should not be discarded merely because reliability is low
by conventional standards.

The reliability of a test can normally be increased by lengthen-
ing the test. The increase in reliability is given by formula 4
on page 84. This increase in reliability increases the validity
of the lengthened test also. The validity of the lengthened test
is given by the formula

To1

To(n) = (19)
1 1
\/ -+ (1 - —) A
n n
where 7o, is the validity of the test of length n.

o1 is the validity of the test of unit length.
711 is the reliability of the test of unit length.

Inspection of this formula shows that the validity increases only
as a function of the square root of the reliability. The effect of
increasing the length of tests of specified reliabilities by various
factors is shown in the following table:



110 THE ESTIMATION OF RELIABILITY

101 11 n T0(n)

.40 .50 2 .46
.40 .50 5 .52
.40 .50 © .57
.40 .80 2 .42
.40 .80 5 .44
.40 .80 0 .45

It can be seen that, where the test is moderately reliable to
begin with, the increments in validity from lengthening it will
not be great. In a practical testing situation with limited testing
time, the gain from increased reliability must be weighed against
the cost in additional testing time. The choice must often be
made between lengthening a particular test or adding some
additional type of test material. The above formula and illus-
trations suggest that, once moderate reliability has been achieved,
additional testing time will ordinarily be spent more profitably
on broadening the scope of measurement by adding new types
of test materials. Because adding new tests involves an unspeci-
fied loss of time in distributing papers, giving instructions, and
the like, it would be difficult to provide an analytical solution of
this problem.

A further use of reliability data arises in connection with the
analysis of the interrelations among a battery of tests. Our con-
cern here is primarily with evaluating the uniqueness of each
test as an independent contributor to the test battery. A test is
of value in a battery of tests primarily because it measures
functions that are not measured by the other tests in the battery.
In analyzing the extent to which a particular test accomplishes
this, we must divide the variance in test scores into three frac-
tions: common variance, error variance, and unique variance.
The first fraction, the common variance, is that variance which
is covered both by the test under study and by other tests in the
battery. This variance is predictable from the other tests in the
battery, and its amount is given by the square of the multiple
correlation between the test in question and all the rest of the
tests in the battery. The second fraction of the variance in a
test score is the error variance. This is variance that is specific
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to a single administration of the particular test, and it cannot
be predicted even from the administration of a comparable form
of the same test. The amount of variance of this type is deter-
mined by the reliability coeflicient for the particular test and is
equal to 1 — ry;. The third fraction of variance for a test, and the
fraction with which we are particularly concerned in this dis-
cussion, is the fraction which represents genuine, systematic
variance in individual behavior (predictable from day to day and
from one form to another of the particular test) but which can-
not be predicted from the rest of the tests in the battery. This
fraction represents the distinctive and unique contribution of
the test in question to the total battery. It can be determined
only by subtraction, and it is the difference between,the relia-
bility coefficient for the test and the squared multiple correlation
of the test with the rest of the tests in the battery.

In developing a test battery, particularly one that is to be used
for purposes of guidance or for classification into a number of
jobs, efficiency demands that each test have a substantial amount
of uniqueness. If a particular test score can be predicted from
the other tests in the battery, it contributes nothing new of its
own and can increase the total predictive power of the battery
only through increasing the reliability of the composite score.
Only if the test has unique variance can it extend the proportion
of the criterion variance which is covered by the battery as a
whole. When the uniqueness of each test is the maximum, a
limited amount of testing time can cover the maximum scope of
human behavior. Any attempt to make an actual determination
of the uniqueness of each of the tests in a battery requires
information on the reliability of cach test.

SPECIAL PROBLEMS IN RELIABILITY DETERMINATION

The personnel psychologist may encounter several special
situations which present their own problems in connection with
the determination of reliability. These are situations that render
the obtaining of two independent but equivalent measures diffi-
cult. A few types will now be discussed, in order to anticipate
some of the difficulties which the research worker may encounter.
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Reliability of speed tests

It was noted, when the various procedures for estimating
reliability were being discussed, that certain sets of operations
for estimating reliability became inappropriate for a speeded test.
In a speeded test, the amount accomplished within the time
limit is a fundamental aspect of the performance. To obtain two
independent estimates of the amount that the individual can
perform within a limited period of time, two separate segments
of time are necessary. No testing procedure based on a single
administration with a single time limit can give two independent
speed measures. This means that any meaningful reliability
estimate for a speeded test must be based on two separate test
administrations, either of the same test or of equivalent test
forms. Of course, a test may be divided into two separately
timed halves and the scores from these used to derive an estimate
of the reliability of the test. The separately timed halves become
in effect two shorter equivalent tests,

As indicated previously, the role of the speed factor in a test
score is a matter of degree. In tests of simple numerical opera-
tions or of simple perceptual tasks, it becomes a dominant
determiner of scores. It enters to some extent in any test in
which each individual does not have time to attempt all the items
that he might be able to answer. Whether a particular test is
sufficiently speeded to distort reliability estimates based on a
single time limit is a matter of judgment. Certainly, the sounder
procedure when any doubt arises is to base estimates of reliability
on two separately timed segments of testing.

Reliability of learning tasks

In most of the familiar forms of aptitude and achievement tests,
it is assumed that the subject does not change appreciably in the
function being tested as a result of taking the test. His word
knowledge or number skills are considered to be stable functions,
not significantly affected by a brief period of testing. In such
cases as these, the assumption is probably sound. Some tests,
however, are quite clearly learning tasks. This is especially true
in apparatus tests of novel motor skills, such as rotary pursuit
or two-hand coordination. Trial scores on these tests show a
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progressive and quite substantial improvement from trial to
trial, so that performance on later trials has been substantially
affected by the learning on the earlier trials. Individual subjects
not only start on different performance levels but also improve
at different rates. The individual’s performance is determined
not by a single parameter but by two or more.

The problem in estimating the reliability of a learning task
arises from the fact that the task is not repeatable, while at the
same time the error of measurement in successive trials may not
be independent. The task is not repeatable from its very nature
as a learning task. Once the individual has learned it or made
some progress towards learning it, the task has changed to some
extent for him. Though the task is externally the same, it is not
the same for the subject to whom it is presented because he has
changed. A retest with a second series of trials therefore pre-
sents a rather unsatisfactory basis for estimating reliability. The
learning changes, which may have affected different individuals
in different amounts and different ways, make the two measures
non-equivalent. This factor tends to make test-retest correla-
tions with tasks in which fairly rapid learning is taking place
underestimates of the correct reliability.

For many learning tasks it is very difficult to devise an equiva-
lent form of the task in order to estimate reliability from the
correlation of equivalent forms. These tasks do not represent a
sampling from a universe of items. Each one represents a single
integrated performance. By what criteria shall we decide that
this second complex learning task is or is not equivalent to the
first one? Judgment from the superficial appearance of the task
will certainly be hazardous. Furthermore, if the tasks are really
equivalent, experience with the first may have influenced per-
formance on the second to an unspecified degree.

If one falls back on the procedure of subdividing the period
of practice into trials or segments and correlating odd versus
even trials or segments, one encounters the other difficulty that
was suggested. One may well question whether successive trials
or segments represent independent estimates of the individual’s
ability to do the task, or whether they are not affected by
common errors of measurement. That is, adjacent trials or seg-



114 THE ESTIMATION OF RELIABILITY

ments of a learning performance are probably influenced to a
certain extent by the same chance combination of temporary
conditions, If the adjacent trials are allocated to different half-
tests which are then correlated to yield an estimate of reliability,
the variance arising from these temporary conditions (categories
III and IV in Table I) will be treated as systematic variance.
In so far as this is true, the split-test procedures will tend to give
an overestimate of reliability.

We have indicated that retest reliability tends to give an
underestimate for a learning task, whereas a coefficient based on
correlating alternate trials tends to yield an overestimate. If
these values are not far apart, either value may be accepted as
reasonably accurate. When the difference is substantial, how-
ever, an accurate estimate of the reliability of the test can hardly
be obtained. To illustrate the amount of the discrepancy,
representative reliability coefficients are shown in the table for
psychomotor tests used for air-crew classification in the AAF.

Obpp VERSUS RETEST AFTER

TEsT VEN TRIALS 30 Days
Two-hand coordination .80 .87
Finger dexterity .93 )
Rudder control .93 .69
Complex coordination .91 .83
Rotary pursuit .94 .74
Discrimination reaction time .88 .76

N = 1000 N =700

We have discussed learning tasks in which the individual
shows a progressive development of skill. There are also certain
tests in which score depends to a very considerable extent on
“getting the hang” of the test. This may involve comprehension
of rather complex and involved instructions, or hitting on an
efficient procedure for carrying out a novel task. In so far as
the understanding or technique develops gradually, we encounter
the same problems that we discussed in the previous paragraphs
on the gradual improvement in skill. If the understanding or
technique emerges suddenly as a more or less abrupt insight into
the task, the difficulties are of the same type but are exaggerated
in their effects.
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Reliability when the result of performance is known

A basic assumption in estimating reliability is that the errors
of measurement in the two scores being correlated are inde-
pendent. This means that the performance on the second testing
must not be influenced by the result of performance on the first.
In the typical printed test, the individual never knows the
correctness of his various responses, or at least he does not know
those results at the time that he is retested. Sometimes, however,
the individual may know how well he did on one testing and
that knowledge may be fresh in his mind at the time of the
second testing. In certain research tests of pilot proficiency in
the AAF, for example, the student carried out a particular
maneuver, such as landing the plane, twice in close succession.
The two trials were used as scores for estimating reliability. In
this situation, the nature of any error made in the first landing
attempt was often painfully obvious to the student. Any con-
scious attempt to avoid the same error on a second trial would
naturally lower correspondence between the two performances,
and the estimate of reliability of performance would be rendered
systematically too low. A similar effect might be found in suc-
cessive shots at a target, or in any task of coordination in which
the amount and character of the error was evident to the subject
after each trial. With such tests, it is necessary to have sufficient
time elapse between the two trials so that specific memories of
previous performance have a chance to fade, and each test
becomes experimentally independent of the other.

Alternate trials versus alternate practice period as a basis
for reliability

The issue of independence of error arises in yet another context
in studies of reliability. There are various types of records,
particularly of criterion variables, in which the data are of
performance over a number of sessions on different days, but
where each day’s performance consists of several distinct trials,
each scored separately. This was well exemplified in the AAF
by the circular error records in bombing training. These records
showed error for each bomb dropped. However, several bombs,
perhaps five, would be dropped on the same mission under the
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same conditions of plane, pilot, bombsight, weather, and other
surrounding factors. Reliability for a series such as this could
be estimated either by correlating odd- versus even-numbered
trials (bomb drops in the example cited) through the whole series,
or by correlating odd versus even sessions, putting all the trials
within a single session together into the same score.

We must recognize that a number of sources of variance are
substantially constant for all the trials of a given session. In the
illustration of bombing error these are such things as pilot, plane,
bombsight, weather, altitude, and type of target. These should
be considered sources of error variance, since they are not
characteristics of the individual whose performance is being
evaluated. The trials within a single session have this error
variance in common and so do not meet the condition of inde-
pendence of error. Any procedure that assigns half the trials
within a session to one score and half to the other systematically
equates this error variance for the two half-scores, and the error
variance is made to contribute toward an appearance of reliabil-
ity. The reliability which results in this way is, of course,
spurious. It is generally much better to base reliability estimates
on the correlation of alternate sessions rather than on correlation
of alternate trials.

Independence as a problem in determining the reliability
of ratings and subjective evaluations

A general problem in estimating the reliability of ratings and
similar evaluation procedures is to guarantee the experimental
independence of the sets of ratings being correlated. We can
recognize two types of interaction betwcen the ratings of two
raters. On the one hand, the raters may have collaborated
directly in arriving at some of their ratings. On the other hand,
each rater’s rating may be contaminated by what we may call
the local reputation of the man being rated.

In the practical administrative task of evaluating personnel as
a part of the routine record system or as a basis for promotion,
collaboration is not necessarily bad. It is at least possible that a
joint evaluation prepared by two or three men cooperatively is
as accurate as the average of the two or three sets of separate
ratings. In the evaluation of the reliability of ratings, however,
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any collaboration of this type is fatal to obtaining a true estimate.
It is quite natural for raters to collaborate—for each to seek the
support of another person’s opinion and to try to reconcile dis-
crepant opinions. It is imperative in research studies that raters
be instructed to make their ratings independently. However,
where the rating process has not been closely supervised and
where the task has been something of a burden imposed on
supervisory personnel, one often suspects that instructions to
rate independently were not strictly adhered to.

The more difficult and subtle problem is not that of direct
collaboration but rather of indirect contamination by what we
may speak of as local reputation. In many personnel situations,
it is typical for persons in supervisory positions to discuss persons
working under them. Through such discussion certain of the
individual workers acquire reputations of being good workers,
being lazy, being grouchy, and the like. The reputation may,
of course, be justified. However, under these circumstances the
fact that a man is evaluated consistently by two or more super-
visors or co-workers does not necessarily indicate consistency of
independent judgments. It may represent consistency of the
stereotyped picture of the individual within his group.

Evidence can be cited to support the importance of the factors
just discussed. In the AAF, a study was made of the reliability
of grades on pilot check rides. For a series of grades on check
rides given at a single training school at the level of primary
training, the reliability was approximately 0.80. When grades
in primary training were correlated with grades in basic training
(the second level), which was given at a different station, the
intercorrelation was only in the 0.20’s. A similar relationship,
though not so striking, was found to exist when correlations of
certain ratings in a single phase of fighter-pilot operational train-
ing were compared with correlations between ratings in two
distinct phases. A study of Navy efficiency ratings has shown
correlations in the 0.30’s between successive ratings of an officer
who remained in the same post, but correlations between 0.00
and 0.20 for ratings on shore duty compared with ratings on sea
duty.

Special administrative precautions can usually be taken to
eliminate direct collaboration between individual raters. There
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is probably little that can be done, however, to rule out the
subtle effects of general reputation. As long as we must rely
upon ratings of two or more raters who operate within the same
situation and are acquainted not only with the individual but
with his reputation, we must recognize that reliability estimates
may represent the generality and consistency of that reputation,

as much as or more than consistency in judging the behavior of
the individual.



5

The Estimation of Test Validity:
Criteria of Proficiency

Any program of research in personnel selection implies the
testing of the selection instruments against some standard of
subsequent success on the job in question. A selection program
could be set up in terms of professional judgment without in-
cluding this step of experimental testing. Very possibly, if the
personnel psychologist were shrewd, the tests would make a
practical contribution to personnel selection. However, one
would never know whether this was the case or not, and there
would be no empirical test of whether one procedure was better
or worse than another. A personnel selection program which
does not involve empirical checks of the selection procedures
against criteria of job success is at best a static and untested one.
At worst it may be outright charlatanism.

The most fundamental and most difficult problem in any
selection research program is to obtain satisfactory criterion
measures of performance on the job, against which to validate
selection procedures. This problem is absolutely central, for
other research can hardly proceed until a criterion is provided,
and the program of research can be only as good as that criterion.
Difficulties in test construction and measurement may be very
great in certain cases, but these are specific difficulties and work
can procecd along different lines even though mecasurement of
certain traits is blocked. Until some solution of the criterion
problem has been reached, however, the whole research program
is thwarted. Of course, personnel research does not and cannot
wait until a completely satisfactory solution of the criterion
problem is reached; if it did, no research would be done. How-
ever, some compromise solution of the problem of providing a

19
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criterion of success in performance of the job being studied must
be reached as a basis for any effective research program in
personnel selection procedures. .

The naive worker in personnel selection research turns to the
criterion problem as an afterthought. He is likely to assume that
routine production records are available in readily usable form,
or that he need merely go to instructors or supervisors for usable
ratings of the individuals whom he has previously tested. Such
faith in the availability of adequate criterion records is usually
unjustified. Records which one assumes would be kept are often
not kept. Records which a central office has directed to be kept
are often either fragmentary or so contaminated by various
inaccuracies or ambiguities as to be almost unusable. Some
comment has already been made in Chapter 3 on the limitations
of ratings as selection devices. These limitations continue to
hold, with certain modifications and possibly certain additional
difficulties, when ratings are used as criteria of performance on
the job. Therefore, almost the first concern of the research
worker should be to determine in detail what types of criterion
information are actually available, what their characteristics are,
and what the possibilities are of supplementing them by gather-
ing additional criterion records specifically for the research
project under way. An important goal of the original study and
analysis of any job is to determine what criterion measures

already exist and to set up hypotheses as to additional ones which
seem desirable and possible.

GENERAL PROBLEMS IN CONNECTION WITH CRITERIA

We have indicated that some solution of the criterion problem
must be arrived at before further research can be effective.
However, there are all degrees of adequacy of solution of this
problem. In any given practical instance a number of possible
criterion measures will usually suggest themselves, each of which
has some degree of adequacy less than complete, and some
degree of practicality. Developing a practical research program
involves evaluation of and selection from among these possible
criterion measures.



GENERAL PROBLEMS OF CRITERIA 121

For purposes of discussion we may differentiate three cate-
gories of criteria: ultimate, intermediate, and immediate. The
ultimate criterion is the complete final goal of a particular type
of selection or training. For example, it might have been agreed
that the final goal in the selection and training of Air Force
bombardiers was that they should under conditions of combat
flying drop their bombs in every case with maximum precision
upon the designated target. The ultimate goal in the selection
and training of insurance salesmen might be that each man sell
the maximum amount of insurance which would not be allowed
to lapse and that he continue actively as an insurance salesman
for an extended period of years. The ultimate criterion for a
production line worker might be that he perform his task, main-
taining the tempo of the line, with the minimum of defective
products requiring rejection upon inspection, that he be per-
sonally satisfied with the task to such an extent that he is not a
source of unrest and conflict with other workers, and that he
continue in the job for an extended period of time. It can be
seen that the ultimate goal is stated in very broad terms and in
terms that are often not susceptible to practical quantitative
evaluation. Furthermore, it is usually not entirely accurate to
specify a single and unified ulimate goal. The bombardier had
to fire a gun as well as drop bombs. The life insurance salesman
must keep records and in many instances manage an office, as
well as sell to customers. Even with the production line worker
we have indicated considerations of contentment and permanence
on the job as well as simple performance. A really complete
ultimate criterion is multiple and complex in almost every case.
Such a criterion is ultimate in the sense that we cannot look
beyond it for any higher or further standard in terms of which
to judge the outcomes of a particular personnel program.

In practice, the complete ultimate criterion is rarely, if ever,
available for use in psychological research. It may be completely
inaccessible, as were most wartime combat criteria needed by
psychologists stationed in the continental United States. Even
when the complete ultimate criterion is potentially available,
waiting for it to mature almost necessarily involves a large time
lag. In studying the selection of medical school students, for
example, the complete ultimate criterion would be the whole
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professional history of each entering student. Because it is
embodied in a complex of other interacting factors, the criterion
record is difficult to purify and to express in usable quantitative
form. Therefore, we are almost always thrown back upon sub-
stitute criteria which we judge, either in terms of rational analysis
or in terms of empirical evidence, to be related to the ultimate
criterion with which we are most fundamentally concerned.
These criterion measures we may designate as intermediate or
in certain cases immediate criteria.

The term “immediate criterion” is used here merely to differen-
tiate that criterion measure which first becomes available from
other partial criteria which become available at various later
stages in the course of training or performance of the job in
question. For example, in pilot training in the AAF the imme-
diate criterion of flight performance was graduation as opposed
to elimination from primary flying school. Intermediate criteria
of pilot success included graduation versus elimination in basic,
advanced, or transitional training, gunnery scores at the transi-
tional or operational training level, and ratings by supervisory
personnel either in advanced training or in the theater of combat
operations. In selecting students for engineering school, the
immediate criterion might be academic grades in the first semes-
ter of the engineering program. Grades throughout later years
of the educational program would represent intermediate criteria.
The ultimate criterion would have to be sought in some very
complex over-all assessment of achievement in professional work
over the years. It is worth noting that in the example of the
pilot cited above even combat ratings must be considered as
intermediate rather than ultimate criteria. We are not ultimately
concerned with how a man is rated by his superiors but rather
with how well he actually performs in the crucial situations for
which he has been trained.

All immediate and intermediate criteria remain partial, since
at best they give only an indication of or approximation to the
ultimate goal towards which our selection or training is directed.
A program of personnel research must start at an early stage to
analyze the available immediate and intermediate criteria in
order to appraise the adequacy of each as an approximation to
the ultimate criterion.
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The ultimate criterion of success in any duty must always be
determined on rational grounds. There is no other basis on
which this choice can be made. The determination of the ulti-
mate criterion represents an agreement among those who are best
qualified to judge as to the objectives of the job, the weight to
be attached to each, and the behaviors which represent those
objectives. In some cases agreement in selecting the behaviors
which define the ultimate criterion may be arrived at quite
readily; in most cases the process of defining the ultimate cri-
terion involves prolonged and exacting inquiry.

As one moves from the ultimate towards more and more
immediate criteria, there will be more and more room for statis-
tical considerations to supplement the rational in evaluation of
the proposed criterion measures. That is, if it is possible to
agree on certain behaviors on the final job over a period of time
as being the closest approximation to the ultimate goal, it may
be possible partially to evaluate the intermediate criteria in
terms of empirical data on their relationship to the more nearly
ultimate one. For example, it was possible in the AAF to carry
out certain studies of the relationship between ratings at succes-
sive levels of training. It was also possible to relate certain
performance records at successive levels to each other. In
evaluating academic records for such a profession as that of
accountancy, it might be possible to relate performance in school
to subsequent success on and rate of progress through the various
examinations leading to the status of Certified Public Accountant.

Statistical studies of partial intermediate criteria in terms of
their relationship to more nearly ultimate criterion measures are
difficult and time-consuming at best. They often necessitate an
extended follow-up of personnel. They are always limited by
the adequacy of the more ultimate criteria to which they refer.
They are probably best justified in those situations in which a
really satisfactory index of the ultimate criterion does exist but
in which it can be reached only with great expenditure of time
and effort. In those cases, it may be worth while to investigate
in an experimental population the relationship of the more
accessible and convenient criterion measures to the logically very
satisfactory but practically inaccessible criterion.
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In practice it often happens that a number of intermediate
criteria are available for study, but that no one of these can
immediately be identified as approximating the ultimate criterion.
Evaluation of the several possible intermediate criteria must then
be in considerable measure upon a rational basis. It is necessary
to examine each possible criterion measure critically and to judge
the relevance of that criterion to the ultimate goal of the selection
program. An analysis of the correlations among the several
intermediate criteria may be possible, but it may not be clear
which measure is being tested and which measure is serving as
a standard. Neither measure is ultimate, and it may be that
neither has a clearly better rational basis than the other. The
investigator is likely to think of one rather than the other measure
as being the standard, on the basis of factors such as nearness
in time to the ultimate performance, acceptability to supervising
personnel, and directness of apparent relationship to the ultimate
task. However, the discrimination may not be at all clear-cut in
many cases, and the study of interrelationships may be thought
of as throwing light on each of the criterion measures. In
general, high correlation between different intermediate criterion
measures strengthens the rational basis for accepting any one of
them as a useful criterion, since each then receives some support
from the rational justification of the other. Lack of correlation
weakens faith in one or both of the measures, except in so far as
each measures distinct aspects of performance for which there
is no rational basis to expect intercorrelation.

EVALUATION OF CRITERION MEASURES

The considerations entering into the evaluation of a criterion
measure are analogous to those entering into the selection of a
test, though the factors take on a different emphasis. In discus-
sions of tests, it is common to evaluate the test in terms of its
validity, its reliability, its objectivity, and its practicality. We
can use these same categories in the discussion of criteria, but
we may find it desirable to change slightly the flavor of certain
of the terms. Validity in a criterion will be thought of less in
statistical terms and more in terms of the apparent relevance of
the behavior to the ultimate goal of training or operations.
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Objectivity is of interest primarily as a condition of freedom
from systematic bias in the criterion measure. The meanings of
reliability and practicality remain unchanged, but they are
probably less important in research on criterion measures than
in day-to-day test operations.

Validity or relevance

The quality designated as “relevance to the ultimate goal” is
the prime essential of a criterion measure. A criterion measure
is relevant as far as the knowledges, skills, and basic aptitudes
required for success on it are the same as those required for
performance of the ultimate task. That is, the systematic, non-
error sources of variance in score on the criterion measure should
arise from the same factors that make for ultimate success on
the job, combined with the same weights. Theoretically, the
relevance of a criterion measure can be determined empirically
from its correlation with the ultimate criterion, corrected for the
unreliability of both measures. In practice, the complete ulti-
mate criterion is never available, and approximations to the
ultimate criterion may be extraordinarily difficult to obtain and
unsatisfactory on other counts. The result is, as indicated earlier,
that the relevance of a particular criterion measure usually must
be estimated very largely on rational grounds with only limited
help from empirical data. The problem is analogous to that of
determining what should be included in an academic achieve-
ment test (which is, after all, a type of criterion measure).
Rational analysis must be relied on to a very large extent in
determining what the goals of instruction are and what content
and forms of test item exemplify those goals. In the same way,
determining whether a particular type of production record is
a relevant indicator of success on the job must depend on a
thoughtful analysis of the goals of the job, of the nature of the
production record, and of the conditions under which it was
obtained. The adequacy of the rational analysis depends on the
thoroughness of the analyst’s understanding of both the ultimate
goals and the immediate criterion measure, and on his basic
sagacity.

Relevance is the absolutely fundamental requirement of a
criterion measure. As far as possible, it is important that all
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systematic variance in the criterion measure be relevant variance.
If the criterion measure possesses any substantial amount of
non-chance variance which is irrelevant to (or, worse, negatively
related to) the ultimate goal, it is possible that apparently suc-
cessful selection procedures may be based entirely on this irrele-
vant variance and have no real validity for the ultimate goals on
the job. This is likely to happen whenever performance in a
highly academic training situation is used as the criterion of
success in some non-academic type of performance. The situa-
tion can best be illustrated by an example.

Early in World War 11, gunnery schools in the AAF placed a
good deal of emphasis in their training program on learning the
nomenclature of machine guns and turrets and on being able to
express verbally the operation of this equipment. Using grades
obtained in this type of program as a criterion, it was possible
to develop a battery of verbal tests which gave a substantial
prediction of those grades. Actual combat gunnery, however,
presented no special verbal demands, and the type of memoriter
training referred to above was eventually done away with in
favor of more and more training in the actual assembly, mainte-
nance, and firing of the guns. The nature of grades in gunnery
school changed correspondingly. With this change in the cri-
terion, the validities of verbal selection tests largely disappeared.
Though there is no evidence in this case that the selection of
gunners in terms of verbal abilities would have done any actual
harm to the final output, it certainly would have been wasteful
and ineffective. Selection would have been based on the irrele-
vant variance in the partial criterion of training grades.

There are many other instances, both in and out of the military
situation, in which academic grades are used as criterion meas-
ures because they are conveniently available and because they
appear to possess a rather satisfactory degree of reliability.
These grades can generally be predicted with fair success, and
the research worker may be lulled into a sense of satisfaction
and accomplishment by his success in predicting them. Some-
times, of course, his satisfaction may be justified, because the
nature of the training program and of the job may be such that
performance in training is based on essentially the same attri-
butes as performance in the job. The possibility is always a real
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one, however, that the portion of academic achievement that we
predict with our tests is not the part that is relevant to later suc-
cess on the job. Whether the criterion is grades or some other
type of record, we must always examine it critically to judge
whether the aspects of the criterion which we predict will be
relevant for the ultimate goal.

Criterion measures vary widely in the directness and obvious-
ness of their relevance to the ultimate criterion. In some the
relevance is so obvious and so universally agreed upon that we
may label them directly relevant criterion measures. Accuracy
of fire by a gunner at an attacking target might be such a directly
relevant criterion; so might the amount of insurance sold by an
insurance salesman, or the production record of a worker on
piece work. If a measure can be found that is by common
agreement directly relevant, we turn naturally to it as our first
choice in a selection research program. When no agreement on
the directly relevant criterion measure is possible, we are thrown
back on the evaluation of the degree of relevance in less clearly
relevant measures.

Reliability

A necessary but not a sufficient condition for correlation
between a criterion measure and the theoretically perfect ulti-
mate criterion of success on a job is that the criterion measure
have some reliability. That is, the reliability must be greater
than zero, because if the reliability of the measure is zero it
cannot possibly correlate with anything. Scores that reflect
purely chance factors, so that they do not even correlate with an
equivalent measure, cannot possibly correlate with a measure of
any other variable. Evidence with regard to reliability must of
necessity be statistical, and this evidence is the first essential in
the statistical evaluation of a criterion measure. If data concern-
ing the reliability of a criterion measure do not cause one to
reject, with satisfactory confidence, the hypothesis that the re-
liability of the measure is zero, further use of that measure is
futile.

High reliability in a criterion measure is convenient but not
critically important. Low reliability in a criterion measure
merely attenuates all its relationships with other measures. Low
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reliability cannot produce systematic stable relationships of the
type that may emerge for a measure low in relevance. Since low
reliability is due to random, chance factors, it can only weaken
the relationships. The effects of low criterion reliability on test-
criterion correlations may be estimated and corrected for by
appropriate formulas, as indicated in Chapter 4. However, the
values resulting from the correction of initially very low correla-
tion coefficients are subject to a much greater fluctuation from
one sample to another than are values obtained from initially
reliable scores. This arises from the lower precision of the
validity coefficients themselves and also from the sampling errors
entering into the estimate of criterion reliability. To compensate
for these influences, it is necessary to base validity coeflicients
for unreliable criteria on substantially larger populations, so that
each component statistic is determined with greater precision.

Low reliability is caused by inconsistency of performance in
the persons being studied and by fluctuations in the external
conditions and in the definition of the task. These may be called
intrinsic and extrinsic unreliability, respectively. The influence
of intrinsic unreliability can be reduced only by increasing the
size and representativeness of the sample of behavior included in
the evaluation. One must increase the number of bomb drops,
the rounds of ammunition fired, the class sessions observed, the
weeks of production record included, and the like. This reduces
the proportion of the total variance that is due to chance fluctua-
tions in the individual.

We may usually expect extrinsic unreliability also to be re-
duced by extending the sample of behavior observed, because
chance fluctuations in external conditions should also balance
out in the larger sample of behavior. Some compensating factors
are introduced here, however. As we extend the sample of be-
havior observed, there is opportunity for wider fluctuation in
external conditions. As the time span for criterion observations
is increased, there is more opportunity for variation in weather,
seasonal factors, condition of machines and equipment, adminis-
trative policy, and the like. In some job situations these factors
may be negligible; in others, including aviation, they are not.
In these cases, one cannot compensate for unreliability in a
criterion by taking larger and larger samples of behavior, because
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as the criterion material is increased in quantity it may deteriorate
in quality.

The other approach to minimizing extrinsic unreliability lies
in control of the external sources of variance. These external
factors include those affecting both the performance and the
observation of the performance. In military aviation, the condi-
tions influencing the performance were such factors as weather,
maintenance and calibration of equipment, competence of other
personnel participating in the task, and the exactness of definition
of the task. Thus, the accuracy of a particular bomb drop was
a function of the turbulence of the air, the condition and cali-
bration of the bombsight, the accuracy in construction of the
bomb and its freedom from dents and bent fins, the skill and
conscientiousness with which the pilot flew the plane, and cir-
cumstances of time of day, altitude, length of bomb run, and so
forth, under which the bomb was dropped, as well as the skill
with which the bombardier performed his duties. The sources
of inconstancy in conditions will be different in any given job
and somewhat specific to the particular job, but in general we
may expect to find variance arising from equipment, from other
participating personnel, and from inequality in the task units
which are treated as equal. Reducing variance from these
factors, as far as feasible, reduces to such administrative prob-
lems as maintenance of equipment, scheduling, and training of
the other personnel (such as the pilot referred to above). The
degree of control which can be achieved is limited by the extent
to which schedules, equipment, and other personnel involved can
be kept at a uniform standard under the practical conditions of
a large-scale program of training or operations.

The reliability of observation of behavior is influenced by the
preciseness of definition of the behavior to be observed, the
simplicity of the behavior, the degree to which the behavior is
overt, the amount of aid provided by instruments, and the extent
of the opportunities for observing the behavior. Efforts to im-
prove the reliability of observation should be directed at these
factors. The attention of the observer should be directed toward
simpler and more specific components of the behavior which can
be observed more adequately at one time. An effort should be
made to define the phenomena to be observed in precise terms,
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so that all observers will look for the same things. Physical con-
ditions should be arranged so that the observer is advantageously
placed to see the behavior on which he must report. Instruments,
record forms, and the like should be provided to simplify and
standardize the making and recording of observations.

Freedom from bias

Bias in a criterion measure may operate to reduce either its
relevance or its reliability or both. The nature of its effect
depends on whether the bias happens to cut in a random fashion
across the groups being compared or whether it happens to be
related to the selection test records in some systematic way. An
example may be cited to illustrate this point. In obtaining
ratings of military fliers in combat units, there was definite indi-
cation that rank and length of service in an organization were
positively associated with the rating given. At the same time,
standards for personnel selection had been raised during the war,
so that the men with less rank and experience tended to have
better records on selection tests. The combination of these two
historical events led to a situation in which ratings were appar-
ently biased in favor of those with lower test scores. Another
type of bias, which probably did not have any systematic effect
on relevance but which did lower reliability, was variation in
standard from rater to rater. In so far as this source of variation
cut at random across all aptitude scure levels, it served to attenu-
ate rather than to invalidate the criterion measure.

Bias may occur whenever subgroups of a total population are
evaluated in systematically differing ways. The subgroups may
represent those taught by a particular instructor or group of
instructors, those in a particular school, class, combat theater,
factory, or district, those well known as opposed to those only
slightly known to rating personnel, and the like. Bias may arise
within subjective evaluation standards, as when one rater is more
lenient in his interpretation of a rating scale than another. It
may also arise within external conditions, as when enemy oppo-
sition is much more severe in one combat theater than in another
or when the atmosphere of the territory in which one group of
soap salesmen must operate holds much less soot and dirt than
the atmosphere in another district. Bias is a much more serious
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matter than low reliability because it may affect systematically
the comparisons in which we are interested and thus produce
spurious results. Bias is not so universally undesirable as low
relevance, since the data may often be gathered in such a way
that the source of bias is randomized with regard to the factor
being studied.

Subjective sources of bias may be reduced somewhat by the
same steps used to obtain more reliable observation. External
sources of bias may sometimes be allowed for statistically, if they
are sufficiently constant and lawful in nature so that they may
be recognized. Thus, in a criterion measure for soap salesmen,
a correction may be made for the sootiness of the territory in
which a given man works. In evaluating performance of insur-
ance salesmen, wealth of the region and other factors influencing
the total amount of insurance sold would have to be considered.
Any criterion measure should be studied to determine the pos-
sible biasing factors and to correct for these or at least see that
they are randomized with respect to the test variable being
studied.

Practicality

Considerations of convenience and economy perhaps do not
bear the same weight in a criterion measure that is to be used
for a special research project that they do in a test that is to be
used routinely from day to day. However, there are very real
limits to the amount of labor that may be undertaken or the
amount of disturbance of routine procedures that will be toler-
ated in the gathering of criterion records. Unless the project
has been well sold to operating personnel, any program for
gathering criterion information which calls for additional work
on their part may well be resented. Even when the value and
significance of the project have been demonstrated effectively,
the good will which has been established can soon be exhausted
by a program that requires laborious assembly of ratings or
bothersome interference with the routine of school or factory,
unless the group concerned can see in the criterion measures
some value that is much more immediate than a relatively remote
and nebulous personnel research program. Realistic evaluation
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of the burden which any program for assembling criterion data
represents is a necessity for the research worker.

TYPES OF CRITERION MEASURES

The criterion measures which may be found or developed in
a training or job situation are of two broad types. One type
consists of procedures for evaluating performance in a specific
defined task. This type of criterion measure is exemplified by
an objective achievement examination, a work sample test in
which the subject is required to produce a sample of the type of
work done on the job, or a rating of the subject’s behavior in a
specific situation, such as the teaching of a single class period or
the conduct of a particular sales interview. All these have the
common characteristic of being based on a single limited segment
of behavior. Some of them have in addition the characteristic
of being based on a quite uniform and closely controlled situa-
tion. In contrast, other criterion measures represent general
summary evaluations of a total phase or large unit of training
or on-the-job performance. These are exemplified by average
grades for a semester of college work, by periodic supervisory
efficiency ratings, by piece-work records over a period of time,
and by promotions and other evidences of achievement.

Each of these two types of criterion has its advantages and its
limitations, and each can claim a place in a program of criterion
development. Specific evaluations of a limited unit of perfor-
mance have the great advantage that they make possible a rela-
tively exact statement and a relatively high degree of control of
the criterion situation and of the conditions of observation of
the behavior in which the research worker is interested. This
same degree of specification and control of the content and con-
ditions of the evaluation can probably never be achieved in a
summary evaluation of an extended period of training or work.
On the other hand, the summary evaluation covers a wider scope,
in terms of amount and variety of behavior, which cannot be
compressed into a limited test or observation period.

When a job is studied by a personnel psychologist, he often
finds that certain criterion measures are already available in
existing records. These are generally the type referred to as
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summary evaluations. As the research worker becomes increas-
ingly well acquainted with the job, he is likely to become sensi-
tive to the limitations of these existing summary records and to
see a number of possibilities for developing specific procedures
for testing and observing precise units of performance. The
development of these procedures represents one major contribu-
tion of the personnel psychologist. At the same time he must
assume a responsibility for studying, improving, and supple-
menting the summary evaluations that already exist.

Specific criteria of performance in a limited behavior unit

The specific evaluation of behavior within a limited unit may
be subdivided into evaluations of knowledge and information
about the duties of a job and appraisals of actual performance
of the job. Evaluations of knowledge and information about a
job take the form of the traditional test, and present the same
set of problems that are encountered in any achievement test
construction. Measures of performance may be further sub-
divided, depending on whether appraisal of the performance is
based on an objective instrumental record of the performance,
on subjective scoring of items of the performance, or on subjec-
tive rating of the performance as a whole. These three categories
are not entirely separate and discrete, but they represent identi-
fiable points on a recording continuum from objectivity to sub-
jectivity.

At one extreme of the objective-subjective dimension with
respect to criterion performance measures, the behavior itself
yields a persisting record, and the observer enters only to tran-
scribe or score the record. Since the record persists, any neces-
sary amount of time can be devoted to scoring and any necessary
repetition or revision of the scoring can be carried out to make
sure that the inaccuracy or bias of the observer is reduced to an
insignificant amount. One type of such objective record is, of
course, the objective examination. However, this is usually
limited to knowledge about, rather than performance of, job
duties. In some cases, a written examination may approach
quite closely the actual functions performed on the job. In the
Air Force it was possible by written examinations to come closer
to essential features of the work of the navigator than that of
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either the pilot or the bombardier. In such fields as accountancy
or bookkeeping one may anticipate that a well-constructed
written examination would come close to assessing a number of
features of the performance on the job itself. In other tasks,
such as selling automobiles or operating a milling machine, a
written examination has very little in common with the job
situation. In addition to written tests, one can conceive of a
number of situations in which a persisting record of the per-
formance of the individual is possible. Gun-camera records of
the point of aim, relative to the attacking fighter plane, provided
permanent criterion records in aerial gunnery. Various instru-
mental devices have been proposed to record the slip or skid of
a plane in a turn or to indicate the amount of control movement
that the pilot found it necessary to use. Any task in which a
worker is required to produce a standard sample product has
this character. In almost any field, certain permanent objective
records of behavior suggest themselves.

The middle point on the scale, subjective scoring of items of
performance, is encountered whenever the behavior leaves no
lasting record but when specific segments of behavior may be
evaluated as they occur in terms of relatively simple and ana-
lytical judgments. In the AAF an experimental pilot flight check
was developed which depended very heavily on observations of
change in the reading of an altimeter, estimates of angle of the
plane in a turn, position on the landing field of initial contact in
a landing, amount of bounce in landing, and the like. For
certain air-crew duties check lists were developed on which an
observer checked the occurrence or non-occurrence of each of
the elements in a standard pre-flight check. Similar check-list
procedures were developed for evaluating assembly of the cali-
ber .50 machine gun and for other tasks which the gunner was
expected to carry out under operational conditions. Analogous
procedures can be applied to the observation of any job per-
formance that is sufficiently standardized so that it can be broken
down into a number of generally accepted units or elements of
good performance. Thus, it might be possible to set up a check
list for the essential steps taken by a milling machine operator
in setting up work in his machine or by a weaver in setting up
a loom, to observe workers in a test situation, and to score them
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on the completeness with which they carried out the necessary
steps in the necessary sequence.

This type of criterion measure extends over quite a range of
the objective-subjective dimension, depending on the degree to
which the performance can be analyzed into simple and discrete
components. That is, we may find at one extreme a task in which
the successive elements are each quite separate and follow one
another in a necessary sequence. We may find another task in
which the units are more complex and the order less definitely
established. We may find one task in which the observation is
of so simple a thing as the movement of an instrument needle on
its dial, while in another task the judgment may be much more
complex and may involve such a decision as whether the worker
did or did not inspect his machine properly before starting work.
In general, we may anticipate that the observer will enter as a
more and more significant factor in the final result as the com-
plexity of the components to be observed increases.

At the other end of the objective-subjective dimension we
encounter the relatively unanalytical rating of a complete se-
quence of behavior. This is well illustrated by the grade re-
corded on the standard check flight used by the AAF during the
war to evaluate progress of a student in pilot training. This
grade represented the synthetic evaluation of the complete seg-
ment of behavior occurring in a ride of perhaps an hour. It was
an unanalyzed clinical judgment in which it was no longer
possible to identify specific behavior units and for which it was
impossible to determine the way in which the items of behavior
were weighted in the final composite judgment. Other examples
of this end of the dimension include ratings of a period of prac-
tice teaching, ratings of a sales interview, and the like.

To recapitulate, we find a variety of measures of behavior in
a test situation. These differ in the degree to which the evalua-
tion is mediated by the observer. At one extreme, the behavior
itself leaves a permanent record which may be scored or evalu-
ated at leisure, making the evaluation both easier and repeatable.
Such an evaluation can to a very large extent be freed of the
influence of the observer. Toward the middle of the scale are
encountered situations in which the behavior leaves no lasting
record but may still be analyzed into rather simple units. Here
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the necessary observation can be defined in terms of observable
readings of instruments, occurrence or non-occurrence of simple
items of behavior, and the like, which require only relatively
direct perception on the part of the observer. These are medi-
ated by the observer in the sense that his on-the-spot evaluation
of the behavior provides the only available record, but the
judgments can be defined in such simple and definite terms that
we may anticipate that individual standards of judgment will be
of minor importance. As the situation becomes more complex
and the required observation more difficult to define exactly, we
may anticipate that the mediation by the observer will become
more and more important, until it reaches a maximum in the
undefined rating of a complete behavior sequence.

The reader will recognize in this discussion an elaboration of
the conditions fostering objective evaluation at one extreme and
subjective evaluation at the other. The important points to
remember are that objectivity-subjectivity is a continuum and
that the conditions making for objectivity are persistence of the
trace of the behavior and simplicity and precise definition of the
phenomena to be observed.

Four types of criterion measures based upon a specific limited
segment of behavior have been identified in the previous discus-
sion. These are (1) tests of knowledge and information, (2)
objective performance scores, (3) observer scored job samples,
and (4) rated job samples. We shall now consider each of these,
indicating its advantages and also its particular limitations. The
illustrative material will be based very largely on the experiences
with criterion measures for air-crew performance in the Army
Air Forces.

EVALUATION OF KNOWLEDGE AND UNDERSTANDING

Knowledge and understanding of the duties of a job are
probably the aspects of proficiency that are most readily evalu-
ated. They have the great advantage of fitting naturally into
the form of the objective achievement examination. Examina-
tions of this type having quite adequate reliability can usually
be developed for use as criterion measures. This type of exami-
nation is also highly satisfactory from the standpoint of freedom
from bias and of administrative convenience and practicality. As
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has been indicated above, it is on the count of relevance to the
ultimate criterion that its value most often seems limited. The
gap between knowledge about a job and the ultimate criterion
of performance on the job often seems very large. This will
differ with the type of job, of course, and the more the particular
job involves abstract and intellectual duties the more plausible
it is to evaluate proficiency in terms of a printed achievement
test.

In the preparation of a printed proficiency test of knowledge
about a job, the essential task is to integrate the specialized test
construction skills of the personnel psychologist with the knowl-
edge of the job possessed by experienced job personnel. That is,
the outline for the test in terms of topics covered and amount of
emphasis given to each must seem appropriate to those who know
well the work of the job itself. At the same time, the specific
elements of knowledge included in test items must be those
which the job specialists agree to be important. Likewise the
accuracy, up-to-dateness, and keying of test items must be cer-
tified by those experienced supervisory personnel in the job
situation who are in a position to know the currently accepted
job practices and procedures. The personnel psychologist has
the responsibility of integrating the suggestions and criticisms
from these sources and of translating them into technically
adequate test items.

OB]ECT IVE PERFORMANCE SCORES

To the scientifically trained research worker, the objective
performance score promises to be the ideal criterion for much
of selection and training research. Since the ultimate criterion
of job success is almost always a performance of some sort,
records from appropriate types of performance under experi-
mental conditions seem likely to be the most directly relevant to
that ultimate criterion. At the same time, the fact that the task
leaves a permanent and objective record minimizes the possi-
bility of observer unreliability or observer bias entering in to
attenuate or prejudice the conclusions. There are, however,
certain qualifications to this so far very attractive picture. These
qualifications concern both the feasibility of obtaining an objec-
tive record of the types of behavior that are significant in many
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jobs and the problem of specifying and controlling the external
conditions of the task so that it is possible to present a standard
task to any subject at any time and at any place.

Because of the attractive possibilities which this type of
measure presented, objective performance records were sought
by the AAF Aviation Psychology Program for every air-crew
specialty with which it was concerned. This involved setting up
for research purposes special performance situations which
yielded a direct record, at the same time fully exploring and
exploiting existing performance records of the training program.
Experimental situations involved in some cases actual in-flight
performance; in other cases they involved ground tests or trainers.
The flight situation appeared to involve most directly and com-
pletely the type of performance for which the individual was
being trained. On the other hand, the actual conditions of flight
added a number of additional complications to the problem of
controlling the test situation. The types of objective records
which may be obtained for use as criteria can be illustrated by
three examples of objective performance scores which were set
up for research purposes.

The first example is a criterion of skill in flexible gunnery.
The flexible gunner in a bombing plane controlled a gun or gun
turret and fired at attacking enemy planes. The accuracy of his
fire under combat conditions represented one major feature of
the ultimate criterion of gunnery performance. To approximate
this, records of firing were obtained on training flights, with a
gun camera attached to combat-type equipment. The gun
camera took motion pictures of the point at which the gun was
aimed and provided an objective record of the gunner’s per-
formance. Subsequent measurement of the point of aim pro-
vided a score indicating the accuracy with which each gunner
followed the attacking target. Each gunner was tested with a
series of fighter attacks. The pilots of both the bomber and
fighter planes had been instructed on the standard manner in
which these attacks were to be flown, in order to make the task
as uniform as possible from man to man.

As an investigation of the course of learning and the amount
of practice needed in bombing training, a project was undertaken
involving bombing under specified experimental conditions. The
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permanent record was the photograph of the bomb strike on a
standard desert target. The experiment was devised with con-
trols on the factors of airplane, pilot, bombsight, bombing alti-
tude, length of bomb run, and a number of other variables. The
photographs could subsequently be measured to determine
distance of each bomb drop from the target.

A rather different type of permanent objective record was
obtained for navigators by using the logs of a series of formation
navigation missions. The observations and calculations in a
navigator’s flight log provide an objective statement of where
he believed himself to be at specified times during the trip. For
the log to become an objective performance measure it was
necessary only that the conditions of flight be uniform for differ-
ent navigators and that there be some way of knowing the actual
flight course of each plane. The flight for all men in the group
was standardized by having the group fly each mission together
in formation. The actual flight course was determined by
specially trained graduate navigators in the leading plane of the
formation, who provided standard values against which the logs
of the student navigators could be checked. Additional pre-
cautions were taken in order to obtain the maximum amount of
standardization within each flight and from flight to flight. The
criterion score for each navigator was based on the discrepancies
between his log and the official values determined for the
formation.

A number of situations in which a comparable type of per-
formance record could be obtained in industry will readily occur
to the reader. For example, typists are often evaluated by a
standard work sample of typing, graded for speed and accuracy.
In evaluating machinists, each man could be required to produce
a standard product, and his work could be evaluated by the
accuracy with which the specified dimensions were met and the
speed with which the task was finished. Accountants could be
given a standard set of books and business records to examine
and be evaluated on the speed and accuracy with which they
analyzed those materials.

It has been indicated that complete specification and rigid
control of the external conditions are necessary if objective per-
formance records are to fulfill their promise as the ideal criterion
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of proficiency in job duties. It is at this point that one of the
major limitations of this type of criterion measure is found. It is
fundamentally extremely difficult to obtain the desired degree of
specification and control. If we consider the aviation examples
just described, we see that the conditions surrounding the per-
formance of an air-crew member in the air are enormously
complex. They involve, first, all the conditions of temperature,
visibility, and turbulence which constitute the weather. Only
a limited control is possible for these factors, by restricting times
of day during which flights are flown or by canceling flights when
weather conditions are too unfavorable. Under the practical
pressures of a military time schedule even this amount of control
was not always possible.

The second major group of factors requiring control deals
with equipment. Calibration and maintenance of the bomb-
sights, accuracy of alignment of the drift meters, uniformity in
the compasses and air speed meters, and so on, for the many
guides on which the bombardier, navigator, or pilot must rely
for information, all influence an individual’s score. When the
typical personnel error has been reduced to quite a small size,
a small instrument or equipment error may become a major
factor in determining the final result. Just chance variation in
the physical characteristics among practice bombs, for example,
might constitute a substantial part of the error in good bombing.
Theoretically, these factors can be reduced to minor importance
by perfect maintenance of equipment. However, aviation re-
search in wartime was done not under theoretical but under
actual conditions of maintenance, and this will be true for any
practical program of military or industrial personnel research.
Under these conditions, lack of uniformity of equipment is likely
to constitute a major problem in the use of objective records as
criterion measures.

The third type of factor which often complicates the evaluation
of objective performance scores is the influence of persons other
than the individual being evaluated. In all the examples of air-
crew performances which were cited the test situation depended
not only on the equipment being used but on the individuals
using it. Planes for bombardier and navigator training were
flown by pilots who exhibited varying degrees of skill and varying
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degrees of conscientiousness in following the detailed instruc-
tions which were given to them. In some cases still other persons
had a role in defining the task presented to the person being
tested. In spite of the best efforts of research and supervisory
personnel, standardization among these various individuals who
entered into the test situation, and to whom the test situation
was just another job, was only moderately good.

The net result of the operation of such factors is that the
reliability of objective scores obtained from an experimental
session in a complex job situation may be quite low. This was
true for certain of the air-crew measures which have been de-
scribed. Thus, navigation formation flights yielded correlations
between scores for a man on two missions ranging from —0.16
to 0.27, with a median value for 25 coeflicients of 0.02. A some-
what more favorable picture is given by gun camera records for
flexible gunners when these were obtained under carefully con-
trolled conditions. An examination of 18 coefficients shows a
range from —0.11 to 0.75 (N = 16 to 24), with a median value of
0.42. Even this value is none too high. The problem of relia-
bility appears to be quite a critical one for this type of criterion.

OBSERVER-SCORED JOB SAMPLES

This category is used to cover those instances in which the
performance itself leaves no lasting record, so that it must be
evaluated as it occurs, but in which the evaluation can take the
form of direct observation and scoring of limited and rather well-
defined units of behavior. The types of behavior range from
those in which a recording instrument could readily be substi-
tuted for the observer, if an instrument happened to be con-
veniently available, to those that require a moderate amount of
synthesis and interpretation by the observer. A number of
procedures of this type were developed in the AAF Aviation
Psychology Program. There were many samples of behavior
which left no permanent record of performance, and these pro-
cedures seemed to provide the nearest approach to the objectiv-
ity of such a record. They were variously designated as “phase

checks,” “performance checks,” “objective scales of flying skill,”
and the like.



142 CRITERIA OF PROFICIENCY

One group of the measures developed in the AAF consisted
of an experimental series of scales of flying skill developed by
psychologists working in problems of pilot training. In these,
certain standard maneuvers were specified, to be flown in a
defined sequence. A score card was prepared which specified
the aspects of each maneuver which were to be observed and
scored by the check pilot as the maneuver was performed by the
student. Thus, on a steep turn the observer might have to score
the angle of bank, the time to complete the turn, and the change
of altitude during the turn. On a landing the observer might
score the part of the field landed in, the amount of bounce in the
landing, and the attitude of the plane at the time of landing.
In developing the maneuvers and the scoring procedures, atten-
tion was directed toward making all observations as simple and
as quantitative as possible. Many of them were expressed in
such quantitative terms as feet of altitude, degrees of heading, or
miles per hour of air speed. These were supplemented where
necessary by more qualitative judgments of coordination of con-
trols, amount of bounce, and so forth.

A somewhat different type of scored job sample was the
“phase check” or “performance check.” This type was developed
most extensively in connection with the gunnery training pro-
gram. A typical check was that on the performance of stripping
and assembling the caliber .50 machine gun. The task was
analyzed into a sequence of component operations. A score
sheet was prepared listing each step in the sequence. The
observer checked the student step by step on the score sheet,
indicating by a simple check mark whether he did or did not
perform each required step adequately and at the proper point
in the sequence. This type of check is well adapted to tasks for
which a standard sequence of operations is required and to tasks
that are readily analyzed into a number of component elements.

When the routines are less readily specified or the operations
are more complexly integrated, the checking procedure becomes
more difficult, more subjective, and perhaps less satisfactory.
However, in the AAF a number of check procedures were
developed for quite complex sequences of tasks. Thus, a flight
check for bombardiers was developed which covered the com-
plete course of a practice bombing mission, including pre-flight
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inspections and all flight operations up to and including the
simulated bombing of the target. A similar check was developed
for radar observers. Very little evidence was actually obtained
as to the objectivity of application of complex flight checks such
as these. It seemed clear, however, that they required a checker
with a high level of experience and competence in the job duties,
and that some special training in the use of the check was needed.

Various analogous uses of observer-scored performance tests
and of check procedures in industrial situations suggest them-
selves. In evaluating the proficiency of truck or bus drivers, a
standard sequence of maneuvers with the vehicle could readily
be set up. Backing and turning with limited tolerances for error
could be observed upon a test route and scored by the observer.
Smoothness of starting, shifting gears, starting on a hill, and the
like could be observed. From the observation of performance
in a number of specific test situations, a composite score could
be derived for the test as a whole. In other cases, in which a
job or an aspect of a job could be broken up into observable
fractions, the phase check type of procedure may prove ap-
plicable. Thus, it might prove feasible to analyze the operations
involved in setting up work on a lathe into a sequence of neces-
sary steps and to develop a score card for checking the worker’s
adequacy in carrying through each of the successive steps. A
similar type of check procedure might be developed for the
apprentice weaver who was learning to set up a loom.

In potential relevance to the ultimate job criterion, observer-
scored job samples such as these are second only to the direct
objective record of performance. Their directness of relevance
is somewhat less in so far as an observer is introduced between
the behavior of the subject and the record of that behavior.
However, the use of an observer permits flexibility and scope
considerably greater than are possible for an objective record.
The opportunities for bias vary greatly for different instruments
within this category, depending on the type of observation
required of the observer. If the observer serves as a recorder
of instrument readings or of simple precisely defined behavior
items, bias is minimized. As more interpretation by the observer
is required or permitted, more variation from observer to ob-
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server, from time to time, and from place to place may be
expected.

In measures of the type now being discussed, reliability con-
tinues to be a critical problem. The observations are subject
to much the same disturbing factors as those discussed in con-
nection with performance records. However, with the observer
taking a significant role in the evaluation, the factors are some-
what changed. On the credit side, the interpretation of the
observer makes possible some allowance for variation in the
objective external conditions. Thus, in aerial checks the observer
can make some allowance for conditions of visibility, turbulence,
and the like in evaluating the performance of a particular indi-
vidual at a particular time. Another advantage is the increased
range of situations that can be evaluated if the observer is
included. This increased range permits broadening the base of
the observations, and the additional types of data included may
be expected to contribute both to the reliability and to the rele-
vance of the total score. On the debit side are, of course, the
fluctuations of the observer from moment to moment and varia-
tions from observer to observer in standards of evaluation.
Effective use of checks of this type would require the scope of
the evaluation to be increased as much as possible, and at the
same time the points observed to be so completely defined that
variations from observer to observer are minimized.

Data from AAF studies on the reliability of observer-scored
job samples are rather limited, but certain illustrative figures
may be cited. For a series of elementary pilot training maneu-
vers, a median day-to-day retest reliability of 0.08 was obtained
for 18 separate single items of performance scored on successive
days by different check pilots. On a different specific group of
items the reliability of a total scale of 16 items, selected from a
larger group of 24 items in terms of ability to discriminate
between men with differing amounts of training, was 0.50 for 41
men with 55 hours of training and 0.39 for 35 men with 15 hours
of training. A complete scale for basic instrument flying gave a
test-retest reliability of 0.43 for 55 cases. This was, again, for
retest on different days with different check pilots. These
reliabilities are for procedures upon which a good deal of
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developmental work had been done, so that it is clear that
reliability remains a problem for materials of this type.

RATED JOB SAMPLES

Although the objectivity of actual performance measures in
the job situation makes them appear particularly attractive as
types of criterion record, many aspects of performance on a job
do not leave any persisting record which can subsequently be
studied. Some of these, as we have seen, can be analyzed into
rather specific items of behavior, and the adequacy with which
the individual carries out the work of the job can be checked by
observing these specific behavior sequences. But a wide range
of job functions still remains which cannot be analyzed in this
fashion or which are extremely resistant to analysis. In many
cases it does not seem possible to break up the job performance
into specific elements or items which can be observed separately.
Thus, if we wish to observe the performance of a teacher during
a period of practice teaching and to evaluate that performance,
it is probably not feasible to set up a list of prescribed behaviors
and check whether the teacher does or does not perform each
one of the prescribed items. The situation is sufficiently fluid so
that we probably cannot be sure in advance just which behaviors
the teacher will be called upon to display. At best we are
probably limited to analyzing teaching performance into certain
major aspects and arriving at a rating of the performance of the
teacher with reference to each of those aspects. These ratings
then refer necessarily to complex phases of behavior occurring
in a complex behavior sequence, and the rating necessarily
represents a subjective evaluation of each.

This type of rating is well illustrated by the pilot check flight
which was in regular use in the AAF during World War 1II as
a procedure for evaluating the performance of student pilots in
training. In this evaluation, the student flew with a check pilot.
He went through a series of maneuvers appropriate to his level
of training, the particular choice and sequence of maneuvers
being determined by the check pilot. After a flight of varying
duration, for which an hour might be roughly a representative
figure, the check pilot recorded the grade for the flight, together
with such comments as he considered appropriate. The final
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probably feel that ratings more likely provide valid indications
of individual ability in those jobs in which the ratings are based
on the observation of a specific sample of behavior. Here we
at least have some concrete behavior to serve as a basis for
judgment of the individual. This is certainly a vast improvement
over ratings made after the fact and based on general impression
rather than on any specific samples of observed behavior. The
pilot who has just flown an eight-hour mission with a co-pilot,
during which time he has called on that co-pilot to assist him in
various ways and to perform various specific duties, is in about
as good a position to evaluate that co-pilot with regard to the
performance of those duties as he could ever be. However, even
in this situation the problems of subjectivity in the use of ratings
remain very real ones.

In general one would be inclined to conclude that rating
procedures are inferior to those types of procedures previously
discussed in relevance to the ultimate criterion and particularly
in freedom from bias. The lowered relevance arises from the
fact that a stage of interpretation comes between what the man
did and the score he receives. This interpretation imposes one
more step between the performance and the ultimate criterion.
Though we may agree that a plane commander’s success in
maintaining the morale of his crew, for example, is an index of
how competent he will be in his combat duties, we would be
less willing to grant that how he appears to an observer to moti-
vate his crew is such an index. The additional step of interpreta-
tion seems inevitably to weaken the rationale for the evaluation
procedure.

It is especially in the matter of bias that rating procedures
appear to be weak. In these procedures to a very large extent
each rater provides his own standard. This standard varies from
rater to rater, from time to time, and from place to place. Com-
parison of groups in different schools or factories becomes mean-
ingless because of local variations in standards of evaluation, so
that large-scale and long-time studies become impossible. Bias
becomes an important matter, especially when two distinct
groups are compared. Even when systematic procedures are
introduced to assign to each rater members of each of the ex-
perimental groups which are being compared, bias is still pos-
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sible. If the raters are aware of the group to which a particular
individual belongs and if they are prejudiced in favor of some
one of the particular training programs that are being compared,
it is entirely possible for the rating of a man to reflect a bias
towards the group of which he is a member. Therefore, espe-
cially in investigations of particular experimental or training
procedures the use of ratings as a criterion must be viewed with
critical suspicion.

Adequate data on the reliability of ratings are difficult to
obtain. It is difficult to guarantee that ratings obtained from
different raters at the same military establishment, factory, or
office will be truly independent. At the worst the presumably
independent raters may cooperate directly in preparing ratings.
At the best it must be expected that both raters will be affected
to some degree by the general reputation attached to each man
in a particular military establishment or a particular job situa-
tion. The reputation a man has in a particular organization may
be only in part a reflection of the actual quality of his per-
formance and in part a reflection of the accidental circumstances
which have occurred within the framework of that situation.
Thus, a student pilot who happens to make a bad impression on
the check pilot with whom he rides on his first check flight,
possibly because of some incident entirely outside his own con-
trol, may be branded as incompetent and may be evaluated with
biased eyes in subsequent flights because of that initial reputa-
tion. Only intimate knowledge of the situation prevailing in a
particular post, office, or factory will indicate how serious the
contamination of separate ratings may be. Evidence on this
problem has been presented in Chapter 4.

The sources of unreliability in ratings of behavior during the
performance of a specific task are threefold. First, we have the
problem of subjectivity of observation. This subjectivity has
been discussed in some detail above. As far as the rating a man
receives is a function of the rater rather than the person rated,
unreliability is introduced. Second, unreliability in ratings arises
from the difficulty of setting a standard task to be observed and
rated. Whether the performance is that of a co-pilot landing a
transport plane, a salesman dealing with a prospect, or a teacher
working with a class, the situation is likely to vary substantially
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from one individual to the next. This source of irrelevant vari-
ance reduces the reliability of the resulting score. Finally there
is the inconsistency of behavior of the individual from one
limited sample of behavior to another. This of course is a
general source of unreliability no matter by what means or
instruments we make the observation.

SUMMARY EVALUATIONS

In many cases, either because they are impractical or because
they do not give a sufficiently broad base for judging the per-
formance of the individual, observations of specific test periods
are not satisfactory as criterion records. Obtaining these obser-
vations requires the development of special measuring techniques
and the commitment of a substantial amount of personnel time
to administer the test instruments to the employees being evalu-
ated. In addition the observations are necessarily based on a
somewhat limited sample of behavior and on a situation which
may be somewhat artificial in relation to work upon the job itself.
For these reasons, it often is necessary or desirable to fall back
on evaluations of work that has been carried out over a period
of time in the routine course of training or of performance on
the job. Evaluations of this type, which involve a considerable
period not under particular experimental control, are here called
summary evaluations. They represent a summary score or judg-
ment based on performance during a whole period of training or
of work in the job itself.

In contrast with the specific evaluations of a limited behavior
unit, which we have considered in the previous section, summary
evaluations depend very largely on the routine records obtained
in administering an organization. They grow out of the day-to-
day contacts between employee and supervisor, the routine
ratings used as a basis for evaluation and promotion, or the
individual production records which serve as the basis for pay-
ment or accounting. Though it may be possible to set up special
experimental conditions from time to time for personnel evalua-
tion, summary evaluations must be based upon the routine con-
ditions of observation and recording. The scope of the behavior
included in them gives them a certain advantage over any more
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standardized observation of a limited segment of performance;
however, it must be recognized that they are subject to variation
arising out of the whole gamut of conditions affecting records of
performance on a job or the evaluation of performance.

Summary evaluations vary widely in their detailed character-
istics, depending on the degree to which they are based on
specific evaluations, the types of specific evaluations on which
they are based, and the manner in which the specific evaluations
are compounded. With regard to the degree of dependence on
specific evaluations, at one extreme the summary may include
nothing not already recorded as a specific evaluation of a defined
segment of behavior. Average circular error in bombardier
training was such a summary evaluation; it represented a simple
averaging of bombing errors on a specified series of training
missions. Most production records in industry are of this type,
in that the total is a simple sum of production during specified
shorter periods. At the other extreme, the summary may make
no direct reference to any previous specific evaluations of be-
havior. Any rating procedure in which the rating is made with-
out advance notice and without opportunity for further evalua-
tion of the person rated is almost necessarily of this sort. One
suspects that rating procedures in general, unless special provi-
sions are made to the contrary, involve almost no reference to
previous systematic observation or evaluation of the worker by
the rater.

Summary evaluations may be based on various combinations
of printed tests, objective performance scores, subjectively scored
job samples, and rated job samples. These types of specific
evaluations were discussed in the previous section. The qualities
of the final summary evaluation will stem in part from the quali-
ties of its component elements. Production records represent in
a sense a compounding of specific objective performance scores.
Most academic grades represent a composite of objectively
scored written tests, which in that context may be considered
objective performance scores, subjectively scored tests and exer-
cises, and ratings of performances of different types in class and
in connection with class exercises. Most employee ratings, in so
far as they refer to any previous specific evaluations, probably
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have reference to implicit ratings of particular performances by
the employee.

The manner of combining specific evaluations into the final
summary evaluation may represent a direct arithmetical com-
pounding of the component scores, or it may represent a syn-
thetic clinical judgment based on them in unspecified ways and
giving an unspecified weight to each element. Direct arithmeti-
cal compounding is illustrated in such examples as those of bom-
bardier circular error or industrial production record. Academic
grades are also often based on such an objective procedure for
combining partial evaluations. The outstanding example of the
clinical synthesis of partial evaluations is, of course, the summary
rating. Here, almost always, the final resultant bears no speci-
fiable relationship to any specific previous evaluation of the
individuals concerned.

In general, the conditions for a satisfactory summary evalua-
tion are that it should be in large measure based on previous
specific evaluations, the specific evaluations themselves should
have desirable attributes as outlined in the previous sections of
this chapter, and the procedures for combining the specific
cvaluations should be objective and well defined.

A summary evaluation of job performance can hardly be of
much value unless it is based on previous observation of per-
formance in specific situations. General after-the-fact impres-
sions are notoriously untrustworthy and biased by irrelevant
factors of general appearance, manner, and personal likableness.
An illustration of this was provided by certain ratings obtained
in the AAF for airplane commanders in operational training.
The trainees were rated by their instructors on approximately ten
traits. These same instructors indicated what they considered
to be the importance of each of the traits for over-all effective-
ness in the job assignment. Though “likableness” was consist-
ently placed at the very bottom of the list in importance, it
nevertheless fell at the top in terms of its correlation with an
over-all rating. Though the raters disclaimed its importance, it
still provided the chief basis for their over-all evaluation. Every
supervisor makes certain observations concerning the work of
people working for him. Unless some provisions are made to
the contrary, however, these observations tend to be casual,



152 CRITERIA OF PROFICIENCY

unsystematic, and to a considerable extent forgotten prior to any
time for recording a summary evaluation. If the summary
evaluation is to be based in any vital fashion upon actual per-
formance on the job, it is important to develop specific proce-
dures for maintaining records of performance from day to day.

It seems obvious that, the more relevant, accurate, and un-
biased the specific observations have been, the more relevant,
accurate, and unbiased will be the summary extracted from them.
Finally, the values of the component evaluations can be main-
tained only if they are objectively combined. The possibility
which clinical evaluation provides of allowing for external con-
ditions is a small recompense for introducing into the final sum-
mary evaluation the unreliability and personal bias of subjective
interpretation.

Summary evaluations, though differing in detail, can be dis-
cussed under four general categories. These categories are
summary performance records, summary academic grades, sum-
mary ratings, and administrative actions. We shall now give
some consideration to each of these categories.

Summary performance records

In a number of job situations there are summary records of
performance on one or another aspect of job duties. In the AAF
these records were exemplified by average circular error records
for the bombardier, percentage of hits in fixed gunnery for fighter
pilots, and air-to-air target firing or gun camera scores for flexible
gunners. In industry these performance records may be repre-
sented by weekly output for piece workers, total annual sales for
life insurance salesmen, and other similar records of production.

These records will appeal strongly to the investigator in terms
of their objectivity and apparent relevance to the ultimate cri-
terion of the job in question. However, they may present in an
even more acute form the problems of control of external condi-
tions which were discussed in connection with specific perform-
ance records. The problem of controlling extraneous sources of
variance, and consequently of attaining some minimum standard
of reliability, is exaggerated in the present case by the fact that
the data must be obtained under ordinary operating conditions
rather than under the conditions of a special experiment. This
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reduces the control of extraneous factors from that which can
be obtained for purposes of research to that which typically is
obtained in the normal course of training or operations.

In the AAF the reduction in experimental controls meant that
all the factors of weather, equipment, other personnel, character
of the target, etc., varied widely. In the industrial situation, the
specific factors making for unreliability would be somewhat
different, but their effect would be much the same. Differences
in machines, in location, in supply of component parts, in severity
of inspection, in day-to-day health and motivation would effect
the record of the production worker. Variations in length of
experience, in territory, in non-selling responsibilities, and the
like would distort the records of the salesman. The question is
whether under these circumstances it is possible to demonstrate
any variation in performance consistently and unequivocally
associated with the particular individual being studied. It may
be reiterated that reliability need not be high to permit valuable
research making use of a criterion, but it must be present.

In the AAF certain summary performance records appeared
reasonably satisfactory from the point of view of reliability.
For example, in one study of fixed gunnery scores of fighter
pilots, an estimated reliability of 0.63 was obtained for 1200
rounds of air-to-air firing. This value is based on more than
1000 cases. On approximately the same group the reliability
coefficient for 400 rounds of air-to-ground gunnery was estimated
to be 0.59. In other situations, the reliability of performance
records appeared much less satisfactory. A conspicuous instance
of this was the average circular error in bombardier training in
bombardier schools. A number of estimates of between-missions
reliability were available for different bombardier classes. With
these classes, using various analyses and various groupings of
scores, coefficients were obtained, ranging from —0.08 to 0.37.
The median of all the separate values was found to be 0.08.
Thus, what appeared initially to be a decidedly relevant and
quite promising criterion for evaluation of bombardier selection
procedures turned out to be so very unreliable that its use as a
criterion measure was almost impossible.

It is necessary also to consider systematic bias in the summary
performance records for an individual. Whenever the different
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factors of which we have been speaking vary from day to day
and week to week, they produce the type of unreliable record
that was reported above for bombardier training. However,
when the factors remain uniform for a single individual through-
out the period studied, they produce not unreliability but a
biased score. The performance of the individual is consistent,
but it is a function not merely of his own abilities but also of the
specific situation in which he is placed. This tends to be more
true of the civilian situation, in which a worker works con-
sistently from day to day on the same machine or a salesman
functions from month to month in the same territory. It may be
possible to discover, measure, and allow for these biasing effects.
However, the identification and allowance for them may be
incomplete and inaccurate. When systematic biasing factors are
present, the criterion may show satisfactory statistical reliability,
but the reliability may arise from extraneous factors which have
no relevance for the ultimate criterion.

Summary academic grades

To a limited extent in industrial work, and to a very much
greater extent in personnel problems connected with educational
selection, academic grades merit consideration as possible criteria.
In so far as a certain type of education is a prerequisite for a
given job, such as that of the doctor or lawyer, success in the
course of training has a type of relevance to the job in question.
However, it is in connection with the quality of relevance that
academic grades are most seriously suspect. Though a certain
amount of unreliability and of bias in grades must be admitted,
evidence from a variety of sources indicates that appreciable
reliability remains in the final composite score. This reliability
varies widely from situation to situation, depending on how ex-
tensive and how objective the procedures for evaluation in the
training courses have been. However, it can be anticipated that
in most cases the reliability of academic grades will be quite
sufficient for personnel research purposes. The only problem in
this regard is that of obtaining an adequate estimate of the size
of the reliability coefficient. As indicated earlier a critical
evaluation of the degree to which a criterion is being predicted
depends on knowledge of the degree to which it is possible to
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predict that criterion. The relevance of academic grades to
ultimate success in any job is a much more serious question.
Even in such professions as those of law, medicine, and engineer-
ing, it must be recognized that performance during training, and
grades as an index of that performance, are only partial cues to
eventual success in that job.

Summary ratings

The criterion to which a personnel psychologist often turns,
whether by choice or by necessity, is a rating of the employee
by his supervisor. Rating systems are widely used in the armed
forces, in civil service, and in industry as routine methods for
evaluating personnel, and such ratings are often the most avail-
able criterion record. In many cases, no other type of record is
readily available or conveniently procurable. Whether the em-
ployee is a file clerk or a vice-president of the company, it is
often true that no production records or other objective evidences
of performance have been maintained for him. Such records
may have been left out because of practical considerations of
the labor required to maintain them, or they may have been left
out as entirely inappropriate to the job in question. In such a
case, the psychologist must rely on ratings for an evaluation of
the day-to-day performance of the employee on the job.

If ratings are to provide a relevant criterion measure of the
individual two conditions must be met. The rater must be
willing to rate the individual fairly, and he must be able to do so.
A good deal of attention has been given to factors influencing
the ability of a rater to rate his subordinate in accordance with
the standards and intention of the agency collecting the ratings.
Some -of these points have been considered earlier in this chapter
and in Chapter 3. However, not enough attention has been
given to his willingness to do so.

It must be recognized that ratings are often required by a
rather remote and impersonal controlling agency. Army Regu-
lations, the Civil Service Commission, or top management require
that periodic ratings be made at specified times and following a
specified form. It is well known that these ratings influence
promotion and preferment of individuals within the framework
of the total organization. Now, one of the first maxims of
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supervisor-subordinate relations is that a good supervisor stands
up for the rights and interests of his subordinates. The loyalty
of superior to subordinates may equal or surpass his loyalty to
the distant and impersonal agency which has directed that
ratings be made. Furthermore, he may feel himself in a sharply
competitive situation with other subgroups of the organization.
The ratings he gives his men may, therefore, reflect his eagerness
to keep them contented and to win promotions for them on the
one hand and his concern that his ratings come at least up to
those of his competitors on the other. When this is true, instruc-
tions and exhortations from the agency using the ratings fall upon
deaf ears, and the ratings crowd the upper end of the scale.
This is well illustrated by the Army’s wartime officer efficiency
ratings. In this scale “very good” became a mark of disapproval,
and “excellent” represented no more than the typical score.

The conflict of interest between the external agency requiring
ratings and the small subgroup whose careers will be affected by
them is almost inevitable in any organization in which real use
is made of the ratings to determine the status and future of
employees. When the rater is only to a limited extent concerned
with rendering an impartial judgment in accordance with the
standards and procedures set by the rating agency, his ratings
cannot be expected to provide a satisfactorily relevant criterion
measure. Almost any routine rating program may suffer from
this defect.

General experience with the use of ratings, whether in the
Armed Forces, civil service, or industry, confirms the personnel
psychologist in the feeling that they are at best an unhappy
choice. The choice may be, and often is, a necessary one, but it
should be made with keen realization of the unsatisfactory solu-
tion which it presents. The limitations of rating procedures as
applied to rating a specific segment of behavior have been
described in a previous section. All these limitations are present
in summary ratings and others as well.

It is an unfortunate characteristic of summary ratings that they
are frequently not based in any clear way upon previous evalua-
tions of specific behavior. The limitation may involve either the
amount of specific information, the technique for synthesizing it,
or both. In the extreme case, which is only too close to reality
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in some instances, a summary rating represents an over-all judg-
ment of an individual, rendered after an indeterminate period
of acquaintance, given with absolutely no basis of previous
systematic observation and evaluation of the individual. There
are often no data in the form of observations, tests, or per-
formance records. The rating represents merely an unguided,
subjective, intuitive impression of the rater. In this case, the
rating will obviously reflect personal bias and individual stand-
ards of judgment. If no other data are available, the rating may
be expected to reflect nothing else but personal bias.

In this type of criterion, since biases are likely to be individual
and are almost certainly unrelated to the ultimate criterion, the
rating is also likely to have little to recommend it on the score
of reliability or of relevance. An appearance of reliability may
arise due to the general reputation factor which was discussed
in connection with specific ratings. It may be suspected, how-
ever, that this will not hold up except within a limited group.

Administrative actions

There are always a number of types of administrative actions
which are taken with regard to personnel in any training or job
situation. These often provide a summary evaluation of pro-
ficiency and merit consideration as possible criterion records.
Logically, these are closely akin to the ratings just discussed.
They represent in each case a judgment about an individual.
However, in terms of their practical importance and of conse-
quent possible differences in the manner in which they are pre-
pared, these evaluations merit separate consideration.

The administrative decision which served most often as a
research criterion for personnel psychologists in the AAF was
the decision to graduate (or to eliminate) a man from a particular
phase of training. Elimination because of lack of proficiency
or for reason of fear or at the man’s own request provided a
readily available criterion measure which appeared to have some
relevance both from the positive and the negative points of view.
On the one hand, the skills and techniques which had to be
learned in training provided the foundation for operations in
combat. It seemed reasonable to believe that those who were
particularly adept in learning the basic knowledges and skills
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would, in general, be those who would be most proficient in later
stages of operations. That is, training performance appeared to
have some relevance to the ultimate criterion of combat per-
formance.

At the same time, it was important to select for training those
individuals who would complete and be graduated from that
training and thus be available for assignment to combat duty.
A man who was eliminated from training was by definition of
zero value in that job specialty in combat. It may of course
be argued that those men who were eliminated in training but
who could have become successful in combat should never have
been eliminated. It can be argued that training procedures and
training eliminations were at fault and should have been changed.
In the long run this is true. But working within practical limita-
tions of time and an existing training situation, it may still be
important to pick men who will succeed in that training situation.
That is, performance during training appears to have some direct
relevance for its own sake.

Other administrative actions were studied and used as criteria
in the AAF to a lesser extent. These included both negative and
positive actions. They are exemplified by re-evaluation and
removal from flying by Flying Evaluation Boards, promotions,
decorations, assignment to lead crews or other types of special
duty, and removal from combat operations because of operational
fatigue.

Practically any situation in education or industry will provide
a series of administrative actions more or less analogous to the
above. Men are dropped from college because of low academic
records and other men are elected to honor societies. Men are
released from their jobs because of incompetence or ineptitude.
Other men receive promotions in pay or in rank. In specific
instances there may be other actions which can reasonably be
thought of as differentiating the more successful from the less
successful on the job.

Practically all administrative actions imply a rating. These
ratings differ from many others, however, in their immediate
practical importance. Something is clearly being done on the
basis of the rating. A man may be eliminated from training or
from his job on the one hand, or promoted or put in a position
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of critical importance on the other. On the basis of this, we
may anticipate that the evaluation will be made more thought-
fully and conscientiously than when rating is merely an adminis-
trative chore. Relevant records will be consulted, testimony
will be assembled and weighed, and the worst qualities of rating
procedures will be somewhat mitigated. In some instances, such
as election to an academic honor society, the basis for adminis-
trative action may be so rigorously specified that it takes on the
degree of objectivity of an academic grade. It must be recog-
nized, however, that most administrative actions do fundamen-

tally imply ratings and that the limitations of rating procedures
inhere in them.

CONCLUDING STATEMENT

This chapter has explored the field of criterion measures. An
attempt was made first to point out the crucial role of the
criterion in any program of rescarch for personnel selection and
classification. The qualities needed in a criterion measure were
indicated and their relative importance discussed. Then a num-
ber of possible types of criterion measures were presented for
consideration, and attention was directed to the advantages and
limitations of each. The general picture which emerges from
this discussion is a somewhat sobering one. Really satisfactory
criterion measures are not easily come by. Special testing pro-
cedures directed at getting measures of proficiency in a job
require a very large investment of time and professional skill,
and the results are often of limited scope and disappointing
reliability. Routine records of performance must be scrutinized
for the presence of external biasing factors. Obtaining ratings
which have an adequate degree of relevance, reliability, and
comparability from rater to rater represents a very difficult
problem. The limitations which these difficulties represent must
be recognized by any person engaged in selection research. His
best efforts directed at the problem of obtaining satisfactory
criterion data will be none too good.
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The Estimation of Test Validity:
Statistics of Validity

In Chapter 5 we considered the problems involved in obtaining
a criterion measure against which to validate selection measures.
We shall now assume that a criterion score of some sort has been
selected, even though that criterion may be an imperfect one,
and inquire into the procedures for expressing the accuracy with
which a particular test predicts that criterion. We shall first
consider the general computational procedures to be used. Then
we shall turn to certain special problems which arise, particularly
with reference to restriction of range of ability in the group with
which we have to deal.

COMPUTATION OF VALIDITY INDICES

Indices of the validity of a test or other selection procedure may
serve either of two purposes. On the one hand some indices pro-
vide a simple and graphic representation of the effectiveness of a
procedure in discriminating between individuals of different de-
grees of success on the job in question. On the other hand some
indices serve as analytical tools for relating the validity of the test
to other statistics about it and to statistics about other tests.
The goal of this analytical approach is to select most judiciously
from among the available tests and to combine the chosen tests
with most effective weights for a composite prediction of the
criterion. It is probably always a mistake to expect any one
type of statistical analysis to serve both purposes. In this chapter
we are concerned only with indices which serve the second of
the two purposes. Procedures for obtaining a quick pictorial
representation of the effectiveness of a testing program will be
considered in Chapter 11.

160
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As tools for the analytical study of the validity of single tests
and of the best manner of selecting from among them and
weighting a group of them, the various types of indices of cor-
relation appear almost uniquely valuable. The indices discussed
in the following paragraphs all represent variations of the com-
mon product-moment correlation. When both the test score and
the criterion measure are expressed as a score with a continuous
distribution, the product-moment correlation can be computed.
In some cases, however, either the predicting score or the cri-
terion measure will be expressed as two or more discrete cate-
gories. Male-female is an example of a variable which might
be used as a predictor and which is expressed as two discrete
categories. Graduation versus elimination from training is a
categorical criterion. In many cases these categories are two-
fold. In other cases, categorical data may be reduced to a
twofold division, i.e., to the categories X and non-X in which
non-X incorporates all other categories. The twofold or dichot-
omous variable therefore becomes of particular interest to us.
We shall need to consider procedures which are appropriate
when the test score is continuous and when it is dichotomous
and when the criterion is continuous and when it is dichotomous.
We shall devote the following sections to considering the several
combinations of criterion and of test score with regard to this
factor of continuity or discreteness.

Continuous test scores—continuous criterion measures

When both test and criterion scores are spread out over a
continuum so as to provide a frequency distribution of score
values, it is possible to express relationship between the two in
terms of the Pearsonian product-moment coefficient of correla-
tion. This situation prevails when we have the typical test of
performance in reading, arithmetical skills, or mechanical com-
prehension as a testing instrument, and some score such as
average academic grade, production rate over a period of time,
or amount of commissions earned as a criterion measure. This
index of relationship can, of course, show only the linear
relationship between test score and criterion score, and if a
curvilinear relationship seems to hold, more elaborate techniques
must be applied. Some consideration will be given to non-linear
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relationships later in the chapter. Formulas for the computation
of the product-moment correlation will be found in any standard
introductory text in statistics.

Continuous test scores—dichotcmous criterion

There are a good many cases in which criterion measures yield
only a division of the criterion groups into two distinct categories.
An instance of this type in the AAF was the dichotomy between
graduation from training and elimination during the course of
training. Graduation versus non-graduation would provide a
dichotomy for almost any course of training, whether military,
industrial, or academic. Promotion or non-promotion might be
another dichotomy which could be used as a criterion measure.
Similarly, discharge or release from employment as opposed to
retention would represent such a dichotomy. In some cases,
more than two discrete categories may exist, such as “promoted,”
“retained,” and “discharged.” It is always possible to reduce
these cases to dichotomies by combining certain of the sub-
groups, though some information is admittedly lost by such a
procedure.

Two distinct indices of relationship are available when onc
measure is a continuous variable and the other is a dichotomy.
These are based on two alternate assumptions as to the basic
character of the variable which is available to us as a dichotomy.
The first index is the biserial correlation coefficient. The biserial
correlation coefficient is defined by the expression

Poip = ———— - — 1)

where M, = mean score on the continuous variable of the “suc-
cessful” or higher group on the dichotomy.
M, = mean score on the continuous variable of the “un-
successful” or lower group on the dichotomy.
S; = the standard deviation on the continuous variable
for the total group.
p = proportion falling in the ‘“‘successful” group on the
dichotomized variable.
qg=1—p.
z = the ordinate of the normal curve corresponding to p.
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The derivation of the formula for the biserial correlation
coeficient assumes that the variable represented in our data as
a dichotomy is basically continuous and normally distributed.
The break into two groups is considered to be arbitrarily imposed
by some administrative condition and not to represent any funda-
mental or necessary break of the group at that point. Thus,
some quality of “ability to fly an airplane” is assumed to underlie
the administrative dichotomy of “graduation elimination.” This
ability is assumed to have a continuous and normal distribution,
and the pass-fail dichotomy is considered to be representative
of it. The proportion falling in the passing group is considered
to be determined by the point on the continuum at which admin-
istrative policy at a particular time and place happens to have
set the dividing line.

Implicit in the use of the biserial correlation coefficient is the
feeling that what we are really trying to predict is amount or
degree of the underlying quantitative variable. That is, the
basic interest is not merely to predict whether an individual will
fall above or below the particular dividing line which cuts the
group into two fractions but also how far above or below he will
fall. When the dividing line is thus arbitrary and a normally
distributed variate (or one approximately so) does underlie the
twofold division, and when we are interested in the accuracy of
our prediction of that underlying variate, then the biserial co-
efficient of correlation is the appropriate index to use with a
dichotomous criterion.!

1 The computation of biserial correlation coeficients may be facilitated
by using a variation of the formula presented above together with facili-
tating tables reported in J. W. Dunlap, “Note on Computation of Biserial
Correlations in Item Evaluation,” Psychometrika, 1, 51-58 (June 1936).

The biserial correlation is one specific case of a more general type of
serial correlation, in which the criterion is expressed in two categories. In
other cases the criterion may be expressed in three categories, such as “pro-
moted,” “retained,” and “discharged,” or in four or more categories. If the
basic assumptions are tenable that the underlying variable is continuous and
normally distributed and that the categories represent successive segments
of that distribution, a generalized form of the serial correlation may be
used. Formulas for the various cases of the serial correlations are given in
N. Jaspen, “Serial Correlation,” Psychometrika, 11, 23-30 (1946).
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The alternate index to the above is the point biserial correlation

coefficient. This is defined by the expression

Tpbis = M =~ Mo 3 M. V'pq ®@

t

in which the symbols have the same meaning as for the biserial
correlation coefficient. This index is derived on the assumption
that the two categories are fundamentally and categorically
distinct, and that all members of a single category are equivalent
and are not to be distinguished with regard to the aspect under
consideration. This is equivalent to saying that all individuals
in the successful group are assigned a score of 1 on the criterion
variable and all members of the unsuccessful group a score of 0.
Thus, in the case of pass-fail in training it would be assumed
either that the passing group and the failing group represented
two categorically distinct groups (analogous to “male” and
“female”) or that the only concern of the research worker was
to discriminate passers from failers in terms of the existing divid-
ing line between the two groups. That is, if there were no
concern for predicting degrees of excellence but only for predict-
ing the single fact of pass or fail, the standard for passing being
absolute and fixed, the point biserial coefficient of correlation
would be the one to use.

Examination of the formulas for the two indices reveals that
they differ only by the factor \/pq/z. This factor equals about
1.25 when p = 0.50, 1.4 when p = 0.80, and 1.6 when p = 0.90.
The biserial correlation is greater than the point biserial by this
factor. When results from a number of tests administered to
the same group of subjects are being compared, this factor neces-
sarily is a constant. The same subjects are being used, so the
number of “passers” and “failers” on the criterion remains the
same. Under these circumstances, either index leads to exactly
the same choice of the best tests and to the same assignment of
relative weights to the two tests. It makes no practical difference
which index is used.

When an experimenter proposes to compare or combine data
from two or more groups in which the “successful” proportion
p differs, then the choice of point biserial as opposed to biserial
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correlation coefficients will generally influence the relative size
of the numerical indices obtained for different tests. Since the
biserial coeflicient is strictly equivalent to a product-moment
correlation coeflicient, when the conditions of continuity and
normality are satisfied, its value is independent of the value of p.
The point biserial, however, is a function not only of the under-
lying relationship, but also of the evenness of the split into upper
and lower groups. The more uneven the split, the lower the
point biserial values tend to be. If the range of values of p in
different groups is quite large, the relationship of biserial to
point biserial may be seriously distorted. Thus, in one pilot
training class in which 62 per cent were graduated, a biserial of
0.50 for the relationship of test composite to the graduation-
elimination criterion would have corresponded to a point biserial
of 0.39. In another class in which 88 per cent were graduated,
the biserial of 0.50 would have corresponded to a point biserial
of 0.31. That is, the same basic relationship of underlying
variables would have given values differing by about 25 per cent
if the point biserial had been used in these two cases. The
difference is clearly quite an appreciable one.

The fact that a given basic relationship will yield the same
value for the biserial correlation coeflicient, no matter where the
break is made dividing those passing and those failing, is one
general reason for preferring this index of relationship. However,
in each case one must examine the situation to see whether the
assumptions underlying the biserial correlation coefficient are
justified. These assumptions are, as has been indicated, (1) that
the quality underlying the dichotomy in question is really a
continuous variable and (2) that the underlying trait or quality
possesses a normal distribution in the group.

The decision that the dichotomized variable really represents
a continuum will be quite readily arrived at in many cases.
Thus, in flying training it seemed reasonably clear that there
was no sharp qualitative cleavage in underlying skill between
those who were graduated from flying training and those who
were eliminated. The difference was one of degree. This was
substantiated by the wide variations in elimination rate from
time to time and place to place. A pointed speech by a general
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was enough to change the level at which the separation between
the sheep and the goats was made. There was nothing natural
or inevitable about the dividing line.

Justifying the assumption of a normal distribution for the trait
underlying the dichotomy usually presents more of a problem.
This is particularly true because the group available for experi-
mental study is often pre-selected on some basis. That is, some
testing or other selective procedure has been used to screen those
admitted to the particular type of training or employment, and
criterion data are available only for that fraction which passed
the preliminary screening. It is possible and perhaps reasonable
to consider that the skill in question would have been normally
distributed either in the total group of applicants for the par-
ticular type of training or job or in the fraction selected for
training on the basis of some type of screening procedure.
However, if the screening had any validity at all (i.e., any rela-
tionship to later success), the distribution of skill could hardly
have been normal in both cases. The more reasonable assump-
tion usually is that the distribution was normal in the unselected
population. This introduces a serious problem in using biserial
correlations with screened or pre-selected groups. This problem
will be developed later in the chapter, when the general problems
of dealing with curtailed groups are considered.

Dichotomous prediction variable—continuous criterion

Sometimes a variable used for prediction may be dichotomous.
Thus, one might be using as a predictor the dichotomy “married”
versus “not married” or the variable “high-school graduate”
versus “not a high-school graduate.” Here again, the biserial
correlation coefficient and the point biserial correlation co-
efficient are two possible indices which may be computed. In
deciding which one is appropriate to compute, we must deter-
mine which will give values that can appropriately be combined
with the product-moment correlation coefficients for the remain-
ing continuous variables. That is, when marital status is being
considered as one predictor, we will usually be considering at
the same time a number of other predictors, such as tests and
ratings, each of which yields a continuous distribution of scores.
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We must determine what weight shall be given to the dichoto-
mous variable in relation to these other continuous variables.

The choice of index used will be dictated in this case by
whether the score which we will eventually use for actual pre-
diction by our dichotomous variable is still a dichotomy or is
now a continuous score. For “married” versus “not married,”
we must use the point biserial. There is no possibility of obtain-
ing a continuous score to substitute for that dichotomy. All we
can do is throw the individual into one of two categories. For
that case, the point biserial will be appropriate. Suppose, on
the other hand, we have in our data the dichotomy “high-school
graduate” versus “not a high-school graduate.” If in our future
use of this variable we can get information on the actual number
of years of schooling so that we can supply a score on a con-
tinuum to replace the present twofold distinction, then the
appropriate coefficient to indicate the predictive effectiveness
of this variable relative to other continuous variables will be the
biserial correlation coefficient. However, if all we shall know in
the future is whether the applicant did or did not graduate from
high school, the point biscrial should be used in determining
the weight to be given to this datum.

The argument of the previous paragraphs holds equally when
the continuous variable with which the dichotomous predictor is
being correlated is another prediction test. That is, biserial or
point biscrial will be used as in the case of a continuous criterion,
depending on whether or not the dichotomous predictor will re-
main dichotomous in its final use for actual prediction purposes.

Dichotomous prediction variable—dichotomous criterion

Finally, we find some instances in which the variable being
studied as a predictor and the indicator of success being used
as a criterion are both dichotomous. This would be the situation
if we were trying to predict graduation versus elimination in
training from some item of information about an individual, such
as his marital status. We must inquire concerning the available
indices of relationship and the situations in which each is to be
used.

We must recognize two interpretations of the criterion dichot-
omy, and two interpretations of the predictor dichotomy. The
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criterion dichotomy may be thought of as an arbitrary division
of a continuous normally distributed variate (case A). This is
the case in which the biserial correlation expresses the relation-
ship of a continuous test score to such a criterion. Or the
criterion dichotomy may be thought of as a necessary and cate-
gorical division (case B). Here the point biserial expresses the
relation of a continuous test score to the criterion. The test score
dichotomy may be thought of as an incidental one which will
be replaced by a continuous score before the test is used (case 1).
This is the case in which a biserial correlation would be used in
predicting a continuous criterion. It may be thought of as a
necessary one which will have to be retained in any subsequent
use of that test variable (case 2). Here the point biserial is used
to predict a continuous criterion variable. There are four pos-
sible combinations of these interpretations, and a particular
index of relationship appropriate to each.

In case A-1, in which both criterion and test are thought of as
continuous, the tetrachoric correlation coefficient gives an index
which corresponds to the product-moment correlation between
the underlying continuous and normally distributed variables.
It provides an estimate, computed from the dichotomies, of the
correlation that would be obtained if the complete bivariate
frequency distribution were available. Values for the tetrachoric
correlation coefficient may efficiently be determined from a set of
computing diagrams prepared under the direction of L. L.
Thurstone.?

In case B-1 and case A-2, in which one of the two variables is
thought of as basically continuous, or eventually to be used as
a continuous variable, and the other as basically categorical, a
coefficient analogous to the biserial correlation will be computed,
treating the categorical variable as a point distribution. That is,
the two values of the categorical dichotomy will be assigned the
values 0 and 1, and the other dichotomy will be treated as a
continuum. When values of 0 and 1 are assigned to the two
categories, the formula for the biserial correlation coefficient

2 L. Chesire, M. Saffir, and L. L. Thurstone, Computing Diagrams for the

Tetrachoric Correlation Coefficient, University of Chicago Bookstore, Chi-
cago, 1933.
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takes a special form, which we shall designate biserial phi
((’)m.). We get
ad — be

Ppig = ————
z'\/p/q/

where a, b, ¢, and d are the proportions in the four cells of the
fourfold table; p’ and ¢’ are the percentages in the two categories
of the real dichotomy (i.e., the one with the point distribution);
z is the ordinate of the normal curve corresponding to the
proportion p of individuals falling in the upper group on the
artificial dichotomy.

In case B-2, in which both dichotomies are considered as
categorical, the values 0 and 1 may be assigned to the two
values of each of the dichotomies. If the product-moment
formula is applied to these pairs of scores, where each score can
take either the value 1 or the value 0, an index of relationship is
obtained which has been designated the phi coefficient. This
coefficient is most simply expressed by the formula

(3)

ad — be
Vpep'q

¢ = (4)

where a, b, ¢, and d are the proportions in the four cells of the
fourfold table and p, q, p’, and q’ are the percentages in each
category for each of the two dichotomies.

The cases in which each of these three formulas should be used
have already been indicated in the preceding paragraphs. It
should be noted that the four cases which have been identified
(A-1, A-2, B-1, B-2) apply equally whether we are dealing with
a predictor and a criterion or with two predictors.

TAKING ACCOUNT OF RESTRICTION OF RANGE

In any personnel selection enterprise we are dealing with a
certain population of applicants for the job or training in ques-
tion. This population has a certain mean score and a certain
variability of scores on any test applied. The statistics for the
population of applicants are probably not the same as those for
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the general public. However, the statistics for the population
of applicants define the population with which we must deal,
since they are the individuals from whom our selection must
actually be made. The validity statistics in which we are
basically interested, therefore, are the statistics which apply to
that total population of applicants. In comparing two or more
selection devices, we should compare them in terms of their
validity for this general population of applicants.

Unfortunately, validity statistics often do not become available
for a representative sample of this general population of appli-
cants. We tend to select those who will be accepted for employ-
ment or training. As soon as some selection procedure operates
to pick certain types of individuals from among those applying,
the group for whom criterion records subsequently become
available ceases to be representative of the general group of
applicants. Their means and standard deviations on test scores
are affected, and also the validity coeflicients obtained for thosc
test scores. In proportion as a high level of selectivity is in
effect and in proportion as the bases of selection are closely
related to the test scores being studied, the validity coefficients
will be increasingly distorted. There is an essential incompati-
bility between using a selection procedure in practice and doing
research upon it.

Unfortunately, this type of selection affects not only the abso-
lute size of validity coefficients but also their relative size, so
that the test which is really most valid as applied to the general
run of applicants may appear to be one of the less valid in a
group resulting from high standards of pre-selection. The re-
duction in the validity of a test within a selected group becomes
greater the more closely the test correlates with the basis of
selection.

The influence of selection upon the resulting validity co-
efficients becomes a very substantial matter where a high stand-
ard of selectivity exists. Data can be cited to illustrate this
quite dramatically. In one project in the AAF Aviation Psy-
chology Program, a special experimental group was studied to
which all the usual selection tests were given but whose members
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were admitted to pilot training no matter how poorly they did
on the tests. Subsequently, biserial correlation coefficients
against pass-fail in training were computed for (1) the total group
who entered training and (2) those of the group who would
have qualified for training in terms of the rather severe selection
standards in effect toward the close of the war. For the com-
posite aptitude score (stanine) and for certain illustrative tests
validity coefficients were obtained as follows:

QUALIFIED
Torar Groue Groupr

(N =1036) (N = 136)
Pilot Stanine (Composite Score) .64 .18
Mechanical Principles Test .44 .03
General Information Test .46 .20
Complex Coordination Test .40 —.03
Instrument Comprehension Test .45 .27
Arithmetic Reasoning Test .27 .18
Finger Dexterity Test .18 .00

It can be seen that where the restriction of the selected group
is severe, amounting here to the exclusion of about 87 per cent
of the cases, the changes in the resulting correlations are very
striking indeed. The rather small size of the “qualified” group
makes the results somewhat unstable. However, this degree of
curtailment reduced the validity of the Pilot Stanine, which was
the basis on which the “qualified” group was defined, by over
45 points. The first four tests, which entered rather heavily into
the composite score designated Pilot Stanine and which therefore
correlated quite highly with it, lost on the average 32 points.
The last two tests, which had no weight in the Pilot Stanine for
this group, lost on the average about 14 points in validity in the
restricted group. The relative size of the validity coefficients in
the restricted group gives little basis for judging the validity of
the tests as applied to the complete population of applicants.

Though the degree of selectivity illustrated in this example is
not likely to be equaled in many personnel research enterprises,
the effects will be present to a degree whenever it is desired to
carry on a research program at the same time that selection
procedures are actually being used. If any intelligent use is to
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be made of validity statistics from a restricted group, some
statistical correction procedures are necessary to estimate what
validity coefficients would have been obtained if it had been
possible to obtain test and criterion data from a representative
sample of all those to whom the selection devices were applied.

The general problem of inferring statistical parameters in a
population from those which have been obtained in a sample
when the sample has been selected or curtailed in some way with
respect to the range of one or more variables has long been
recognized. Karl Pearson ® has treated the same essential prob-
lem in quite a different context and provided a solution which is
applicable when the variables under study have a normal dis-
tribution in the general uncurtailed population. These formulas
are about all that is available to us, and, since the values which
they provide will almost certainly represent an improvement
over the values found within the restricted group, it is appro-
priate that we consider them in some detail.

We may recognize three types of situations involving curtail-
ment. These are differentiated in terms of the variable that has
served as the instrument for curtailment and in terms of the
variable whose standard deviation in the unselected population
is known. The three situations will be characterized in turn,
and the appropriate correction formula indicated.

Case 1. 1In this case, we are concerned with the correlation
between variables 1 and 2. The basis for restriction of the cur-
tailed group is variable 1. The values of the standard deviation
are known for both the total (unrestricted) and the restricted
group for variable 2. This situation would hold under the
following circumstances. A research test, variable 2, had been
given to a random sample of applicants and the standard devia-
tion determined for that random sample. At some later date
variable 2 had been correlated with the selection test (or the
composite score used as a basis for selection), variable 1, in a
group who had “passed” the selection test. The standard devia-
tion of the research test (variable 2) would be known in both the

8 Karl Pearson, “Mathematical Contributions to the Theory of Evolution—
XI. On the Influence of Natural Selection on the Variability and Correlation
of Organs,” Trans. Royal Soc. (London), Series A., 200, pp. 1-66 (1903).
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general and the restricted groups. The correction formula then
becomes

822 2
Ry = A\[1 — — (1 — ri2°) ®)
Sa

where R;, is the correlation between variables 1 and 2 in the
unrestricted group.

715 18 the correlation between variables 1 and 2 in the
group that has been subject to selection or cur-
tailment.

So is the standard deviation of variable 2 in the unre-
stricted group.

s is the standard deviation of variable 2 in the group
that has been subject to selection or curtailment.

This particular case is not likely to be encountered often in
practice.

Case 2. In this case, we are again concerned with the correla-
tion between variables 1 and 2. Again, the basis upon which
the curtailed group has been restricted is variable 1. In this
case, however, we know the standard deviation of variable 1
in both the general and the restricted group. This situation
arises under the following circumstances. We have adminis-
tered some test or group of tests and obtained a score (variable 1)
for each applicant. Then we have used the score as a basis for
accepting only part of the applicants. For the accepted appli-
cants we have correlated the scores on the test with some other
score, such as a criterion measure (variable 2). We wish to
know what correlation we would have obtained for the total
group. The formula for correction becomes

8y

51

T12

Ry = (6)

S,2
2 2
1 — 712" + 712" —

81

where the meanings of the symbols are analogous to those of
formula 5.
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This case has a fair amount of practical significance because
it is encountered whenever we wish to obtain an estimate of the
validity of a selection procedure which we have actually been
using as applied to the general group of applicants for the job
category. Thus, in the AAF this formula was applied in cor-
recting the validity coefficients for the stanines (composite
scores) used in screening men for each of the air-crew specialties.

Case 3. 1In this case we are still concerned with the correlation
between variables 1 and 2. However, we are now dealing with
a case in which curtailment has been neither upon variable 1
nor variable 2 but upon some third variable. Data must also be
available for the standard deviation of this variable 3 in both the
general and the restricted group. This situation arises under
the following circumstances. We have administered some test
or group of tests and obtained a score on it (variable 3) for each
applicant. On the basis of this score, we have accepted only a
selected fraction of the applicants for the job specialty. For the
accepted applicants, we have the correlation between two other
variables (variables 1 and 2). These variables may represent a
test and a criterion measure, two tests being considered as
possible predictors, or two criterion measures. Most typically
this correlation will be between a selection test (either one that
forms part of the selection composite, or a new research test)
and a criterion measure. We desire to estimate this correlation
for the general unrestricted group.

In this case, the formula for correction becomes

S 2
S3
T12 + 13723 ('—; - 1)

33

Sa2 Sa2
[+ G5 =) [+ (G -1)
83 33

The meanings of the several symbols are analogous with those
in formula 5. The resemblance of the pattern of this formula to
the standard formula for partial correlation should be noted.
In this case, we are not seeing what will result if a third variable
is held constant, but what will result if it is allowed to vary

™

12 =

2
more widely. Thus the term <§% - 1) appears in this formula
3
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in place of minus one as a multiplier of the correlational product
terms.

There are certain instances in which one of the correlations
used in the above formula may be available for the total rather
than the restricted group. Thus, a research test may have been
given to a general unselected group, and its correlation with the
selection score may be based on this group. In this instance, the
formula may be transposed into those terms. We get

2
83 S3 33
1 R,z(———l>+R (———)
Ti2 \/ + Ry3 S22 13723 o S
S 2
\/1 + 1'232 (—32' - 1)
S3

Case 3, in which restriction is indirect, imposed by indirect
selection on the basis of some variable other than the ones being
compared, appears by far the most common and most important
one for any personnel selection research program. It is the
situation that prevails whenever any score is being studied other
than the particular one being used to screen the group. In any
new research test, this is the situation which we will encounter.
It is also the situation which we encounter when we start to make
a critical analysis of the tests underlying any composite score.

So far, we have limited our consideration to the situation in
which restriction of the group has been carried out on a single
score. It has been assumed that magnitude of score on this
variable is the only consideration determining whether or not an
applicant will be accepted. No other considerations enter into
the decision in any way. In practice, this idealized situation
often (perhaps generally) does not prevail. The actual situation
may deviate from the simple pattern which we have outlined in
either or both of two ways. First, selection may have been
based on specific reference to two or more scores. Second,
selection may have been based on reference in unspecified and
unspecifiable ways to various intangible and subjective factors
which were never combined into a score. Of these two com-
plications, the former represents a considerable increase in and
complication of the statistical and computational labors of cor-

Ry =

(8)



176 STATISTICS OF VALIDITY

recting the obtained values; ¢ the second represents an insuper-
able obstacle to any analytical treatment. When selection is
based, as it often is, on a clinical judgment which combires in
an unspecified and inconstant fashion various types of data about
the applicant, and when this judgment is not expressed in any
type of quantitative score, one is at a loss as to how to estimate
the extent to which the validity coefficient for any test procedure
has been affected by that screening.

4 Technical Note. In the article by Pearson, cited in footnote 3, a deriva-
tion is given of the general formulas which are appropriate when the group
has been curtailed on two or more variables. The same essential formulas
for the general solution, but based on somewhat different assumptions and
expressed in more convenient form, have recently been seen by the author
in an unpublished manuscript by E. Reeve. The same formulas were inde-
pendently arrived at by A. P. Horst. 'The basic assumptions of this deriva-
tion are:

1. The regressions of the non-restricted variables on the restricted may
be considered rectilinear throughout the total population.

2. The variability of any given non-restricted variable is the same for
each value of the restricted variables.

The formulas are presented in matrix notation, and the following sym-

bols are used:

z = a variable which is not directly restricted.
a = a variable which is directly restricted.
r = a matrix of correlations in the restricted group.
R = a matrix of correlations in the unrestricted population.
H = a diagonal matrix giving ratios of standard deviation (Z/0) of the unre-
stricted to the restricted group.
b = a matrix of partial regression weights (beta weights) in the restricted group.

Using this symbolism, it can be shown in matrix notation that

Rza = RaaHgbazH. z-l

Ry = Hz—l(ru — V' zaaz + U zall aRawHabaz)Hz_l
where
Hy; =1 = b4tz + VzallgRagHgbaz

The matrix notation used presents extended series of operations quite
compactly and has the additional advantage of suggesting work-sheet
layouts and the order of operations for carrying out the necessary calcu-
lating procedures. It can be seen that the computations will be quite
laborious at best when several variables are directly restricted.
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CURTAILMENT WITH A DICHOTOMOUS CRITERION

The formulas just discussed were all derived for product-
moment correlations based on continuous variables. They are
not strictly applicable to a biserial correlation obtained for a
dichotomous criterion variable. This is because two incom-
patible sets of assumptions must be satisfied at the same time.
On the one hand, if the formula for biserial correlation is legiti-
mately to be used in the restricted group, the distribution of the
trait underlying that dichotomy must be normally distributed in
the restricted group. On the other hand, Pearson’s formulas
assume that the variable is normally distributed in the total
population. The distribution can be normal in both cases only
in the trivial case in which there is no correlation in the total
population between the variable that has been the basis for
restriction and the other test and criterion variables.

For the simple case of direct curtailment on a single variable
(referred to as case 2 in the preceding section), a technique has
been developed by Gillman and Goode,” which escapes the above
dilemma. This is essentially a procedure for obtaining a least-
squares estimate of the slope of the regression line from that part
of the distribution which remains after curtailment. The proce-
dure is as follows:

Let G = correlation estimated from this procedure (subse-
quently referred to as a G coefficient).
f = number of individuals with score in the interval
a<z<h
p = fraction of the above individuals falling in the upper
criterion group on variable y.
u = abscissa value of the normal curve corresponding to

P = Pu-
X_:za—zb
Pa — Db

5 L. Gillman and H. H. Goode, “An Estimate of the Correlation Coeffi-
cient of a Bivariate Normal Population when X Is Truncated and Y Is
Dichotomized,” Harvard Educ. Rev., 16, 52-55 (1948).
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Then compute
N = Zf, =fX, 2fX?, Zfu, ZfXu

From these A" = N3fXu — (ZfX)(Sfu) Q)
D = ZfX? — (3fX)? (10)
Then
tano = — & (1
an = D
G = sin 6 (12)

This computing procedure provides a technique for estimating
the correlation in the total population of applicants for a job in
the simplest case, in which the correlation is between a single
variable, which has served as the basis for selection, and a
dichotomous criterion. In this procedure, the assumption of
normality of the dichotomous variable in the unrestricted popu-
lation of applicants is still involved. However, no assumption
must be made as to the nature of the distribution of this variable
in the restricted group for which criterion data have become
available. In this regard, the procedure that has just been
described is to be preferred to procedures that require the com-
putation of a biserial correlation coefficient in the curtailed group
and the subsequent application of Pearson’s correction formula.

No procedures analogous to the one just described are known
for the case of indirect curtailment, which has been referred to
as case 3. Unfortunately, this case is likely to occur most fre-
quently and to be of most importance in any program of per-
sonnel selection research. Whenever a new research test is
being studied, or whenever an analysis is being made of tests
which contribute to a composite score used for selection, the
curtailment is of this indirect character. Of course, these situa-
tions are crucial to any critical analysis of and improvement of
a test battery. In these cases, there appears to be no completely
satisfactory technique for estimating the validity of the pre-
dictors of a dichotomous criterion.

As we indicated, the Pearson formulas for correcting for
curtailment are not strictly applicable to biserial correlation
coefficients. No analytical solution is available to indicate the
direction or amount of error when these formulas are applied to
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biserial coefficients. In the AAF Aviation Psychology Program,
one study was made of synthetic artificial data to obtain em-
pirical evidence on the extent and direction of the errors involved.
This was carried out only for the simplest case (case 2 above),
in which direct restriction upon a single variable is involved.
Tables of synthetic data were prepared assuming normal distri-
butions for each variable. The test scores were expressed in
single digit form, ranging from 1 to 9, in which each score value
corresponded to a range of one-half standard deviation. Tables
were prepared assuming a correlation of 0.50 in the population
and for various elimination rates. From these tables, curtailed
groups were set up by eliminating first the 1’s, then the 1’s and
2’s, etc. Biserial correlations were computed from the curtailed
groups and corrected values were determined by applying for-
mula 6. From this analysis the following findings emerged:

1. In the cases studied, which were so designed that the
dichotomy in the curtailed group was more uneven than in the
total group, the correction formula uniformly tended to yield an
underestimate of the correct value for the total group.

2. The amount of underestimation increased as the amount of
curtailment increased and as the unevenness of the dichotomy
in the unrestricted population increased. In the most extreme
case studied, in which the restricted group consisted of only the
upper 40 per cent of the total group and in which the population
split of graduates and eliminees was in the proportion 90:10, the
formula underestimated the true value by some 20 per cent.

The above results refer only to the less crucial case 2 of
correction for direct curtailment. No analogous investigations
were made of the extent of error in applying the Pearson formula
to biserial correlations in the more significant case 3, in which
the curtailment takes place on some third variable. Some error
is undoubtedly involved in this case, but for lack of any better
procedure it is probably desirable that formula 7 be used. If
any substantial amount of selection has operated, the values
obtained after applying this formula will almost certainly be
more accurate than the raw values based upon the curtailed
group. The discussion in the preceding pages has indicated that
the problems involved in inferring population values from data
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available from a more restricted sample of accepted applicants
are far from being completely solved. Some of the problems
which remain can be briefly indicated.

1. No formula is available which is strictly applicable to
biserial correlations in the case of indirect curtailment on a third
variable or in the case of curtailment on more than a single
variable.

2. The formulas all assume that it is possible to specify and
get measures of the variables which have served as the bases of
curtailment. No procedure is available for dealing with the
effects of selection where that selection has been based in
unspecified degree on a number of unmeasured subjective factors
which have not been combined into a score and used in an
objective manner.

NON-LINEAR RELATIONSHIP

The correlational procedures discussed so far in this chapter
have all assumed that the relationships between the variables
being studied are linear. It has been assumed that score on the
criterion variable will show a progressive and uniform change
for each unit of change in a test score or other predictor. There
may be situations in which this does not happen. We can con-
ceive of situations in which a certain amount of some particular
ability is an asset to the man engaged in a particular job, but
where further increments in that particular ability may not be
helpful. Thus, a carpenter may need a certain minimum of
numerical ability in order to carry out simple calculations in-
volved in his work, but he may not benefit further from a high
level of numerical ability. An elementary-school teacher may
need at least average intelligence to comprehend the situations
with which she must deal, but she may not benefit further from
abstract intelligence of a high order. Many other cases will
come to mind for which it seems at least plausible that test
scores are related to the degree of job success through only part
of the range of scores.

The initial attack on the prediction of any criterion of job
success is normally in terms of the standard linear measures of
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relationship which have been discussed. However, it is always
desirable for the research worker to examine the hypothesis of
linear relationship, to see whether it does in fact apply to the
data at hand. When both test and criterion measure are con-
tinuous variables, so that the product-moment correlation co-
efficient is used to obtain a measure of relationship between
them, the linearity of the relationship may be tested quite simply.
This is done by computing the correlation ratio and comparing
the correlation ratio with the correlation coefficient.

The correlation ratio for predicting y from x, 7, is defined as
the ratio of the standard deviation of column means to the
standard deviation of the total distribution of y scores. It can be
obtained by the formula

I Y2 — NY?
Ny = \/———~ (13)

3
Noy*

where Y is the mean of the total distribution of y scores.
Y is the mean of the kth column of the bivariate frequency
distribution.
ny is the number of cases in the kth column.
N is the total number of cases.
oy is the standard deviation of the distribution of y scores.

When the relationship between the two measures is exactly
linear, the correlation ratio and the correlation coefficient will
exactly coincide. In all other cases, the correlation ratio will be
greater than the correlation coefficient. This is due to the fact
that the correlation ratio is raised by any variation from column
to column in the bivariate distribution—not merely a regular or
linear change. In evaluating the departure of data from linear-
ity, some test of the discrepancy between r and » must be
applied to determine whether the departure from linearity in the
sample is more than could reasonably have arisen as a sampling
fluctuation from a population in which the relationship was
actually linear. Fisher ¢ develops a method of testing the good-
ness of fit of a regression equation to observed data making use

8 R. A. Fisher, “The Goodness of Fit of Regression Formulae,” J. Roy.
Statistical Soc., 86, Part IV, 597-612 (1935).
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of the chi-squared distribution. In the present instance, in which
a linear regression is being tested, a value of x? is obtained from
the expression

n =12
1—172

X =(N-k

In this expression, N is the number of cases in the sample and k
is the number of columns in the bivariate frequency distribution.
The table of x* must be entered with k — 2 degrees of freedom
m=k—2o0rn =k~—1).

If the above test shows that it is necessary to reject the
hypothesis of linear regression, it may then prove advantageous
to determine a curvilinear relationship between test and criterion.
For exploratory work, a smooth curve may be fitted by eye to
the set of column means, and the fit of this curve to the set of
points represented by the column means may be judged by
inspection. A more elegant approach is to fit a second degree
parabola or some other mathematical function to the set of points
by the method of least squares and to test the goodness of fit of
this curve to the set of points by the chi-squared test. The test
is analogous to that described above for the linear relationship.
The method of least squares as applied to curve fitting will not
be discussed here. It can be found in standard statistical texts.
In particular, Peters and van Voorhis 7 give attention to curve
fitting as applied to just those problems of correlation and pre-
diction which we are considering here.

If, for some one variable, it is found that a non-linear relation-
ship gives a significantly better prediction of the criterion than a
linear one, the scores on that variable must be transformed into
new score values, using the equation which expresses the rela-
tionship between that variable and the criterion. Thus, if the
equation for predicting y from x is of the form

i = a+ br + ca?

7C. C. Peters and W. R. van Voorhis, Statistical Procedures and Their
Mathematical Bases, Chapters 11 and 15, McGraw-Hill Book Co., New
York, 1940.
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we can substitute for x a variable u which is a function of x
defined also by the expression

u=a+4 bz + cz?

That is, u is the best estimate of y which can be obtained for this
type of quadratic function in x. The values of the function u
will have substantially a linear relationship to the criterion y,
and these transformed u values can be analyzed in combination
with other predictor variables to arrive at the best combined
prediction of the criterion.

When the criterion is a dichotomous one, such as graduation-
elimination, one additional complication is introduced into the
study of linearity of the relationship of test to criterion. In this
case, the relationship which we shall be able to study is the
relationship between score on the predictor and percentage fall-
ing in the passing group on the criterion. We shall be concerned
to inquire whether the change in percentage passing as the score
increases corresponds to an essentially linear relationship.

The additional complication is introduced by the fact that the
percentage scale is not itself a linear scale. Assuming a normal
bivariate frequency surface, which is the assumption made if we
use biserial corrclation coeflicients, any percentage of individuals
passing can be translated into an abscissa value on the base line
of the normal frequency curve. Relatively small percentage
differences at the extreme percentage values represent rather
substantial scale differences, whereas percentage differences near
the 50 per cent value correspond to relatively small scale differ-
ences. In any study of linearity of relationship it is first neces-
sary, therefore, to translate percentages into scale values in terms
of the normal curve. These scale values can be plotted against
test score and studied to determine their linearity or non-linearity.
If they appear non-linear, some other type of mathematical
function can be examined with view to getting a more adequate
expression of the relationship. However, the tests of significance
of departure from linearity reported for the product-moment
correlation cannot be directly applied in the case of biserial
correlations. It may be necessary to rely on inspection to decide
whether the departure from a linear relationship is sufficiently



184 STATISTICS OF VALIDITY

marked and sufficiently regular to suggest the desirability of
expressing the relationship by some more complex type of
function.

The possibility of encountering a significantly non-linear
relationship should always be borne in mind. However, one
should not count on finding such relationships. For example, in
the study of many different tests for several different job criteria
in the AAF, no convincing evidence was found for the existence
of non-linear relationships.



/

Combining Tests into a Battery

Most types of jobs call for a number of different aptitudes.
Factors of intellect, skill, interest, and personal adjustment enter
in a complex combination to determine how successful the worker
will be. It is rarely possible to assess this complex pattern of
traits with a single type of test material. Different types of
testing techniques are required to assess the several traits making
for success or failure. As soon as two or more separate test
scores are available for use in selecting personnel for a particular
job specialty, the personnel psychologist is faced with the prob-
lem of how to combine the information from the several scores
so as to provide the most effective selection of personnel for
the job.

There may be some ambiguity about the concept of most
effective selection. In some cases, it may be important never to
miss any of the best individuals. In other cases, as perhaps in
the selection of automobile drivers, it may be important that
every person sclected should come up to a minimum standard of
competence. As a general working definition, however, we may
consider the most effective procedure to be that which yields a
selection of personnel for the job who show the highest average
performance on the job in question. If we have a criterion score
of job performance, that selection procedure will be considered
best which yields a group of the required number of employees
for whom the average of the criterion scores is a maximum.

How shall we combine the scores from a number of tests in
order to get the best prediction of job successP There are a
great many possible ways of combining scores, and we shall
consider some alternative possibilities later in the chapter, but
the most generally useful one is to make a linear combination
of the scores. This means that for each test some constant is
determined. The constants are in general different for each test,

185
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but the same constants are used for every individual. The
composite score for each individual is the sum of his test scores,
after each test score has been multiplied by its appropriate
constant. That is,

G = B1x1 + Boxo + - -+ By (1
where §j = predicted job success, expressed in standard score units;
xy, &, -+, ¥y = score on tests 1, 2, -- -, k, expressed in standard
score units; and B, B2, :--, fr = the multiplying constants for

tests 1,2, - -, k.

The problem is to determine the values for the constant
multipliers, By, Bs, * -, Bx, that will give us the most effective
composite score. These weights, which are applied to the sep-
arate test scores to obtain the best prediction of the criterion,
are called regression weights, and the equation based on them
is the multiple regression equation for predicting the criterion
score y from the several tests, x;, x2, - -+, xx. That set of multi-
pliers or weights for the separate tests yields the best score, in
the sense discussed above, for which the discrepancies between
composite score and measure of actual success on the job are the
smallest.

Since there are always a great many ways of constructing com-
posite scores so that the plus and minus discrepancies balance
each other, that condition does not provide an adequate definition
of a “best” composite score. We shall desire further that the
absolute size of the discrepancies, or some function of them,
shall be a minimum. The most satisfactory function to use for
this purpose is (y —7 )* and we shall specify that

Z(y — $)* = a minimum
This may also be written

Z(y — Bix1 — Boxz — - — fizy)’= a minimum  (2)
Choosing weights so that the sum of the squared deviations of
predicted from attained success is a minimum is known as the
method of least squares. This method has widespread applica-
tion in experimental science.

Evaluating a minimum requires some elementary calculus.
We must take the derivative of the above expression with respect
to each of the g’s. This gives us k equations of the type
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Z2x)(y — B1ry — BaTy — - — Pixy) = 0
22x5(y — B1xy — Paxe — -+ — Brxi) = 0
) 3
22 (y — By — Boxe — -+ — Brxr) = 0
These may be expanded into the form
QE.L',y -_ 9312112 - Qﬁzle.l'z —e e — Qﬁklexk =0
: (4)
2Ty — 212717 — 2BoTxoly — - - - — WrZakZ = 0

Since all scores are considered to be in standard score form,
so that

"9:1:‘72::"‘:‘72;:1

these equations are equivalent to the equations

B + Bzra:,zg +--+ /3kra:1.:k = Try

Birzz, + B2 + -+ + Birzyzr = Tzoy 5)

ﬁlrzlzk + 32":25* + e + Bk = Try

The above k equations, the “normal” equations, serve to define
those values of the g’s which give the best linear combination of
the separate test scores—best in the least squares sense, in that
the sum of the squares of the differences between predicted
success and actual measure of success will be a minimum.

In equations 5 we have a set of k linear equations in k vari-
ables. These equations must be solved to determine the regres-
sion weights 81, B2, ***, Bx. The solution of a set of simultaneous
equations is a straightforward process, but it becomes very
laborious if the equations number more than three or four. For
this reason special computing routines have been set up to
systematize the process of computing and especially to provide
frequent checks upon the accuracy of computing, so that errors
may be discovered promptly and promptly corrected. In addi-
tion, procedures have been devised for arriving at the solution
by a series of approximations. Two efficient routines for solving
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the set of simultaneous equations are presented in Appendix A.
The first is a condensed version of the Doolittle solution espe-
cially suitable for use with certain types of computing machines
which permit the convenient summing of a series of multiplica-
tions. The second is a method of successive approximations
which modifies in some details a procedure described by Kelley
and Salisbury.! The iterative method does not provide a
rigorous and completely objective solution, as the other methods
do, but it places considerably less exacting demands upon the
computer and often saves a good deal of time. The characteristics
of the method are discussed further in Appendix A.

Whichever computing method is used, the solution of the
normal equations 5 yields a set of values for By, B2, *-°, B
These are the values for which the correlation of predicted
success with actual success is a maximum and for which errors
in prediction are a minimum. The correlation between the best
weighted composite of test scores and the criterion variable is
the multiple correlation. It is given by the expression

k.
R = \/‘Z; Birz.y (6)

If some set of weights, A;, As, -+, Ay, other than the exact
regression weights has been used to obtain a composite score,
the correlation between the composite score and a criterion
measure is given by the expression
k
Airzy

i=1

R= Y

\/ ii/li/ijrmi

1=l j=1
Formula 7, which is the general formula for the correlation
between one measure and a weighted sum of other measures,
is useful in estimating the correlation with a criterion which will
result from any given set of test weights which may be suggested
by rational considerations of some sort.

1T. L. Kelley and F. S. Salisbury, “An Iteration Method for Determining
Multiple Correlation Constants,” Jour. Amer. Stat. Assn., 31, 282 ff., (1926).
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The multiple correlation serves as an index of the degree to
which a test battery is being successful in predicting a criterion.
The square of the correlation gives the percentage of variance in
criterion score which is predicted by the test battery. If we
assume that the desired outcome of testing is a test battery which
picks those individuals who will show the best average per-
formance on the job, the multiple correlation is a direct measure
of the success of the test battery.

The k equations given in equations 5 and the values for
Bi, B2, * -+, Br which result from them are derived on the assump-
tion that all scores are expressed as standard scores. These
weights are, therefore, the weights to be applied to standard
scores on each of the tests. If, as is usually the case, test results
are obtained and used in raw score form, with different standard
deviations for the different tests in the battery, then the weights
must be adjusted to take account of these differences in standard
deviation. Since

Ty R) T g
Zl‘_-_) 22=——’ ...’ zk=—, Zﬁ=_
o1 (3] Ok ay
where z,, z2, ***, 2x, z; are scores in standard units and x4, %,

" ", X, § are scores in raw score units, we have

T z2 e
Bi—+Be—+ -t Be—=—
o1 o2 Ok oy
oy oy oy .
By—x +Pe—x+- +Bk—xk=7F
g1 ag Ok

The weights to be applied to the several tests, when test results
are expressed in raw score units, are therefore

B1

bl = —0oy
o1
B2
by = ==
.2 0260 (8)
by = &60
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Since it is not the absolute numerical values of the weights
which are important, but their relative size, we can multiply all
the above weights by any convenient constant, such as oj. Thus,
we can use as weights to be applied to raw scores

B1=é
(31
B2
By = —
B =7 ©®
-
(4

or any other convenient set which is proportional to the above.

Let us review briefly the steps to be taken in selecting the set
of weights which will give the best linear combination of test
scores for predicting a given criterion. First, the intercorrela-
tions of all the tests and the correlations of each test with the
criterion measure must be determined. These must be appro-
priately corrected for any curtailment, following the procedures
discussed in Chapter 6. From the table of intercorrelations and
validities the values of By, B2, *+*, Bx must be calculated, for
which one of the methods presented in Appendix A may be used.
For use with raw scores, the weights must be corrected to take
account of the respective standard deviations, in accordance
with formulas 8 or 9. These then constitute the best set of
weights. How effective they are can be seen by the multiple
correlation given by formula 6.

FACTORS DETERMINING MULTIPLE CORRELATION

The effectiveness of the composite score which can be derived
from two or more tests depends on two considerations. These
are (1) the validities of the single tests and (2) the correlations
between the tests. The fact that the validity achieved with a
test battery is dependent on the validities of the tests composing
the battery seems quite directly apparent. The role of the
separate test validities becomes more apparent if formulas 5 and
6 for multiple regression and multiple correlation are examined
critically. We can see then that the validity resulting from a
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battery of tests is a direct function of the validities of the sepa-
rate tests. If all the separate test validities were multiplied by
some constant, at the same time leaving the correlations between
the tests unchanged, the multiple correlation which could be
obtained from the tests would be multiplied by the same
constant. Thus, two tests with validities of 0.25 and 0.30, re-
spectively, and an intercorrelation of 0.20 will give a multiple
correlation of 0.36. If the validities are 0.50 and 0.60 and the in-
tercorrelation remains 0.20, the multiple correlation becomes 0.72.

The practical importance of test intercorrelations is less im-
mediately apparent, but no less real. The effects of varying
intercorrelations between tests can be illustrated quite simply
and dramatically by computing the multiple correlation for
varying values of test intercorrelations. Let us assume that we
have several tests, each of which has a correlation of 0.30 with
a criterion. Let us next assume that all the intercorrelations of
these tests are first 0.00, then 0.10, then 0.30, and finally 0.60.
The values of the multiple correlation which can be obtained
from various numbers of tests that conform to these specifica-
tions are shown in Table I. This table shows how severely

TanLE I. ErrFeEcT OF INTERCORRELATION ON MULTIPLE CORRELATION

(Multiple correlation resulting from different number of tests, when validity of
each test is 0.30 and intercorrelations are uniform and at several different levels)

No. of Tests Size of Intercorrelations
.00 .10 .30 .60
1 .30 .30 .30 .30
2 A2 40 .37 .34
4 .60 .53 .44 .36
9 .90 .67 .48 .37
20 * .79 .52 .38

* It is mathematically impossible for twenty tests all to correlate 0.30 with some
measure and still have zero intercorrelations.

intercorrelation between tests limits the gain from the addition
of further new tests. Where the intercorrelations are 0.00, the
addition of three comparable tests to one whose validity is 0.30
permits a composite score with a validity of 0.60. Where the
intercorrelations are 0.60 the possible increase is only from 0.30



192 COMBINING TESTS INTO A BATTERY

to 0.36. The limiting effect of intercorrelation becomes greater
as the number of tests is increased.

The contribution that any single test can make to the effective-
ness of a battery for predicting some criterion is a function both
of its correlations with the criterion and of its correlations with
the other tests. There are two ways in which a test can add to
the validity of an existing test or pool of tests. It may provide
a measure of some additional valid variance, or it may serve as
a suppression test. The test that measures new valid variance
will show a substantial validity coefficient but will not have high
correlations with existing tests. (Usually the validity coefficients
and intercorrelations are both positive in sign, but occasionally a
test may be encountered in which the score values are reversed,
so that both validity and intercorrelations are negative.) An
effective suppression test is one which measures only the non-
valid variance which appears in an otherwise valid test. It will
show a high correlation with the test for which it is a suppressor
but a low correlation (though often a positive one) with the
criterion. This type of test will enter into a composite prediction
with a negative weight. Its function is to partial out the non-
valid variance from an otherwise valid test, making the com-
posite score a purer measure of the valid factor. An illustration
of the operation of the suppression variable will make these
points clearer.

Imagine a written test for mechanics made up of a number of
questions about the use of machine tools and about shop proce-
dures. Let us suppose that this test has a validity of 0.40 for
some criterion of performance as a machinist. Suppose we have
a reading test of comprehension of literary selections which has
a validity for the machinist criterion of 0.10. Let us assume that
the correlation between the two tests is 0.60. If we then deter-
mine those weights for combining the two tests which will yield
a composite score with the highest possible correlation with the
machinist criterion, we find that the weights are 0.53 for the
machinist test and —0.22 for the reading comprehension test.
The multiple correlation for the two tests is 0.44. In this case,
the reading test has served to partial out certain verbal and
reading factors which were serving to attenuate the validity of
the machinist test. The composite score becomes, then, a purer
measure of the mechanical factor, or whatever we want to call
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the factor or factors making for validity in the machinist test,
and has higher validity than the machinist test alone, in which
this factor was diluted by others. The suppression test has
increased validity not by broadening but by narrowing the scope
of our measurement.

Most of the tests in a battery usually find their way there
because of their positive validity for the criterion. Suppression
tests are the exception. Thus, in the AAF air-crew testing pro-
gram there was only one occasion on which a test was used as a
suppression variable and given a negative weight. The accumu-
lation of further data showed this test to have a higher validity
than preliminary results had indicated, and the negative weight
was found not to be justified. Analysis of any limited sample
of data is likely to show small negative weights for a few tests.
However, these may very possibly represent sampling fluctua-
tions for tests whose weight in the population would be zero.
This problem of sampling fluctuations will be discussed pres-
ently. In practice, the personnel psychologist should probably
hesitate to weight negatively a test which has positive validity
for the criterion. The statistical evidence should be supported
by rational grounds for expecting that test to serve as a sup-
pression variable for other tests before a negative weight is
introduced. In test invention and construction, however, the con-
cept of the suppression variable presents interesting possibilities.

ALTERNATE PROCEDURES FOR USING TEST DATA
IN SELECTION OF PERSONNEL

So far we have discussed one procedure for using tests in
personnel selection. This is the procedure of determining a
weight for each test, and then giving each applicant a score
which is the weighted sum of his separate test scores. The com-
posite score for each individual is then a linear combination of
the scores on the single tests. The procedure for arriving at the
composite score is a completely objective arithmetical one, in-
volving each test as a first-degree term in a simple weighted
sum. Those individuals are selected for the job who have the
highest composite scores, or those individuals are considered
satisfactory for the job who have composite scores above a
given minimum.
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There are several other ways to use test scores and other data
in selecting personnel. We shall describe three and consider
their limitations and purported advantages. The procedures are
the following:

1. Test scores may be combined according to some algebraic
function, but this may not be a simple linear function of the
single test scores. That is, the composite score may involve the
square or cube of test scores, or the product of tests 1 and 2,
or some more complex function. The tests are combined alge-
braically, but not as a simple sum. This will be designated the
non-linear function method.

2. Each test score may he used entirely independently of the
others to establish a minimum qualifying score. An individual
will be considered qualified only if he comes up to the minimum
on each one of the tests. He will be rejected if he falls below
the minimum on any one of the tests. This will be designated
the multiple-cutoff method.

3. The test results may be used in a non-mathematical sub-
jective manner by an individual presumed to have a high level
of insight into patterns of individual personality and into the
needs of the job. This person makes a clinical judgment of
each applicant, on the basis of all the available evidence. This
judgment provides the basis for accepting or rejecting that
applicant. This will be designated the clinical method.

Non-linear function method

This method is a generalization of the procedure for selecting
personnel on the basis of a composite score derived from a linear
combination of test scores. It is similar to the linear regression
equation technique in that a single composite score is obtained
which is an algebraic function of the scores on the separate
tests. It differs in that the function is not restricted to a linear
one but may involve any more complex function of the test
scores. The non-linear function method reduces to the standard
regression equation technique in the limiting case in which all
but the first-degree terms in the prediction equation disappear.

Since it includes the linear case but is much more general, the
non-linear function method has all the theoretical advantages,
plus greater flexibility. Theoretically it is possible to take
account of situations in which success is a function of the joint
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presence of two traits rather than either of them separately,
i.e., where success depends upon the product of two scores rather
than the sum of them. Other more complex situations can also
theoretically be taken care of. Thus, if success in a criterion
score were being predicted from performance on two tests, it
would be possible to work with a prediction equation which
included the several possible quadratic terms. We would get
an equation of the form

§ = a1 + asxs + azty® + agzs® + aszizs (10)

Using this equation as a starting point, it would be possible
to solve for the a’s, using the method of least squares, just as we
did in the linear case. However, we should now have five normal
equations instead of two, and these would involve such terms as
Sx;* and 3x,%xs. The computational labor would obviously
become extremely heavy, even for only two variables. If any
substantial number of variables were involved, the introduction
of anything other than linear functions of the test scores would
obviously result in an impossible computational burden.

The use of a more general non-linear function of the test scores
for predicting success is theoretically quite attractive. It makes
more general and flexible the approach to personnel selection
through use of an algebraic function of the several test scores.
In a few rare cases, where tests are few, cases abundant, the
project of great importance, and the situation such as to give
some logical support to a non-linear function for prediction pur-
poses, this type of analysis may be worth trying. However,
despite its theoretical attractiveness, it is not generally useful for
analysis of tests for personnel selection.

Multiple cutoff method

In this method, the research worker undertakes to set a mini-
mum qualifying score on each one of the tests, and an individual
is accepted only if he qualifies on every one of the separate tests.
The several qualifying scores are sct with the objectives of
(1) qualifying the proportion of applicants needed to meet cur-
rent personnel demands and (2) qualifying those who have the
greatest promise of success on the job. In this procedure the
individual receives no composite score. His test record is merely
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inspected to see whether he qualifies on all tests, and he is placed
into one of two categories, the qualified or the disqualified.

In evaluating the use of multiple cutoffs, we may ask a number
of questions. We must ask first whether the procedure provides
as effective a selection of those likely to succeed on the job as
does the regression equation. 'We must then inquire whether the
statistical analyses are efficient and practical. We must finally
ask whether the method provides a flexible and convenient
procedure for personnel selection and classification. Let us
examine these points in turn.

The manner in which the multiple cutoff procedure selects
those to be accepted for a given job can be compared with that
of the multiple regression equation most effectively in the case
of two test variables. Let us assume that we have administered
two tests to a group of subjects and that we wish to determine
from the results on these two tests the most accurate prediction
of success on some criterion, such as success in medical school.
The joint distribution of scores on the two tests can be shown
by a bivariate frequency distribution and might fall into some
such pattern as shown in Figure 1.

In the multiple regression technique, a linear combination of
the two test scores is determined and a single aptitude score is
computed

V = b, X1 + bX,

If a particular standard of aptitude is required or a specified pro-
portion of applicants is needed on the job, a minimum quali-
fying value of Y is established. This is represented in Figure 1
by the line a—a. All individuals falling below and to the left of
line a—a are disqualified, and all those falling above and to the
right are qualified. The slope of line a—a is a function of the
relative weights, b; and b,, of the two tests in the combined
aptitude score. The position of line a—a is a function of the
standard set to qualify for training.

For the multiple cutoff technique, separate minimum scores
are set for each of the two tests. There is no really analytical
way of establishing the two critical scores below which an indi-
vidual shall be disqualified. The procedure is necessarily a
trial-and-error one. Different combinations of score values for
X, and X; must be tried. For each of the selected combinations
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the research worker must determine (1) the percentage of cases
disqualified by using this combination of cutting scores and (2)
the amount of difference in average criterion score for the ac-
cepted group and the rejected group. That combination of
cutting scores will be chosen which (1) yields the proportion of
accepted applicants which fits the supply of candidates on the

o'

Test X,

o

Test X,

Figure 1. Comparison of multiple regression and multiple cutoff pro-
cedures for personnel selection.

one hand and the demand for job placements on the other and
(2) makes the sharpest discrimination in criterion score between
those who are accepted and those who are rejected. A statistical
technique for testing this sharpness of discrimination has been
developed, called the multiple chi test.?

The cutoff scores on the two tests are represented in Figure 1

by the lines @« and o’«’. The difference in actual results by the

2R. Franzen, Method for Selecting Combinations of Tests and Deter-
mining Their Best “Cut-Off Points” to Yield a Dichotomy Most Like a
Categorical Criterion, CAA Division of Research, Report 12, Washington,
D. C.,, March 1943.
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two procedures is represented by the lined areas in the figure.
Those individuals falling in the area with horizontal lines will
be accepted by the multiple regression analysis but not by the
multiple cutoff procedure. Those falling in the vertically ruled
area will qualify by multiple cutoff but not by multiple regres-
sion. All other cases will be classified in the same way by both
methods. Multiple regression will accept those who though
below one cutoff are substantially above the other and will reject
those who are just barely above both cutting scores.

The one case in which we would expect those who were
selected by the multiple cutoff procedure to surpass in criterion
performance those selected by multiple regression is that in
which the relationship of one or more of the tests to the criterion
is sharply non-linear. If there is some unique critical score on
a particular test below which all or most applicants do poorly on
the job and above which a much smaller proportion do poorly
on the job no matter what their other qualifications, then a pro-
cedure which determines that point and establishes a fixed cutoff
at that point undoubtedly has advantages. However, in so far
as a continuous and approximately linear relationship exists
between score on each of the tests and the criterion score of
success on the job, no basis exists for choosing a uniquely de-
sirable cutting score. In this case, we may expect that supcriority
in other tests will offset a small deficiency in one particular test,
and any rigid requirement for a particular test seems not to be
defensible. Even when non-linearity of relationship of a test to
the criterion is found, some function of the original test scores
can often be found which does have a linear relationship to the
criterion. This problem is discussed in Chapter 6. If this
function is substituted for the raw test scores, the multiple
regression procedures often prove entirely satisfactory.

In discussing the problem of non-linearity, it should be noted
that one may often expect some non-linearity to appear in
empirical data from a limited sample of cases. The crucial issue
is whether this same non-lincarity appears in subsequent samples.
Any critical empirical test of the results for multiple cutoff pro-
cedures must be based on the effectiveness of the cutoff values
as applied to a new sample distinct from the one that was used
to determine the cutting scores.
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A second problem concerning the multiple cutoff technique is
the feasibility of the statistical analyses which are required. As
indicated, a trial-and-error procedure is necessary to determine
the cutting scores to be used. Various possible cutting points
must be tried for each of the tests, and these must be tried out
in all their possible combinations. When only two or three tests
have been used, the number of combinations is not very large,
but this number multiplies very rapidly as the number of tests
is increased. If it were proposed to examine the appropriateness
of no more than three diffcrent cutting scores on each of ten
different tests, the total number of combinations for which
results would have to be analyzed would be some 59,000. Under
these circumstances, the method obviously breaks down under
its own weight.

A third problem concerns the adaptation of multiple cutoff
procedures to varying conditions of supply and demand. One
of the realities that any personnel program must face is that
either the supply of job applicants or the number of job vacancies
or both is likely to change from time to time. A selection proce-
dure should be capable of adaptation to these changed condi-
tions. Where a single composite score serves as the basis for
qualifying applicants, flexibility is almost unlimited. By merely
raising or lowering the minimum acceptable score, any desired
proportion of applicants can be qualified. No other change need
be made in the procedures. No such ready adaptation of the
multiple cutoffs is possible. To determine the best combination
of cutting scores for a new required percentage of acceptance,
a rather complete re-examination of all the original analyses is
required.

A fourth problem concerns the adaptation of multiple cutoff
procedures to the problem of positive classification, as distinct
from selection. The classification problem will be discussed more
fully later in the chapter. Essentially, the problem is to decide
to which one of several job specialties a person should be as-
signed. The problem is no longer one of accepting or rejecting
the applicant but rather of making the most effective use of each
individual in some one of the several jobs. Since the multiple
cutoff procedure yields no quantitative score indicating degree
of suitability for any job, it provides absolutely no basis for
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determining for which one of several specialties an individual is
best qualified. It is difficult to see how the technique could be
adapted to this purpose. The impossibility of using the results
for classification will represent a major limitation of the multiple
cutoff method of analysis in many personnel research projects.

Clinical method

The methods described so far are strictly objective, as applied
to any individual, and the critic may contend that they are
mechanical and lifeless. A number of measures are obtained
for each individual, and the scores resulting from these measures
are treated in a specified and uniform way to determine whether
the applicant shall be accepted for the job. It should be noted
that the measures may include observational records, ratings,
and other data which are arrived at through the medium of the
human observer. However, once these data have been obtained
they are reduced to scores and treated as such.

It has often been contended by the clinically minded that the
strictly objective methods previously described lose a good deal
of valuable information which could be used by a skilled clinician
in judging the suitability of each individual. The clinician, it is
asserted, can make use of various types of data about the indi-
vidual which emerge in a clinical interview but which are not
readily reduced to scores for quantitative treatment. Further-
more, he is in a position to interpret the unique pattern of test
scores for an individual and is not bound to the rigid and me-
chanical procedure of weighting which is represented in a
regression equation.

We must distinguish here between the use of an interview and
a rating resulting from it as a datum in an objective selection
program and the use of data from tests as raw material for a
synthetic final clinical judgment. The usefulness of interview
and rating as a datum can be determined in the same way that
the usefulness of any test score is determined. The validity and
intercorrelations of the rating may be calculated, and it can be
treated as one variable in a multiple regression equation. Its
value will be determined by whether it does or does not get an
appreciable regression weight. The present problem is to decide
whether an essentially clinical treatment of test and other data
represents a desirable approach to the selection problem.
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The only advantage in a clinical evaluation of a set of scores
is that it permits combination of the scores in other than a linear
manner. It permits a maximum of flexibility in that any pattern,
no matter how complex or unique, may be recognized and
weighted. For this extreme flexibility to be an advantage, it is
necessary (1) that special patterns and combinations of tests, not
well represented by a linear combination of scores, be important
for success on the job and (2) that there be clinicians available
who have the insight to discover those special patterns and the
skill to recognize them whenever they appear. We may well be
somewhat skeptical on both counts, but especially on the second.
It represents a severe demand on a clinician’s insight to expect
him to discover better ways of using test scores than will be given
by the best linear combination of those scores, and then to be
consistent in identifying and interpreting those patterns when
they reappear.

In the final analysis, the effectiveness of clinical interpretation
of test scores can be judged only by experiment. The clinician
may be supplied the scores and instructed to make his best pre-
diction of success on the job, based upon the scores and all other
information available to him. The validity of his predictions may
be compared with the validity obtained from the regression
equation, Whatever the results, however, they show only what
one clinician or group of clinicians was able to do in one per-
sonnel situation. Findings on this problem will necessarily be
extremely specific. The dependence of the procedure upon the
particular persons involved is one of the serious weaknesses of
the clinical method. Even if it can be demonstrated that the
clinical method of assessing data is valuable as applied experi-
mentally by certain persons with specialized training and abilities,
there is still no guarantee that those values can be maintained
week in and week out in a continuing personnel selection
program.

LENGTH OF A TEST BATTERY

When validities and intercorrelations are available for a
battery of tests, the question usually arises as to how many of
the tests should be retained for final use in routine selection.
It is possible to take one, two, three, or any number less than the
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complete set of tests and find how good a prediction can be
obtained from this shorter battery. The multiple correlation for
the shorter battery is often almost as good as that for the com-
plete battery. (It cannot be quite so good in the specific sample
analyzed unless the test or tests which have been omitted
actually receive zero weight in the regression equation. Any
weight given to the omitted variable would be given only if it
increased the multiple correlation.) The problem is to determine
whether (1) the loss from dropping out some of the tests is a real
loss, in the sense that it would be maintained in a new sample,
and (2) the loss is enough to overbalance the increased efficiency
and simplicity of a shorter battery.

A comparison of batteries of different numbers of tests is quite
straightforward if the comparison is restricted to the sample of
cases used in the current analysis. Either one may start with
the complete battery and drop tests one at a time, dropping each
time the test with the smallest regression weight, or one may
start with a single test and build up the battery one test at a
time, adding always the test that will make the greatest addition
to the existing pool.

In either the Doolittle or the iterative methods of computing
regression weights given in Appendix A, it is possible to drop
successive variables from the solution. The iterative procedure
lends itself particularly well to this process, because all that must
be done is to make the weight for the specified variable zero,
and then make adjustments by successive approximations to the
weights of the other variables. The validity of the abbreviated
battery will drop slowly at first as single variables are eliminated,
and then more and more rapidly as variables with larger regres-
sion weights are eliminated.

A technique for the successive addition of variables has been
developed by Wherry.® This procedure starts, of course, with
the most valid single test. Then one determines which variable
will add most to the validity of this one test. (In essence, one
determines the partial correlation of each test with the criterion
when the first test is held constant.) The weights for the two
variables in combination and the multiple correlation for that
combination of tests are computed, and one then determines

3 R. J. Wherry, in W. H. Stead and C. P. Shartle, Occupational Counsel-
ing Techniques, American Book Co., New York, 1940, pp. 245 ff.



LENGTH OF A TEST BATTERY 203

which test will add most to the original two. The process is
continued step by step, adding at each step the test that will
give the greatest increase in the multiple correlation based on
the existing pool of tests.

The problem that arises in either of these approaches is that
of when to stop dropping or adding tests. At what point does
the gain from an additional test variable become so small that
it represents no real gain but only the increase that should be
expected by chance from the addition of another parameter to
the prediction equation?

In any given sample, correlations will deviate from population
values due to the vagaries of sampling. Even if the correlations
with the criterion are all zero in the total population, some pre-
diction of that criterion will be possible within the sample. The
multiple correlation will be a function of the number of pre-
dictor variables. The more predictor variables, the higher the
multiple correlation which one may expect to derive from them,
in the absence of any genuine relationship. At what point does
the improvement in prediction represent merely this fact?

If one is comparing a set of k tests with a set of k + 1 tests,
where the k tests are taken at random from the k + 1, a test of
the comparative size of the multiple correlation resulting from
the two sets is possible. We can interpret the correlation from
the larger battery as really representing a gain in accuracy of
prediction only when

1 — Riyt?

_— 11
1— R N—k-1 (n

where Ry ; = the multiple correlation for k + 1 variables.
R;, = the multiple correlation for k variables.
N = the number of cases in the sample.

Unless the above inequality holds, the increase in Riy; over
R; must be thought of as representing only the effects of sampling
operating in the larger number of variables.*

The above test applies only when the k variables are chosen
at random from the k 4+ 1. This, however, is not the situation

4 The derivation of the formula, attributed to Churchill Eisenhart, may
be found in Paul R. Rider, An Introduction to Modern Statistical Methods,
John Wiley & Sons, New York, 1939, pp. 126-128.
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when we successively remove variables from or add variables to
a battery. In that case our selection is very definitely systematic.
Starting with the complete battery, we remove first those variables
with the smallest regression weights, or starting with a single
variable we add first those that make the largest contribution to
the initial test or tests. This sequential process fully capitalizes
on chance fluctuations in validities and intercorrelations in the
sample. The test that is most valid in a particular sample is so
in part because of its genuine validity, but in part because in that
sample that test happened to have a large positive deviation from
its true population value. Thus, the tests that are added first
tend to have positive deviations in the present sample, and those
added last tend to have negative deviations. The apparent
validity of the first few tests will be considerably inflated, and
the apparent contribution of the last few sharply minimized.
The above formula takes no account of this fact. Wherry’s
formula which undertakes to correct the multiple correlation for
the shrinkage to be expected as one goes to a new sample is also
inappropriate when variables are added in the systematic way
which we have been discussing.®

If a large number of tests are given to a relatively small group
of subjects and correlated with each other and with a criterion
variable, the sampling fluctuations among the correlation co-
efficients will almost always be sufficient to produce some few
test correlations that will give a substantial prediction of that
criterion in that sample. However, in addition to any true rela-
tionship that may exist between the test variables and the cri-
terion in the parent population, a prediction based on a few
chosen tests capitalizes on the chance fluctuations in validities
and intercorrelations of the variables in the specific sample. In
general, the variables that are retained from a larger group will

5 R. J. Wherry, in W. H. Stead and C. P. Shartle, Occupational Counsel-
ing Techniques, American Book Co., New York, 1940. The formula is

N -1
N-M
where R is the “shrunken” multiple correlation.

K is the multiple coefficient of alienation.

N is the number of cases.
M is the number of tests.

§2=1—K2(
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be not only those that are most valid but also those that show
the most favorable fluctuation from their true population value
in the current sample. The smaller the number of variables
selected to be weighted, the more premium is placed upon
favorable chance fluctuations in those particular variables re-
tained and weighted. It must be anticipated, therefore, that the
multiple correlation obtained by weighting only a picked few of
the tests in a battery will show a marked shrinkage, substantially
greater than when the regression weights are based on all the
tests. This is the exact reverse of the situation represented by
Wherry’s shrinkage formula. The author knows no accurate
analytical formulation to express the amount of shrinkage to be
expected from the weighting of a specified number k selected
from a battery of n test variables, and no procedure can be
offered for estimating this effect with precision.

In the absence of a solution of the basic statistical problems,
the personnel psychologist is thrown back largely upon rule-of-
thumb procedures and practical judgment in determining the
number of tests to keep in his battery. One empirical approach
is to determine intercorrelations and regression weights on one
experimental population, and then apply these to an independent
new sample as a test of their effectiveness. In this way, an
unbiased test may be obtained of the effectiveness of weighting
different numbers of test variables. However, practical con-
siderations of the time and facilities available for testing are
often the deciding factors in determining how extended a routine
battery shall be.

ADDITION OF TESTS TO AN EXISTING BATTERY

After a personnel selection or classification program has been
established and has been in operation for some time, a nuclear
battery of tests will have been developed for routine testing
operations. If the program includes an active, continuing re-
search aspect, new tests will be continuously in the process of
development and validation. Whenever validation data are
obtained for a new test, a decision must be made as to whether
that test should be put into the routine testing battery, either as
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an addition or as a replacement for some test already in the
battery.

The final statistical basis for this decision must be a complete
analysis of the regression weights and multiple correlation re-
sulting when the new candidate is added to the battery or
substituted for a test already included therein. However, this
analysis is a laborious and time-consuming enterprise. Also it
requires that all the correlations of the new test with the rest of
the tests in the present battery be computed. There are certain
types of preliminary analysis which may give some cues as to
(1) which tests are the most promising ones to administer for
validation purposes and (2) which of the validated tests show
the most promise of making a real addition to the validity of the
existing battery. These are based on analysis of the correlations
between the new research test and either the tests already in the
battery or the composite score derived from them.

The first type of analysis involves the determination of the
uniqueness of a new research test. A test’s uniqueness is defined
as the systematic variance in the test which is distinct from and
cannot be predicted by the other tests in the battery. The
variance in a set of test scores can be divided into three parts:
(1) common variance, (2) chance variance, and (3) specific or
unique variance. The percentage of common variance in a test
is defined as the square of the multiple correlation between that
test and the rest of the tests in the battery. The percentage of
non-chance variance (i.e., common plus unique) is equal to the
reliability coefficient for the test. The percentage of unique
variance is therefore given by the difference between the reli-
ability coeflicient of the new test and the square of its multiple
correlation with the rest of the tests in the battery.

Information about the uniqueness of a test may be of value in
the negative sense, in that a test with very little uniqueness
cannot possibly add much of anything that is novel to the vari-
ance already covered by the battery. Therefore, it can hardly
contribute to the total validity of the battery. It may possibly
give a purer measure of some function already appearing in two
or three other tests, and this greater purity may be of value for
classification purposes, as will be pointed out later in the chapter
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Unless a test has a fairly substantial percentage of unique vari-
ance, however, we can hardly expect it to add appreciably to the
validity of the existing composite score or scores. Such a test
would usually not be very promising to give for validation.

A second analysis which is possible as soon as a test has been
administered to a preliminary sample of job applicants is based
on the correlation of the test with the existing composite score.
When we have determined the correlation of the new research
test with the present composite score, and if we also know the
validity of that composite score, we can immediately determine
what validity would be required in the test to add a specified
amount to the validity of the present composite score. The
formula for this computation ° is

Tek = TkaRc‘t + \/a(a + QRct)(l - rksz) (12)

where a = the specified increase in the multiple correlation.
7 = the validity required of test I to achieve the increase a.
R,.; = the multiple correlation of the battery, excluding
test k&, with the criterion.
rxs = the correlation of k with the composite score when
test k is excluded from the battery.

If some standard for increase in validity is set a priori, formula
12 can be used to determine how valid a test would have to be
in order to yield that increase. Thus, if the present composite
score had a validity of 0.50 and a new test correlated with that
composite score to the extent of 0.60, then, in order for the test
to add as much as 0.02 to the validity of the present score, it
would have to have a validity above 0.41. (If the validity were
below 0.19, the desired increment would also result. In this
case, the new variable would be negatively weighted and serve
as a suppression test) Of course, this evidence as to the size
of the required validity can serve as only a rough guide in
establishing priorities for test validation. However, by com-
bining this indication of the validity which a test would have to
have with one’s best professional judgment as to the validity

6 This formula was developed by A. P. Horst while he was serving in the

Army Air Forces. So far as the author knows, the derivation has not been
published.
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which it is likely to have, a better rational guide is provided for
assigning priorities to tests for validation.

A third analysis is possible after validity data become available
for a research test. Though still preliminary to analysis of the
complete matrix of correlations of the new test together with the
tests already in the battery, this is much more definitive than the
pre-validation analyses which we have just been discussing.
This analysis is based on test validity, composite score validity,
and correlation of test and composite. It consists merely of
determining the multiple correlation with the criterion of the
test and the present composite. The increase of this multiple
over the validity of the present composite shows how much
increase in validity could be obtained from the new test if it were
added to the present composite without changing the internal
weighting of the composite. Assuming that the other tests in the
composite are already correctly weighted, this provides a mini-
mum estimate of the gain to be obtained from the new test.
It is a minimum estimate because internal changes in the exist-
ing composite would be made only if they resulted in further
increase in the multiple correlation. Of course, if the tests
already in the battery are not optimally weighted, it is possible
that the same increment in validity which is provided by the
new test might be achieved completely or in part by re-weighting
the tests already in the battery. Though the estimate resulting
from this procedure is presumably a minimum estimate, we may
anticipate that it will not be much of an underestimate. It
seems unlikely that very much further gain will result from
changing the weights of the other tests.

For those tests which appear promising by this last analysis,
complete correlational analysis to determine their weights and
contribution to the validity of the existing set of tests is in order.
This requires the determination of the correlation of the new
test with each of the tests in the current battery. It also requires
the matrix of intercorrelations of the existing tests and, of course,
the test validity coefficients. The iterative procedure for deter-
mining test weights, presented in detail in Appendix A, may be
used quite advantageously for this analysis. The previous
weights for tests already in the battery usually provide a good
initial approximation from which to make further corrections, and
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this procedure is likely to lead to rapid convergence of the
weights upon their final values. The speed of the method makes
it practical to analyze a number of research tests singly and in
combination and to determine what they add to the present
battery. This addition is seen in the increase in multiple cor-
relation when one or more research tests are added to or replace
tests already in the battery.

The problem of deciding when the data on a new test are
sufficiently promising to merit adding the test to a current battery
or substituting it for a test already in use is not a simple one.
Data on a research test are usually much more limited than data
on tests which have been used routinely for selection over a
period of time. As a result, the estimates of validity for the
rescarch test are likely to be less securely based than those for
battery tests, and to be subject to a greater amount of sampling
error. Furthermore, these sampling errors are not random but
are definitely biased. Those tests which gave the highest validity
coefficients and the lowest correlations with the other tests will
be considered as candidates for addition to the battery. These
high validity coefficients represent in part genuinely high validity
in the tests in question, but in part they represent a plus fluctua-
tion from the true population value in the sample which was
analyzed. In so far as a sampling fluctuation is involved, the
validity may be expected to drop in a new sample. The extent
to which size of the validity coefficient is attributable to sampling
fluctuations is very difficult to estimate. It is a function not only
of the size of the group on which the validity coefficient was
computed, but also of the number of tests from which the par-
ticular research test was selected. The greater the number of
tests, the more likely one is to get large chance deviations in one
or two of them.

In view of these factors, no exact mathematical statement
seems possible concerning the increment in validity to be re-
quired before a new research test is added to the battery. It
seems reasonable to be rather conservative, especially if the
validity of the current battery is fairly high and is determined
for a substantial number of cases, and to add new tests and
especially to replace existing tests only when the evidence in
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favor of the research test is very convincing. It also seems very
desirable that a new research test which has been added to a
test battery be subject to continuing scrutiny, and that new
validation data continue to be gathered for it.

COMBINING DATA FROM PARTIAL CRITERIA

As was indicated in the discussion of criterion measures in
Chapter 5, for almost any job specialty there are a number of
types of data which represent possible criterion measures of
success in the job. These criterion measures are of different
types and become available at different times during the course
of training for or service in the job. Each usually has some
logical or statistical claim for relevance to the ultimate criterion
of success in that job. Thus, in pilot training in the AAF one
type of criterion was supplied by elimination from individual
flight training, and this could be further subdivided into the
stages of primary, basic, and advanced training. Criteria for
fighter pilots in operational training included such data as air-
to-air and air-to-ground gunnery scores, accidents, reclassifica-
tion to non-flying status, and various types of ratings. Combat
provided such additional criterion material as promotions, deco-
rations, reported planes shot down, casualties, and reclassifica-
tions. These types of criterion information all appeared to be
in some degree relevant to judging the success of a particular
individual. Many of the correlations among these separate
criterion measures, when it was possible to compute them, were
quite small. Different criterion measures are likely not to show
high correlations, partly due to unreliability but partly because
they measure different aspects of the complex total which is job
success and measure it together with different irrelevant vari-
ables. If validation data are available for two or more different
partial criteria, we then face the problem of combining the
validity statistics for the several partial criteria to arrive at
weights to be used in selecting personnel for assignment to this
particular job specialty.

There is one possible analytical, mathematical approach to
the combination of data from partial criteria. The computation
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of a canonical correlation” provides a determination of the
maximum prediction of a weighted group of criterion measures
from a weighted group of prediction variables. In this proce-
dure, weights are assigned to criterion variables to yield a
composite criterion score and to predictors to yield a composite
predictor score. Both sets of weights are so chosen that the
correlation between the two resulting scores is a maximum.
The result is the mathematically unique maximum prediction of
some composite of those criterion measures from some combina-
tion of those tests. However, though this solution is mathe-
matically the best, we may question whether it is the best in any
real or practical sense. The criterion measure that receives a
heavy weight in the composite, because it can readily be pre-
dicted, is not necessarily important according to the best available
professional judgment. In the allocation of weight to criterion
measures judgment rather than statistics must be the final court
of appeal.

The alternative to an analytical solution of our problem in
terms of maximum prediction is to fall back on professional
judgment for the determination of the weights for the partial
criteria. The weights may be applied specifically to the criterion
variables. Thus, a group specializing in the field may decide
that amount of insurance sold should be given twice as much
weight as rating by the district manager. This would mean,
then, that the composite criterion score for each individual would
be so constructed that amount of insurance sold would receive
twice the effective weight given to district manager’s rating.
(The effective weight must take account of the standard devia-
tions of the two distributions.)

Often the groups on which the diflerent criterion measures
are available are not the same. In this case, it is not possible to
obtain composite criterion scores for single individuals. The
weights then have to be applied to the validity coefficients
obtained for the partial criteria or even to the regression weights
obtained for them. It can be shown that the relative weights
several prediction variables eventually receive are the same at
whatever stage data for the partial criteria are combined. Since

7" H. Hotelling, “Relations between Two Sets of Variates,” Biometrika,
28, Parts 3 and 4, pp. 322-377 (1936).
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the relative weights are the significant consideration, the point at
which the combining is done is immaterial.

The important thing in combining data from partial criteria
resolves finally into obtaining the soundest possible judgment as
a basis for assigning weights to the several criterion variables.
The judgment should probably represent both the specialist in
the job and the specialist in measurement. The specialist who
knows the job well should be best able to pick out the behaviors
that are important evidences of success in the job specialty. The
measurement specialist is best able to evaluate the technical
characteristics of the scores which can be gathered as evidence
of each of those behaviors. Their combined judgment should
provide an evaluation both of the importance of the behavior
and of the adequacy of the measure of it. These two considera-

tions jointly can determine the weight given to each criterion
variable.

ROLE OF NON-STATISTICAL FACTORS IN WEIGHTING
TESTS

The discussion so far in this chapter has been concerned almost
entirely with statistical procedures for arriving at the weights
to be assigned to test variables when the tests are being used to
select personnel for a job. However, the immediately preceding
section has suggested that judgment, as well as statistics, enters
into the final weights. At this point it is appropriate to consider
the role of reasoning, judgment, or common sense in this problem
of test weighting. The point which we wish to make is that
rational analysis and judgment are the fundamental basis for the
use of tests in personnel selection, and that statistical procedures
are of value as a guide and supplement to, and not as a substitute
for, professional judgment.

Statistical methods will tell us how well each test predicts a
particular criterion measure, and how tests should be weighted
to give the best prediction of that measure. They will not tell
us in any definitive way whether that criterion measure is a
relevant or complete measure of the behaviors which represent
success on that job. That is a matter of judgment. Statistics
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will not tell us which of several criterion measures is the most
important and should count most as we sum up our available
data. That is a matter of judgment. Statistics will not tell us
what traits are important for success in the job as a whole but
are not represented in our particular criterion measures. That
is a matter of judgment. And a matter of judgment, too, is the
decision on how implicitly to follow the statistical data with
regard to validities and regression weights. If we judge that the
criterion data which we have are the best that can be obtained
and that our professional enterprise will be best served by
following the empirical data exactly, we may have judged wisely
but we have still judged. In another situation the sound judg-
ment may be that the knowledge of the job represented in our
job analysis is far superior, as a guide to test construction, to any
empirical validation which it is feasible to obtain for that job,
and that we should rely heavily upon our rational analysis in
selecting and weighting tests.

Judgment necessarily enters in at some point in any personnel
selection enterprise. It may enter early in the scheme of things,
when a criterion measure is selected and the decision is made to
concentrate explicitly on predicting that criterion. It may enter
also at the final stage of planning a test battery, when tests are
weighted or test weights are modified from those specified by
the statistical analysis because of knowledge of aspects of the job
other than those represented in the criterion measure. The use
of judgment is no more reprehensible in the latter case than in
the former. Rather, it is the blind use of statistics without
judgment which is to be condemned.

THREE MAJOR TYPES OF TESTING PROGRAMS

In the use of tests to evaluate personnel for job assignment we
can recognize three major patterns. These are as follows:

1. The use of tests as a screening device to qualify personnel
for assignment to a single job or type of training. (Selection.)

2. The use of tests as a multiple screening device to qualify
personnel simultaneously for assignment to one or more of a
number of jobs or types of training. (Multiple selection.)
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8. The use of tests to determine to which one of a number of
jobs or types of training each person should be assigned.
(Classification.)

In each of these patterns we must recognize a somewhat
different purpose underlying the testing. Each of these purposes
brings forth certain distinctive problems and calls for somewhat
different emphases in test development and test analysis proce-
dures. We shall need to consider each in turn.

Use of a test battery for selection

In simple selection, we are dealing with a testing program
which is being developed with the single purpose of picking
personnel for a single job or training program. Each individual
is being considered only as an applicant for that one job cate-
gory. For each applicant, the problem is merely whether to
accept or reject him for that one position. An illustration of a
program of simple selection is that undertaken by a medical
school or law school in screening out the most promising from
among a large number of applicants for admission. Another
illustration is a program being carried out by a life insurance
company to select salesmen. The one concern in these programs
is to select the individuals who will do best in that one job.

The simple selection problem is the one for which our statis-
tical procedures of test analysis are best fitted. When a battery
of tests is being developed to pick personnel for assignment to a
single job, the simple purpose is to get a score with the highest
possible validity in terms of an adequate criterion of success on
that job. (We must, of course, recognize practical factors of
economy, convenience, etc., but these cannot enter into the sta-
tistical analysis of test results. They are supplementary non-
statistical considerations which must be used to guide the analysis
and interpretation of the test results.) Test development activi-
ties are directed at the single purpose of getting the most accurate
prediction of success in that one job. Working in the framework
of multiple correlation, the single purpose is to make the multiple
correlation between composite score derived from the test battery
and criterion of job success the maximum.

With the simple goal of predicting success in a single job, the
natural selection approach is to see how well the individual
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actually does in a sample of the job duties. The applying typist
may be given a standardized typing test; the machinist may be
set to work on a lathe with materials, tools, and a blue print.
The approach through a single direct test of proficiency in the
job may be the best in certain cases, but in most instances a
proficiency test must be supplemented, and often it does not
represent a practical undertaking. The usefulness of proficiency
tests is limited by several factors:

1. Proficiency tests may call for equipment, such as milling
machines, airplanes, etc., which are prohibitively expensive for
use in a personnel selection program.

2. Proficiency tests may require too large an expenditure of
testing time in order to get a reasonably reliable sample of the
individual’s performance on the complex job task.

3. The job duties may be of such a subtle, varied, and in-
tangible nature that it is impossible to reproduce them in a test
situation. Thus, the varied adaptations of a salesman to a
customer or the many little tasks of a private secretary may not
lend themsclves to testing.

4. The applicant may yet have to learn the task, so that it may
be impossible to test his proficiency at the present time. Thus,
applicants for pilot training could hardly be turned loose in an
airplane, nor could potential cngineering students be expected
to design a bridge.

These conditions make a place for aptitude tests in personnel
selection—tests which are not the job, but which are prognostic
of future success in it.

Even when direct testing of proficiency is not feasible, de-
velopment of aptitude tests for the selection of personnel for a
particular job tends naturally toward the development of tests
that closely resemble the criterion task both in content and in
complexity. One can readily see the rationale for having the
content of the testing situation resemble as nearly as possible the
actual duties on the job. One reasons that, the more nearly the
test approaches the job or some phase of the job, the more
accurately test performance will predict job performance. Thus,
for pilots one constructs motor coordination tests which use an
airplane-type stick and rudder; for navigators one constructs a
table-reading test, using data on drift, air speed, and the like;
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for medical school students one constructs a test of ability to
read and comprehend prose passages dealing with medical con-
tent. Each test is planned so that it measures certain general
functions of human behavior, but also so that it measures those
functions with the specific materials and in the specific situations
that are likely to occur in the job in question. In this way, one
hopes that factors of specific content as well as factors of general
function may give the test validity for the job being studied.

A related but somewhat different tendency in the construction
of tests for a single job is the tendency to make the tests complex.
A job is ordinarily complex, requiring the individual to do a
number of different things, often at the same time. In the effort
to reproduce these complexities the test is likely also to become
complex. This was illustrated in the program of wartime test
development in the AAF by the large number of complex pursuit
and coordination tests which were developed for pilot selection,
requiring the individual simultaneously to use a number of
controls and to respond to a variety of signals and cues. The
defense offered for complex tests based on the materials of the
job is that as individual tests they tend to have relatively high
validity for the job for which they were particularly tailored.
This seems often to be true. It is further urged that the use of
material relating to the specific task on the one hand and the
introduction of complexity of function on the other introduce
valid variance not covered by any number of more analytical
tests of simple mental functions formulated in terms of more
general materials. This may also be true, though it is a point
that would be very difficult to demonstrate conclusively. It did
seem true in the AAF program for pilot and navigator selection
that the validity achieved by complex tests was greater than
could have been produced by any combination of simple and
relatively “pure” tests available at the time.

When the personnel psychologist is concerned with a pure
selection problem, the one criticism that can be leveled at the
complex type of test, developed solely with an eye to its validity
and without regard to its intercorrelations, is that each test of
this type tends to have relatively high correlations with all other
tests developed for that job in the same way. Since each test
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involves a complex weighting of a number of the factors that
enter into success on the job being studied, each tends to overlap
markedly with every other. Furthermore, in so far as each
different test is built with the same concepts of the job in mind,
the tests overlap not only in their valid variance, but also in their
invalid variance. The errors in interpreting the job also are
generally perpetuated. The high intercorrelations indicate that
relatively little gain will result from adding to an existing test
or battery of tests of this type other tests of the same sort. The
validity resulting from two or three tests is near the maximum
that can be achieved. Whether the final multiple correlation
will be higher for a test program based on complex job-analogy
tests with relatively high validities and high intercorrelations or
for a battery of relatively pure tests of simple psychological
functions with lower validities and lower intercorrelations remains
an opcn question.

Use of a test battery for multiple selection

The term multiple selection designates a set of operations
through which an individual is simultancously determined to be
qualified or not qualified for each one of a number of job special-
ties. In the air-crew selection program of the AAF, for example,
a test battery was administered to each man and a score was
obtained for bombardier aptitude, navigator aptitude, and pilot
aptitude. At any given time minimum standards were in effect
for each of the air-crew specialties, and by comparing the apti-
tude scores of a given man with the standards it was possible
to determine for which one, two, or three specialties he was
qualified. Subsequent classification and assignment was to one
of the specialties for which he was qualified. The process of
qualifying for a job category is the same as it was for the simple
selection described in the previous section. However, it is carried
out for several job categories at the same time.

In using tests for purposes of multiple screening, the theoretical
situation is not essentially different from that of simple selection.
In a sense two, three, or more testing batteries are all given at
the same time, each of which gives rise to a set of regression
weights for predicting success in a particular job category. Each
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battery can, in theory, be developed in complete independence
of the others and carried to the point of giving the best possible
prediction of criteria of success in the particular job. In practice,
however, the need for efficient use of limited testing time pre-
cludes the development of such parallel independent batteries.
It might be possible to proceed in that way if the number of job
specialties were only two or three, but the approach would
become hopelessly inefficient, unwieldy, and time-consuming
with a larger number of job categories. It then becomes neces-
sary to use each test for predicting success in several jobs.

As it becomes necessary to use a single test in the prediction
of success in not one but several jobs, it obviously becomes less
defensible to design the test in terms of the duties of a particular
job. Of course, the test may still be conceived as functioning
primarily for a single job, being used incidentally in the predic-
tion of success in other job specialties in so far as it is found
empirically to be predictive of success in those job specialties.
Thus, in the battery of AAF air-crew tests certain tests were
conceived primarily as pilot tests, others as navigator tests, and
still others as bombardier tests. However, each test was weightec.
for any air-crew specialty for which analysis of validities and in-
tercorrelations indicated that it should receive weight. Further-
more, in expanding the use of the battery to additional job
categories, the tests developed for pilot, navigator, and bom-
bardier provided the basic battery for the new specialty. Thus,
these tests were re-weighted for flight engineers when it became
necessary to select men for that assignment. However, this
procedure was considered a temporary expedient pending the
development and validation of tests more specifically directed at
predicting flight engineer criteria. However, the procedure of
using more or less distinct sub-batteries was possible only be-
cause an extensive battery of some twenty tests was being used.
When selection is being carried out for several jobs at the same
time, it is usually important to pick tests in terms of their effec-
tiveness for more than a single job category.

If tests are to be designed less in terms of the activities of a
particular job, they must be designed more in terms of general
categories of human behavior. The approach to test develop-
ment in terms of aspects of human behavior starts off with the
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search for and definition of behavior categories. Categories may
be drawn to a large extent ready-made from the language of the
introductory psychology textbook or of everyday speech. In this
way one may set out to build tests of “judgment,” “attention,”
“observation,” “memory,” and the like. However, such verbal
labels provide only starting points for test construction, and as
the necessary steps are taken to translate the categories into
usable tests certain difficulties are likely to arise. In particular
one is likely to find that tests which purport to measure essen-
tially the same category of behavior, and which should be func-
tionally nearly the same, show only moderate correlation, and
tests which purport to measure different categories, and which
might therefore be expected to be independent, are in fact cor-
related to a fairly substantial degree. In other words, test scores
often do not organize themselves into sharply defined clusters
corresponding to a priori categories.

The failure of the pattern of test intercorrelations to confirm
a priori categories has led psychologists to try to refine cate-
gories and revise tests in the light of the test intercorrelations.
The effort to develop refined and more useful categories depends
in every case on obtaining the matrix of test intercorrelations.
There is great diversity, however, in what use is then made of
the intercorrelations by different workers. On the one hand, the
intercorrelations may serve primarily as material for sophisticated
inspection, in terms of which the tests are re-interpreted and
hypotheses are formulated as to new test operations which are
expected to provide more nearly unique and uncorrelated tests.
Thus, examination of the intercorrelations of a test which was
designed to test perceptual speed may show it to be correlated
with several tests of a numerical character. This may lead to
the revision of the perceptual test and the exclusion from it of
all numerical content, with the hope that the change will yield
a purer test with lower intercorrelations. Tests revised in this
way will, it is hoped, define more nearly separate and distinct
dimensions of human behavior. On the other hand, the same
goal is sought through the complex series of operations involved
in factor analysis. Factor analysis undertakes to resolve the test
intercorrelations into a number of independent components, and
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through rotations of these components to identify each with both
some nameable aspect of behavior and some test or tests.®

The goal in the refinement of categories is a set of categories
which are mutually independent and collectively inclusive. As
far as this goal can be achieved the resulting set of categories
and the set of measures to represent them will have both logical
and practical advantages. It is simpler to think and talk about
a set of categories all of which are separate and distinct rather
than interrelated in varying degrees. From the practical point of
view, independence of the several tests will contribute to the effi-
ciency of the battery as it is used for multiple selection. Each
test will measure a new aspect of human behavior, with a mini-
mum of duplication of what has been covered in other tests. A
maximum scope of human behavior will be evaluated within a
given period of testing time. In so far as predictions must be
made for a number of jobs involving a variety of types of duties
and in so far as it is consequently necessary to evaluate many
different aspects of behavior, this non-overlapping in different
tests may be a matter of great practical importance. It becomes
a matter of theoretical importance in connection with the prob-
lem of classification which we shall consider next.

Use of a test battery for classification

In multiple selection the goal remains the relatively straight-
forward one of obtaining the maximum accuracy in the predic-
tion of success in each one of several job specialties taken singly.
Since it is not practical to design a separate battery for each job
specialty, compromise with the ideal must be made, and some
loss in the accuracy of prediction of single job categories is
tolerated in order that the prediction of others may be improved.
The practical goal is that the average validity for all job special-
ties, with appropriate weight being given for the importance of

8 An introduction to the methods of factor analysis is given in J. P.
Guilford, Psychometric Methods, McGraw-Hill Book Co., New York, 1936,
Chapter 14. A more complete presentation of the whole topic may be found
in Godfrey H. Thomson, The Factorial Analysis of Human Ability, Houghton
Mifflin, Boston, 1939, and L. L. Thurstone, Multiple-Factor Analysis, Uni-
versity of Chicago Press, Chicago, 1947.
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each job, be a maximum within the limits of the time and facilities
available for testing.

As soon as the task becomes one of classification, an entirely
new element is introduced into the goal of testing. We define a
strictly classification program as one in which each man must be
used in some one of the available job specialties. The purpose
of testing becomes to determine his relative fitness for each of
the different duties. Final classification must take account not
only of the single individual’s relative promise in the different
job categories, but also of the number of vacancies to be filled
in each category and the relative fitness of the other candidates.

A pure problem in classification arises when we have N indi-
viduals to be assigned to N positions in k different categories.
The goal is to contribute the maximum to the over-all effective-
ness of the organization as a result of the assignments. In this
situation there are no more men than jobs, so it is not possible
to reject any man completely. For this problem, it is possible
to make only limited use of the absolute level of the individual’s
aptitude for or evidences of ability in any particular job. The
critical factor will be differences in level of aptitude for or ability
in the k possible assignments. The situation is further compli-
cated, in the practical case, by the fact that there are frequently
certain job categories in which it is more important to have the
maximum level of effectiveness than others. Thus, in classifying
ground personnel for an air force, it may be more important to
have the best possible radar maintenance men than to have the
best possible cooks. A manufacturing concern may well be more
concerned about the efficiency of milling machine operators than
the efficiency of the individuals who clean the factory.

The classification problem has been rather generally formulated
in the preceding paragraph. We shall now try to make a more
formal statement of it, indicating the points which must be
covered if an analytical, mathematical attack on the problem
is to be made.

Given:

1. A limited number N of individuals available for job assign-
ment,
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2. The same number N of jobs to be filled, these jobs being of
k different kinds (k < N).

3. A set of measures of different aspects of individual aptitude
or achievement.

4. Data on the validity of each of the measures in item 3 for
each of the job categories in item 2, together with the correlations
among the predictors and the correlations among the criterion
measures.

5. Weights for each job specialty, indicating the importance

attributed to having individuals with the highest aptitude for
that job assigned to it.

Required:
A procedure for assigning the complete group of individuals
in such a way that the weighted sum (by weights in item 5

above) of the aptitudes of all the men in all the jobs shall be the
maximum.

The above statement presents the classification problem in its
pure form. In practice a testing program is often used jointly
for purposes of multiple selection and of classification. That is,
it may be used both to disqualify a certain number of the inept
and to make positive classification of those who qualify for one
or more job categories. The problem of classification is clearly
a complex one, and an analytical mathematical approach to it is
very difficult even when satisfactory values can be established
for all the “givens” listed above.

In a classification program we are no longer primarily inter-
ested in the level of aptitude for single jobs, since it is specified
that we must use even the least able men somewhere. We are
now interested in differences in aptitude for different jobs. It is
no longer sufficient to predict success in job A accurately and to
predict success in job B accurately; we must predict accurately
difference in success between job A and job B. This means that
we must be interested not so much in the validity of our test or
our composite score for job A and its validity for job B, but rather
in the extent to which it leads to differential predictions for the
two jobs.

A reasonably straightforward mathematical approach can be
made to the problem of classification when the number of job
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categories is only two. This will be developed here in part for
its own sake and in part to clarify the nature of the general
problem. When the number of job categories becomes more
than two, however, some entirely new method will have to be
developed for the mathematical solution of the classification
problem.

When there are only two job categories, A and B, we can
make our best prediction of each, in the least squares sense.
These predictions will be expressed as

GJa = aB1xy + aBox2 + -+ -+ ABkTk

8 = BB1T1 + BB2T2 + - - - +BBETK
where 48 = weight to be applied to variable k in predicting
.uccess in job A.
BBr = weight to be applied to variable k in predicting
success in job B.

(13)

There now exists, for each individual, a single value which
represents the difference between his predicted success in job A
and his predicted success in job B:

A= §a — §s) (14)
For simplicity, both jobs are here considered to be equally
important. However, a wecighted difference could replace this
simple difference if we desired to attach more weight to placing
promising applicants in one job category than to placing them in
the other. For classification, we can use the value, A which repre-
sents the predicted difference in success in the two jobs. Indi-
viduals can be ranked in order by the value of A, The number
required for assignment to job A may be selected from the end
of the ranking which represents greater likelihood of success in
job A. Referring to equations 13 and performing the subtraction,
we have

A =§4—ip = (4B — BT + (4B2 — BB2)Ts + -+

+ (4B — BB (15)

The weight for each variable for predicting the difference in
aptitude for the two jobs is the difference between the weights
for the separate jobs.
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The validity of the estimate, A, of differences in aptitude can
be expressed by the familiar formula for the correlation of sums
and differences. Let

A represent score predicting success in job A.
a represent actual success in job 4.
B represent score predicting success in job B.
8 represent actual success in job B.

Then (A — B) is the predicted difference in success on the two
jobs and (« — B) is the actual difference in success. The validity
of the differential prediction is given by the formula

, _ (rae — rag) + (rog — 75a)
(A—B)a—pf) =
“ V11— TAB\/ 1 —rag

An examination of this formula brings out two interesting
points. In the first place, it can be scen that the most critical
factor in differential prediction is the difference between the
validity of a composite score for the criterion which it has been
developed to predict and its validity for the other criterion. This
is brought out by the numerator of the above expression. The
actual level of the validity coefficients enters into the result only
indirectly; it is the size of the difference between them that is of
direct importance. Qur goal must be to develop tests that will
make these differences a maximum.

The second point to be noted is that for a specified set of
validity coefficients high correlation between the prediction
scores (and between the criterion measures) makes for more
rather than less validity of differential prediction. This matter
of intercorrelation of prediction scores is not likely to enter into
the plans for test development. Attention is likely to be centered
on the validities of each test for the two job criteria. However,
it is interesting to note, with an eye to the problem of classifying
among three job categories, A, B, and C, that, when it is neces-
sary to use tests of the same function in the batteries for B and
C, in order to differentiate these jobs from A4, it is preferable to
use the identical score in both batteries. The common errors of
measurement, which tend to increase the correlation between the
predictors of B and C, will be an advantage rather than the

(16)
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reverse. In using scores for classification purposes, it is desirable
that the errors of measurement and other completely non-
functional variance in the several score composites be as highly
correlated as possible. This non-functional variance tends
thereby to be held constant for the different job categories and
to be more or less partialed out of any difference score.

The discussion in the previous paragraphs indicates that for
classification between two job categories we can use the single
difference score which represents the difference between pre-
dicted success in one job and predicted success in the other job.
With three job categories, however, there are three differences
between pairs of scores predicting success in the single jobs,
with four jobs there are six difference scores, and so forth. There
is no simple way of simultaneously examining those several
differences for all the applicants and deciding which assignment
is most advantageous for each one. So far as the author is
aware, this is still an unsolved problem.

Returning to procedures for test construction, we have seen
that for a classification program the measure of the effectiveness
of a test battery lics in the differential validity of the several
prediction scores for the several jobs. A number of composite
prediction scores can have different patterns of validity for the
several criteria only in so far as they measure different behavior
functions. The only validity of the battery for classification
purposes, therefore, lies in the difference in function measured
by the different scores. A test is of value in so far as it permits
the differentiation of some function from other functions.

Let us suppose that we have a test which measures a pure trait
of behavior, the trait being isolated by the best available statis-
tical techniques and professional insight so that it is as completely
unrelated to others and as psychologically meaningful as may be.
We may expect the validity of this test to differ sharply from one
job to another, since the trait is likely to be important for some
jobs but of little or no importance for others. The differences in
validity will not be blurred because other traits enter into the test
score, other traits that are valid for different sets of jobs. A set
of tests of this sort permits the maximum of difference in validity
in composite scores for different job specialties, since the tests
chosen for weighting for a particular job will include only those
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factors that have validity for the job. They will not carry with
them secondary sources of variance which have validity not for
the job in which success is being predicted but for some other
job or jobs. A composite score will have validity for jobs other
than the one it is supposed to predict only in so far as those jobs
actually call for the same traits, and not because a particular test
measures some traits which are valid for each of the jobs.

In the case of highly complex tests, the situation tends to be
reversed. The complex test is almost certain to reflect a number
of traits or factors. This multiplicity of factors probably includes
some that are valid for one job and some for another. Further-
more, other complex tests will often overlap the first one and
measure a number of the same factors. A composite score built
up of several such tests may represent an even more complex
array of factors. This complex of factors may include a number
of factors that have validity for the job on which the composite
score is designed to predict success, and so the composite score
may be quite a valid predictor of success in that job. However,
the composite score is also likely to include a number of factors
that are valid for other jobs, and so it may be fairly valid for
these jobs too. Thus, the value of the score as an instrument for
differential assignment is reduced.

It seems, in general, that it is for the task of classification that
pure tests of single functions of human behavior have their
greatest justification. For differential prediction, purity rather
than high validity seems likely to yield the most effective test
battery. It is in this type of program that the research devoted
to the design of pure tests of distinct factors in human behavior
is most likely to be fruitful.
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The Analysis and Selection
of Test Items

The typical test for personnel selection is composed of a
fairly large number of separate items. Each item requires the
subject to exhibit certain knowledges or skills, or, in certain types
of testing instruments, to state certain facts about himself or to
express his attitudes on some point. In using test results for
selection and in selection research we ordinarily extract a single
score from the group of items which constitute a test or a part
of a test. We combine the individual item responses in a single
score, sometimes purely because it is a practical necessity to do
so but sometimes because in addition we consider the separate
items sufficiently uniform in character reasonably to be combined
into a single score.

FACTORS IN ITEM EVALUATION

The effectiveness of a test depends on the characteristics of
the items which compose it. In both its reliability and its
validity a test score is the resultant of the validities, reliabilities,
and intercorrelations of its component items. In order to produce
the most effective test, therefore, we must study each one of the
pool of items from which the test is to be assembled. The choice
of items for the final form of a test is based in part on the detailed
specifications for the content of the final test which were pre-
pared as a part of the process of planning the test. It is based
in part on certain statistical characteristics of each item. There
are two statistical aspects of the individual item with which we
shall be concerned. The first is the difficulty level of the item

for the group being studied. The second is the degree to which
227



228 ANALYSIS AND SELECTION OF TEST ITEMS

the item differentiates those who are high from those who are
low on some standard. This standard may sometimes be per-
formance on the complete pool of items, in which case we are
concerned with the internal consistency of the items. The stand-
ard may sometimes be an external criterion of job performance,

in which case we are concerned with the validity of each
individual item.

ltem difficulty

Let us consider first the role of difficulty as a factor in item
selection. If an item is to be useful in distinguishing between
those who are high and those who are low on a certain trait, it is
apparent that the item must not be so easy as to be passed by
every member of the group nor so difficult as to be failed by
every member. In neither of these extreme cases does the item
make any contribution to the discrimination which the test is to
make between different individuals. Within these two extremes,
the difficulty of a test item is still a significant factor in evaluating
the item. In general a single item will make the largest number
of discriminations between pairs of individuals if it is at a
difficulty level such that it is passed by 50 per cent of the group.

Taking a single item, we can visualize the number of discrimi-
nations which it makes in the following way. An item which is
given to 100 subjects and passed by one discriminates between
that one and any one of the remaining 99, and thus makes 99
discriminations. An item which is passed by 10 and failed by
90 discriminates between each one of the group of 10 and each
one of the group of 90. If we took the individuals by pairs,
there would be 10 X 90 = 900 combinations in which that item
discriminated between the two members of a pair. An item
which was passed by 50 individuals of the group of 100 and
failed by the remaining 50 would discriminate each member of
the first 50 from each member of the remaining 50. There would
then be 50 X 50 = 2500 combinations in which the item would
discriminate between the members of a pair of individuals
chosen from the total group of 100. Figure 1 shows the relation-
ship between difficulty level, expressed as percentage succeeding
with the item, and number of discriminations made by the item.
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Clearly, the item that is passed by approximately one-half the
individuals makes discriminations between many more pairs of
individuals than the item that is passed by a very small or a very
large percentage of the total group. Differences in difficulty do
not affect the frequency of discrimination so much in the middle
difficulty ranges (from 25 to 75 per cent success, let us say), but
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Ficure 1. Number of discriminations as a function of item difficulty.

they become increasingly critical as the extreme values are
approached.

Both theoretical and empirical studies indicate that a test
discriminates most reliably among the members of a group being
tested when the average difficulty level of the items in the test is
such that approximately 50 per cent of the group succeed with
an item. The exact distribution of item difficulties that will be
most effective in any given case involves also a consideration of
the relationship among the items. In proportion as the correla-
tion between each item and each other item is high, a test will
require a relatively wide scatter of item difficulties around the
average level of 50 per cent difficulty. In proportion as the
correlation between separate items is low, the most advantageous
scatter of item difficulties may be expected to be small. This
relationship is one which has been made clear only in a general
sense and not expressed in a clear-cut analytical fashion. It is
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not possible at the present time to specify for any given test with
an obtained set of item intercorrelations what the optimum
distribution of item difficulties should be. However, there is
general agreement that what is required is a set of items which
average 50 per cent difficulty for the group to be tested and
which show some degree of scatter away from that value.

Item discrimination

We turn now to a consideration of the ability to discriminate
high-scoring individuals as an item characteristic. As was indi-
cated, this discrimination may be in terms of total score on the
test, or it may be in terms of some external criterion score of job
performance. In some cases one type of analysis will be appro-
priate, in some cases the other. There may be some cases in
which both seem reasonable. To clarify the situations that call
for analysis of the relationship of item to total test score (internal
consistency analysis) and the situations that call for analysis of
the relationship of item to an external criterion (item validation),
let us consider two types of testing instrument.

In the first type of testing instrument, the items in a given test
blank are included in a single score purely from considerations
of convenience and not because of an essential unity in the items
themselves. This type of instrument is perhaps best illustrated
by the biographical data blank, in which a great variety of
questions are asked about the individual’s past history. Certain
personality questionnaires and interest inventories also fall into
this class. As these instruments are tried out in preliminary
form, they include a wide range of items which have only a
superficial relationship to one another. They are held together
not by any basic functional relationship, but rather by the super-
ficial fact that all the items refer to facts of personal history,
statements about likes and dislikes, or statements of individual
feelings or behavior. They may have very little unity in terms
of what the individual items purport to measure. Convenience
and a certain superficial resemblance in the form of the items
make it desirable to include them within a single test blank.
There is no reason however to think of the items as representing
a single unified aspect of the individual’s development.
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In such a situation, it is very appropriate to inquire into the
validity of each single item. Each item is in a very real sense a
little test all by itself. Each item must necessarily be judged on
its own merit as far as validity is concerned. There is no deter-
minable a priori basis for scoring the items and combining them
into a score. The only basis for arriving at a selection of items
or a scoring of items is in terms of the empirical validity of each
item. In this type of test, therefore, it is entirely appropriate to
determine the effectiveness of each item (and of each possible
response to it) in discriminating with respect to some outside
criterion of success on the job. An item response is valid in so far
as the individuals who choose that response are more successful
on the job, or more frequently successful, than those who do not
choose that response to that item.

Where the separate test items represent such a heterogeneous
assortment of materials, there is no a priori reason for expecting
correlation among the separate items and consequently no justi-
fication for analyzing the relationship of a single item to a score
based on the whole pool of items. As a matter of fact, as we
noted, there is no basis for arriving a priori at a pooled score for
a set of items, and consequently there is no meaningful score
against which the internal consistency of the test items could be
checked. In this case, then, there is no point in carrying out an
internal consistency item analysis.

Let us consider, in sharp contrast with the type of test blank
just described, a test which has been developed for the purpose
of measuring a limited and specific segment of ability. This
might, for example, be a test of the extent of general vocabulary.
In such a test, each item purports to help assess some single
unified aspect of ability. Furthermore by the nature of the test,
expert opinion is able to identify in advance the “right” answer
for each item. It is possible to score the items in the test without
reference to an external standard. If a hundred such items have
been prepared, the scoring key for the total test can be developed
a priori without reference to any empirical results. In this case
it is appropriate to ask to what extent a particular test item
measures the same function in the individuals tested as is meas-
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ured by the test as a whole. This is possible because (1) a total
test score can be obtained and (2) such a score will be meaningful
because it was the purpose of the test-maker that each item con-
tribute to the measurement of a single homogeneous function.

When the items in a test are completely homogeneous in that
each item measures exactly the same factors or aspects of indi-
vidual ability in the same combination, correlation of the separate
items with an external criterion of success loses its meaning.
In so far as the single items measure exactly the same combina-
tion of abilities, they necessarily differ in validity only as one
item is more reliable than another. That is, their correlations
with an external criterion depend only on their reliabilities.
When the items are truly homogeneous, a difference in item
reliability is directly reflected in differences in correlation with
total test score. In this case, all the relevant information about
the item is provided by its internal consistency item analysis,
and any further analysis of individual items against an external
criterion is futile.

The two examples described in the previous paragraphs repre-
sent extremes. At the one extreme, we had a testing instrument
in which each component item could be thought of as a separate
little test by itself, having no intrinsic relationship to the other
items and necessarily being validated on its own merits. At the
other extreme we pictured a test composed of items all of which
were homogeneous measures of exactly the same functions in an
individual. In the first test only item validation makes sense as
a procedure for analyzing single items. In the second only
internal consistency analysis provides an appropriate measure
for evaluating single items. In actual practice the situation may
not be so clear-cut. Many tests may have a degree of both
homogeneity and heterogeneity. It may be possible to score
the items a priori and to arrive at a total score, and yet the
functions measured by the items may have enough diversity so
that validation of the single items is appropriate. It is significant
to note, however, that, as validation of the single items becomes
more meaningful, internal consistency analysis becomes less
meaningful, and the more appropriate internal consistency analy-
sis is, the less we may expect item validation to contribute.
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PROCEDURES FOR CALCULATING ITEM INDICES

Indices of item difficulty

An indication of the difficulty level of an item is given by the
percentage of individuals in a given population who can answer
the question or solve the problem. The smaller the percentage
succeeding on the item, the more difficult the item, and vice
versa. This type of index has been criticized on the grounds
that infrequency of answering may sometimes be a function of
the obscure and esoteric nature of the information called for by
the item rather than any fundamental intellectual complexity of
the concept or process required. Thus, there is no more funda-
mental intellectual difficulty in knowing that a wombat is an
animal than in knowing that a dog is. However, knowledge of
the meaning of wombat is certainly very much rarer than knowl-
edge of the meaning of dog. “Difficulty” in this instance does
not represent complexity of concept but rather rarity of the
concept in common experience. Recognizing this limitation, we
may still accept the percentage of those knowing the answer to
an item as a useful operational measure of its difficulty.

The raw percentage succeeding on an item gives a crude
difficulty index. However, that percentage suffers from two
limitations. In the first place, some of those who got the correct
answer on the item may have done so by chance, that is, by
guessing or by some other procedure which did not involve
knowledge of the required information or working through of
the problem. In the second place, it is only for a rectangular
distribution of ability that percentage of success provides a
linear scale of difficulty. If we consider the ability measured
by the test as having approximately a normal distribution, equal
differences in percentage of success will generally not correspond
to equal steps in the scale of difficulty. We shall now consider
the adjustments and transformations which may be applied to
take care of these problems.

First, let us consider the problem of correcting difficulty in-
dices for chance success. Our effort here is to get an estimate
of the percentage of individuals in the group who arrived at the
right answer through correct knowledge or correct reasoning and
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to rule out those who got the answer by guesswork. Any correc-
tion for guessing involves something of an approximation. The
usual allowance is based upon two assumptions. In the first
place, it is assumed that an individual who selects an incorrect
answer to a test item does so on the basis of absence of informa-
tion or understanding rather than on the basis of misinformation
or misunderstanding. In the second place, it is assumed that
for a person who does not know the correct answer all the re-
sponse options on an item are equally attractive. If we ac-
cept these assumptions, we shall expect a certain percentage
of those who do not know the right answer to select that answer
by chance. This percentage will be the average of the per-
centages choosing each of the wrong answers. We subtract this
percentage from the raw percentage of success on the item to
arrive at our estimate of the percentage actually knowing the
answer to the item.

The correction which we have just described is given in
algebraic form by the formula

W
R —
- e
CTR+WH0
in which P, = the percentage actually knowing the answer to

the item.
R = the number giving the right answer.
W = the number giving a wrong answer.
O = the number choosing to omit the item.
n = the number of response alternatives for the item.

Of the above concepts, the only one that is likely to present any
ambiguity is the number choosing to omit the item. An omitted
item is one that was read by the examinee and then omitted by
choice. In a speeded test there may be some confusion between
items that were omitted by choice of the examinee because he
did not know the answer to them and items that the examinee did
not have time to attempt. A practical basis for differentiating
between the two is to assume that all items up to and including
the last one for which an answer was marked were attempted
and that the first unanswered item after the last answered one
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was also attempted. We then assume that starting with the
second item after the last one answered the remaining items
were not tried. If, for example, on a 100-item test the last item
for which an answer was marked was the 84th, all unmarked
items up to and including No. 85 would be counted as omissions,
and Nos. 86-100 would be counted as not attempted.

It should be noted that the formula in the preceding paragraph
depends on the two assumptions stated above. The two as-
sumptions will rarely be exactly satisfied. Deviation from the
assumed conditions will have opposite and somewhat compensa-
tory effects in the two cases. If one or more of the misleads for
an item are quite implausible and unattractive, the number of
effective response alternatives for that item is reduced. This
means that the probability of obtaining the right answer by
guessing is increased since the guess is between, say, three in-
stead of five alternatives. In this case, the formula would tend
to under-correct for the possibility of guessing the right answer.
On the other hand, individuals often arrive at a wrong answer
not as a result of ignorance and blind guessing but through
wrong information or wrong mental processes. If all the indi-
viduals who gave wrong answers gave them for genuine reasons,
guessing would not enter into the picture. In this case, all those
who gave the right answer must also have given it because of
correct information and correct mental operations. No correc-
tion for chance would then be indicated, and our formula would
be over-correcting. In practice we do not know to what extent
these two compensatory factors are operating, so that the cor-
rected value for the percentage succeeding on an item is only
an estimate of the percentage in the group who really knew the
answer or solved the problem.

Though the corrected value for the percentage knowing an
item is only an approximation and is limited by the underlying
assumptions which we have discussed, it may usually be expected
to give a truer picture than the raw value. It is of value particu-
larly for comparing the difficulties of items which either (1) differ
sharply in the frequency with which examinees omit the item
or (2) differ in the number of the misleads. Raw percentages of
correct response cannot meaningfully be compared in these cases.

The inequality of units which results from using percentage
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of success as an index of item difficulty can be overcome if we
are willing to make some assumption as to the shape of the
distribution of the trait being tested in the group to whom the
tests were administered. The usual assumption is that the trait
is normally distributed. If that assumption is made, the per-
centages can be translated into scale values on the base line of
the normal curve. Thus, 50 per cent success corresponds to a
scale value of 0.00, 75 per cent success to a scale value of —0.67,
25 per cent success to a scale value of 4+-0.67, and so forth. With
this type of scaling, it is possible to compare the difficulty of
items which have been tried out on different groups, provided
that there is some way to determine the difference in mean and
standard deviation of ability in the two groups.!

Indices of item discrimination

Many indices have been proposed to show the degree to which
an item is effective in discriminating between those of high and
low ability on either total test score or some outside criterion.
Any attempt to list and discuss all the proposed types of statis-
tical manipulation would be futile. In this section, therefore, a
selection is made of those procedures which appear to have
special advantages either because of extreme simplicity and ease
of computation or because of the effectiveness with which they
fit into the pattern of standard statistics for analyzing and com-
bining test scores.

When we are carrying out an item analysis we encounter two
major types of situation. In one, we are relating performance
on the item to some type of continuous measure. This continu-
ous variable is often score on the total test of which the item is
a component, but the continuous measure may be some type of
external criterion. The second situation is one in which we are
relating performance on the item to some dichotomy, either an
arbitrary dichotomy into which the continuous variable of total
test score has been thrown or a dichotomy on some criterion
variable. The procedures which are available to us in these

1 The problem of appropriate indices of item difficulty is considered, to-
gether with other problems of item analysis, in F. B. Davis, Item-Analysis
Data, Harvard Education Papers No. 2, Graduate School of Education,
Harvard University, Cambridge, Mass., 1946.
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two situations are somewhat different and need to be considered
separately. We will turn our attention first to the comparison
of item performance with score on some continuous variable.

ITEM ANALYSIS AGAINST A CONTINUOUS SCORE

When the variable against which an item is being analyzed is
available to us as a continuously distributed score, there are
several approaches for dealing with it. The most elegant pro-
cedure is to retain and use the continuously distributed score.
However, as we shall see, the computational procedures involved
in this case become quite laborious. The second alternative is
to set some arbitrary dividing point on the scale of scores and
throw the continuous variable into an arbitrary dichotomy. That
is, we can split the group into the top half and the bottom half,
for example, in terms of the continuous score variable. A third
alternative is to compare two relatively extreme groups with
regard to the continuous variable. That is, we may take a
fraction from the top of the group and a fraction from the
bottom of the group, rejecting a fraction from the middle, and
compare performance on the single test item for those two
extreme groups.

We shall first consider procedures for evaluating items when
the continuous variable is retained as a quantitative score. 'When
we wish to determine the relationship of each item to a continu-
ously distributed score, the procedures available to us are the
biserial correlation coefficient and the point biserial correlation
coefficient, the nature of which were expounded in Chapter 6.
In the present case, performance on the item constitutes the
dichotomy. Either the individual gave a particular response to
the item or he did not. Total test score constitutes the con-
tinuum. We wish to establish the degree of relationship between
the single item and the total score. We may use either the
biserial correlation coefficient or the point biserial, depending on
whether we wish to consider the dichotomy on the item as real
or as artificial.

If we think of success or failure on the item as representative
of some continuous underlying ability and of the split into those
who succeed and those who fail as an arbitrary splitting of
individuals with regard to this underlying quality, the particular



238 ANALYSIS AND SELECTION OF TEST ITEMS

location of the split depending on the difficulty of the particular
item, then it seems reasonable to use a biserial correlation co-
efficient. That is, item success or failure is thought of as the
symptom of some basic underlying variable. Interest is con-
sidered to be centered primarily in the underlying ability of
which the item is only a symptom. The biserial correlation co-
efficient has one feature that is particularly worthy of considera-
tion in this connection. As we noted in the previous chapter,
the value which it takes does not depend on the proportion in
the passing and in the failing group. This means that the index
of item validity or discrimination is separated entirely from the
matter of item difficulty. The two facts about the item can be
separately determined, and in evaluating the item separate
account can be taken of each.

The point biserial correlation differs from the biserial in the
nature of the assumptions which it makes and in the effect which
item difficulty has on the resulting values. The point biserial
assumes in effect that those who pass and those who fail on a
test item are two categorically distinct groups. It assumes that
the groups can be distinguished but that within each group all
the members are to be thought of as alike. The use of point
biserial correlations in item analysis has the practical effect that
the resulting indices are in part a function of item difficulty.
Point biserial correlations tend to become smaller, other things
being equal, as the proportion succeeding on the item departs
from 50 per cent. In general neither of these characteristics of
the point biserial recommend it for item analysis. The assump-
tion that passers and failers on an item are categorically distinct
groups is not a very reasonable one.? Certainly both those who
pass and those who fail represent a range of ability with regard
to the underlying function which the item to some degree
measures. The confusion of item validity with item difficulty
also appears generally undesirable. It seems much more de-
fensible to obtain separate information on the validity or dis-
criminating quality and on the difficulty of an item and then to
combine those two facts explicitly and rationally rather than

2 For a few items of the biographical data type the assumption of cate-
gorical differences seems appropriate. Items referring to sex, marital status,
race, etc., are examples.
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to use a single index which combines them in unspecified
proportions.

The chief objection to the biserial correlation coefficient as
an index of an item’s ability to discriminate appears to lie in the
direction of computational labor. The calculation of a biserial
correlation coeflicient for each of the often very substantial
number of items in a test often represents a burden too great for
the personnel psychologist to undertake. It is largely on this
account that we shall consider other procedures for estimating
the extent to which an item discriminates between the high- and
the low-scoring individuals on a continuous measure.

ITEM ANALYSIS AGAINST DICHOTOMIZED GROUPS

In all the other item analysis procedures discussed here the
continuous nature of the variable against which the item is being
compared is sacrificed in the interest of ease of computation.
Two groups are specified, representing a higher and a lower group
with respect to the continuous variable. In the procedures which
we shall consider first, these two groups include between them
all the cases. That is, some dividing line is arbitrarily set up for
this continuous score; those falling above the dividing line con-
stitute one group and those falling below the dividing line con-
stitute the other. The usual and simplest procedure is to choose
the dividing line so that the total group is split into two halves.
Essentially the same procedures apply when the dichotomy is
already established in the data, i.e., when the criterion is a
dichotomy.

Where a group has been split in this mannex, there are several
possible approaches to item evaluation. One is extremely simple
and serves quite adequately the needs of many makers of infor-
mal tests and many analysts interested only in some help in the
editorial improvement and refinement of their tests. This simple
procedure is merely to compute the percentage succeeding on
the item in the upper group on total test score and the percentage
succeeding on the item in the lower group on total test score.
A crude evaluation of the item may be obtained from these two
percentages. As a procedure for weeding out the most unsatis-
factory items, this technique is reasonably satisfactory. It has
the advantage of great simplicity and a minimum of computation.
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All that is required is to separate the answer sheets of the
subjects tested into two piles in terms of total score and to tally
the number of correct responses, incorrect responses, omissions,
and items not tried for each item within each fraction. Either
the raw percentage of correct responses, or the percentage cor-
rected for chance successes may be computed from these figures.
The corrected percentages are obtained by applying formula 1
on page 234 to the count for each fraction of the group.

If further refinement is desired in the treatment of the per-
centages of success and failure on each item for the two fractions
which comprise the complete group, it is possible to compute
either a tetrachoric correlation or a phi coefficient from these
percentages. These follow the procedures indicated in Chapter 6.
The only difference is that here we are dealing with an item
response rather than a separate dichotomous variable. We have
a fourfold table based on the categories of success and failure on
the item and high or low on total score. The percentages in
each of the four cells of this table provide the basis for computing
either the tetrachoric correlation or the phi coeflicient. Which
of the two we decide to use depends on the type of assumption
made with regard to the continuity of the underlying distributions
in the two variables. If we assume that they are continuous
and normally distributed, the tetrachoric correlation is appropri-
ate. If we assume that they represent discrete categories, the
phi coeflicient is chosen. The tetrachoric correlation is unaffected
by item difficulty, whereas the phi coefficient, like the point
biserial correlation, reflects the difficulty level of the particular
item.

Iltem analysis with extreme groups

If we decide to translate our continuous scores into the two
categories of a higher and a lower group, we immediately intro-
duce the possibility of analyzing only two extreme groups, drop-
ping out those in the middle. If the relationship of item score
to test score is linear, so that the percentage of success on the
item increases steadily as total score increases, taking groups
from the extremes will sharpen the differences which we observe
in a single item. An item will clearly make a sharper distinction
between the top tenth and the bottom tenth of the total popula-
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tion than it will beween the top half and the bottom half.
However, this increasing sharpness of discrimination is more or
less balanced by the loss of information which results from
including only some of the available individuals. Though an
item would discriminate more sharply between the top 10 and
the bottom 10 of 1000 individuals than it would between the
top and bottom 500, we may anticipate that a comparison of
different items based on the top and bottom 10 of 1000 would
be less dependable than the comparison based on the top and
bottom 500. Is there an optimum point at which the ideal
balance of sharpness of discrimination combined with stability
in the resulting values is obtained? Kelley 2 has shown that the
ratio of the obtained difference to its standard error is a maximum
when the top group and bottom group each includes approxi-
mately 27 per cent of the total population tested. That is, given
that we are going to sacrifice the quantitative nature of our test
scores, we can get the most accurate arrangement of items in
order from most to least discriminating if we base our item
analysis on only the top and bottom 27 per cent of the total
group. Using either a larger or smaller percentage than this
results in a loss in the accuracy with which the items can be
ranked from most to least discriminating. This appears to be
one case in which we can both have our cake and eat it too.
We can reject the middle 46 per cent of cases, reducing the
clerical labor of tallying almost by half, and at the same time
increase the precision of our results. In general, then, any
program of item analysis which proposes to sacrifice the quanti-
tative nature of a continuous test score in order to gain economy
in computation should also exclude the middle 46 per cent of
the group. The result will be both a substantial additional
economy in tabulation and some increase in the precision of the
results. Our next concern is to consider procedures for dealing
with item statistics based on the top and bottom 27 per cent of
the total group.

The first step in any evaluation of test items by comparing the
top with the bottom 27 per cent of the total group tested is to
determine the percentage of cases succeeding with the item in

8 T. L. Kelley, “The Selection of Upper and Lower Groups for the Valida-
tion of Test Items,” J. Educ. Psuchol., 80, 17-24 (1939).
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the top group and the percentage of cases succeeding with the
item in the bottom group. The procedure of correcting for
chance success is the same as it was when the results for all
individuals were analyzed. Formula 1 on page 234 is also used,
and it usually is desirable to make the correction if there are
many omissions by the group taking the test.

The most satisfactory item validity index based on the upper
and lower 27 per cent is the estimate of the coefficient of correla-
tion between item and test obtainable from tables prepared by
Flanagan.t These tables are based on the assumption that the
variables underlying both item success and test score have a
continuous normal distribution. Utilizing tables of the normal
bivariate frequency distribution, Flanagan calculated correlation
coeflicients corresponding to the possible percentages of success
in the upper and lower groups. These correlation coefficients
are estimates of the product-moment correlation between the two
underlying continuous normally distributed variables.

Flanagan’s table, which is reproduced in Appendix B, makes
it extremely simple to compute item validity coefficients from the
percentages of success in the upper and lower 27 per cent. By
entering the table in the appropriate row and column, the corre-
lation may be read directly.

One limitation in the use of any correlation coeficient as a
measure of degree of relationship between two variables is the
fact that units on the scale of correlation values do not have the
same significance as one goes from small to large correlation
values. The change in correlation as one goes from 0.20 to 0.25
is not comparable to the change as one goes from 0.90 to 0.95.
In an effort to compensate for this limitation in the units in which
correlation coefficients are expressed, Davis® has recently de-
veloped an item index which is based on Fisher’s z-transforma-
tion of the correlation coefficient. Flanagan’s correlation values

4]. C. Flanagan, “General Considerations in the Selection of Test Items
and a Short Method of Estimating the Product-Moment Coefficient from
the Data at the Tails of the Distribution,” J. Educ. Psychol., 80, 674-680
(1939).

5 F. B. Davis, Item-Analysis Data, Harvard Education Papers No. 2,
Graduate School of Education, Harvard University, Cambridge, Mass., 1946.
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are converted into z values and multiplied by a constant such
that the index becomes 100 when 99 per cent of one group suc-
ceeds with the item and only 1 per cent of the other group
succeeds. This procedure yields indices in which the units are
approximately equal throughout the scale. The indices also are
convenient in that there are no decimal points to cause confusion
or error. However, these indices are not readily related to the
framework of statistical values with which most workers are
familiar.

Item analysis against a criterion available only as a di-

chotomy

The procedures for calculating the item indices discussed so
far were developed with reference to a variable which yields
continuous scores. It is sometimes necessary to relate item
success to a dichotomous criterion of job performance. This
situation arises when we are studying the validities of items with
respect to some such criterion as graduation versus elimination
in training. The statistical procedures available to us are essen-
tially the same as those that we can apply to a continuous score
when the continuous score has been forced into a dichotomy.
We have discussed these in a previous section. The only differ-
ence is that in the present case the percentages falling in the
“success” and “failure” categories are predetermined by the
criterion dichotomy. These percentages will, of course, usually
not be 50-50, and the computation of tetrachoric correlations

or phi coefficients will have to take account of the percentage
values.

USE OF ITEM VALIDITIES

When the items in a test are more or less heterogeneous, so
that different items may be expected to measure somewhat
different combinations of abilities, it becomes appropriate to
determine the validity of each separate item. Each item is
analyzed with respect to an external criterion of job success, and
the correlation of the item with the criterion is determined.
Assuming that we now have a validity coefficient for each item,
how shall we use that information to best advantage?
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As soon as the validity is determined for each item, we are in
effect treating each item as a separate test. It is as if we had
validity coefficients for a very large number of very brief tests.
Our problem is to combine those very brief tests in such a way
that the composite will have the highest possible correlation with
our criterion. The factors which make an item desirable for
inclusion in a test are the same as those which make a test
desirable for inclusion in a test battery, that is, validity and
uniqueness. An item (or a test) will be esteemed as a valuable
addition to the other items (or tests) in proportion to (1) its high
validity and (2) its low correlation with the other items (or tests).
The virtue of high validity in the single items is directly apparent.
The importance of low intercorrelations is equally great, though
less obvious. An item will add to the validity of an existing pool
if it covers aspects of individual performance not already covered
by that pool of items. This uniqueness is represented statistically
by low correlation with other items. The effect of intercorrela-
tion as applied to tests, which is exactly the same as the effect
applied to items, was elaborated in Chapter 7.

If item intercorrelations were available as well as item validi-
ties, it would theoretically be possible to apply to items the same
technique cf multiple correlation and regression weights which
was outlined in Chapter 7 for determining the optimum weights
for combining full-length tests in a battery of tests. A regression
weight could be determined for each item, to indicate just how
heavily it should be weighted in arriving at the total test score.
Several factors make this impossible in practice, however, and
raise questions as to its theoretical desirability. Analytical
treatment of item validities by the procedures of multiple regres-
sion must be ruled out for the following reasons.

1. The large number of items in a test usually makes it im-
practical to get the complete table of item intercorrelations.
With only 100 items in an experimental test form, the labor of
computing 4950 correlations of each item with every other would
be an almost impossible task and one in which the labor involved
seems out of all proportion to the gain.

2. Even if the intercorrelations were all available, the remain-
ing labor of determining the regression weights from the matrix



USE OF ITEM VALIDITIES 245

of intercorrelations and validity coefficients would be quite over-
powering. It would be an extraordinary computer indeed who
could view with equanimity the prospect of carrying out a
Doolittle solution of a 100-variable problem, or even of solving
such a problem by approximation procedures.

3. In the usual test blank, refined weighting of items is not
possible. In most cases, the only point at issue is whether to
include an item or not (i.e., whether to weight the item 1 or 0).
Practical convenience in test administration and scoring argues
against differential weighting of items, and evidence for the value
of such refined weighting has not been sufficiently convincing in
most cases to overcome considerations of practical convenience.

4. The characteristics of item validities are such that item
weights would be quite unstable. If the items in a test blank
are examined, they will be found to cover a rather narrow range
in validity coefficients. An item with a validity coefficient as
high as 0.25 or 0.30 usually represents an outstandingly valid
item. The whole range of item validities from the most to the
least valid may cover no more than 20 or 30 points. Within this
narrow range, sampling fluctuations play a large part in deter-
mining which items happen to have highest validity in our
particular sample. These sampling fluctuations are magnified in
the determination of regression weights. With the resulting
degree of instability fine discriminations of item weights seem
hardly to be justified.

If we abandon the complete analysis of item validities and
item intercorrelations as an impractical procedure for determin-
ing item weights, we are thrown back on some approximation
procedure which will be simpler but still reasonably accurate.
Our problem is to select from a pool of n items some group of k
items, where k < n, which will, when each item is given the
same weight, give a score which has the maximum correlation
with the criterion. We shall consider three possible ways of
proceeding.

The simplest approach is to ignore item intercorrelations
entirely. The choice of the items to be weighted is then based
exclusively on the validity of the single items. Some standard
of validity is chosen. Any item is weighted if its validity is as
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great as or greater than the specified standard. If items are
found that have validity coefficients numerically as large as the
standard but with negative sign, those items may be given nega-
tive weight if negative weights are permitted in the test under
consideration. For some types of tests, such as biographical data
questionnaires, it will be appropriate to analyze each response
option for each item separately, and to key any response option
which has a validity coeflicient whose absolute size without
regard to sign comes up to the specified minimum. Take, for
example, the following item:

At what age did you first go out with girls?

A. 14 years old or earlier.

B. 15 or 186 years old.

C. 17 or 18 years old.

D. 19 years old or older.

E. Have never gone out with girls.

It might be found that options A and B had positive validities
which came up to the specified standard, option C had substan-
tially zero validity, and options D and E had negative validity
up to the standard. The scoring of this item would give a plus
credit to individuals who chose either response A or B, no credit
on response C, and a negative credit for responses D or E.

If item intercorrelations are ignored, the only problem to be
faced in item selection is that of setting the standard for includ-
ing items. The problem is to select a level of item validity which
will yield the maximum validity in the composite score. The
addition of certain items with unit weights may add nothing to
the validity of the test score, even though the validity of the
items is positive. This may be illustrated by a hypothetical
example. Suppose we have 5 items with validities of 0.25, 0.20,
0.15, 0.10, and 0.05, respectively. Let us see what validity we
would obtain from a test composed of 1, 2, 3, 4, and finally all 5
of these items when the correlation of each item with each other
is assumed to be first 0.50, then 0.20, and finally 0.00. Using
the standard formula for the correlation of sums, we arrive at
the figures shown in the table. An examination of this table
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Vavripiry oF CoMPoSITE Score rrRoM FIve ITEMS oF DIFFERENT VALIDITIES

Items Included Size of Item Intercorrelations
.50 .20 .00
1 .250 .250 .250
1&2 .260 .290 .818
1,2, &3 .45 .93 . 346
1,2, 3 &4 .222 .17 .850
1,2,3,4, &5 .194 .250 .335

shows that the maximum validity for the total score is obtained
when 2, 3, and 4 items, respectively, are included in the test score
for the three illustrations chosen. In each case, inclusion of
the least valid item or items results in a lower validity for the
total score. Inclusion of the least valid items adds an amount
of non-valid variance which outweighs any increase in the valid
variance resulting from their inclusion in the test.

The problem is to select the group of items that will yield a
score having maximum validity as applied to a new sample of
cases. This involves, in addition to the problem of determining
the critical value of item validity which gives maximum validity
in the specific sample studied, a consideration of the regression
of item validity coeflicients from that sample to new samples.

Since the item intercorrelations are unknown and have an
undetermined effect on the validity of the composite score, no
analytical solution of this problem is possible. A sequence of
operations for selecting a group of items to be retained and
weighted is outlined in the following paragraphs.

1. When the validity coefficients for the separate items or item
responses have been computed, the validities should be exam-
ined to determine whether the complete set might reasonably
have arisen by chance. Because of the unknown correlation
between items and especially between item responses, a rigorous
test of this point probably will not be possible. However, if the
distribution of item validities corresponds closely to what might
be expected as a result of sampling fluctuations from a population
in which all the validities were zero, any further detailed analysis
devoted to selecting certain items for weighting is almost certain
to be futile.
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2. Given that the distribution of validities seems not to be
attributable to chance, several scoring keys can be set up, setting
different levels of validity as the minimum for an item to be
weighted. Thus, four keys might be tried, the first weighting
all items with a validity of +0.15 or over, the second all with a
validity of +0.12 or over, the third all with validity of +0.10 or
over, and the fourth all with validity of +0.08 or over.

3. The papers can then be scored with each of the keys
described above. The score resulting from each of the keys can
be correlated with the criterion, and it can be determined
empirically which key gives the score with the highest validity.

4. In choosing the key to be recommended for use on new
samples, consideration must be given to the regression which
will occur as we move to a new group of individuals. If the
scoring key is composed almost exclusively of items whose
validity is of the same sign (all plus or all minus), it is desirable
to use a key that sets a standard of validity somewhat lower
than that which yields maximum test validity for the specific
sample analyzed. The tendency of items to regress toward the
group average makes the items with highest validity relatively
less outstanding in the new sample, and maximum validity can
be achieved by weighting a somewhat larger group of items.
However, if the scoring key includes both positively and nega-
tively weighted items in somewhat comparable numbers, the
standard of validity which gives the key with maximum validity
for the sample studied may be expected to give the key which
will also be most valid for new samples. Regression of item
validities takes place in this case also, but since the average of
all item validities is approximately zero and regression takes
place toward that value, the proportional size of the validities for
different groups of items will be maintained.

The second general attack upon the problem of selecting items
to be weighted in a scoring key takes account of item inter-
correlations through a series of approximations. The general
procedure is to set up an initial key for the test by keying a
rather small pool of the most valid items. A score is obtained
for each individual, based on this key. The validity of these
scores is determined. Then the correlation of each item with
this score is obtained. That is, the score on the new key is used



USE OF ITEM VALIDITIES 249

as the continuous variable for the item analysis.® We then have
for each item (1) its correlation with the criterion and (2) its
correlation with the initial pool of weighted items. We also
know the validity of the score based on the initial pool of items.
Given these values, we can compute for each item its partial
correlation with the criterion when score on the initially chosen
pool of items is held constant. This tells us what additional
contribution each item would make to the validity of the initial
pool. The analysis for each of the items already in the pool tells
how much that item would add to the rest of the items in the
pool.

We can now choose a second pool of items to be scored,
selecting those with the largest partial correlations. This selec-
tion takes account not only of the validity of the single items, but
also of their correlation with the initial pool of scored items.
It consequently comes closer to being the best set of items. The
whole process can now be repeated, if desired, scoring the tests
on the second pool of items, correlating each item with this
second pool score, and determining the contribution which each
item makes to this second pool. It has been reported, on the
basis of a procedure resembling this one, that the pool of items
stabilizes quite promptly, and that further approximations after
the first or second contribute very little to the validity of the
resulting key.?

In this procedure, the problem of how rigorous a standard to
set for item inclusion remains. If the test is such that only
positive weights are to be considered, a standard procedure
would be to include at each approximation all items whose

¢ For items that were included in the original pool, the correlation should
be corrected for the spurious element introduced by including the item
itself in the composite. This is accomplished by the formula

rior — og
TE 2 2
0" + 00" — ot

where r;; = the correlation of the item and the total score.
o¢ = the standard deviation of the total score.
a; = the standard deviation of the individual item.

7 This method is a variation of one proposed by Flanagan. See J. C.
Flanagan, “A Short Method for Selecting the Best Combination of Test
Items for a Particular Purpose,” Psychol. Bull., 38, 603—4 (1936).
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partial correlations with the criterion were positive, when cor-
relation with the previous key was held constant, no matter how
small they were. This appears to be an unduly liberal proce-
dure, however, and probably would not yield a final key with
the maximum validity. If both positively and negatively weighted
items are to be included, the sign of the partial correlation cannot
serve as a guide to item inclusion, and the absolute magnitude
of the partial must be used instead. The problem becomes one
of determining at what size of partial correlation the additional
valid variance covered by the item balances the additional
non-valid variance which is introduced by adding the item with
unit weight. As in the previous method, several keys may be
prepared, each based on a different standard of size of partial
correlation, and the resulting validities may be compared em-
pirically. This is a laborious undertaking but is probably the
only defensible one unless some rational basis can be established
for the choice of cutting value.

A third alternate procedure for approximating the best set of
items starts with the total set of available items, rather than a
small pool of the most valid, and prunes off the useless ones.?
Initially, the validity of each item is determined. A scoring key
is prepared for the complete test. For tests of knowledge or
ability, this key may be prepared a priori. For measures of
interest, adjustment, personal history, and the like, it is prepared
on the basis of the item validities. The key may be limited to
positive weights, and probably would be in tests of ability, or it
may include both positive and negative weighting of items.
Once the key has been prepared, each test paper is scored with it.
Correlations of each item with total score on the test are now
obtained. The correlation of total score with criterion is also
required.

Given the above data, we may proceed to calculate the partial
correlation of each item with the criterion when score on the
total test is held constant. (The total test usually includes a large
enough number of items so that the inclusion of each item in the
total score with which it is being correlated will hardly have an

8 This approach is a variant of one proposed by Horst. See A. P. Horst,

“Item Selection by Means of a Maximizing Function,” Psychometrika, 1,
229-244 (1938).
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appreciable effect.) A reduced test may then be prepared by
eliminating those items with the least promising partial correla-
tions. If negative weights are being used, these will be the items
for which the absolute size of the partial correlations is least.
If only positive weights are being used, all items with negative
partial correlations will be the first to be eliminated.

The elimination of items may well proceed in two or even
more stages. That is, as a first approximation the most un-
promising items are eliminated. The reduced test is then scored
for each individual. The validity of the reduced score is deter-
mined, and the correlation of each item with the reduced score
is computed. Partial correlations with the criterion, holding total
score on the reduced test constant, provide the basis for further
pruning out of the least effective items. This stepwise procedure
is more exact than a single elimination of items because the total
score used for the second pruning will correspond more closely
to the score on the final refined test. The correlations on the
basis of which certain items are rejected will correspond more
closely to the correlations with the final effective test.

Once again, we face the problem of how many items to screen
out of the original item pool. In some cases the decision may be
dictated by the desired length of the final test. Administrative
considerations may dictate the inclusion of the best 75, or 100,
or 150 items. The partial correlations in this and the previous
method then serve to identify those items. When no such con-
sideration exists, a feasible procedure is to decrease the size of
the total pool of items by successive steps. With each successive
pruning, the correlation of total score with criterion score may
be determined. When this correlation commences to decrease,
it is time to stop further reductions in the pool of items. Because
of regression effects, we may anticipate that, for continued use
in new samples, maximum validity will be obtained from a pool
of items somewhat larger than that yielding maximum validity
in the specific sample analyzed.

The procedures just discussed for item selection on the basis
of item validities represent rather substantial undertakings, in
terms of the amount of computation which is involved. They
can probably be justified only when the item validities are based
on a large group and when it is anticipated that the test items
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will be extensively used, so that the investment of a good deal
of time is justified to arrive at the best selection from among
them. These procedures have probably never been given an
adequate empirical trial, so that it is not possible to estimate how
much improvement in validity the more refined procedures
may be expected to add to rough, intuitive procedures of item
selection.

USE OF INTERNAL CONSISTENCY DATA

In tests made up of a more or less homogeneous group of
items, in which each item purports to tap the same psychological
functions as the others, it is appropriate to examine the internal
consistency of the individual items. We determine the correla-
tion of each item with the total score based on the whole set of
items. This type of analysis, which can be carried out as soon
as a preliminary form of the test has been administered to an
experimental group, provides information of value both for the
selection of test items and for the editorial revision of items.
We must now consider the use of internal consistency data in
these two ways.

The logic of using internal consistency data for item selection
is somewhat more complex than the logic of using item validities
for this same purpose. The internal consistency of single items
is related to the homogeneity of the total test. The higher the
internal consistencies are, the more homogeneous will be the
test. But how high a degree of homogeneity is desirable in a
test? In the case of validity, this question does not arise, since
validity is the ultimate goal in test construction. The more valid
the total score in the test, the better satisfied we will be. How-
ever, homogeneity in a test is not an end in itself. It is a means
to attaining validity in the test score, to attaining validity in a
battery of tests, or to attaining a degree of analytical clarity in the
interpretation of the score on the test.

An item that shows a very low correlation with total score on
a test is either very unreliable or measures functions quite differ-
ent from those measured by the rest of the items in the test. In
either case, items showing very low correlations with the test as
a whole, and particularly those showing negative correlations,
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are probably undesirable items. They should either be rejected
completely or else revised and tried out again. If we are inter-
ested in developing a test which will yield a single score with
some unity of meaning, a score to which a single name can
reasonably be applied, the items at the low end of the scale for
internal consistency are clearly the least desirable. Is the reverse
true? Are items with highest internal consistency generally the
most desirable?

The item showing high internal consistency must have a sub-
stantial degree of reliability. This will be an attractive feature
of such an item. It must also have a large amount of overlapping
of the functions covered by the other items in the test. Up to a
point this is good, since the test is supposed to have a substantial
amount of unity and coherence. However, a test is also supposed
to have a certain amount of breadth and scope, and should cover
in a representative fashion the scope with which it deals.
Exclusive preoccupation with item internal consistency may lead
to an undue narrowing of the scope of the test.

Suppose that a preliminary form has been prepared for a
survey test of knowledge of physical science. Let us assume
that of the 200 items in this test 80 deal with physics, 80 deal
with chemistry, 20 deal with geology, and 20 deal with astron-
omy. Given any specialization of knowledge, we may expect
greater correlation between items within the same field than
from one field to another. Because of their predominance in
the total score, we may expect the physics and chemistry items
to show higher item-test correlations. It is entirely possible that
if we select from the total pool the 100 items with highest
internal consistency we shall limit the final test exclusively to
physics and chemistry items. This represents a narrowing of
range of content which may be quite inappropriate to the
original purpose of the test. Internal consistency data must be
used with discretion within the framework of the original outline
and specifications for a test. They cannot override the outline,
and they do not provide a substitute for a definite content outline
for the test.

The selection of items on the basis of internal consistency
contributes to the reliability and the homogeneity of the resulting
test score. Empirical evidence supports our previous discussion
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in indicating that this information is most effective in the nega-
tive sense. That is, internal consistency data are more useful as
a means for the discovery and elimination of the usually rather
small percentage of unsatisfactory items than as a means of
selecting a small fraction of items that can be identified as
the best. Empirical studies show that tests made up of items
with intermediate internal consistency values have very nearly
the same reliability as tests made up of items with the highest
internal consistency. It is only when items in the lower ranges
of internal consistency are used that reliability of the resulting
test suffers.

Our discussion in previous paragraphs suggests that there may
sometimes be a question as to what should be used as the total
score, against which the single items should be analyzed. In
the illustration of the physical science survey test, we might
inquire whether we should be interested in the correlation be-
tween an astronomy item and score on the total of all the items
of all types or the total of all astronomy items. The problem is
that of deciding how broad a range of content and function
should really be thought of as homogeneous. Logically, we are
usually on stronger ground when the total score represents a
single narrowly defined type of test material. Items may then
be correlated with subtest totals, where the subtests are com-
posed of a single item type. Homogeneity is a matter of degree,
after all, and there is no entirely clear-cut definition of what
constitutes a single unified test.

Internal consistency data should be used in item selection first
of all to screen out the definitely unsatisfactory test items.
Beyond that point, the data should be used, in connection with
item difficulty data and with the outline of specifications for the
test, to select the more promising items in each specified segment
of content or function measured. In addition, internal con-
sistency item analysis data provide a most valuable source of
information to the item writer in revising and improving the
items which he has written. For this purpose, data are needed
with regard to each of the response options on an item. The
analysis should show the percentage choosing each option sepa-
rately for the upper and lower fraction (usually 27 per cent) of
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the group on the basis of total score. These data may be used
in revising and rewriting the item. Such rewriting and revision
may be worth while not merely to salvage poor items but also
to improve details of items which are in general satisfactory.
Consider the following item for a test of chemical information:

If copper and zinc are melted down together and the molten mix-
ture is allowed to cool, the product will be

A. An alloy.
B. An amalgam.
C. A new chemical compound.

D. A salt.
E. Monel metal.

Suppose that analysis of the upper and lower 27 per cent of a
group completing a course in high-school chemistry gives the
following results:

Per Cent Choosing

Choice Top 27%, Bottom 279,
Option A 79 53
Option B 12 8
Option C 5 18
Option D 0 1
Option E 3 15
Omitted 1 5

A study of these results shows that option D was attracting
almost no choices from anyone in either group. This suggests
that option D may well be replaced by a more attractive mislead,
if one can be thought of. The test editor would rack his brain
for a more plausible wrong answer to substitute for D. Option B
is attractive, but it attracts the wrong people. It draws more
choices from the upper than from the lower group. It looks as
though the word “amalgam” is meaningless to many in the lower
group, whereas those in the upper group have enough of an idea
of its meaning to confuse it with “alloy.” By its nearness in
meaning to the correct answer, this mislead lowers the dis-
crimination of the item in the group studied. The test editor
would consider finding a different option to take the place of
option B.
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In general, a study of the percentages choosing each response
option will reveal two types of inadequacies, as illustrated in the
preceding example. Some response options are non-functioning,
i.e., they are not attracting any choices from either group. Some
misleads fail to discriminate or discriminate in the reverse direc-
tion, i.e., they are chosen as often or more often by the upper
as by the lower group. Each of these provides a cue to the test
editor for revision of the item. This revision often takes the
form of replacing the deficient misleads. It may also sometimes
result in rewording of the stem of the test item.
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The Administration of a Testing Program

Any personnel selection program involves administrative as
well as technical problems. The administrative problems bulk
largest in the continuous routine of testing operations from week
to week and month to month. However, they also arise in the
collection and analysis of research data. Making plans for col-
lecting criterion data, arranging test records in such a way that
they can conveniently be collated with criterion data obtained
at some later date, scheduling research testing so as to interfere
as little as possible with other activities and so as to elicit the
best rapport of subjects all represent administrative aspects of
research testing. Problems of scheduling, low of subjects, proc-
toring, security of test materials, scoring and auditing of tests,
and reporting of results represent administrative problems of
routine testing.

Though administrative problems arise in any testing program,
they become progressively more important as the program be-
comes larger. When all the testing and all the subsequent
activities with the test results are being carried on by two or
three persons, all located at one point and all working closely
together, work can proceed relatively informally with a minimum
of formalized planning. But in a large-scale program, of the
type represented by the work of such agencies as the College
Entrance Examination Board or by the testing of military per-
sonnel during World War II, procedures must be definitely
specified in black and white and planned in advance in much
more detail. Where testing is to be carried out in a number of
places and by large numbers of individuals who are not special-
ists in the work, the only hope for uniformity of procedure lies
in careful administrative organization and a detailed manual of
operating procedures.

257
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Effective administrative organization has two major goals.
The first of these has already been mentioned. It is the achieve-
ment of uniformity of procedure in test administration, scoring,
and weighting, so that the final evaluation of a given individual
will be the same no matter where, when, or by whom he was
tested. The other goal is that of efficiency of operation.

One evidence of this efliciency is the promptness with which
the test results become available for routine use. The pressure
for prompt availability of test results varies from one instance to
another. A college, testing applicants for admission, may have
several weeks in which to reach a decision about each individual,
whereas an employment office may have to give an answer the
same day. In spite of such variations, however, it is quite usual
for a testing program to operate under considerable pressure for
prompt availability of the results, so that an administrative
decision may be reached with regard to each man. When several
hundred men are being tested each day with a complex battery
of tests, an efficient and smooth-running organization is required
to turn out accurate composite scores for predicting job success
within a day or two of the time each man was tested.

Efficiency shows up, in the second place, in the readiness with
which the test results may be used for reference and research
work. As a testing program carries on over the months and
years, test records accumulate for a large number of cases.
Though civilian programs will hardly approach in size the seven
or eight million who took the Army General Classification Test
or the more than half a million who took the battery of twenty
Army Air Forces air-crew classification tests during the war, the
numbers tested in any sizable industrial, civil service, or educa-
tional testing program may well run into many thousands. If a
continuing program of research is to be carried out with these
tests, and if they are to be validated against later criteria of job
success with a view to improving the selection procedure, the
results must be in convenient form, efficiently organized, and
readily accessible for use.

Finally, efficiency is evidenced by economy. An efficient
organization accomplishes a given program of testing with the
least expense and keeps waste to a minimum.
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In this chapter we shall consider some of the administrative
problems which are likely to be encountered in any extensive
testing and research program. We shall consider first adminis-
trative problems in the conduct of testing. Then our attention
will be turned to the problems of scoring tests and combining
test scores into composite scores for predicting job success.
Finally, we shall examine some of the factors encountered in
setting up an effective system of reports and records. Specific
problems will be outlined, and some suggestions will be given
for dealing with these problems.

In the discussion which follows, it is assumed that a fairly
extensive battery of tests is being given to substantial groups of
subjects. Some of the points obviously will not apply if only
one or two tests are to be given, or if testing is being carried out
with only one or a few individuals at a time.

ADMINISTRATIVE PROBLEMS IN THE CONDUCT OF
TESTING

Schedule of testing

One of the first things to be decided in any testing program is:
When and for how long is each applicant to be tested? The
answer to these questions, particularly the question “How long?,”
sets the framework for the whole testing program. It delimits
the final battery which may be used and may determine to a
considerable extent how much of a research program of test
development and validation can be carried on. The personnel
psychologist will usually have some part in the decision concern-
ing the amount of time to be made available for testing. He
may well be asked how much testing time he needs to obtain
satisfactory data for the desired sclection or classification, or he
may be asked to submit a proposed program of testing. How-
ever, the final decision is usually made at a level of management
or command one or several steps above the psychologist. The
psychologist proposes, but top management disposes. The final
time allowance is likely to represent a compromise between the
interests of the over-all management, which wants a simple,
inexpensive, but accurate method of personnel classification, and
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the psychologist, who knows that accurate determination of
aptitude for one or several jobs is not a simple matter. The
actual time available will be a function of the aggressiveness
and persuasiveness of the psychologist, the prestige of personnel
testing in the eyes of management, and the importance of the
job for which selection is being carried out.

In any event, the program of testing will function within
certain over-all limits of time to be made available for testing.
The psychologist usually has no difficulty in persuading manage-
ment to use a shorter test battery, but he ordinarily has great
difficulty in getting authorization for a longer one. The testing
time needed to achieve somewhere near the maximum effective-
ness of prediction for one job or for a group of jobs is almost
impossible to estimate in advance. A sound judgment on this
point is one of the end products of a program of research, rather
than one of the initial premises of a testing program. It is
perhaps sound policy, therefore, to request as large an allowance
of time for testing as the traffic will bear in a particular practical
situation.

Testing time will be limited on the one hand by the amount
of time that can reasonably be made available for each subject
and on the other hand by the facilities available for handling the
test results. There is, of course, no point in giving more tests
than can be scored and used either as a basis for evaluating the
individual or for further research on prediction of that job.
If facilities are available for analyzing the results, there will
usually be enough tests meriting trial on a research basis, either
existing standardized tests or research tests built especially for
the testing program, to fill any amount of available testing time.

The particular time for testing is usually fixed by practical
administrative conditions. Most of the considerations in setting
testing times are those practical common-sense ones which any
sensible person is likely to anticipate. Except for very particular
and unusual purposes, individuals should be tested when they
are fresh, rested, and feeling their best. Although this point may
not be so important for actual test scores as anticipated, it is
important for the general morale of the testee both during and
after the testing. It is important for good will toward the testing
program that each person tested feels that he was fairly tested.
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It is advantageous that the testing periods not be too long.
Subjects should have an opportunity to relax and to get relief
after an hour or two of testing. The periods should not conflict
with normal meal times. On the other hand, testing periods
should not be too broken up, since this wastes time for all
concerned and may be somewhat disturbing.

In a continuing testing program, it is often desirable to test an
individual as soon after his original contact with the organization
as possible. This minimizes the individual’s chances to hear
about the tests from others who have been tested and thus makes
for a truer comparison of different individuals’ abilities. Where
testing occurs only at intervals, the general schedule into which
the tests and test results must fit will determine the dates for
testing.

The sequence in which the separate tests in a test battery are
given is usually governed by factors of convenience. It is usually
convenient to group together all tests requiring the same sort of
facilities. Thus, if there were some printed group tests and some
individual apparatus tests, one would usually give all the group
tests before starting the individual tests. Similarly, motion pic-
ture tests requiring darkening of the room and projection facili-
ties would usually be grouped as a separate unit. Further minor
factors of convenience will probably determine the detailed
sequence. Tests should be arranged so that a break for a rest
or for a meal comes conveniently between two tests. Short
speeded tests may often be alternated with longer tests with
more of a power element, both to provide variety for the subjects
and to facilitate distribution and collection of materials. A
sequence to provide varicty in the content and type of activity
in different tests may also be desirable, from the viewpoint of
maintaining interest and effort by the subjects.

Administration of printed group tests

Printed group tests are undoubtedly the most economical and
the simplest to administer in an objective and professional
manner. They make few demands either on facilities or on
testing personnel. The primary material requirement is a satis-
factory testing room. The primary personnel requirement is a
well-trained test administrator who is adequately supported by
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proctors. Other administrative provisions concern the organiza-
tion of material and supplies and the instructions to the subjects.

The ideal room for the administration of group tests has the
following characteristics:

1. It is quiet and free from the disturbances of other activities.

2. It is well lighted and ventilated.

8. It provides each subject with a comfortable seat and a good
writing space, preferably a desk or table. A chair with a writing
arm is reasonably satisfactory.

4. It has appropriate size and shape and has sufficiently good
acoustics, so that each person being tested can both see and hear
the test administrator without difficulty.

5. It provides space so that test proctors can reach any subject
being tested, to answer a question or inspect his work.

6. It provides enough separation between testees to make
cheating difficult or impossible.

7. Where testing is of large groups and for considerable
periods, the testing room has adequate nearby toilet facilities.

Testing will often have to be done, and can be done quite
successfully, in a room that does not come up to these specifica-
tions. However, they provide a standard towards which to work.

Of the testing personnel, the most important is the administra-
tor in charge of testing. For him, the important attributes are
“presence” in front of the group, a thorough familiarity with the
instructions which he is giving, conscientiousness in following
out the specified procedures with exactness, and judgment in the
handling of the occasional incidents for which no rules are pro-
vided. “Presence” includes assurance and poise before a group,
a degree of dominance which enables him to remain in control
of the group, and a good speaking voice. Concerning instruc-
tions more will be said presently. The administrator should be
well acquainted with the verbatim instructions for each test and
with the rules of testing procedure. He should be able to give
the instructions accurately without continuously referring to
them, and he should know the rules for answering questions on
them. He should follow the standard procedures for giving and
timing tests with meticulous care. Finally, he should have
sufficient understanding of the general principles and purposes
of the testing so that he will be able to exercise good judgment
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when faced with any situation which is not explicitly covered
in the testing procedures.

When testing is carried out with large groups, the test admin-
istrator requires the assistance of test proctors. The number of
these depends on the size of the group, the complexity of the
testing, and the conditions under which testing must be carried
out. More assistance will be needed for a program involving a
number of tests, with much passing and collecting of test blanks
and frequent instructions for new test tasks. More proctoring
will be needed in a room in which the physical arrangements
make cheating easy. In general, the functions of proctors are
the following:

1. To pass out and collect all necessary test materials.

2. To answer individual questions on procedure, in accordance
with and within the limits of the standard testing procedures.

3. To check the subjects, to make sure that they turn pages
when they are told, stop where and when they are told, are
working according to the instructions and on the appropriate
part of the test.

4. To discourage cheating by their presence and to stop it if it
occurs.

The test instructions, both those which are given to the
subjects and those which guide the test administrator, are among
the most important aspects of test procedure. For power tests
of a type familiar to those being tested, instructions and proce-
dural details are perhaps not of great importance. Almost any
public school graduate knows at once how to respond to the
common types of test of word knowledge, reading comprehen-
sion, or subject matter information, and, even if he does not know
immediately, if time is ample he can be expected to figure it out
without suffering a penalty in score. When the test is of a more
novel type, however, and when it emphasizes speed of per-
formance, the content and presentation of the instructions be-
come increasingly important. It is important then that the
instructions be full and clear and that they be uniformly and
consistently presented. In novel types of test material, score
may depend to a great extent on understanding what one is
supposed to do. Unless the test is expressly designed to test
comprehension of instructions, the instructions should be of such
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a nature and so presented that everyone has the best oppor-
tunity and the same opportunity to understand them.

In preparing written instructions and supplementary state-
ments of procedure to guide the test administrator, the following
principles may well be followed:

1. Instructions should be full. They should err in the direc-
tion of boring repetition rather than the reverse. It is better for
some testees to be bored for a moment or two than for others to
miss some important point. Human beings have an almost
unbelievable ability not to follow instructions, and even with
repetition some individuals will almost certainly get mixed up
on any novel or unusual procedure.

2. Instructions should be in simple language. The vocabulary
should be familiar and sentences should be short. Comprehen-
sion of what is being said should present as slight an obstacle as
possible to the examinee.

3. Except where the procedure is extremely simple, instruc-
tions should include illustrative examples and usually a practice
exercise. These represent one of the most effective techniques
for guaranteeing understanding of the test task, or for discovering
and correcting misunderstanding if it is present. A practice
exercise takes time away from the total time available for testing,
but the time is well invested if it equates factors of understand-
ing of the task and technique for attacking it.

4. The basic instructions should usually be printed on the
test booklet. These often need to be supplemented by verbal
instructions from the examiner. Such verbal instructions should
be uniform for each group of subjects and should usually follow
verbatim a typed manuscript.

5. In particular, illustrations, examples, and suggestions as to
technique of responding to items should be kept scrupulously
uniform from group to group. In some tests, particularly highly
speeded ones, a hint as to the most effective procedure for at-
tacking the problems may make a very real contribution to score.
Such a hint should be always given or always omitted. It should
never be left up to the whim of the examiner.

6. On any but the simplest types of test, subjects will raise
questions. A standard procedure should be adopted for dealing
with these. In a continuing testing program, the more common
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questions are soon identified, and a standard procedure for
answering them can be written up and learned by each person
in the testing room. These standard answers should be supple-
mented by a statement of principles to guide the answering of
the less common questions or for dealing with new tests or
research tests.

The preparation of materials for use in group testing is one
administrative detail which cannot be slighted if a mass testing
program is to proceed smoothly. With reusable booklets, this
preparation starts as soon as booklets are returned from the
testing room. The count of booklets must be checked, to make
sure that all have becn returned. Booklets must be scanned,
and any marks removed from them. Any booklets which have
marks that cannot be removed, or which have become too worn
or soiled, should be withdrawn and destroyed. It is often de-
sirable to slip the answer sheet into the test booklet, so both can
be passed out at once. Where special pencils are being used,
as is required for machine scoring, these should be checked to
make sure that they are operating properly and have a sufficient
supply of lcad. Sufficient quantities of all materials for the
coming day’s testing should be counted out and arranged in a
storage room convenient to the testing room.

Apparatus test problems

For the measurement of some aptitudes and skills it may be
necessary to resort to individual tests, using apparatus of some
sort rather than a printed test blank. The apparatus may be
no more than a simple pegboard, or it may be a much more
complex mechanical or electronic contrivance. The apparatus
will be used to assess some aspect of behavior which seems
untestable with a printed test. The personnel psychologist may
well be somewhat reluctant to introduce apparatus tests into
his battery. There is first of all the matter of economy. A test
that can be given to only one subject at a time by an examiner,
or at best to four or five, is a much more expensive item to
include in any testing program than a test that can be given to
groups of a hundred or two hundred subjects by a team of three
or four men. In addition, with the apparatus test the problem
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of maintaining uniformity of testing conditions for each man
tested becomes much more serious.

Uniformity of conditions for each man tested with an appa-
ratus test has two aspects. The first of these is uniformity of
procedure by the examiners, and the second is uniformity in the
apparatus itself. Uniformity of examiner procedure is more
difficult in apparatus testing than in group testing because (1)
the apparatus test is likely to rely more on the human examiner
and less on printed material to give instructions to the examinee,
(2) instructions are given anew for each subject tested, and
(8) almost of necessity a larger group of individuals serve as
examiners, making for more personal differences between ex-
aminers. It becomes necessary, therefore, to put more emphasis
upon the training of examiners in the administration of individual
tests. The procedure for giving instructions should be learned
verbatim by each examiner. Procedure should include not only
what the examiner says but also what he does, i.e., the amount
and type of demonstration which he gives. Procedures for scor-
ing and recording of results should be made as mechanical as
possible. At this point it should be noted that, since an appa-
ratus test usually does not leave a permanent record of per-
formance comparable to the answer sheet of a printed test, which
can be checked or rescored at leisure, special emphasis should
be placed on checks on the score at the time it is recorded.

Maintaining uniformity of the apparatus from person to person
represents another problem in apparatus testing. This is espe-
cially true when several copies of an apparatus are used. Expe-
rience in the AAF air-crew testing program, which probably
represents the most extensive use of apparatus tests in test history,
showed very clearly that apparatus differences can be quite
substantial even for well-constructed equipment. It was found
necessary to prepare very detailed specifications and to build
apparatus to high standards of precision if comparability was to
be achieved from one piece of apparatus to another.

Even maintaining comparability of scores within the same
piece of apparatus from day to day and week to week can
represent a real problem. Loosening up of bearings, wearing of
contact points, accumulation of dust and grit can change the
performance characteristics of a piece of equipment and cause
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a progressive shift in the distribution of scores. If a piece of
apparatus is to function in a consistent way, it must be subjected
to a rigorous program of preventive maintenance and of cali-
bration. A routine of oiling bearings, cleaning electrical contact
surfaces, checking motors, and the like must be worked out.
Furthermore, the apparatus must be studied to see what contacts,
pressures, etc., are critical in determining scores, and a program
of calibration checks devised to see that these adjustments are
kept within close limits.

In the AAF, even with systematic maintenance and calibration,
it was also found necessary to keep continuous records of scores
for successive groups of subjects. The mean score was computed
for each one hundred subjects for each copy of an apparatus test.
If the score for a particular copy diverged too much from the
general average of all copies of the test, that copy was subjected
to a particularly thorough inspection and servicing. If the copy
continued to give aberrant scores, it was removed from service
until it could be gone over by an apparatus specialist.

The problems in using apparatus tests discussed above are
real, but they do not negate the value of the tests. Even a fairly
substantial amount of apparatus and examiner variance will
make only a moderate reduction in test validity. The apparatus
test retains much of its value in spite of these variations. How-
ever, it is well worth while to hold the variation to a2 minimum.

Motion picture test problems

The use of the motion picture as a medium for testing still
represents rather a novel venture. However, for certain aspects
of testing this medium presents very real advantages. The ad-
vantages and problems of motion picture testing have been
considered to some extent in Chapter 3. Since motion picture
testing is ordinarily group testing, the administrative aspects of
testing are much the same as for printed tests. However, sound
motion pictures present both certain advantages and certain prob-
lems from the administrative point of view. The chief advantage
lies in the complete objectivity and uniformity with which both
instructions and test can be given. Once the picture sequence
and sound track have been recorded, the uniformity of phrasing,
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of timing, and of demonstration are guaranteed for every testing.
The variable human factor is reduced to a minimum.

The problems which arise have to do with seating and illumi-
nation. Seating involves the factors of angle and distance from
the screen. As the viewer is moved away from directly in front
of the screen to the side, the shape of the pattern which is
presented to his eye becomes more and more distorted. As he
is moved back from the screen the retinal image becomes smaller
and smaller. Fortunately, a good deal of perceptual constancy
seems to operate in viewing a motion picture screen, so that
objects are seen as having their proper size and shape, in spite
of distortions in the size or shape of the retinal image. However,
the resolving power of the human eye is limited. In any test
which depends on seeing fine detail, greater distance from the
screen will penalize the subject. As a matter of reasonable
precaution, the tester should investigate the effects of distance
and angle upon score for any motion picture test which he
proposes to use. Where these factors do make a difference, the
tester may either make provision for keeping these factors within
rather narrow limits or develop correction tables to allow for the
effect of position within the test room. In general, motion
picture tests put somewhat severer limitations on size, shape,
- and other features of the testing room than do printed tests.

INlumination, together with the corollary problem of ventila-
tion, constitutes the other practical problem in motion picture
testing. It must be possible to keep the room dark enough so
that a good image is formed on the motion picture screen, and
yet light enough so that each subject can see to mark his answer
sheet. In practice, it has been found that over quite a range of
illumination levels this is possible, particularly if the lights are
shielded so that they do not shine toward the motion picture
screen. Any room which is to be used for motion picture testing
needs to be equipped with appropriate shades and ventilators
so that air can be admitted without admitting light.

Security of tests and testing materials

In any testing program in which applicants are strongly
motivated to achieve high scores on the tests, the problem of
maintaining the security of the test materials arises to some
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degree. There is always the possibility of leakage, so that some
of the individuals tested learn about the tests and about specific
test questions in advance of being tested. The seriousness of
this problem depends on a number of considerations. Perhaps
most important is degree of motivation to excel on the test. In
most Civil Service Commissions setting examinations to fill
federal, state, or municipal jobs, the motivation is deemed
sufficiently intense so that the same examination is never admin-
istered a second time. Somewhat the same situation holds for
College Board, State Regents, and other academic qualifying
examinations. This is an extreme step to prevent previous
acquaintance with the examination and it introduces a number
of complications. It requires the development of new test forms
every time an examination is set. It almost precludes the ex-
perimental try-out of a test, with subsequent editorial revision
based upon preliminary results. It complicates any continuing
program of research and development. This procedure is feasible
only for examinations that are given only at stated intervals and
are then given simultaneously to large groups.

In the usual personnel testing situation, motivation is probably
not so great as in civil service testing, and the probability of
available organized help for the testee is certainly less. However,
the problem of preventing leakage of information about the tests
remains a very real one. The following suggestions for pre-
ventive measures are offered:

1. Applicants should be tested as soon as possible after the
initial contact with the organization and before they have had
a chance to meet and receive information from those who have
already taken the tests.

2. Test materials should be kept under lock and key, except
when they are being used, and only authorized individuals should
be permitted to have access to them.

8. An accurate inventory should be kept of all test materials.
Only as many booklets as are needed for testing on a given day
should be brought out, and these should be checked before the
examinees leave the room to make sure that all booklets have
been accounted for.

4. Where separate answer sheets are used and a test booklet
is used over and over again, each booklet should be given a
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serial number. Booklets can then be arranged by serial number
and checked readily as they are returned.

5. Booklets whose usefulness has ended should be destroyed,
preferably by burning.

6. Subjects should be permitted to take no books or papers
into or out of the testing room. All paper needed for calculations
and the like should be supplied and subsequently collected.

7. If possible, several alternate forms of each test should be
provided, and the forms should be shifted from time to time.
This adds both to the labor of test construction and to the
complexity of norming, scoring, and record-keeping procedures,
but it goes a long way toward minimizing the possibility of
specific advance preparation on the test materials.

Motivation of subjects

When testing is being carried out on applicants for a position
and satisfactory test performance is a condition of obtaining the
position, obtaining adequate motivation is ordinarily not a prob-
lem. The very fact that the individual has applied for the
position is usually a guarantee of sufficient motivation to give
maximum performance on the test. There are two types of
personnel testing situations, however, in which obtaining a satis-
factory level of motivation may be a real problem. One of these
arises when tests are being used for classification, the other when
they are being used for research purposes.

When tests are being used for classification, several job cate-
gories are involved. These usually form a hierarchy of desirabil-
ity. The order of desirability is individual to a certain extent
and varies from person to person. However, there is often a
good deal of consistency in the expressed preferences for the
different job categories. Thus, applicants for air-crew training
in the Army Air Forces almost universally desired to be pilots,
with navigator generally chosen as second choice and bombardier
third. Test results had to be used to assign many applicants to
other than a chosen job. In such a situation, any tests which
are readily identified as pertaining to the non-preferred category

are likely to evoke an unsatisfactory level of effort on the part
of some subjects.
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This slackening of effort can hardly be avoided completely.
There are two approaches to reducing it. On the one hand, the
superficial resemblance of test materials to the non-preferred
jobs can be kept to a minimum. In fact, an effort can be made
to give every test a superficial appearance of relationship to the
preferred task. This can be done, of course, only to the extent
that it does not change the fundamental nature of the function
being measured. However, changing the cover design and the
phraseology of content in a test for an unpopular job specialty
can reduce somewhat the obviousness of its purpose. The second
approach is through the introductory statement prefacing the
testing. This should emphasize the importance of doing well on
every test. If there is a selection as well as a classification
function to the testing, the selection function should be played
up and the classification function played down. The effort
should be made to have the examinees feel that any lapsing of
effort is a risky thing and that their best interests are served by
getting the best possible scores all along the line.

Research tests also stand in danger of eliciting only perfunctory
response from some examinees. This is particularly true when
they are given to individuals who have already been accepted
for or who are already employed on the job. When research
tests are given at the same time that selection or classification
tests are given, there is ordinarily no need to make a distinction
between the two, and the motivation of regular tests can be
carried over to the research tests. Even if the research tests are
identified to the examinees as such, the general unfamiliarity
and seriousness of the testing situation is likely to maintain a
satisfactory motivational level.

With individuals already accepted for the job, especially
individuals who have been on the job for some time, the motiva-
tional situation is likely to be quite different. They are likely
to see little personal advantage in taking tests. In fact they may
resent testing and be suspicious of the motives which prompt it.
If their position is such that they can do so with impunity, they
may refuse to take the tests or take them in such a perfunctory
way as to yield a meaningless score. Motivation in these groups
is in part a matter of morale—the general morale of the organiza-
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tion and also the specific reputation of the personnel psycholo-
gists for integrity and fair dealing. In part it is a question of
convincing the examinees that they do have a direct stake in the
results of the testing. This stake can be partly in general terms,
in the improved efficiency of the total organization and resulting
benefits to the individual members. The reality of such benefits
to individual workers will probably appear rather slight in many
industrial organizations. The stake can be partly in improved
chances for individual promotion and special consideration. In
introducing the testing project to the examinees, the examiner
should both reassure as to any negative action and hold forth
promise of positive action as a result of the testing. It nced
hardly be added that he should live up to any commitments
which he makes, in so far as it is at all possible for him to do so.
A statement which implies a good deal but guarantees nothing,
and which may be quite generally useful, is that the scores on
the tests will “be made a part of each individual’s permanent
record.”

ADMINISTRATIVE PROCEDURES IN TEST SCORING
AND WEIGHTING

Procedures for expediting scoring

After tests have been administered, the next major administra-
tive chore is getting them scored. Where testing is carried out
on a large scale, this becomes a very substantial part of the labor
in the whole testing operation. Scoring as we are discussing it
now refers to group tests yielding some form of written record
of the answers. Most individual apparatus or performance tests
are necessarily scored as they are given, by observing the amount
of work done, the time required to complete the task, the pro-
portion of time on the target, or some other index of behavior.
Accurate scoring of such tests will be facilitated by having the
record a mechanical one, if possible, so that the tester needs
only to read a time clock, an electric counter, or some other
instrument.

The first decision on the scoring of answer sheets is whether
they are to be scored by hand or by machine. The chief con-
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tender for machine scoring is the International Business Machines
Corporation Test Scoring Machine. This machine can be ob-
tained only on a rental basis and involves an appreciable financial
outlay.! However, an experienced operator can score several
hundred papers an hour on the machine, a rate far in excess of
any procedure for hand scoring. Whether it will pay to plan
for machine scoring depends primarily on the size of the testing
load. If the machine would be used only a few minutes a day,
it would not represent a sound investment; if it would be used
the major part of each working day, it would certainly prove an
economy. Somcwhere between these two extremes, the balance
of economy shifts from hand to machine scoring. Just where it
shifts depends on a number of factors, some of which will be
discussed in the scction on machine scoring,.

Efficient hand-scoring procedures

If it appears that testing operations will be carried out on a
scale sufficiently small so that hand scoring is the more econom-
ical procedure, attention should be turned to making hand scor-
ing as efficient as possible. Much can be done to improve the
efficiency and accuracy of the hand-scoring procedures often
found in practice.

Hand scoring can be improved particularly by providing the
proper printed form for use in recording answers and as a scoring
key. If efficiency of scoring is a consideration, answers should
always be recorded on a separate answer sheet. This may com-
plicate slightly the task of the examinees, but the elimination of
continuous turning of pages on the part of the scorer is very
ample recompense. In addition, the provision of a separate
answer sheet makes it possible to use test booklets over and over
again. This economy will become a very substantial one when
illustrations, color, or other characteristics of a test make copies
expensive to buy or print.

The most efficient hand-scoring answer sheet will have every
separate choice of a response alternative represented by a differ-
ent place on the answer sheet. A part of such an answer sheet is

1 Monthly rentals in 1948 were reported to be $40 or $60, depending
on the type of equipment furnished.
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represented in Figure 1. The subject then indicates his choice
of answers merely by making a mark in the spaces corresponding
to the answers which he chooses. The great advantage of this
type of answer sheet is that it reduces scoring the paper to a
simple operation of counting marks. For scoring purposes, a
stencil is prepared for the right answers (and possibly one for
the wrong answers). The stencil is made to fit the answer sheet
and should be provided with conspicuous alignment marks, to

Course. Name

Exam Date

Instructions: Read the directions on the test sheet carefully, and follow them exactly. For
each test item, mark your choice for the correct answer by blocking out the
letter which corresponds to the best answer for that test item.

Item Answer Item Answer Item Answer Item Answer
1 ABCDE 26 ABCDE 51 ABCDE 76 ABCDE
2 ABCDE 27 ABCDE 52 ABCDE 77 ABCDE
3 ABCDE 28 ABCDE 533 ABCDE 7 ABCDE
4 ABCDE 29 ABCDE 5 ABCDE 799 ABCDE
5 ABCDE 30 ABCDE 5 ABCDE 8 ABCDE
6 ABCDE 31 ABCDE 56 ABCDE 81 ABCDE
7 ABCDE 32 ABCDE 57 ABCDE 82 ABCDE

Ficure 1. Section of a typical answer shee

-~

for hand scoring.

make sure that it is accurately placed with regard to the answer
sheet.

At the location on the scoring stencil corresponding to each
possible correct response on the answer sheet, a hole is punched.
When only a single answer to a question is permitted, all answer
sheets must first be checked for double marking. No credit is
given for items that have a double mark. Then when the stencil
is placed over the answer sheet, it is necessary merely to count
the number of holes in which marks appear in order to get a
count of the number of right answers. For those tests in which
the scoring formula specifies a penalty for errors, it is also neces-
sary to have a stencil with a hole corresponding to each possible
wrong answer. Using this “wrongs” stencil provides a count of
the total number of wrong answers. The specified fraction of
this number can then be subtracted from the “rights” score to
yield the final score.

All hand scoring of answer sheets should be checked. On each
answer sheet, each scoring operation should be carried out in-
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dependently a second time by a different scorer. Checking
should include both the initial steps of counting right and wrong
responses and the subsequent arithmetical computations which
lead to the score. In cases of disagreement between the two
scorings, the answer sheet will have to be scored a third time
with special care, to determine which was the right score.

A number of special patented devices have been developed to
expedite hand scoring still further. These usually require spe-
cially prepared answer sheets. One of the most familiar of these
is the Clapp-Young self-marking answer sheet. This answer
sheet is backed by a piece of carbon paper. On the back side of
the answer sheet only the locations (square boxes) corresponding
to the correct answers are printed. When a mark is made in an
answer box on the front of the answer sheet, the pressure trans-
fers a carbon mark to the corresponding location on the back of
the answer sheet. When the carbon paper is torn off, it is a
simple matter to count the number of marks on the back of the
answer sheet which fall within boxes (right answers), and the
number which do not fall within boxes (wrong answers). How-
ever, an answer sheet such as this requires a special printing job
and is justified only for a test which is to be used in large
numbers. Where a test is to be used in large numbers in many
different places where scoring machines are not available, this
type of answer sheet may be enough simpler than the separate
scoring stencil to justify its use.

Once the most efficient forms have been worked out, scoring
efficiency becomes a problem in selection, training, and super-
vision of scoring personnel. It must be recognized that scoring
is a repetitive, routine, clerical task. It is conducive to boredom
and requires attention to detail. Scoring personnel should be
chosen with these points in mind. Relatively little training is
required when the types of materials described above are used,
but as the operation becomes less simple and mechanical some
training should be provided in the required skills. Supervision
means the scheduling of work assignments to different workers,
maintenance of performance records for different workers, setting
up a system of rest pauses, and the like. It may be remarked in
passing that, if scoring involves as much time of as many persons
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as this paragraph implies, it will probably be more efficient to
carry it out with machines. These remarks are therefore perhaps
more relevant to machine scoring.

Machine scoring procedures

In the discussion of machine scoring, attention will be limited
to the International Business Machines Corporation Test Scoring
Machine because it is commercially available throughout the
country and has received wide use. Other mechanical methods
of test scoring have been devised from time to time, but none
of these has reached general commercial distribution. In dis-
cussing the IBM Test Scoring Machine, space does not permit a
full exposition of its principles of operation, the steps in scoring
tests with it, or the operations which it will perform. This
information can be obtained from the operating manual of the
machine. We will attempt here to present a summary statement
of (1) the principles on which the machine works, (2) its assets
and liabilities, and (3) certain hints concerning its efficient use.

The IBM Test Scoring Machine is a device which uses the
electrical conductivity of a graphite mark on a piece of paper as
the basis for counting and summing the right and wrong answers
to a test. It uses a special answer sheet with answer spaces
located on the sheet in a fixed pattern. Part of an answer sheet
is reproduced in Figure 2. The examinee fills in the spaces on
the answer sheet corresponding to the items which he considers
right, using a special electrographic pencil with a soft, electrically
conductive lead. When the answer sheet is inserted in the
scoring machine, a set of contact brushes is brought against the
answer sheet. Each mark establishes contact across one set of
brushes. The circuit of the machine is such that each contact
causes a flow of one unit of electrical current. By using a scoring
stencil, the current from the correctly marked items can be
caused to flow through one circuit and the current from the
wrongly marked items through another. These separate circuits
have separate rheostats, so that the units for right and wrong
answers can be varied independently of each other. The current
from the “wrongs” circuit can be either added to or subtracted
from that in the “rights” circuit. The combination of these last
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two characteristics makes it possible either to add or to subtract
any fraction of the “wrongs” score from the “rights” score. The
final score is obtained by reading the position of the pointer on
a galvanometer dial. Three independent circuits on the machine
make it possible to obtain three separate part scores upon a single
insertion of the answer sheet, or the total score may be obtained

NAME e DO NOT WRITE IN THIS SPACE

[y st

RAW SCORE.
PLACE (SCHOOW), CITY. SCALE SCORE.

PERCENTILE

AGe. sex GRADE. NORMS USED.
Yas! wos, woar

Ficure 2. Section of a typical answer sheet for the IBM Test Scoring
Machine.

directly. The machine has a number of other special features
which cannot be elaborated here.

The steps in operating the scoring machine will be described
only briefly. These involve preparation of a scoring stencil,
setting up and balancing the circuits in the machine, scanning
and cleaning the answer sheets, and scoring and checking. The
first step in scoring any tests is the preparation of a scoring
stencil. The stencils are made of a lightweight, hard cardboard.
Pre-punched stencils are provided by the publishers of many
recent tests, where the test has been designed for machine scor-
ing. For other tests, and of course for tests that have been locally
prepared, stencil blanks must be obtained from IBM and punched
locally. For a test in which the score is the number right minus
some fraction of the number wrong, the scoring stencil needs to
have only the right answers punched out. When some responses
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are counted neither right nor wrong (i.e., receive zero credit),
an additional “item elimination” stencil is required. Once a
stencil has been prepared it can be used for a long time.

The prepared stencil is placed in the machine, and a check
answer sheet is inserted. The check answer sheet contains a
known number of right and wrong answers. Using the check
answer sheet, the rheostats are adjusted until the machine gives
the correct reading for rights alone, wrongs alone, and the com-
bination of rights and wrongs. Several check sheets varying
widely in number of rights and of wrongs are used to make sure
that the machine is giving accurate readings throughout its
complete range.

Before scoring, it is usually necessary to scan the answer sheets
for weak marks, incomplete erasures, stray markings, and double
markings. Careful instruction and demonstration of the use of
the answer sheet prior to testing minimize difficulties on this
score. However, occasional papers are found that are not well
marked. Unfortunately, the Test Scoring Machine has no way of
discriminating between intentional and unintentional marks. A
weakly marked answer may or may not register; a poorly erased
response or a stray mark may or may not register. For accurate
scoring, these points need to be checked.

When the answer sheets have been cleaned up, they are put
in the machine one at a time and scored. A switch is pressed to
bring the contact brushes firmly against the answer sheet for
scoring, and it is pressed again to release the answer sheet, which
then drops into a holder in the base of the machine.

From time to time during the scoring it is desirable to recheck
the setting of the machine rheostats by means of the check sheets.
When a set of papers has been scored, it is a very desirable pre-
caution to rescore them as a check upon the whole operation.
Preferably, this should be done by a different operator at a
different time. It should be based on an independent setting up
of the machine. Ideally, the check scoring may be done on a
different copy of the machine.

The chief factor against using the machine is cost. There is
first the monthly rental on the equipment, a basic cost of $40
for a machine. Second, answer sheets for the machine are
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protected by patent and must be bought from IBM. The cost
varies considerably, depending on the quantity ordered. In 1948
the following prices per 1000 answer sheets were quoted:

Printed One Side  Printed Two Sides

Order of 500 $13.00 $19.00
Order of 2,000 9.75 15.50
Order of 5,000 8.50 14.00
Order of 25,000 6.25 9.50

The scoring machine is most efficient when the job involves
the scoring of a large number of papers all of the same kind.
If a number of different tests are being used, but only a small
number of each are to be scored at a given time, the machine
would hardly prove economical. The time required to put in a
new scoring stencil, reset the rheostats, and check the settings
with standard check answer sheets would use up much of the
time gained from faster scoring once the scoring was under way.
In a testing program in which the day-to-day populations are
small, therefore, even though a number of tests have been given
to each person, machine scoring has little advantage. Only if it
were possible to accumulate several days’ answer sheets would
a saving of time be effected. In figuring the economy of machine
scoring, some time allowance must be made for examining and
erasing stray marks on the answer sheet, because the scoring
machine is quite responsive to even rather small scattered
markings.

The use of the Test Scoring Machine is, of course, further lim-
ited by the pattern of the answer sheet. The machine has 750
contact brushes, arranged in 10 blocks, 5 by 15. This makes it
possible to respond to 50 fifteen-choice items or 150 five-choice
items on a single side of a page. Other numbers of response
alternatives and of test items are also possible. However, the
response is limited to that of selecting from among a given set of
response alternatives. The answer form can be adapted only
with difficulty to the type of item in which the subject himself
produces the answer. The rigid spatial pattern of places for
marking answers is also sometimes an inconvenient restriction
on the form of a test.
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Procedures for getting weighted composite scores

If a battery of tests is being used to give a composite score,
predicting aptitude for a particular occupation, efficient and
accurate routines must be worked out for combining the scores
on the single tests into the composite score. This operation
involves a good deal of arithmetic and can become both time-
consuming and a source of error. Three alternate procedures
will be discussed briefly. The first uses only a calculating ma-
chine, the second involves the IBM Test Scoring Machine, and
the third requires a complete IBM punched card installation.

In any small personnel selection project, and particularly
where scoring is being done manually, manual routines for com-
puting composite scores are the most appropriate. Each score is
multiplied by its appropriate weighting factor for the job whose
composite score is currently being computed, and the products
are summed to give the composite score. This operation can be
facilitated if a convenient blank is prepared for entering the test
scores. One column of the blank should list the names of the
tests, and a following column should provide place for entering
the test scores for the examinee. Space should be provided for
name and any other needed identifying data. Either on the
blank or on separate weighting stencils, the weights to be used
in computing the composite score for job A, job B, job C, etc.,
should be listed, their position corresponding to that of the tests.

Computation of the sum of products can be carried out on any
available type of computing machine. An experienced Comp-
tometer operator can carry out this type of summing very rapidly.
A cumulative sum can also be obtained on a Monroe, Marchant,
or other make of computing machine. Whatever machine is
used, these composites should invariably be checked by an
independent computer. There is no other check for errors, and
occasional errors will creep in with even the most skilled com-
puter. Discrepancies between original and check computer
should, of course, be especially carefully checked.

If the IBM Test Scoring Machine is being used to score the
separate tests, it is possible to use this machine also for comput-
ing weighted scores. This can be done by using a device called
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an aggregate weighting board. The aggregate weighting board
is used with special record sheets called aggregate weighting
sheets. These sheets have 30 positions, arranged in 10 rows of 3,
in which it is possible to represent score on a particular test.
Score is represented by marking with an electrographic pencil a
pair of lines whose length corresponds to the score on the test.
One line represents digits and the other tens. Thus, a score of 35
is represented by a line extending through three steps in the tens
position and one extending through five steps in the digits posi-
tion. Each test is assigned a particular one of the 30 positions
on the record sheet and is represented in that same place for each
individual tested.

Weighting is accomplished by a plug board which makes it
possible to assign a weight having any integral value from 0 to 20
to the tests in a particular row. Different weights may be
assigned for each row, but all the tests in the same row must
receive the same weight. When the plugs have been inserted in
the aggregate weighting board in the appropriate positions and
the board inserted in place of a scoring stencil in the Test Scoring
Machine, the record sheet for a particular individual may be
inserted, and a weighted sum read off directly from the dial.
Because of the limitations of the dial of the machine, this sum
must be limited to the range 0-100. An additional over-all
weighting constant is therefore required in the setting of the
rheostats of the machine to bring the composite scores within the
desired range. The effective range of score values becomes
perhaps 50 or 60 points. Since on most tests even those indi-
viduals who do poorly receive appreciable scores, their weighted
composite will have a positive value of moderate size, and the
range of composite score values from 0 to 40 or 50 is not likely
to appear.

The aggregate weighting procedure is very rapid, once the test
scores have been marked on the aggregate weighting sheet.
Entering these and checking the entries is a somewhat more
laborious process than entering scores on a record sheet for use
with a computing machine. There are certain mechanical limi-
tations in this procedure which merit our consideration. The
first limitation is that the machine provides no direct technique
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for giving negative weight to a test. The only way this can be
done is to subtract the score from a constant and enter these
inverse values on the aggregate weighting blank. If a test is to
be given a positive weight for one job specialty and a negative
one for another, it must be treated essentially as two distinct tests
and entered on the aggregate weighting sheet once as the actual
score and once as the inverse score. This is time-consuming and
also uses up the space on the aggregate weighting blank.

The second limitation of the aggregate weighting board is that
it provides for only 10 different weights for tests. Different
weights can be assigned to each of the 10 different rows on the
blank, but if more than 10 test variables are used it is necessary
to enter two or three variables in the same row. These must
then receive the same weight for every job category. In a pro-
gram making use of an extensive battery of test variables, and
particularly in a battery from which a number of composite
scores are being derived in order to estimate aptitude for a
number of different job categories, this limitation may be a very
real one. The flexibility of the weighting system may be consid-
erably reduced by the restricted number of weighting positions
in the aggregate weighting board.?

The economy of the aggregate weighting board, as opposed
to the calculating machine, as a device for computing composite
scores is once again a function both of the total flow of records
to be processed and of the number for which a particular calcu-
lation can be done at one time. If after the scoring machine and
weighting board have been set up and checked it is possible to
run through two or three hundred papers before the machine
must be reset, the economy of time will probably be substantial.
But no economy could be achieved in getting ten different com-
posite scores for each of twenty individuals, because this opera-
tion would necessitate a resetting of the machine for each new
composite score.

2 Some increase in the variety of weighting patterns may be obtained by
masking out certain of the 30 test positions on the board with a non-con-
ducting masking tape. It is thus possible to give one test on a certain row
of the blank zero weight for a particular job category while giving a positive
weight to the other test or tests.
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Where the flow of testing is very large and where punched
card records are being used as the basis of the permanent record
system and for research analyses, so that an installation of IBM
equipment is already available, consideration may well be given
to using punched card methods as a basis for computing com-
posite scores. The particular procedures depend on the particu-
lar units of equipment which are available. One procedure is
based on the machine known as the multiplier. This machine
will multiply the scores for each individual by the specified test
weights and enter the products on the IBM card. The products
can then be summed in a separate operation. The capacity of
the multiplier is limited to two or three variables at a time, so that
with a large battery of tests a number of runs is required to get
all the products and to sum them.

Another procedure for getting composite scores makes use of
the reproducer. With this procedure, the score for each different
test must be entered on a separate IBM card. A set of master
cards is made for the first test, one card for each possible score.
On the master cards are punched not only the raw test score, but
the score multiplied by each one of the weights which is being
used for that test for the different job categories. The cards for
the group of subjects are sorted so that they line up behind the
master card which has the same score that they do, and the
reproducer “gang punches” the appropriate products of weight
times score into each single card. The operation is repeated
for each one of the tests. It is then necessary to take all the
cards for each individual, one for each test, and sum the
products on these in order to arrive at the composite scores.
This can be done on a tabulator and the final results can be
punched on summary cards.

The above description is very abbreviated and will have little
meaning to a person who is not familiar with IBM equipment.
However, it may suggest to a person working with such equip-
ment ways in which the equipment can also be used to handle
these computations. The procedures are sufficiently complex so
that they are economical only when the flow of persons tested is
decidedly large and the records of the separate test scores have
to be punched on cards in any case for permanent record and
future research use.
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Procedures for auditing and checking

In any testing program that prides itself on accuracy in the
scores and final aptitude ratings which it reports, auditing and
checking procedures must become a standard part of the operat-
ing procedures. Two types of checks should be included. These
are (1) routine independent repetition of any operations based
primarily on the human machine and (2) complete spot checks of
the whole process of arriving at aptitude estimates for sample
individuals. The first checks accuracy in those operations in
which human fallibility is most pronounced, and the second
reviews, by sampling, the accuracy of the whole scoring and
computation process and locates systematic errors which may
have served to invalidate a whole group of scores.

Just which operations should be checked in full depends on
the available facilities and the extent to which accuracy in
handling each case is a critical consideration. An industry might
feel, for example, that it could afford to work from erroneous
scores in a small percentage of cases, whereas an agency examin-
ing for civil service appointments might consider scrupulous
accuracy of score for each individual a critical matter. The
operations that should most certainly be checked in full are those
into which the human factor enters each time the operation is
performed. Outstanding among these is any form of computa-
tion, especially mental computation. Second comes any form
of copying or entering of a score. Probably somewhat less criti-
cal, because errors are likely to be smaller in size, is any hand
scoring and counting of tallies. Machine scoring or machine
weighting of scores in a score composite is probably still less
urgently in need of a complete check. However, even in machine
scoring occasional errors are found, and a meticulous testing
program may well demand complete checking of even these
operations.

Spot checking is a different type of operation and is designed
to serve a rather different purpose from complete repetition of
particular operations. In spot checking, a small sample of in-
dividuals, perhaps two or three out of every hundred tested, is
selected for detailed checking of the whole sequence of opera-
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tions applied to the test results. Each procedure is carried out
in so far as possible by a different method from that originally
used, so that any constant error which may have crept into the
procedures applied to a particular batch of tests may be de-
tected. Thus, in a program using the Test Scoring Machine for
routine scoring and computation of composite scores, the spot
check would use hand scoring for obtaining test scores and
calculation with a computing machine to determine the com-
posite scores. This auditing should preferably be carried out
by personnel different from those involved in routine scoring
operations. Test keys for auditing should be kept in a separate
place, and an entirely independent set of reference materials
should be used in determining the weights to be applied to test
scores when they are combined, and so forth.

All the procedures for auditing routine scoring and computing
procedures are designed with the goal of having them as distinct
from the routine procedures as possible. This is to minimize
the possibility that any error which crept into the routine pro-
cedures may also affect the spot check. Some types of error
which spot checking may catch are the following:

1. Errors in adjusting the Test Scoring Machine, leading to a
constant error in score throughout a group of papers.

2. Use of the wrong scoring key for a test.

8. Use of the wrong scoring formula for a test.

4. Use of the wrong set of test weights for a job category.

5. Use of the wrong multiplying constant when the Test
Scoring Machine is used to yield composite scores.

6. Use of the wrong check sheets in adjusting the Test Scoring
Machine, either for scoring or for computing weighted com-
posite scores.

These types of error may seem impossible to the person who
has had no experience with a large-scale testing program. The
experienced worker knows that they do in fact occur. Even
though this occurrence is quite infrequent, it can still be serious,
because the resulting errors may be large ones and they may
affect a whole set of scores. Spot checking with different
scoring and weighting procedures does not guarantee to catch
all errors, but it provides the basis for locating many of them.
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ORGANIZATION OF REPORTS AND RECORDS

When testing has been completed for a group of individuals,
the tests have been scored, and the scores combined into
weighted composites, the final stage of preparing the results for
use consists of arranging them in proper form and making them
available to the ultimate user. In this connection, we must
distinguish between two types of users. There is the immediate
user, who must have the test record as a basis for making an
administrative decision as to whether a given applicant is to be
employed or in what capacity he is to be used. There is also
the ultimate user, who is going to use the results at some later
date, usually for some research project, such as validation of the
test scores against later measures of success on the job. Some-
times the record is needed for some later administrative decision
about promotion or special assignment. The important factors
in these two uses of test records are somewhat different and merit
separate consideration.

For immediate administrative use, the important considera-
tions are (1) prompt availability of the report, (2) maximum
simplicity of the record consistent with providing the necessary
information, and (3) ease of locating the record for particular
individuals. For immediate use, some type of daily roster of test
results may prove satisfactory. If administrative decisions are
handled on a day-to-day basis, keeping the records from each
day’s testing together may prove an efficient basis for organiza-
tion of the immediate report. This roster should include only
the information which is to be considered in arriving at the
administrative decision. Thus, while composite aptitude scores
for each job specialty should certainly be included, scores on
separate tests of a battery may well be omitted. Such a roster
can be prepared from the composite aptitude score records of
each day’s testing, as soon as they have been checked, and made
available to the person responsible for making an administrative
decision on each case.

The essential qualities in the permanent system of records
which are to be referred to at a later date primarily for research
studies are (1) completeness, (2) ease and accuracy with which
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the records can be collated with later records of criterion per-
formance, and (3) ease with which statistical analyses of the
records can be carried out. In contrast with a report to be used
for an administrative action, research records should be as com-
plete as time and resources permit. All available information
should be retained, since it is almost impossible to tell in advance
just which items may be needed. Furthermore, the records
should be so arranged and organized that the correspondence
between particular individuals in the record file and the indi-
viduals for whom later data are obtained can readily be estab-
lished. Finally, records should be in convenient form either for
manual or machine computation of needed statistics. These last
two points of ease of collating and ease of computation merit
somewhat fuller exploration.

The first point with regard to permanent test records is that
they should be in such a form that it is easy to collate them with
other information. The collating operation most frequently
needed is to bring together the test records and criterion infor-
mation for the same group of individuals. Thus, some time after
the tests have been given, records are obtained of grades in or
graduation from a course of training, or ratings or performance
records are obtained for the workers in a particular factory.
Working back from this criterion information, it is then necessary
to bring the test and criterion records together so that computa-
tions can be made involving both of them. The collating opera-
tion involves three steps: (1) locating the earlier record, (2) posi-
tive identification of the individual, and (3) bringing the data
physically together for use in computing. A good organization
of the records of testing will facilitate each of these steps.

For the greatest ease in finding a test record, it should be
necessary to search only a single file which is arranged in
accordance with a single system. To search through two files
each containing 10,000 entries will take substantially longer than
to search one file with 20,000 entries. Each further increase in
the number of places in which one must look represents a further
increase in the work involved. The system of arrangement for
the record file should be one which is readily applied also to the

criterion records.
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For most types of hand collating, the most practical arrange-
ment for finding records, either for collating with a criterion
record or for other uses, is an alphabetical file by name. The
use of name has advantages over any numerical coding system
because of the meaningful organization of the letters as they
form the name and because of long familiarity with names. The
file should almost certainly be a card file, with each individual
represented by a separate card. This makes it possible to pull
any desired records out of the file and also to add new records
to it continuously.

Where the program involves only a single category of place-
ment, a single file should suffice. However, it may be desirable
to maintain an active and an inactive file, removing to the inactive
file those cases who, because of the length of time since testing,
are very unlikely to appear in current research studies. Similarly,
it may be desirable to keep in a separate inactive file (or possibly
not to file at all) the results for rejected applicants who have not
been given employment. The goal is to keep the active file
complete, so that it will include all but a very few of the
individuals who might be found in a current research study,
and yet to keep it as compact as possible.

Where two or more job categories are under study in the same
program, the problem of efficient organization of files becomes
more complex. If it is impossible to tell at the time of testing
or shortly thereafter into which job category an individual will
fall, or, if transfers from job to job happen fairly frequently, it
is desirable to keep the records for all jobs in a single file.
Separate files for the separate jobs are not practical in this case.
However, if assignments are known at the time of testing and
there is little or no interchange of personnel between different
jobs, a separate file for each job is advantageous. The separate
files will be smaller and will reduce the population to be searched
in matching the test records with the criterion data.

In many large-scale personnel research projects, it is advan-
tageous to use IBM punched card equipment for record keeping
and for research analyses. Collating is then usually carried out
on the machine specially constructed for that purpose and called
a collator. 'This machine matches cards from a pack containing
criterion information against the total file of test record cards
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and picks out from the larger testing file those cases which occur
in the criterion file.

If the collator is to be used, it is no longer advantageous to
file and match by name. This is due to the fact that the names
of two different individuals may be either completely the same
or the same for a great many letters. One is limited in the
number of letters of a name on which it is practical to match
when collating. Also machine alphabetizing and merging of two
files becomes very time-consuming. Furthermore, matching
should be uniquely correct. There should be no possibility of
coding two individuals in the same way. For use with punched
card records, the best basis for collating seems to be a unique
number designating each individual.

In the armed forces, a unique coding was provided by a serial
number assigned to each man at the time he entered the service.
In civilian life, an equivalent which could often be used is social
security number. In particular organizations, there may be some
other unique coding number which stays with an indivdual and
identifies him throughout his career in that organization. In
each of these examples, a particular number sequence always
designates a unique individual. Barring copying and similar
errors, no mistake is possible in matching two sets of data for
the same individual. For machine collating, therefore, files can
often advantageously be organized by some type of serial number
- which stays permanently with the individual.

The possibility of finding two individuals with identical names,
where name is being used as the basis for matching, or of a
copying or reporting error where a serial number is being used,
points up the necessity of a systematic check upon the correct-
ness of matching. After a pair of records has been matched on
one basis, it is always desirable to have another independent
basis for checking the correctness of the matching. For this
purpose, it is always desirable to include at least two or three
clues to identification in any record card. If the file is an alpha-
betical file by name, a check clue upon correctness of matching
may be provided by date of birth, date of employment, or by
social security number. Where a numerical coding is the basis
of filing and matching, a good check is provided by name. This
secondary cue should be referred to routinely in cases of hand
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collating. It also provides a basis for tracing down errors and
reconciling discrepancies in machine collating.

Collating sounds like a very simple operation, and basically
it is. But in a testing program of any size, it can become very
time-consuming, especially where the effort is made to carry it
out with a high degree of completeness and accuracy. If the
test records are not systematically organized, the task can become
a hopeless one. Keeping test results recorded and filed accurately
and currently represents a fairly substantial undertaking for
which provision must be made in the budget of any research
program.

Once the sets of data have been collated and the accuracy of
the matching has been checked, the test and criterion scores must
be used together for computation. How the two sets of data
shall be organized for efficient computing depends again on
whether the original records are in the form of a written record
or of a punched card record. If the records are written, some
provision should probably be made on the test record card for
entering later criterion data. If certain spaces are set aside for
criterion data, these data can be entered directly on the card
which contains the test results. This card can then serve as the
master source, either for punching the scores for the group of
cases being studied into punched cards for analysis or for hand
tallying and calculation. If test and criterion records are already
on IBM punched cards, then the data from one set can be repro-
duced into the other, or selected data from each can be repro-
duced in a new work deck of cards by using the reproducer.
The cards with the combined data then serve for computations.

We may now consider the arrangement of a test record card.
Some of the problems of a written and a punched record are
different and require separate consideration. Problems which
we shall consider are (1) the location of identifying information,
(2) the location of test results, (3) provision of space for criterion
and other research data, (4) dealing with changes in the test
battery, and (5) the number of digits to be used in reporting
scores.

On any card used for hand collating, identifying information
should be placed at the top of the card. The information to be
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used as the primary basis of matching should be at the left, since
the top left is the place which we normally observe first. The
information to be used as a check upon the matching can well
be at the top to the right. It often pays to have this identifying
information reproduced on the face of the card even when
punched cards are being used and most of the collating and other
statistical operations are being done by machine.

With a written record system, test results spread across the
body of the card. In any but very small-scale projects, it usually
is desirable to use a printed or photo-offset form, so that each
score to be recorded can be designated and will appear in its
own particular space. Ruling may be used to separate the
different scores. The arrangement is a compromise between the
desire not to crowd the scores together on the one hand, and the
desire to provide space on the card for as much supplementary
research information as possible. The usefulness of the card is
increased if it provides space for a number of items of research
data—scores on research tests, criterion records, and the like.

Any record system must face the problem of change. As time
goes by and additional data are accumulated, it will seem
desirable from time to time to make changes in the battery of
tests which are being used for selection or classification. Fre-
quent changes make the use of the records for research analyses
quite difficult. This is true particularly if machine methods of
collating and tabulating are being used. The efficiency of these
methods depends on uniformity in the records, so that the same
items of information are entered in the same place on the card
for every individual. The whole tabulating job can then be
handled in a routine and mechanical manner. Every time test
procedures are changed, with some tests being dropped and
others being changed or added, it means that the records must
be treated in fractions, each fraction being handled slightly
differently. This is true of hand tabulation also, but manual
tabulating routines are more flexible and adjust more readily to
shifts in the data.

The record system should be set up so that changes in the test
battery will disturb the tabulation of results as little as possible.
First of all, every record card should be clearly coded to desig-



292 THE ADMINISTRATION OF A TESTING PROGRAM

nate which battery was in use when that individual was tested.
In the second place, the location of the score of a particular test
on the card should be changed as infrequently as possible.
That is, the tests which remain unchanged from one battery to
the next should also remain in the same position on the card.
If the space on the card permits, some blank spaces should be
reserved and these should be used for new tests when the battery
is changed. The positions of scores of tests which are dropped
from the battery should be left blank. If it is possible to do this
through two or three changes in test battery, then in both hand
and machine tabulation it will be more feasible to work with
data from those several batteries simultaneously. There will be
no ambiguity about the score occurring in a particular position.
It will refer to a particular test, and if that test was not given the
position will be blank.

The problems of space, especially on a punched card, and of
efficiency in computation raise the question of the number of
digits to be retained in test scores. In particular, these problems
raise the question of the desirability of converting all raw scores
into single-digit scores on a standard score scale. Single-digit
scores make for great simplicity and economy of tabulation,
especially with machine tabulation, where the number of tabu-
lator runs necessary to handle complex correlational data and
similar problems is greatly reduced. Again, particularly in
machine record methods, the use of single-digit scores increases
substantially the number of items of information that can be
included in one punched card. Each test then requires only one
column on the card, and many tests can be included without
exceeding the 80-column capacity of the card. The use of single-
digit scores is to be recommended especially for programs in
which the testing battery includes a large number of separate
tests. In this case, the increased capacity of record card and
increased efficiency of tabulation become very important,
whereas the small loss of accuracy due to the grouping of scores
into nine or ten categories on each test becomes a very minor
matter. The coarseness of grouping on any single test is com-
pensated for by the number of different tests. When the tests
are few in number, any advantages in single-digit scores are
minor, and these advantages probably do not compensate for
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the loss of information through grouping and for the work in-
volved in converting the raw scores to single-digit scores.

CONCLUDING STATEMENT

In this chapter, an effort has been made to suggest some of
the administrative problems in a large-scale personnel testing
program. In part, these problems refer primarily to day-to-day
operations; in part they occur in research with the test results.
Problems have been identified and some suggestions made for
procedures in giving, scoring, checking, and weighting the results
from tests, and in organizing test records for routine and for
research use. The discussions have necessarily been in rather
general terms, since details of type of testing battery, size of flow
of subjects, conditions of scheduling, deadlines for providing test
results, and other unique administrative features will determine
the pattern of procedures in any specific testing program. In any
event, it will pay to devote a good deal of thought and care to
the planning of these administrative routines, if an efficient
testing program is to result.
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Administrative Problems in Using the
Results of an Aptitude Testing Program

After a battery of aptitude tests has been administered and
scored, and after the results from the single tests have been
combined with appropriate weights to yield the best prediction
of success in one or more job specialties, then the test results
must be put to use to select or reject specific job applicants.
Administrative routines must be established for translating the
composite aptitude score for individual X into an administrative
decision that individual X shall be hired, or for translating a set
of composite aptitude scores in jobs a, b, ¢, * -+ -, k for individual
Y into a decision that individual Y shall be assigned to job i
rather than some other job.

TYPES OF NECESSARY ADMINISTRATIVE DECISION

The pattern of administrative decision required for a given
case may be any one of three types:

1. Selection-rejection.

2. Multiple selection-rejection, or multiple qualification-dis-
qualification. :

8. Classification.

In selection-rejection, the individual is being considered for a
single job category, and the decision is simply that he shall
(or shall not) be accepted for that job category. The practical
problem is to fill vacancies in that particular job specialty as
they occur with the most suitable individuals from among the
group of applicants. This should be done promptly and yet
without the bother and expense of maintaining an extensive pool

of accepted applicants for whom no work is available.
294
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In multiple selection-rejection, the individual is considered a
candidate for a number of job categories, but the action to be
taken with regard to him is to be merely negative. That is, a
decision is to be made as to the job categories for which he is not
qualified. No positive action is taken from among the ones for
which he is qualified. The administrative problem is to have
sufficient numbers qualified in each job category so that the
needs in that category can be met at the same time that the needs
in other categories are met. Thus, if the weekly demand is for
50 auto mechanics and 30 apprentice machinists, we must be sure
that our procedures give us both (1) a total weekly yield of at
least 80, and (2) specific yields of at least 50 qualified as mechanic
and at least 30 qualified as machinist. Due to the overlapping of
qualifications, it is quite possible that 30 of the qualified me-
chanics would also qualify as machinists. However, 50 men
could not fill 80 jobs. We must consider not only single job
categories but combinations of categories. Again, the flow must
be sufficient to meet needs and commitments, but not so great
as to result in pools of personnel for whom no jobs are available.

Classification involves the assignment of each individual who
is accepted to a specific one of a number of job specialties.
Assignments must match the demands and opportunities, and at
the same time the available resources of job applicants must be
used to the best possible advantage. The administrator faces a
complex matching problem involving men and jobs, in which an
effort is made to use aptitude information in a positive manner, so
that each individual’s areas of specially high aptitude are taken
into consideration in affecting his assignment. The process is
complicated by the fact that assignments of individuals interact.
If individuals A, B, and C are assigned to job k, and there are
only three vacancies in that job category, then individual D can-
not be assigned to that category of job. In assigning any single
individual, attention must at the same time be given to the pool of
aptitudes represented by the other members of the group.

This discussion has indicated that aptitude test scores may be
used either as a hurdle or as a quantitative indicator of success.
In the former case the score is used in an all-or-none manner to
separate the sheep from the goats, those who shall be accepted
from those who shall be rejected. In the second case, the score
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is treated as a continuous variable and as an indicator of the
probable degree of success in the job in question. For the routine
administrative use of test results, use as a qualifying hurdle is
much the simpler undertaking. Once the minimum qualifying
score for a job category has been determined, the limits of
administrative action for a given individual are immediately
specified. He either is qualified or he is not, for each job cate-
gory. He may be assigned only to a job category for which he
is qualified. The possibilities are rigidly and objectively speci-
fied, and job assignment can then be made by any competent
clerk.

When tests are treated as continuous quantitative variables
and indicators of probable success, the administrative problem
becomes a good deal more complex. It becomes necessary to
assess the potentialities of a candidate for each job category and
to arrive at a decision as to which assignment represents the most
advantageous use of his potentialities. The use to be made of
one man depends on the other men for whom an assignment
must also be found. If assignments are to be made to best
advantage, either a rather complex set of ground rules is neces-
sary to reconcile aptitudes and job vacancies, or a high standard
of professional judgment is required on the part of the person
making the assignments. The possibility of using scores in a
positive and constructive fashion for the purpose of classifying
job applicants can be gained only at some sacrifice of adminis-
trative convenience.

FACTORS INFLUENCING THE ADMINISTRATIVE
PATTERN

Reaching an administrative decision with regard to assignment
is a problem of reconciling supply, demand, time limits, and
aptitude ratings. We shall need to consider how these factors
interact.

In any personnel selection enterprise there is a certain avail-
able supply of job applicants, from which the needs of the
employing organization must be met. This supply is not fixed,
since it depends on the extent and effectiveness of the personnel
recruiting program. With a more intensive recruiting campaign
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or an increase in the inducements offered to applicants, the
supply can be stepped up. As competing opportunities are made
more attractive, the supply will decline. Unless the supply of
applicants for a particular job is in excess of the need for persons
in the job, a selection program is largely futile. Unless one can
afford to reject some of the applicants for a particular job, there
is little use in testing them. Of course, one may wish to maintain
minimum standards of aptitude or proficiency even though it is
impossible to fill all the existing job vacancies. Test results may
be used for this purpose. But test results and other selection
procedures function most cffectively when the supply of job
applicants is substantially in excess of the number of placements
to be made in the job.

The limitations which supply puts on the use of selection
procedures emphasize the importance of the personnel recruiting
program. The characteristics of the supply of job applicants, in
terms of both quantity and quality, set the limits of what a
selection program can achieve. Even a perfect set of selection
procedures can only pick the best from what is available. If
recruiting has been ineffcctive, the best may be none too good.

Where the project involves classification rather than simple
selection and each applicant may be considered a candidate for
more than one job category, the supply-demand problem becomes
rather more complex. Numerically, it is the over-all supply
which is critical. Unless recruiting is hopelessly inadequate, the
number of applicants will be in excess of that necded to fill
vacancies in any one job category. Satisfactory recruiting must
supply more than enough for the needs of all the job categories.
In addition, recruiting must supply a population of job applicants
whose qualitics match the needs of the several jobs. Since there
are always problems of best utilization of personnel in a classi-
fication situation, even though there is no over-all excess of job
applicants, test results serve a vital function in the classification
of personnel even when applicants are in short supply. Measures
of aptitude have a valuable function in helping to achieve the
most advantageous allocation of the existing supply of applicants
to the existing job vacancies.

Implied in the term supply as we have been using it is the
acceptance of the job by the applicant. Thus, if only 50 per cent
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of those who originally inquire about a job will finally accept it
if it is offered to them, then a weekly flow of 200 persons tested
represents an effective weekly supply of 100. Furthermore, the
qualifying score will have to be set at a point to qualify approxi-
mately twice as many individuals as will ultimately be needed
for employment. Variation from day to day in rate of accepting
employment will introduce one more source of variability. In
any situation except a coercive wartime military situation, this
problem of the final acceptance rates of offered employment will
have to be reckoned with.

Time is another vital factor in determining administrative
routines in personnel assignment. On the one hand, there is a
limit on the time that can elapse before a decision must be made
with regard to a particular man; on the other, there is a time
limit within which a particular job or quota of job assignments
must be filled. One cannot keep a job applicant waiting in-
definitely. At some point he must either be offered a job or be
told that none is available for him. In some cases, it may be
possible to keep him waiting for several days or weeks, but in
others it may be necessary to come to a decision while he is
physically present and making his application. It depends on
the type of position for which application is being made, the
press of other job opportunities for the applicant, and the nature
of the contact which the organization has with the applicant.
At the same time, from the point of view of the employing or-
ganization, there may be certain deadlines which must be met.
Perhaps the most definite of these is a specified date for the
beginning of a program of instruction. However, there will
always be some pressure from the employing agency for prompt-
ness in making job assignments.

The longer the time period which may elapse before an
administrative decision must be made about a particular indi-
vidual, the more completely it is possible to utilize aptitude
information in the selection and classification of personnel. It is
then possible to accumulate data on a large group of individuals,
and to make selections and assignments from this large group.
Day-to-day fluctuations both in the applicants and jobs to be
filled are evened out. Each decision with regard to assignment
can be made with reference to a large group of candidates, and
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the probability of finding within that large group individuals
with the specific qualities needed in a particular job is relatively
good. When a decision concerning a particular individual must
be made immediately, the momentary supply-demand situation
may influence that decision as much as or more than aptitude.

The press for immediate decision was one of the most severely
limiting factors in army personnel utilization during the last war.
Men came to reception centers, where they were subjected to
certain aptitude tests and a classification interview. On the
basis of test scores and data on educational and vocational his-
tory, assignments were made to replacement training centers or to
special schools. However, this testing, interviewing, and assign-
ment had to be completed within two or three days. Further-
more, assignments had to be made continuously to meet current
quota demands. If a quota of 100 entrants into radio mechanic’s
school had to be met by Friday, then Wednesday and Thursday
had to yield a good crop of future radio mechanics, no matter
how unpromising the raw material, and a top-ranking radio
mechanic who showed up on Saturday had no prospect of getting
in. There was limited provision for pooling promising recruits
against anticipated future quotas. Immediate demands became
a very compelling factor in personnel classification.

DAILY QUOTA VERSUS PREDICTED YIELD AS
ADMINISTRATIVE PATTERNS

There are two distinct approaches to adapting the aptitude
score information to the limitations of supply, demand, and time
for reaching a decision. In order to identify these, we may label
them the daily quota method and the predicted yicld method.
We shall elaborate these procedures first as they apply to a
problem of simple selection and then as they apply to a problem
of classification.

In applying the daily quota method to a problem of simple
selection for a single job category, the procedure is to arrange all
those tested on a given day (or within some other unit of time
that is administratively convenient) in order in terms of the score
which represents the final composite estimate of their aptitude.
The number required to meet the current quota of positions to be
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filled is counted off, starting at the top of the list. Thus, if 100
individuals have been tested in a given unit of time and 25
positions are to be filled at that time, the positions are offered
to the top 25 in order of aptitude. If 80 are tested during the
next time period and a quota of 60 comes in to be filled at that
time, the top 60 of the 80 are chosen. The score which separates
those who are accepted from those who are rejected fluctuates
with supply and demand, going up when applicants are many
and jobs are few and down when applicants are few and jobs are
many. '

This procedure is administratively very simple, since it is
necessary only to take account of the immediate group of appli-
cants and the immediate quota of jobs. The pattern is cut to the
cloth currently at hand. However, if the system operates in
terms of such small time units that there is appreciable fluctuation
in supply and demand it becomes both unfair from the viewpoint
of the applicant and inefficient from the standpoint of the
employer. On a day when the momentary demand is light,
individuals will be rejected who have substantially higher apti-
tude for the job than those accepted a few days later when a
new quota has to be met. It is this unevenness of standards
which the method of predicted yield undertakes to overcome.

In the method of predicted yield an effort is made to forecast
the general trend both of supply and demand. The essential
facts are (1) the expected number of daily (weekly, monthly, or
other convenient unit of time) applicants for the job, (2) the
expected distribution of scores on the composite aptitude meas-
ure, and (3) the expected daily (weekly, monthly) quota of posi-
tions to be filled. The estimates for the future have their basis,
of course, in experience in the past. The first essential for any
forecast of future supply, future demand, and future distribution
of aptitude scores in the population of applicants is accurate
information as to what the supply, demand, and aptitude distri-
bution have been to date. These statistics from the past can then
be adjusted to take account of any known changed conditions in
the future. Thus, it might be planned to expand operations of
a particular type, and this expansion might necessitate a 50 per
cent increase in the placements in a particular job category.
Or the progressive exhaustion of the supply of qualified appli-
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cants might indicate a gradual lowering of the average aptitude
in those who would be available for testing. On the basis of
the best estimate of the total number of applicants, the distribu-
tion of aptitude in the applicant group, and the number needed
for employment, a qualifying score can be set which will qualify
the desired number of individuals. Thus, if there are 150 appli-
cants a month for a type of position and 100 vacancies to be filled
each month, the minimum score chosen for that job is the one
which estimates show can be reached by two-thirds of the group
of applicants. The primary basis for choosing this score is the
distribution of scores for past groups of applicants who have
taken the test battery.

The chief advantage of the predicted yicld method is that it
sets a stable and uniform minimum qualifying score. It holds a
fixed standard, despite short time fluctuations in supply and
demand, and so guarantees the highest average level of aptitude
in those accepted for the positions.

The disadvantages of the method are twofold. In the first
place, it does not give an exact day-to-day correspondence be-
tween positions to be filled and persons declared qualified to fill
them. At one point there may be a few more vacancies than
there are applicants who have been tested and who meet the
aptitude standard for employment. A few days or weeks later
there may be an excess of qualified applicants over the number
of positions to be filled. This necessitates some procedure for
taking up the slack, some way of pooling a reserve of qualified
applicants.

The second problem of this approach is one inherent in any
problem of forecasting. Our forecast may turn out not to be
accurate. We may miscalculate with regard to either our supply,
our demand, or our aptitude score distribution. If this happens,
the yield of qualified applicants will not match the need for
them and we will face a systematic excess or deficit. The only
way to forestall this occurrence is to maintain continuous records
of the supply-demand balance. As soon as it is clear that the
situation is getting systematically out of balance, an adjustment
will have to be made in the minimum qualifying score so as to
restore the balance. If the supply is in excess the qualifying
score will have to be raised, whereas if the demand is in excess
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the qualifying score will have to be lowered. (Of course, a
preferable adjustment may be to intensify or reduce the recruit-
ing, so that the supply is modified rather than the qualifying
score.) These problems of providing for temporary surpluses
and deficits and of adjusting for inaccuracies of one’s forecast
make the administration of this procedure somewhat complex.

A combination procedure is possible and may sometimes be
useful. This procedure is to set a fixed minimum qualifying
score, but to set it low enough so that the number qualified will
in general be in excess of the demand. Beyond this minimum
score, positive selection can operate each day, taking first those
with the highest aptitude. The minimum qualifying score pro-
tects the organization from accepting inferior personnel at mo-
ments of peak demand or short supply, and the general excess
of supply over demand makes it unnecessary to pool any sub-
stantial number of individuals against anticipated future needs.

The daily quota and predicted yield approaches operate also
in the classification situation, though the lack of a clear, mathe-
matically best solution to the classification problem makes it
difficult to state in unambiguous terms how any classification
system will operate in practice. The daily quota approach to
classification means that we take on the one hand the group of
individuals tested during a particular day (or other unit of time),
with their several aptitude scores. On the other hand we line
up the number of appointments to be made into each of the job
categories for which the applicants are being considered. Taking
account of the relative importance of the several jobs, we sort
and juggle until the required number is obtained for each job
and the aptitude scores in the different categories appear to be
about as high as we can get them. The operation is strictly a
trial-and-error one of doing the best one can with the current set
of quotas to be filled and the current supply of applicants with
their several aptitudes.

Perhaps even more than in the case of selection, classification
by this procedure is at the mercy of the day-to-day fluctuations
of quotas. If one day provides a large quota of clerks, whereas
the next day provides a large quota of mechanics, we may find
good potential mechanics being made into clerks one day and
good potential clerks into mechanics the next.
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The application of the method of predicted yield to a classi-
fication problem also becomes somewhat more involved than in
the case of selection. The task is to devise a set of working rules
for classification which will tend to get the best possible indi-
viduals in each job category and which will also yield an output
in each category that corresponds to the vacancies available in
that category. Thus, if our predicted average need for pilots,
navigators, and bombardiers is respectively 800, 100, and 100
per month, a satisfactory set of rules for classification must on
the average yield those numbers. Again, the essential data are
the predicted supply of applicants, the predicted demand for
personnel in each of the categories, and the predicted aptitude
score distributions. However, it is now the joint distribution of
all of the aptitudes which is important. In estimating yield, it is
important not merely to know how many men will fall above
score X; for pilot, for example, but also to know how many of
those men will at the same time fall below score Y; for navigator
and score Z; for bombardier.

Setting up rules for classification is necessarily a trial-and-
error, cut-and-fit proposition. There is no solid analytical, math-
ematical basis for it. The personnel psychologist sets up an
hypothetical set of rules which seem to him likely to give
approximately the desired quotas. Thus, the rules for the pilot-
navigator-bombardier problem mentioned above might take
some such form as the following: “(1) Classify as navigator any
man whose navigator aptitude score, expressed in stanine units
(a 9-point scale of half standard deviation units) is both (a) higher
than his bombardier aptitude score and (b) two points higher
than his pilot aptitude score. (2) Classify as bombardier any man
whose bombardier aptitude score is both (a) higher than his
navigator aptitude score and (b) two points higher than his pilot
aptitude score. (8) Classify all other qualified men as pilots.”
These rules must then be applied to actual or theoretical test
data to see how they work out. If composite aptitude scores are
available for a large population of cases, those cases may actually
be classified according to the set of rules and the actual yield
in each category determined empirically. If the yield does not
correspond to what the practical situation demands, some adjust-
ment may be made in the rules, and the process repeated. This
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may be repeated again and again until the approximation to the
quota requirements is sufficiently close.

The above process becomes a very laborious one if more than
one or two trials are needed to reach the desired result. Further-
more, the trial-and-adjustment procedure is pretty blind. Opera-
tions can be facilitated somewhat if a joint frequency distribution
of the several aptitude scores is prepared. This is quite feasible
for two or three variables, but for a larger number it would
require much work, with a rapid increase in the unwieldiness of
the operation for each additional job category. The joint two-
or three-dimensional distribution of scores can either be prepared
by tallying actual data, or be constructed from theoretical dis-
tributions on the assumption of a normal distribution in each
variable. If enough cases are available, and particularly if
records are available on IBM punched card equipment, the
actual joint aptitude score distribution is probably the simplest
to prepare. Otherwise, if we know the means, standard devia-
tions, and intercorrelations of the several aptitude scores, it is
possible to compute the theoretical proportion of cases in every
cell defined by score limits on each one of the several aptitude
composites. Given such a joint frequency distribution, it is
possible to determine the outcome of any particular set of classi-
fication rules by summing up the frequencies in all the cells of
the table which are to be classified in a particular way. The
effects of a given change in the rules may be anticipated with
some accuracy by seeing just which cells are shifted from one
category to another. Trying out different sets of rules for classi-
fication is greatly facilitated.

Predicted yield as applied to the classification problem again
has the advantage that it is uniform, fair, and insensitive to
day-to-day fluctuations in populations and in quotas. It also has
the advantage that the fixed sct of rules operates to reduce the
large element of subjective judgment which is otherwise likely
to enter into a classification situation. With a complex of jobs
and aptitudes to be considered and reconciled, the personnel
worker is likely to vary substantially not only from day to day
but even from minute to minute in the disposition which he will
make of comparable cases. Given a set of explicit rules to work
by, this variation should be largely removed. The disadvantages



INCLUSION OF NON-TEST VARIABLES 305

of the method lie, again, in the administrative complexity, the
problems of pooling applicants when classifications and quotas
are temporarily out of balance, and the possibility of systematic
error in forecasting, leading to a systematic discrepancy between
classifications and quota requirements.

The complexities which arise in setting up any fixed system
for classifying personnel, at least when the classification is into
more than two or three job categeries, lead one to question
whether the personnel psychologist should take the responsibility
for actually carrying out classification and assignment. A mul-
tiple selection program based on a variation of the predicted
yield technique may prove most satisfactory in practice. The
procedure is to set minimum qualifying scores for each job
specialty. Each individual’'s aptitude scores are compared to
these minimums to determine for which job or jobs, if any, he is
qualified. The several minimum scores are so chosen, with
reference to the joint frequency distribution of composite apti-
tude scores for each of the job specialties, that the total number
qualified is sufficient to meet the total demand for personnel and
so that the number qualified for each job gives some surplus
over the number required for that job. Individuals can then be
assigned to any job specialty for which they are found qualified.
The assignment of individuals qualified for only one of the jobs
will be automatic, and the assignment of those qualified for two
or more jobs can be juggled to fit the necessary quotas. This
juggling can be done by non-psychologists, since no particular
technical training is required for it. This pattern of operation
does, in fact, come rather close to the one which was in effect in

the AAF air-crew classification program at the end of World
War IL

INCLUSION OF NON-TEST VARIABLES IN THE
PREDICTION OF JOB SUCCESS

In most of our discussion of predictors of job success up to this
point, the predictor variables have been spoken of as “tests.”
Of course, all types of data may be used for purposes of pre-
diction, and the predictor variables need not be “tests” in the
common meaning of the term. Age, sex, education, and marital
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status are items of information which are generally available and
sometimes useful. A statement of amount and type of previous
job experience is frequently relevant. Expressions of interest or
preference for one job rather than another may need to be taken
into account. What shall the administrative pattern be for
dealing with items of information such as these?

Let us assume that several test scores are being combined into
a weighted composite score which is being used as a predictor
of job success. Three patterns of use of auxiliary non-test data
ordinarily suggest themselves. In the first place, one or more of
the non-test variables may be used as auxiliary cutting variables
by means of which certain groups of individuals are completely
excluded from the job in question. Thus, we may decide to
employ no women in the job, no married men, no men who are
not high-school graduates, or no men below 21 and over 45 years
of age. In this case, absolute categorical limits are set on these
variables, and at the specified point an absolute separation is
made between a group which will be accepted and a group
which will not. This type of procedure can usually be justified
only on administrative rather than on scientific grounds. Even
in such a dichotomy as sex, there is an overlapping of the groups
in almost every measurable behavior function. In the quantita-
tive variables such as age and education, the overlapping of
adjacent groups is obviously very great. Using absolute rules
which set critical scores on these variables will clearly exclude
some individuals who would be acceptable by any index of apti-
tude or performance. The procedure may be politically expe-
dient, but it is usually on grounds of expediency alone that it
must be justified.

A second procedure may be to treat non-test variables as
factors for which no absolute prescription is made, but as factors
which are considered separately from the test scores. These
variables become, then, essentially modifying factors which are
taken into account in interpreting test results. They are treated
in a clinical fashion in arriving at a judgment as to the adminis-
trative action. Thus, individuals over 40 years of age may be
rejected unless they show exceptionally high aptitude. Or a
specially high score on tests of intellectual functions may be
required of the individual who is not a high-school graduate.
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The procedures may be quite unspecified, or they may be for-
malized into a system of credits and allowances for the non-test
factors. This approach is less formalized and rigid than the
cutting score procedure. However, it also seems to lack any
very good basis in statistical theory. It has a rule-of-thumb
character which hardly recommends it.

The third possibility for the non-test variables is, of course, to
incorporate them with the test variables into the score composite
which is used to predict success on the job. If such a variable
as age or education has been shown to predict success on the job,
the validity data for that variable provide as good basis for
weighting it in a regression equation as do the data on any test
score. If it has not been shown to predict success on the job,
there is no occasion to worry about that variable anyhow. 1In
most cases, we may either expect the variable to bear a linear
relationship to job success or else transform the measure of the
variable into some derived score which does show such a linear
relationship. Thus, if the optimum age for achieving success in
a particular job is 28, the individual’s deviation from that opti-
mum may be used in the regression equation in place of his
actual age. If necessary, a non-linear transformation may be
used. If the non-test variable is qualitative in nature, it may be
translated into a quantitative coding or rating. Thus, a descrip-
tion of the applicant’s job experience may be rated by an inter-
viewer or by an analyst of the application blank, and this rating
can become the variable which enters into the composite score.
In this way, the advantages of multiple regression techniques
can be extended to other variables in addition to the actual test
scores. Except where matters of administrative convenience
suggest one of the alternative procedures, this way of handling
auxiliary non-test data is probably to be preferred.

THE FORM OF TEST SCORE TO BE REPORTED

One administrative decision which must be made in any testing
program is the form of score to be used in reporting results.
This problem comes up with reference to the scores on a single
test; it also arises with regard to the composite scores which are
derived from the complete battery and which represent predic-
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tions of success in a particular job category. We shall consider
these problems in turn.

In a selection program based on the system of weighted score
composites, single test scores are used primarily (1) in the com-
putation of the composite scores and (2) for research analyses.
The problem is whether to use raw test scores for these purposes,
or to transform the scores into some other form. The advantages
and limitations of a single-digit score for record keeping and
research have been discussed in Chapter 9. At that time some
of the considerations for routine testing operations were also
mentioned.

The final composite aptitude score for a particular job category
is not a tool for obtaining some further type of score value, and
its use in research is subsidiary to its use in administrative
decisions about the individual. The considerations determining
the type of score to be reported here are, therefore, primarily
those relating to maximum administrative convenience and ease
of interpretation. We must report the score which is most readily
usable in the task of arriving at administrative decisions about
each individual. Two characteristics appear desirable: The
system of scores should be simple, and the system should be such
that a given numerical score has the same meaning for different
job categories.

The numerical value of the composite score derived from a
weighted battery of tests is entirely arbitrary in any case. The
numbers which result depend on the absolute size of the test
weights. These can be adjusted by any multiplying factor and
by the addition of any desired constant. It seems very desirable,
therefore, that the constants be chosen in such a way that the
mean score and the variability of scores are the same for each
different composite score being computed from the data. A
given number will then Indicate a specified .degree of excellence
relative to the total array of applicants. The exact magnitude
of the numbers to be used is a relatively minor matter, so long
as the final grouping is fine enough to permit the necessary
flexibility of adjustment of administrative decision. A single-
digit score may often provide a somewhat coarse grouping, since
raising or lowering the standard by a single point on such a scale
may make a difference of as much as 20 per cent in the per-
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centage of the group declared qualified. More than two digits
(i.e., a possible range from 0 to 99) probably represents an
unwarranted refinement and an assumption of greater accuracy
than actually exists in most cases.

An alternative to the type of standard score discussed above
may appeal to some. This is the percentile rank in terms of
some defined group, usually the general population of job appli-
cants. The concept of “percentage of individuals in the group
whom he excelled” is a suitably simple and straightforward one.
However, the steps in this scale of numerical values do not
correspond even approximately to equal increments of ability.
This type of score is therefore very difficult to use in any program
of personnel classification. In a classification program, we are
interested in differences in aptitude for different jobs, and it is
difficult to evaluate and compare these differences directly from
percentile scores.

The personnel psychologist will have to decide whether the
standard scores which he uses are to be normalized or merely
equated in terms of mean and standard deviation. This is
probably not a very critical decision, nor will it affect his pro-
gram greatly one way or the other. If data are available for a
whole group of applicants, the assumption of normality appears
fairly reasonable. The use of a set of normalized scores guar-
antees the comparability of meaning of a particular score for all
job categories throughout the whole range of score values, rather
than equating merely in terms of mean and standard deviation.
The use of a set of converted scores which has a normal distri-
bution also has some advantages for further statistical research,
since the assumption of normality is made in the development of
certain formulas.

Once a system of converted scores has been adopted, a good
deal of educational activity is often required and may well be
expended in getting over the meaning of different numerical
score values to the administrators who use them or who control
decisions as to the continuation of the selection program. When
this education begins to be effective, there should be a good deal
of reluctance to change the score system. In a sense, the stand-
ard scoring system tends to become one of the assets of the
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psychologist, representing part of his “good will,” and it should
not lightly be abandoned.

In general conclusion, a one- or two-digit system of normalized
standard scores appears to provide a simple, efficient, and uni-
form pattern for reporting score composites. The choice of
number of digits and simultaneously of fineness of grouping
should be made in terms of the need for flexibility and close
adjustment of assignment percentages in the groups being worked
with. Once a system of scores has been adopted and the admin-
istrative group has been trained to understand and use it, the
system should be changed only for very good reason.

FUNCTION OF THE PERSONNEL PSYCHOLOGIST IN
THE ADMINISTRATIVE USE OF TEST SCORES

Finally, we must ask: What role should the personnel psychol-
ogist play in the administrative use of test scores? Does his
function cease when he has determined an aptitude score for
individual X for one or several job specialties? Should he in
addition provide some interpretation of X’s scores and some
recommendation as to what action should be taken with regard
to X? Should he be given responsibility for the final administra-
tive decision with regard to X’s job assignment?

For the psychologist merely to provide scores for each indi-
vidual hardly seems adequate. Certainly, he has an additional
responsibility for providing materials and training which will
help the actual administrator in his use and interpretation of
these scores. Furthermore, the psychologist should be a par-
ticipant in any discussion of the way in which the scores are to
be used and should participate in formulating the “ground rules”
by which the scores are to be used. His voice should be heard
when the administrative procedures are being set up covering
such points as (1) multiple regression versus multiple cut-off
procedures, (2) daily quota versus predicted yield plan for
balancing supply and demand, (3) extent to which factors other
than the psychologist’s assessment of aptitude are to be con-
sidered. Once these points have been agreed on, the adminis-
trative decisions on personnel assignment may well be handled
by personnel not directly concerned with the testing program.
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This is acceptable particularly when the decisions are simple
ones, such as those involved in a straight selection program, and
when the person in charge of administrative disposition of each
case is informed about and in sympathy with the testing program.

At the opposite extreme, the psychologist may be given final
responsibility for the administrative decision on the placement
of each man. It must be recognized, however, that assumption
of such responsibility by the psychologist implies that he must
become informed about many aspects of the operation of the
organization which bear little or no relationship to psychological
techniques for personnel selection. In particular, he must be
well acquainted with the problems of personnel supply and
demand in the organization. He must concern himself with
quotas, flow figures, and a host of administrative details. He
must be informed of anticipated changes in amount or type of
activities within the organization, and he must be able to antici-
pate projected needs. There is no reason why he cannot do these
things. However, if the staff for running a personnel selection
program is limited, it may often seem desirable to limit the
personnel psychologist to technical aspects of aptitude measure-
ment and leave the administrative use of the test results to others.

Perhaps the appropriate utilization of the personnel psycholo-
gist should be outlined as follows:

1. He should devise, improve, and do research on selection
and classification procedures.

2. He should plan for and supervise the administration of
aptitude tests and the extraction of aptitude scores from these.

8. He should participate in determining policy and adminis-
trative routines for the utilization of test results.

4. He should provide test results in a form which will, as far
as possible, suggest or specify the final administrative action.



11

The Personnel Selection Program

and the Public

A basic fact that every personnel psychologist needs to appre-
ciate, whether he is working in industry, in civil service, or in
the armed forces, is that the broad administrative decisions which
determine the conditions under which he is to work and even
the question of whether he is to continue to work will be made
not by him but by his administrative superiors. Some person or
persons in the top levels of management will have the power to
decide that there is to be a personnel selection program and that
psychological tests are to be used. Someone will obtain funds
for the program. Someone will decide how much time of job
applicants is to be made available for testing, and how much
testing can be done with employees already on the job. The
psychologist may be consulted on all these points. He will
certainly have an opportunity to express his opinions and offer
his recommendations. But the general decisions on matters of
policy will not be his.

This dependence on others for the continuing support of his
activities raises a new set of practical problems which the per-
sonnel psychologist must face. They are problems of sales-
manship. A personnel program necessarily includes a selling
program, to guarantee continuing acceptance of and support for
the program. It is of critical importance to sell the program to
those members of top management who have powers of life or
death over the program. It is only slightly less important to sell
the program to all those whose cooperation is involved in some
degree in the operation of day-to-day testing and in the carrying
out of research projects. Plant managers or post commanding
officers who are required to supply space and equipment for
testing, supervisors or instructors who are asked to provide cri-

312
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terion ratings, experts who are asked to give time to the prepara-
tion or review of test materials, workers on the job who are
called in to take research tests, all should feel that the program
is worth while and that it will contribute to the well-being of
themselves and their organization.

The present emphasis on selling is not intended to minimize
the importance of what is sold. No defense is being made for
skillful salesmanship applied to a shoddy, inferior product or
service. In personnel selection, as in most fields, there is no lack
of polished individuals who present in a compelling manner
some completely unscientific and unvalidated technique. Quacks
specializing in graphology, phrenology, physiognomy, or divine
intuition are found in abundance. It is often true, unfortunately,
that the best salesmanship is applied to the poorest product.
The temperament which is disposed to careful and exacting
research tends not to take kindly to or have a gift for promotion.
But it is just this sound scientific worker who must in self-
defense develop effective promotion for his service. The layman
does not have the background to discriminate between effective
personnel research and quackery. He must be educated and
trained to discriminate between the tested results of a sound
personnel system and the unfounded claims of the quack. The
more scientific and rigorous a personnel research worker is, the
more important it is for him carefully to consider the public
relations side of his work.

The effective public presentation of the research basis for a
personnel selection program is not an easy task. The research
statistics involved in test validation and multiple prediction are
not directly useful for this purpose. Furthermore, many of the
direct indices of practical effectiveness of a program are confused
by other factors. We must consider at this time the problems in
effectively presenting the values of a testing program.

The first point to realize is that the individuals to whom a
personnel program is to be sold are not statisticians. They
usually have neither the training nor the inclination to delve
into the subtleties of statistical procedures or statistical results.
The standard statistics of test validation and multiple prediction
are almost worse than useless in any promotion of a testing
program. Correlation coefficients almost always produce in the
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layman either misunderstanding or baflement. In neither case
is a desirable attitude toward the testing program achieved.
The fact that they are not understood often arouses a defensive
reaction of resentment in the audience, and a feeling that some-
thing is being “put over on” them. They are likely to confirm
the impression that the psychologist is a “long-hair” who is off in
a mystic world apart from reality and who does not understand
practical affairs and the realities of a business enterprise. In his
relations to his lay superiors and colleagues, the personnel psy-
chologist may be well advised ncver to exhibit a correlation
coeflicient or mention a regression weight. The statistics to be
used in public relations and promotion are almost entirely distinct
from the statistics of personnel research.

How shall we present the results of a testing program to the
lay audience? What statistical procedures or indices will be
effective for this purpose? The indices must be simple. They
must be readily understood. They should preferably lend them-
selves to simple visual presentation.

SHOWING THE RELATIONSHIP OF TEST SCORES
TO JOB SUCCESS

The basic source from which almost any material for repre-
senting the success of a personnel selection program must be
derived is the bivariate frequency distribution showing the rela-
tion between some test or score composite on the one hand and
some criterion variable on the other. In the more general case,
in which the criterion is expressed as a continuous variable, this
takes the form shown in Table I. This is the basic tabulation
from which a measure of correlation is computed. When the
criterion variable is a dichotomy, such as graduation versus
elimination in training, or when it seems desirable to reduce the
criterion score to a dichotomy for purposes of presenting the
results, the data take the form shown in Table II. Table II was
constructed from Table I by specifying that a criterion score of
30 or above represented success in the job, whereas a score below
30 represented failure. Obviously, Tables I and II as they
stand do not represent satisfactory materials for use in promo-
tional activities. We must consider what information can be
abstracted from them for this purpose.
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TasrE I. Revationsmip or ApTiTUDE TEST ScORE TO TRAINING ScHOOL GRADES

i Grades in Training School (Criterion Score)
Aptitude
Test
Score | 12-14| 15-17 | 18-20 | 21-23 | 24-26 | 27-29 | 30-32 | 33-35 | 36-38 | 39—41 | Total
85-89 1 1 2
80-84 2 4 6 12
75-79 5 8 15 10 5 43
70-74 4 28 28 15 12 3 90
65-69 2 14 62 36 19 12 2 147
60-64 10 28 79 55 49 8 1 230
55-59 3 17 52 68 37 22 6 205
50-54 3 10 20 43 25 15 3 1 120
4549 1 5 25 32 18 3 1 85
4044 1 12 15 12 3 43
35-39 3 6 8 1 18
30-34 3 1 1 5
Total 8 27 62 94 162 270 180 125 54 18 1000
Tasre II. ReraTion ofF ApritupE Test Score TO Success orR FAILURE IN

Aptitude Test
Score
85-89
80-84
75-79
70-74
65-69
60-64
55-59
50-54
45-49
40-44
35-39
30-34

Total

TRAINING ScHOOL

Training School Record

}Vumbm‘ of

Successes

2
12
38
58
69

113
65
19

1

371

Number of
Failures

32
78
117
140
101
84
43
18
5

623

Total
Number

2
12
43
90

147
230
205
120
85
43
18
5

1000

Corresponding to each numerical statement of relationship,
there are usually one or more graphic forms for representing those
numerical facts. The graphic forms of representation are of
particular importance in a promotional program. The visual
representation of facts, if well done, is ordinarily much more
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effective than the representation of those same facts in numerical
or tabular form. Graphs and pictograms are almost universally
familiar and make a general appeal. If it is well conceived and
kept at a sufficiently simple level, the spatial representation
makes a most important supplement to the numerical. In the
discussion which follows, therefore, possible forms of graphic
representation will be discussed along with the numerical indices
which they represent. Some of the problems and pitfalls of
graphic representation will also be considered.

Working from Table I and retaining the continuous distribu-
tion of criterion scores, we find two ways in which the facts of
relationship may be exhibited to a lay audience. The first
procedure is really no more than a simplification of the original
bivariate distribution by reducing the number of categories in
criterion score, test score, or both. Instead of ten to twenty score
categories for each variable, we may reduce the number to four
or five. At the same time, in order to facilitate comparisons from
one test to another, the categories are usually defined in terms of
the proportion of the group in each. Thus, we may prepare a
table, dividing both test and criterion scores into highest quarter,
second quarter, third quarter, and lowest quarter. Taking those
in any quarter on test score, we can show what percentages of
them are in the highest, second, third, and lowest quarters,
respectively, on criterion score. Table III shows the data of
Table I consolidated into quarters on both test and criterion

TasBLe III. ReratioNn oF APTITUDE TEST ScORE TO TRAINING-ScHOOL GRADES

(Analyzed in terms of quarters of the group for both test score and grades.)

Quarter of Group in Grades
Quarter of Group
inTestScore | povom | Third | Second | Top
Quarter Quarter Quarter Quarter
Top quarter 6 51 78 115
Second quarter 21 67 83 79
Third quarter 49 83 69 49
Bottom quarter 174 49 20 7
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score, and shows actual frequencies in each cell of the table.
Table IV shows the frequencies in each row translated into

TaBLE IV. ReraTioN oF ArTiTUDE TEST ScORE TO TRAINING-ScHOOL GRADES

(Per cent of those in each quarter on test score falling into each quarter on training-
school grades.)

Per Cent Falling in Quarter in Grades

Quarter of Group
in Test Score Bottom Third Second Top
Quarter Quarter Quarter Quarter
Top quarter 2.4 20.4 31.2 46.0
Second quarter 8.4 26.8 33.2 31.6
Third quarter 19.6 33.2 27.6 19.6
Bottom quarter 69.6 19.6 8.0 2.8

percentages of the total frequency in that row. Table IV is a
form which might be used to represent the validity of a testing

Highest i
Quarter B

Lowest
Quarter

0 20 40 60 80 100
Per Cent of Cases

Quarter of Group in Grades

MM wmirs S Highest
| Lowest DSecond

Ficure 1. Relation of aptitude test score to training-school grades.

procedure. The data of Table IV are shown graphically in
Figure 1.
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One objection to the procedure of grouping data by fourths
or fifths of the total group, from the point of view of the statis-
tician, is that these fractions do not ordinarily correspond to
equal steps of ability. Because most abilities yield a distribution
of scores tending toward the normal distribution, the cases tend
to pile up near the center of the distribution, and a given per-
centage of cases at one extreme covers a greater range of scores
than does the same percentage near the middle of the distribu-
tion. It is possible to choose the percentages falling in the four
or five test score categories so that they correspond approximately
to equal distances on the abscissa of the normal frequency curve,
Thus for five categories the percentages would be 7, 24, 38, 24,
and 7, instead of 20, 20, 20, 20, and 20.

Equality of scale units is probably more of theoretical than of
practical importance. The practical employer probably gets a
more meaningful picture from equal percentages of his total
group of applicants than he does from equal units on some
hypothetical scale of ability. He may well be confused by the
fact that the extreme groups contain small numbers and the
middle groups large numbers. If the unequal groups are used,
some additional educational activity will ordinarily be necessary
to present the normal frequency distribution as characteristic of
human abilities.

One promotional advantage of using percentages based on the
normal curve is that the resulting groups are somewhat more
widely spaced with regard to the trait measured by the test and
consequently the discrimination between the different groups in
criterion score is sharpened. Again, the more groups one uses,
the more striking will be the difference in performance for the
extreme groups.

One specific situation in which the use of unequal percentages
in the several score categories is likely to appeal to the personnel
psychologist is that in which he is carrying out all his analyses
with single-digit scores. The advantages of using normalized
single-digit scores for research analyses have been discussed in
Chapter 9. If scores are already in single-digit form, these scores

may often be used directly for tabular and graphic representa-
tion.
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Table IV and Figure 1 show about the simplest representation
which can be achieved when several categories are retained both
for test score and for criterion. Most persons will probably agree
that this representation is still somewhat involved for the lay
reader. In particular, the comparison of several such tables or
charts for different tests would not be a simple task. This com-
plexity seems to be almost inherent in the material. It is one
reason for devoting a good deal of the consideration in this
chapter to dichotomized criterion variables.

One other procedure for representing the relationship of a
continuous criterion variable to test score is to compute the
average criterion score for those individuals in each test score
category. The mean or median may be computed for each row
of the bivariate frequency distribution, and these values may be
plotted. The results for such a procedure are shown in Table V

TasLe V. MEDIAN TrAINING-ScHOOL GRADE FOR Eacr LEvEL oF APTITUDE
TEST SCORE

Aptitude Test Number of  Median Academic
Score Cases Grade
85-89 2 38.5
80-84 12 38.5
75-79 43 34.2
70-74 90 30.9
65-69 147 29.3
60-64 230 29.4
55-59 205 7.9
50-54 120 25.4
45-49 85 21.6
40-41 43 19.2
35-39 18 17.5
30-34 3 14.0

and Figure 2. However, this form of presentation can hardly
be recommended to honest personnel psychologists. It is mis-
leading in the extreme. The tabulating and plotting of means
ignores entirely the variability within a given score group. It
conveys the impression of an almost one-to-one relationship
between test and criterion score. This impression may be cor-
rected in some measure by also giving some measure of variability
of the criterion scores for each test score category. However,
the addition of a measure of variability, as shown in Table VI
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and Figure 3, tends once more to complicate the representation.
We may well question whether Figure 3 would convey much
direct meaning to the non-specialist.

We turn now to a consideration of the forms of representation
of relationship when the criterion is obtained as or is translated
into a dichotomy. The basic tabular representation is given in
Table II. Table II is readily converted into a table showing
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Ficure 2. Median training-school grade at each level of aptitude score.

percentage failing for each test score category. This form of
tabulation is shown in Table VII. It represents probably the
simplest descriptive statement of the relationship between test
and criterion which we have discussed so far. It lends itself
readily to graphic representation as a bar chart, of the type
shown in Figure 4. For purposes of comparing different tests
and procedures, it may be desirable to establish a uniform pro-
cedure with regard to the percentage of cases to be included in
each score category. The choice falls, once again, between
including the same percentage of cases in each category (10, 20,
or 25) or choosing percentages that will represent equal scale
units on the abscissa of a normal curve. The considerations
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TABLE VI. AVERAGE AND VARIABILITY OF TRAINING-ScHOOL GRADES FOR EACH
LeveL or ApriTupE TEST SCORE

Aptitude Number Median Range of Grades,

Test Score of Cases  Academic Grade  Middle 509, of Cases
85-89 2 38.5 *
80-84 12 38.5 36.2-40.0
75-79 43 34.2 31.7-87.2
70-74 90 30.9 28.3-34.0
65-69 147 29.3 27.5-32.2
60-64 230 29.4 27.2-32.5
55-59 205 27.9 25.3-30.6
50-54 120 25.4 23.2-28.2
45-49 85 21.6 19.3-23.6
40-44 43 19.2 16.9-21.5
35-39 18 17.5 15.2-19.2
30-34 5 14.0 *

* Too few cases to compute a meaningful measure of variability.
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Ficure 8. Relationship of aptitude test score to training-school grades.
(Median grade and range of middle 50 per cent at each aptitude score level.)
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TaBLE VII. Per CENT OF APPLICANTS AT EacH APTiTUDE ScorE LevEL FarLing
IN TrRAINING ScHOOL

Aptitude Number of Number Per Cent
Score Cases Failing Failing
85-89 2 0
80-84 12 0
75-79 43 5 12
T0-74 90 32 35
65~69 147 8 53
60-64 230 117 50
55-59 205 140 68
50-54 120 101 84
45-49 85 84 99
40-44 43 43 100
35-39 18 18 100
30-34 5 5 100
Total 1000 623 62.3

Per Cent Number
Failing of Cases
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Ficure 4. Percentage of applicants at each aptitude score level failing in
training school.
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entering into this choice have already been discussed in connec-
tion with the representation of continuous criterion scores.

The table of percentages succeeding at each score level and
the bar chart which gives a pictorial representation of these facts
provide a simple and satisfactory descriptive representation of
the effectiveness of a test for selection purposes. The represen-
tation is not entirely immune to a certain amount of manipulation
by the statistician. Where the dichotomy is an entirely arbitrary
one, the choice of criterion score at which to make the division
into two groups will have a good deal of influence on the
effectiveness of the resulting picture. In the graphic representa-
tion, the decision whether to plot percentage succeeding or per-
centage failing and the choice of the scale in terms of which the
percentages are plotted may have a good deal of influence on
the way the resulting picture looks. However, the procedure is
generally satisfactory.

INDICES OF PRACTICAL EFFECTIVENESS OF
SELECTION PROCEDURES

In addition to a simple graphic representation of the general
trend of relationship, it is often desirable to present a simple
index of the practical effectiveness of a particular testing proce-
dure. The management may raise the question: If we employ
this procedure, what decrease may we expect in the percentage
of unsatisfactory persons employed? We require some statistic
that will forecast the improvement to be expected if the selection
technique is employed.

At this point, we must observe that any forecast as to what
will happen as the result of a personnel selection program is a
very hazardous undertaking. It necessarily involves forecasting
the course of future events, on the assumption that other factors
will remain the same as they have been in the past. Other
factors have an unpleasant habit of not remaining the same,
and the changes in these other factors may distort and even
completely mask the effect of improved personnel selection
procedures.

In the Army Air Forces one indicator of the practical success
of the program for selecting pilots, navigators, and bombardiers
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might have been the reduction in percentage of failures and
eliminations from training. Knowing the elimination rate at
each composite score level and the percentage of individuals
having that composite score, it was possible to predict the per-
centage who would be eliminated in future classes if any speci-
fied minimum score were required in order to qualify. A set of
tables could have been prepared to show the predicted failure
rate for each cutting score. This prediction would necessarily
have been based on the assumption that the elimination rate for
those at a specified aptitude level would remain unchanged from
class to class.

However, the elimination rate in pilot training, for example,
showed wide cyclical changes unrelated to personnel selection
procedures. Rates went up and down in wide swings and were
related in an interesting way to certain speeches by high-ranking
officers in the training program. When top command pounded
on the table and insisted that every possible pilot was needed to
fight the enemy, elimination rates went down. When, somewhat
later when pilots were in abundant supply, the message was that
standards must be maintained at all costs, the elimination rates
went up again. The criterion measure was not a stable one, and
its sensitivity to influences of the type we have mentioned made
predictions of future elimination rate a very shaky foundation for
promoting the personnel selection program.

In almost any personnel situation, factors other than the quality
of entering personnel will affect a criterion measure to some
extent, and these outside factors are likely to blur direct beneficial
effects from the personnel procedures. They may either exag-
gerate or destroy the gains. Changes in the general level of
business activity would distort any prediction of volume of sales
in a selected group of salesmen. Changes in employment
opportunities would distort a criterion measure expressed as rate
of employee turnover. The introduction of a new union organi-
zation and union rules may upset predictions of employee output.
Obsolescence or replacement of machines may completely upset
predictions of production or spoilage. Predictions based on the
single factor of personnel selection are shaky things, and the
personnel psychologist is probably wise not to rest his case too
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dogmatically on them. However, we shall need to consider
several such indices.

One index of the practical effectiveness of a selection proce-
dure is the comparison of the percentage achieving success on
the job in a selected group and the percentage achieving success
in the unselected group of applicants. These percentages can
be obtained in either of two ways. They may be computed
directly from the table giving frequency of success or failure at
each score level (Table II). Or, on the assumption that the
bivariate distribution of test score versus criterion measure is
normal, they may be obtained from a set of prepared tables.!
The tables require knowledge of the correlation between pre-
dictor and criterion, the percentage to be excluded on the basis
of the selection device, and the percentage of job failures in the
unselected group of applicants. The tables provide a more
expeditious way of calculating the desired percentages of job
success, and they have the special advantage that they can be
applied when the complete table of test versus criterion scores
is not available. The values which the tables provide are
theoretical ones, whereas calculation from the actual bivariate
frequency distribution preserves both the tangibility and the
irregularities of the original score data.

The type of information given by this type of analysis is shown
in Table VIII and Figure 5. These are based upon the actual
frequencies in Table II. The essential facts which are related
here are the percentage of applicants who would have been
rejected and the improvement which would have been effected
(other factors remaining unchanged) in the job failure rate. The
table can be read as follows: If we had set a minimum score of
40, which would have disqualified 2.3 per cent of applicants, the
percentage of job failures would have been reduced from 62.3
to 61.4; if we had set a minimum score of 50, which would have
disqualified 15.1 per cent of applicants, the percentage of failures
would have been reduced from 62.3 to 55.7, etc. Knowing what
the practical situation will bear in the way of elimination of
applicants, it is possible to estimate the resulting improvement

tH. C. Taylor and J. R. Russell, “The Relationship of Validity Coefficients
to Practical Effectiveness of Tests in Selection,” J. Appl. Psychol., 23, 565~
578 (1939).
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in job success. Though the table and graph may be a little
complex, the result is expressed in a form which has quite direct

TasLe VIII. Errect upoN TRAINING-ScHOOL Succkss ofF USING APTITUDE
TeST SCORE AS QUALIFYING SCREEN

(Rejection of applicants and reduction in training-school eliminations resulting
from different qualifying scores, as derived from sample of 1000 cases.)

Mintmum Aptitude Per Cent Predicted Elimination
Test Score Disqualified during Training
to Qualify by Test School

85 99.8 0.0
80 98.6 0.0
75 94.3 8.8
70 85.3 25.2
65 70.6 39.1
60 47.6 44.3
55 7.1 51.0
50 15.1 55.7
45 6.6 59.7
40 2.3 61.4
35 0.5 62.1
30 0.0 62.3
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Ficure 5. Effect of minimum qualifying score upon elimination rate and
disqualification rate.

practical meaning. The only catch lies in the personnel psy-
chologist staking his reputation that the future will bear out the
change indicated by past data.
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A somewhat different indication may be obtained from a table
of the cumulative percentage of job failures and of job successes.
The percentage of future job failures who are eliminated by a
cutting score set at a specific point may be spoken of as the
utility of the selection device, and the percentage of future job
successes eliminated may be spoken of as the cost.> The greater
the utility for a given cost, the better the test. A cost-utility
table of the data from Table II is given in Table IX, and the

TanLe IX. EFFecTIVENESS OF SELECTION BY ApTITUDE TEST

(Cost of sclection program, in terms of potential successes rejected, compared with
utility, in terms of potential failures rejected for different qualifying standards.
Sample of 1000 cases.)

Minimum Aptitude Cost Utlity
Test Score (Per cent successes (Per cent fatlures
to Qualify rejected) rejected)

85 99.4 100.0
80 96.3 100.0
75 86.2 99.0
70 70.8 93.9
65 55.7 81.5
60 22.6 62.8
55 5.6 40.8
50 0.3 24.1
45 0.0 16.0
40 0.0 3.7
35 0.0 0.8
None 0.0 0.0

facts are presented graphically in Figure 6. Cost-utility provides
a means of making direct comparisons of different tests and
selection procedures, by establishing a fixed cost value and
determining the utility for each procedure. Thus, if we decide
that a wastage of 20 per cent of potential successes is a reason-
able figure, we can determine the percentage of potential failures
which can be screened out at that cost in potential successes.
Obviously, the higher this percentage, the more satisfactory the
selection procedure is. The concepts of cost and utility can be

2 The author was introduced to the concepts of cost and utility by Dr.
Joseph Berkson, then Colonel, M. C. and Chief, Statistical Division, Office
of the Air Surgeon.
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interpreted in practical terms much more readily than can
correlation coefficients. Though cost-utility appears to have no
value as a statistic for test analysis, it may be a usable conceptual
framework for public relations.

Where the criterion which is being predicted is the successful
completion of some training course, another form of presentation
which is sometimes effective shows the number who must be
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Ficure 6. Cost-utility index of effectiveness of aptitude test. (Potential
successes excluded versus future failures screened out by test.)

entered into training in order to produce 100 who successfully
complete the course. This number is shown for the unselected
group of applicants, and for groups screened by different mini-
mum values of aptitude test score. As screening becomes more
selective and as the anticipated failure rate consequently drops,
the number that must be entered into training drops. As a
useful supplement to these facts, one can show the total number
who would have to be tested to yield the 100 graduates. This
can be determined by dividing the number to be entered into
training by the percentage who can be expected to achieve the
qualifying score. As the qualifying score is raised, the number
to be tested will, of course, go up. The data of Table VIII have
been analyzed in this way, and the results are shown in Table X
and Figure 7. An examination of these two sets of facts, together
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TaBLe X. Errect oF APTITUDE REQUIREMENTS. NUMBER OF ENTERING StU-
DENTS AND NUMBER OF APPLICANTS REQUIRED IN ORDER TO YIELD 100 SUCCESSFUL
GRADUATES

(Based on sample of 1000 trainees.)

Minimum Number Entering  Number of Applicants
Aptitude Test  Training to Yield 100 Tested to Yield 100
Score to Qualify  Successful Graduates Successful Graduates

80 100 7100
75 110 1930
70 134 910
65 164 560
60 180 340
55 204 280
50 2206 266
45 248 265
40 259 265
35 264 205
30 265 265

Number to be Tested per 100 Graduates
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Ficure 7. Effect of aptitude test requirement on numbers to be tested
and numbers to be trained.
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with background information on the supply of applicants, the
cost of testing each applicant, and the cost of training each man,
provides a sound basis for deciding what degree of selectivity is
most advantageous in a particular case.

PUTTING THE FACTS TOGETHER

Organizing the validation data in terms of understandable
statistics instead of research statistics is only one step in pre-
senting the personnel selection program to the public. It is then
important to translate the results into pictorial terms, and to
correlate the isolated facts into a simple but compelling story.
Some suggestions for graphic representation of the validity data
are given by the figures in this chapter.® These figures are some-
what limited by the black and white and the limited size of the
printed page. In a presentation being prepared for the eye of
top management graphs should be of generous size and the
dramatic effect enhanced by liberal use of color.

Though isolated tables and charts have their place, particularly
as material to illustrate points made in discussions by the per-
sonnel psychologist, a further need is for public relations material
which tells a complete story by itself. A self-contained “package”
or “presentation” should be prepared which is sufficiently attrac-
tive to catch and hold the attention and sufficiently simple and
straightforward for the lay reader. Visual attractiveness and
ease of understanding are characteristics which go together in
reading material, and factors which favor the one will usually
favor or at least not interfere with the other. Among the factors
which contribute attractiveness, we may mention the following:

1. A neat and professional-looking format. Good lettering,
well-balanced pages. A generally “finished” appearance.

2. Liberal use of pictures, pictographs, and cartoons.

8. Reading matter in small doses, with pictorial matter
breaking up the reading.

8 For other types of graphic representation the personnel psychologist can
refer with profit to such sources as W. C. Brinton, Graphic Presentation,
Brinton Associates, New York, 1939.
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4. Simple and colorful charts and graphs.

5. Reduction of non-essential details to a minimum.

Many of these factors also make for ease of comprehension.
We can supplement them by mentioning the following:

1. Use of simple language and short sentences.

2. Elimination of technical statistical or testing jargon.

3. Careful organization of the presentation, so as to develop a
single main theme from its introduction to its conclusion.

As soon as validation data begin to accumulate for a personnel
selection program, they should be organized so that they may be
presented to the interested public. When the data reach a
satisfactory volume, when some special major project of valida-
tion has been completed, or when some important administrative
decision is in the offing, a special effort can well be made to
assemble the most complete and current information on the
selection program for effective presentation to those whose
support is needed for the continued success of the program.

PROMOTION OF NEW PERSONNEL PROJECTS

Promotion of a proposed new direction of work or investiga-
tion presents a somewhat different problem from eliciting sup-
port for an existing program. With an existing program, the
important thing is to exhibit the effectiveness of the instruments
and procedures being used, and the gains which have resulted
from using them. When a new project is being promoted, this
type of direct evidence of the effectiveness of the psychologist’s
functioning is lacking. However, evidence of success in dealing
with past problems is probably the strongest argument for
support of new ones. In presenting a proposal for attacking a
new problem, three aspects are often involved: (1) showing the
existence and nature of the problem, (2) showing that it is a
suitable one for the psychologist to be concerned with, and (3)
showing that the psychologist has a good chance of success in
dealing with it.

Problems dealing with personnel efficiency are sometimes
recognized by management; sometimes they are not. Because of
his special interest in the human factor, the psychologist should
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be particularly sensitive to situations in which efficiency is below
par because of poor employee selection, poor training procedures,
poor morale and employee-supervisor relations, and equipment
poorly designed from the point of view of the human factor.
However, sensitivity by itself is not enough to discover and
develop an understanding of these problems. A wide range of
contacts with all phases of the organization in which he is work-
ing is also required. Part of this acquaintance is a natural
outcome of any extensive program of job analysis, during which
the psychologist should become well acquainted with all sides
of the job which he is studying. Part of it grows out of effective
contact and liaison with many persons at many levels in the
organization. As opportunity permits, the personnel psycholo-
gist should devote available time to improving his knowledge of
operations and conditions in his organization, with a view to
identifying problems involving the human factor, to which his
training might profitably be applied.

When the personnel psychologist has located a problem on
which he believes he could make a valuable contribution, he then
faces the necessity of documenting his belief. To do this, he
must first organize the facts about the existing problem. He
must gather evidence to show that there is a problem and that
the present situation is unsatisfactory. Opinions, facts, and
figures on such things as wastage, employee turnover and the
like should be organized concisely but effectively, with supporting
figures and tables.

Showing that the problem is one on which the psychologist
might suitably work and with some prospects of success involves
a demonstration of the human factor in the problem, and of
previous success by psychologists in dealing with that type of
human problem. Evidence on these points may come in part
from the particular new problem. In large part, it will come
from the previous work of personnel psychologists in that or-
ganization and in other organizations. Previous success in the
same organization may be the most effective evidence. However,
when work of a novel type is proposed which has not previously
been carried out in that organization, the experience of other
groups may be cited to show the probable fruitfulness of the
enterprise.
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THE PERSONNEL PSYCHOLOGIST AND THE EMPLOYEE

The public relations activities discussed so far are those that
are directed primarily to individuals in positions of authority
over the personnel program. An effective promotional presenta-
tion can be very useful also in eliciting the cooperation of division
managers, supervisors, and various specialists whose cooperation
is needed for implementing the work of the psychologist. Under-
standing of the psychologist’s goal and of his progress toward
that goal are good bases for help and cooperation. However,
there is a further public relations program for the psychologist
in connection with the personnel of the organization and particu-
larly with the employees and job applicants whom he must test.
This is a problem of employee morale with specific reference to
the testing program.

The personnel psychologist is almost inevitably a representa-
tive of management rather than of the worker. Even if a psy-
chologist were employed by a labor union to work on selection
problems, one suspects that the individual working man would
think of him as working for “them” rather than for “us.” Under
these circumstances, the problem of eliciting employee coopera-
tion for research testing, collection of criterion ratings, and the
like is a very real one. Cooperation and morale do not grow
overnight. They develop gradually over the months and years.
They are the outcome of efforts by the psychologist to explain
his functions on the one hand and to deal forthrightly with
employees on the other. In his contacts with employees, the
psychologist should endeavor to explain what he is doing as
completely as possible within the limits of available time, exist-
ing audience background, and the needs for safeguarding his
materials and procedures. He should give a simple picture of
his work and admit his audience to participation in and under-
standing of it.

Most important for long-time morale, the psychologist should
act with complete integrity in relation to employees. If he
promises that certain results are to be kept anonymous, he
should see that they are so. If he states that certain tests will
be used only for research purposes, he should not permit any



334 THE PERSONNEL PROGRAM AND THE PUBLIC

other use to be made of them. If he reports that testing of
present employees is “for the purpose of picking certain men for
promotion and for special assignments,” he should resist bitterly
any effort by management to use those results as a basis for firing
inept employees. He must not permit management to make him
or his testing program “take the rap” for unpleasant managerial
actions. In other words, he must be a person of integrity in his
dealings with employees, so that his reputation will be that of a

man who is to be trusted and a man whose actions correspond
to his words.
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Solution of Normal Equations in Order to Determine
Regression Weights and Multiple Correlation

In using a set of tests to predict a criterion variable, the goal
is to predict the criterion as accurately as possible. Maximum
accuracy is defined in terms of least squares. The requirement
is that the sum of the squared deviations of predicted from actual
scores shall be a minimum, i.e.,

2(j — y)? = minimum

It has been shown in Chapter 7 that this goal is achieved when
the following set of equations is satisfied:

B1 + Beriz + Bariz + Bariy = ryy
Biriz + B2 + Bares + Bares = ryy
Bir1z + Baras + Bz + Barss = 13y
Bir14 + Barza + Barza + By = T4y

These are known as the set of normal equations. It can be seen
that the set consists of k symmetrical linear equations, where k
is the number of predictor variables. The f’s are the weights to
be applied to the separate predictor variables, when these are
expressed in the form of standard scores. The problem, then, is
to solve the set of k equations for the k unknowns.

Two methods of solving these equations will be presented.
The first is a compact version of the Doolittle procedure for
solving normal equations. The solution in its present form is a
rearrangement, in the interest of a more mechanical computing
routine, of the abbreviated Doolittle method described by
Dwyer.! The second is an iterative procedure based on the work

1 Paul S. Dwyer, “The Solution of Simultaneous Equations,” Psycho-
metrika, 6, 101-129 (1941).
335
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of Kelley and Salisbury.? The iterative procedure greatly re-
duces computational labor for problems involving a large number
of variables, if the final weights need not be accurate to more
than two decimal places.

Each of these methods will be illustrated by the same four-
variable problem. The problem has been kept to a small number
of variables in order not to confuse the exposition with too much
computational detail. The development which follows presents
computational routines and makes no pretense of providing an
understanding of the mathematical bases of the methods.

The illustrative problem consists of data in which four tests
have been used as predictors of a criterion measure of language
achievement. The variables are:

Test 1 Verbal Reasoning
Test 2 Arithmetical Ability

Test 3 Figure Analogies

Test 4 Spatial Reasoning
The intercorrelations and validities are as follows:

Test

1 2 3 4 Criterion

1 .. .58 .56 .52 .62

2 58 ... .54 4T .50

3 .56 .54 - .56 .44

4 52 4T 56 ... .36

METHOD 1-ABBREVIATED DOOLITTLE

This method, like the standard Doolittle solution and many
other procedures for solving normal equations, operates by
eliminating variables from the set of equations one after another
until only one remains. The weight for the remaining variable
is then given directly. The solution is then reversed to deter-
mine weights for each of the variables. The distinctive feature
of the procedure described here is that it makes full use of the
modern computing machine, which will carry out computations
of the type (@ — bc — de). Many of the sequences of computa-

2T, L. Kelley and F. S. Salisbury, “An Iteration Method for Determining
Multiple Correlation Constants,” Jour. Amer. Stat. Assn., 21, 282 ff (1926).
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tion can be carried out on the computing machine, with no
recording or copying, so that the labor and chance for error in
transcribing are reduced to a minimum.

The solution of the four-variable problem given above is
presented in full in Table 1. This table can be analyzed into

TaBLE 1. ABBREVIATED DooLitrLE SoLuTioN

1 2 3 4 5 6

Criterion Check
1A 1.0000 .5800 .5600 .5200 .6200 3.2800
I1A 1.0000 .5400 .4700 .5000 3.0900
B .6636  .2152 .1684 . 1404 1.1876
C 1.0000 . 3243 .2538 .2116 1.7896
II1A 1.0000 .5600 . 4400 3.1000
B .6166  .2142 .0473 .8781
C 1.0000 .3474 .0767 1.4241
IVA 1.0000 . 3600 2.9100
B .6124 —.0145 .5980
C 1.0000 —.0238 .9765

D 1.0000 .0850

E 1.0000 .1900

F 1.0000 .4746

three parts. Line IA is made up of the first row from the original
table of intercorrelations and validity coefficients, with the addi-
tion of a check sum. Sections II, III, and IV are the successive
stages in reducing the number of variables to three, two, and
finally one. Each of these sections involves the same sequences
of operations, which will presently be followed through in more
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detail. The final section consists of lines D, E, and F, which
carry through the back solution for determining the actual
regression weights. Step-by-step instructions will now be given
for carrying through the solution.

1. Prepare a computing sheet. If k is the number of predictor
variables, the computing sheet will require 4k — 3 rows and
k 4+ 2 columns. Arrange the sheet as shown, with an initial
section of one row, k — 1 sections each of three rows, and
columns as indicated in Table 1. If the number of predictors is
increased this will require, for each added predictor variable,
(a) one added column, (b) one added section of three rows,
A, B, and C, and (c) one row added to the final section giving
the back solution.

2. Enter in row IA the values from the first row of the original
table of intercorrelations and validities. For the diagonal term,
which goes in IAl, enter unity. In the final check column enter
the sum of all the other entries in row IA.

3. In row IIA enter the values from the second row of the
table of intercorrelations and validities. Start with the diagonal
term, which goes in position IIA2, and enter only the terms to
the right of the diagonal. The entry in the final check column
is the sum of the entries in row IIA and the entry in IA2.

4. Fill in all the following A rows in the same way, starting in
each case with the diagonal term, which will always be unity.
The check sum will be in each case the sum of the terms in the
row plus all A entries in the column above the diagonal term.

5. To find the entry at IIB2, subtract from ITA2 the square of
IA2. That is IIB2 = IIA2 — (IA2)2. The other terms in row
IIB are 1IB3 — I1A3 — (IA2)(IA3), IIB4 — IIA4 — (IA2)(1A4),
etc. This process of multiplication and subtraction is carried out,
preferably carrying out the whole operation on the computing
machine, for each of the entries in row IIB.

6. To find the entries in row 1IC, each entry in row IIB is
divided by IIB2. Each entry in row IIC is derived from the
entry in the corresponding column of row IIB.

7. To check the accuracy of calculations in either of the above
two steps, the sum of all entries excepting that in the check
column is obtained. This sum should equal the value in the
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check column, except for rounding errors. Enough decimal
places must be retained in calculations so that rounding errors
will not affect the final result.

8. To find the entry at ITIB3, subtract from IITA3 both (IA3)2
and (IIB3)(IIC3); thus, IIIB3 = ITIA3 — (IA3)? — (IIB3)(IIC3).
Similarly I1IB4 = IIIA4 — (IA3)(IA4) — (IIB3)IIC4). The entry
in the criterion column may be called IIIB5. It is obtained by
the set of operations IIIA5 — (IA3)(IA5) — (IIB3)(IIC5). Again,
each complete sequence of multiplications should be carried out
on the computing machine.

9. The entries in row IIIC are again found from those in I11IB
by dividing each term in IIIB by IIIB3. The check step follows
as in (7) above.

10. The set of operations outlined in (5) and (6) and again in
(8) and (9) is repeated a total of k — 1 times. With each repeti-
tion, the number of products to be subtracted from the entries
in the A row is increased by one.

11. Finally, a C row is obtained which has only three entries,
one entry of 1.0000 in the body of the table, an entry in the
criterion column, and one in the check column. The entry in the
criterion column is the regression weight for the last variable, in
this case 8;. That is g4 = IVC5.

12. The values for 8;, 82, and 8, given in rows D, E, and F,
respectively, are obtained from the following expressions:

Bs = IIIC5 — (ITIC4)(IVC5) = D5
Bz = IIC5 — (IIC3)(D5) — (IIC4)(IVC5) = E5
g1 = IC5 — (IC2)(E5) — (IC3)(D5) — (IC4)(IVCs) = Fs5.

Rounding the final result to three decimal places, the regression
equation for predicting the language achievement measure which
served as a criterion is

§ = 0.475z, + 0.190x; + 0.085z3 — 0.024x4

where all scores are expressed in standard score form. Applying
equation 6 of Chapter 7, the multiple correlation is found to be
0.647.
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METHOD 2-ITERATIVE SOLUTION

The basic relationship upon which the iterative method
depends is the following

Tic = Biryi + Borai + -+ + Brrii (1)
That is, the correlation of a test i with the criterion is equal to
the sum of the products of each test’s regression weight (8) and
its correlation with test i.

The analysis starts with the square table of obtained correla-
tions among tests in a battery and the column of empirically
determined test validities. These are given on page 336, where
the problem was stated. The first step is to guess what the beta
weight will be for each predictor variable in this set of data.
Some of the considerations which enter into making a shrewd
initial guess are discussed later. To the set of guessed beta
weights and to the given table of intercorrelations there cor-
responds some set of values for the validity coeflicients which
will satisfy equation (1). Thus, if we designate the guessed
values of the betas 3, we have

Birvi + Borai 4+ - - HBirki = Fie ®)
The estimated set of beta weights yields a set of values for the
validity coeflicients, i.e., that set of validity coefficients for which
this would be the exact set of beta weights.

The calculation of the 7, values is simple and quite rapid if a
calculating machine is available which will make an algebraic
sum of products. The intercorrelations are set up in a square
matrix with unity for the diagonal terms. A computing sheet is
set up with rows spaced the same distance apart as the rows in
the table of intercorrelations, and with variables numbered to
correspond to the variables in the correlation table. Column I
of the computing sheet contains the column of actually obtained
validity coefficients. Column II contains the initial guessed beta
weights. Column III contains the values of 7. The entries in
this column are obtained by placing column II alongside each
column of the correlation matrix in turn and getting the sum of
products of the paired terms. The computing sheet for the
illustrative example is shown in Table 2.
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Once an initial set of 7, values has been obtained, the proce-
dure becomes one of successive corrections to the beta weights
one at a time until a set of 7, values is obtained which corre-
sponds to the empirical validities, r., within a specified limit of
accuracy. In general, one starts with the variable for which the
discrepancy between r, and 7. is greatest, adjusts the beta weight
by an amount which will approximately eliminate the dis-

TaBLE 2. CoMPUTATION SHEET, ITERATIVE METHOD FOR DETERMINING REGRES-
s1IoN WEIGHTS

I I I v v VI VII VIII IX X XI | XII

Vari-
able | rc | Wt | feqny fe(2) fody | Feny | Wl | ) fewy | Fee) | Wie | /(o

1 .62 | .50 | .672 . 642 .626 . 620 .47 | .621 .615 | .620 .47 | .620

4 .36 | .00 [ .410 .394 .364 .359 | —.03 | .360 .354 | .364 | —.02 | .364

Adjust-| Var.1 | Var.4 | Var.2 Var.3 | Var. 4
ment —-.03 { —.03| —.01 —.01 | +.01
0.4188
R = ————= =0.646
V0.4196

crepancy, and then computes a new set of adjusted 7. values.
(Column 1V in Table 2.) The procedure for making the adjust-
ments is considered in the next paragraph. A second beta weight
is then corrected and a new set of 7, values obtained, and so forth.
With practice, a certain knack is developed in selecting variables
to adjust and deciding upon the amount of adjustment to make.
Adjustments are continued until the % and r, values are in
sufficiently close agreement. Two-place accuracy in regression
weights is probably ample for any set of weights in personnel
selection.

In making adjustments to the initial set of beta weights, the
first principle is to adjust first the beta weight for which |r, — ol
is greatest and to adjust it by approximately the amount
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1. — 7o = d;. An adjustment of the weight for one variable will
in general affect the values for all the 7;,’s. If we call the adjusted
values 7,(2y, we have

Ficey = TFic + djrij (3)

This can easily be seen if we compare the terms of equation 2
for 7, and Fic(2). If the adjustment d; is a fairly small amount
or a round figure such as 0.10, each correlation in column j of the
correlation matrix can be multiplied by d; mentally, the product
subtracted mentally from the corresponding entry of column III
of the calculation sheet, and the difference entered in column IV.
Column IV then becomes the column #,(2, of adjusted 7, values.
A second adjustment can be made on column IV in the same
way, and so on. The beta weight to be adjusted next is always
selected by comparing the column of 7, values resulting from the
immediately preceding adjustment with the r, column (column I)
on the computing sheet and noting the location of the greatest
discrepancies. A check on the accuracy of all the arithmetical
processes up to that point is possible at any point by repeating
the operations of formula 2 with the most recent approximation
to the beta weights. (See columns VII and VIII of Table 2.)

The correlation with the criterion of a weighted score based
on any specific set of weights may be computed quite simply.
It is given by the formula

Z Virie

1=1
Ji i V,-V;r,-j

t=1 j=1

R =

4)

where V; signifies the weight attached to variable i.. When the
weights V, correspond exactly to the regression weights, this
formula simplifies to:

R = V8, (5)

With formula 4, it is possible to determine the correlation
between any set of weighted scores and an additional criterion
variable. The formula can be used to find the validity of the
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approximate weights at any particular stage in the approxima-
tion, as well as at the end, when the approximation has reached
the desired standard of accuracy. At this point, the validity
resulting from the weights will approximate very closely the
multiple correlation resulting from exact regression weights.
It is also possible to estimate the validity which will result from
any other set of weights, if some other consideration makes it
desirable to change the weighting system.

In actual computation, the numerator of formula 4 is the sum
of products of the column of the latest set of weights, each times
the corresponding validity coefficient in column I. The expres-
sion under the square-root sign is the sum of products of weights
times corresponding 7. values, i.e., times the validity coefficients
produced by that set of weights.

Although it would be possible, in this procedure, to start with
uniform weights for all tests or with any other set of weights, a
good deal of time can be saved if the initial choice is a fairly
close approximation to the final weights. Kelley and Salisbury
suggest starting by giving each test a weight one-half its validity
coeflicient. However, a little practice with the method should
make possible considerably more efficient skills in that regard.
Certain hints can be given to the novice with the method, as
follows:

1. Initially, it often proves efficient to give a substantial
number of the variables, perhaps half, zero weights. This speeds
the work of preparing column III on the computation sheet.

2. If no calculating machine is available and the problem is
small, initial weights should be in round numbers, i.e., 0.10,
0.20, etc,

8. The size of the initial weights depends on the number of
variables. The more variables, the smaller the weights relative
to the validity coefficients. With five to ten variables, the weights
of those variables weighted might range from % to 3; of the
validity coefficient. With fifteen to twenty variables, the weights
might range from 1 to %. The highest proportions would, of
course, apply to those variables with the highest validities.

4. Experience from previous work with the same criterion
and/or test variables can sometimes be used as a basis for an
initial set of weights.
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There are also one or two tricks in applying corrections to the
initial set of weights.

1. Where the bulk of the corrections required from the initial
set of guessed weights are in the same direction, any given
correction should be somewhat smaller than the amount r,, — 7.
This is due to the fact that when intercorrelations are largely
positive the corrections on different variables tend to supplement
one another.

2. Whenever corrections are being carried out by mental
arithmetic, time is probably saved by making the initial large
corrections in convenient amounts, such as 0.10 and 0.05.

One practical advantage of the present iterative method is that
it is very simple to add any desired additional conditions to the
set of weights one is deriving, and then determine the most valid
set of weights which also satisfies these conditions. In much of
the work in the AAF Aviation Psychology Program, the additional
condition was imposed that no weights be negative. In this case,
the weight for a variable would be corrected down as far as zero,
but no further correction would be made. It is also a simple
matter to drop out a test or group of tests (give them zero weights)
and determine the weights which should then be used for the
remainder of the tests. Any other desired conditions could be
imposed in similar fashion.

There may be some concern that the procedures described in
this section have an element of subjectivity, in that there is some
choice as to which variables to adjust and how much to adjust
them. However, it has been found repeatedly that different
persons working with the same set of data come out with sub-
stantially the same set of weights, except for rounding errors of
one point in the last place. As in the present example, the results
have been found to agree, within the limits of accuracy to which
the approximation is carried out, with results for the exact
solution of the set of normal equations.
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Table for Estimating Correlations, Based on Upper and
Lower 27 Per Cent of Group

Kelley ' has shown that the most accurate determination of
item validities or internal consistencies can be obtained, given
that the continuous nature of the criterion is to be sacrificed for
computational convenience, by comparing approximately the
upper and lower 27 per cent of the total group. Elimination of
the middle 46 per cent leads to results that are more consistent
from sample to sample than those obtained from using all avail-
able cases. On the basis of this demonstration, Flanagan ? has
prepared a chart, and also a table for estimating product-moment
correlations from data on percentage succeeding with the task in
the upper and lower 27 per cent of the group. The table, which
represents the more convenient form for routine use, was pri-
vately printed by the Cooperative Test Service and is not readily
available for general use. The table is therefore reproduced here
(Table 3).

Use of this table is very straightforward. After the test papers
or answer sheets have been scored, they are arranged in order
from highest to lowest score. Twenty-seven per cent of the
papers are taken, counting down from the highest score, and the
same number counting up from the lowest score. (It is often
convenient to work with a total group of 370, in which case
27 per cent equals 100. The computation of percentages is then
facilitated.) The percentage succeeding with a given item is
determined for the upper group and for the lower group, making
appropriate adjustments for guessing. The table is then entered

1T. L. Kelley, “The Selection of Upper and Lower Groups for the Valida-
tion of Test Items,” J. Educ. Psychol., 80, 17-24 (1939).

2], C. Flanagan, “General Considerations in the Selection of Test Items
and a Short Method of Estimating the Product-Moment Coefficient from the
Tails of the Distribution,” J. Educ. Psychol., 80, 674-680 (1939).
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in the column corresponding to the percentage for the upper
group and the row corresponding to the percentage for the lower
group. The required correlation value is at the intersection of
the row and column.

The table proceeds by arguments of 2 per cent in both dimen-
sions. If the percentage succeeding on the item is odd it will,
of course, be necessary to interpolate between adjacent columns
or rows. If both values are odd, interpolation should be carried
out between the four values which bracket the desired value.
That is, if 85 per cent of the upper group and 45 per cent of the
lower group succeeded with an item, the validity would be
estimated to be

0.42 + 0.45 + 0.40 + 0.43
ki P = 0.425




Table 3. A Table of the Values of the Product-Moment
Coefficient of Correlation in a Normal Bivariate Population
Corresponding to Given Proportions of Success
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Index

Academic grades as criterion meas-
ure, 126, 154
Adkins, D. C., 60
Administrative problems, in conduct
of testing, 257-293
in using test results, 294-311
Aggregate weighting board, 280-282
Analysis of variance, related to re-
liability, 70-72
technique for reliability estimate,
93-95
Answer sheet, Clapp-Young, 275
hand-scoring, 273-274
IBM, 276-277, 279
Apparatus tests, 43—44, 265-267
Attenuation, correction for, 105

Berkson, J., 327

Bias in criterion measures, 130-131,
143, 147

Bibliography of tests, 35

Bingham, W. V., 35, 47

Biserial correlation, 162-167, 237

Biserial phi, 169

Brinton, W. C., 330

Buros, O. K., 35

Canonical correlation, 211
Cattell, J. McK., 36
Chesire, L., 168
Clapp-Young answer sheet, 275
Classification of personnel, basis for
administrative decision in,
302-305
use of tests for, 8
problem defined, 221-222
qualities desired, 224-226
with two tests, 222-224

Clinical method applied to test
scores, 200-201
Composite score, calculation of,
280-283
checking of, 284-285
types of, 307-310
Correction for attenuation, 105
Correlation, biserial, assumptions,
163
computation of, 162
in item analysis, 237-238
when to use, 164-166, 167
canonical, 211
from upper and lower 27 per
cent, 242, 345-350
multiple, computation procedures,
335-344
factors determining, 190-193
formula, 188, 342
shrinkage formula, 204
suppression variable in, 192-
193
point biserial, computation of, 164
in item analysis, 237-238
when to use, 164-166, 167
product-moment, 161
tetrachoric, 168, 240
Correlation ratio, 181
Cost-utility, 327
Criterion, academic grades as, 154-
155
administrative action as, 157-159
bias as a factor in, 130-131, 143,
147
dichotomous, 161
importance of, 119
objective performance score as,
137-141
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Criterion (Continued)
objectivity of measures, 133-136
observer-scored job sample as,
141-145
partial, combining, 210-212
performance check as, 137-141
practicality as factor in, 131
qualities desired in, 124-132
rating, of job sample, 145-149
summary, 155-157
rational vs. empirical considera-
tions, 123-124
relevance as a factor in, 125-127
reliability, as a factor in, 106—

108, 127-131
of different types, 141, 144,
148, 153

specific test as, 132, 133-149
summary evaluation as, 132, 149-
159
summary performance records as,
152-154
test of knowledge as, 133, 136-
137
types of, 132-159
ultimate vs. immediate, 121-124
Critical requirements, 15
Curtailment, effect on validity, 170—
171
generalized correction formula,
176
need to correct for, 168-170
Pearson correction formulas, 172—
175
with dichotomous criterion, 177-
180
Cutoff, multiple, as technique of
combining tests, 195-200
Cutting score in multiple prediction,
195-200

Davis, F. B., 41, 98, 236, 242

Dichotomy, as criterion, 161
correlation between two, 167-169
correlation with, 162-167
curtailment with, 177-180
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Difficulty, see Item difficulty

Doolittle solution, abbreviated pro-
cedure, 336-339
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Factor analysis, in job analysis, 30
in test construction, 219-220
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Internal consistency, situations for
which appropriate, 230-231
use of data, 252-256

International Business Machines,
aggregate weighting board,
280-282

tabulating equipment, 283
test-scoring machine, 273, 276-
279
Interview, in job analysis, 25-27
in personnel selection, 4648
Item analysis, 5, 53, 227-256
Item difficulty, correction formula,
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indices of, 233-236
optimum, 229
significance of, 228-230
Item discrimination, indices of, with
continuous score, 237-239
with dichotomous groups, 239-
240
with extreme groups, 240-243
internal consistency vs. validity,
230-232
Item validity, type of test for which
needed, 230-231
ways of using, 243-252
Item writing, 60-67, 254-256
Iterative solution for regression

equation, 340-344

Jackson, R. B. W., 92
Job analysis, 3, 12-31
categories for, 16-18
factor analysis in, 30
in selecting criterion measures, 12
procedures for collecting informa-
tion, analysis of documentary
material, 20-25
analysis of test validities, 29-31
direct experience, 27-29
interviews and interrogations,
25-27
use of previous studies, 18-20
purpose of, 13
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Lindquist, E. F., 60
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Moore, H., 35
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Motion picture tests, 41-42, 267-
268

Motivation as problem in testing, 57,
270-272

Multiple correlation, see Correla-
tion, multiple

Multiple cutoff, 195-200

Non-linear function in multiple pre-
diction, 194-195

Non-linear relationship, 180-184

Non-test variables, use in personnel

selection, 305-307

Observation as selection technique,
47-48
Office of Strategic Services, 48

Paterson, D. G., 34
Pearson, K., 172
Performance test as criterion meas-
ure, 137-145
Personnel procedures, dailv quota
approach, 299-305
predicted yield approach, 299-
305
showing effectiveness of, 312-334
supply and demand as factor,
296-299
time as factor, 296-299
Personnel psychologist, administra-
tive functions of, 310-311
and the employee, 333-334
as salesman, 312-334
Personnel selection, see Selection of
personnel
Peters, C. C., 182
Phi coefficient, 169, 240
Point biserial correlation, 164-167,
237-238
Predicted yield, 299-305
Printed tests, administration, 261-
265
advantages of, 39-41
as criterion, 132
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Proficiency records, as
152-154
use in job analysis, 21-25
Psychological Corporation, 36
Public relations, 312—-334

criterion,

Range, restriction of, see Curtail-
ment
Rating, as criterion measure, 145-
149, 155-157
as selection procedure, 44-49
reliability of, 116-118
Record systems, card layout, 290-
292
filing system, 287-288
functions of, 286-287
type of score in, 292
use of IBM equipment, 288-290
Reeve, E., 176
Regression, multiple, equation, 185-
187
use in selection, 185-186
Regression weights, 189-190
Doolittle solution, 188, 336-339
iterative solution, 188, 340-344
Reliability, ability level as a factor,

98

absolute, 69, 102-104

alternate  trials vs. alternate
periods, 115

analysis of variance, and logic of,
70-72

estimate of, 90-96

coefficient of, 69, 71, 104

correction for length of test, 84

factors influencing, 96-102

from equivalent tests, 79-81

heterogeneity as a factor, 96-98

Hoyt’s procedure, 93-95

independence in ratings, 116-118

interpretation of estimates, 102-
104

item characteristics as a factor,
99-101
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Kuder-Richardson formulas, 91-
93
learning tasks, 112-114
length of test as a factor, 84, 101-
102
logical considerations in evaluat-
ing, 69-78
procedures for estimating, 78-96
relative, 69, 104
retest, 81-83
special problems, 111-118
speeded tests, 112
split-test, 82-90
alternate item groups, 89
alternate items, 89
first vs. second half, 90
rationally  equivalent
87-88
separately timed halves, 88
use of data, 104-111
in analyzing tests, 108-111
in evaluating criterion,
108, 127-131
validity, effect upon, 109
when result is known, 115
Restriction of range, see Curtailment
Richardson, M. W, 91
Rider, P. R., 203
Russell, J. R., 325

halves,
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Saffir, M., 168
Salisbury, F. S., 188, 336
Schneck, M. R., 34
Schneidler, G. G., 34
Score, types of, 292, 307-310
Security of test materials, 33, 268-
270
Selection of personnel,
217-220, 295
rationale of, 214-217
techniques for, clinical, 200-201
linear regression, 185-194
multiple cutoff, 195-200
non-linear function, 194-195

multiple,



INDEX

Selection of personnel (Continued)
use of non-test data in, 305-307
vs. classification, 294-296
Shartle, C. L., 13, 19, 202, 204
Shrinkage in multiple correlation,
204

Standard error of measurement, 89,
102-104

Stead, W. H., 202, 204

Supply and demand as factors in
personnel procedures, 296-
299

Suppression variable, 192-193

Symonds, P. M., 34

Taylor, H. C., 325
Test, apparatus, problems in using,
265-267
values of, 43-44
battery, addition to, 202, 205-
210
job approach to assembling, 37
length of, 201-205
trait approach to assembling,
37
use for selection, 185-201
bibliography, 35
choice of, 4
combination into a battery, 7
equivalent forms of, 79-81
factor analysis in, 219-220
format, 66-67
invention of, 4, 50
items, editing of, 254-256
types of, 60-63
writing of, 63-66
media for, 39-44
apparatus, 43-44
motion picture, 41-42
printed, 3941
motion picture, problems in using,
267-268
values of, 41-42
preliminary tryout of, 5, 51-54
printed, administration of, 261-
265
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Test, printed (Continued)
advantages of, 3941
pure vs. complex, 37, 216, 218~
219, 225-226
reviews of, 35
revision of, 53-54
scoring procedures, checking, 284
285
hand, 273-276
machine, 276-279
sources of information about, 33—
36
specifications for, 50-51, 80
speed, reliability of, 112
uniqueness as factor in, 110, 206
Testing, administrative problems in,
257-293
motivation of subjects in, 270-272
program, promotion of, 312-314
types of, 213-216
records from, 286-292
schedule for, 259-261
sequence of tests, 261
time allotment, 259
use of results from, 294-311
Tetrachoric correlation, 168, 240
Thomson, G. H., 220
Thurstone, L. L., 17, 168, 220
Time as factor in personnel proce-
dures, 296-299
Tyler, R. W., 60

Uniqueness of test, 110, 206

Validation testing, 5-7, 54-60
choice of groups for, 54-58
numbers required for, 58-60
optimum time for, 54-58

Validity, additional contributed by

a test, 202-204, 207-208
differential, 221-226
indices of, analytical, 160-169
practical, 323-330
item, 280-231, 243-252
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Validity (Continued) Wang, C. K. A, 35
representation of, 314-330 Weighted score, see Composite score
use of data in job analysis, 20-31 | Weights, regression, see Regression
Van Voorhis, W. R., 182 weights
Variance, analysis of, see Analysis | Wherry, R. J., 202, 204
of variance Whipple, G. M., 34

sources of, in test scores, 72-78 Williamson, E. G., 34












