S

—

UNCLASSIFIED

AD 65! 779
RESEARCH PROBLEMS AND TECHNI QUES

Robert L. Thorndike

e m T E

e T

Army Air Forces
Washington, D.C.

1947 |

Processed for . . .

DEFENSE DOCUMENTATION CENTER |
DEFENSE SUPPLY AGENCY |

/\
CLEARINGHOUSE

FOR FEDERAL SCIENTIFIC AND TECHNICAL INFORMATION

U. 8. DEPARTMENT OF COMMERCE / NATIONAL BUREAU OF STANDARDS / INSTITUTE FOR APPLIED TECHNOLOGY

UNCLASSIFIED

i}



1L

|

Army Air Forces
Aviation Psychology Program
 Research Reports

[Beseanrelh Proﬁnﬂém,s-
amd Techmnigues

REPORT NO. 3

Edited by
ROBERT L. THORNDIKE
Associate Professor of Education
Teachers College
Columbia University

1947

ettt oo el Sy e
PESSS WiwGnlan oty winil .....-.—-.-———

s .’J'é"_f;?}‘



R B o W R —

e A B s e - W e A b we e - A A cdmby e D e e Al e ALt - M

[

R S s =¥ A I S AR « ¢ iy e e v e O N T oy e e e e

Preface

The present report undertakes to summarize the procedures
which were developed and the problems which were encountered in
the Aviation Psychology Program of the Army Air Forces, and
more particularly in that portion of it which was concerned with
the selection and classification of personnel for aircrew assign-
ment. An attempt has been made to record the procedures and
problems which seemed of general and continuing interest, so that
the techniques and insights achieved in the war just past may be
available to future students and workers in the field.

In this report, no attempt has been made to prepare a complete
statement of statistical methodology. For supplementary material
on both the theory and computing routines for statistical analysis,
the reader is referred to Report No. 18, Records and Analysis Pro-
cedures. Additional statistical material, with special detail on the
procedures and resuilts of factor analysis, will be found in Report
No. 5, Printed Tests. Still further statistical and methodological
material will be found in Report No. 6, The AAF Qualifying Ex-
amination. The content of this report probably slights research
on training procedures and on proficiency measurement. This
arises in part because the problems were less unified and homo-
geneous, in part because less methodological contribution was
made in these fields, in part probably because the editor was less
well acquainted with this part of the research program.

The procedures, techniques, and insights which are reported
here were the joint achievement of a great many people scattered

throughout the Aviation Psychology Program. Acknowledgement -

has been made in footnotes of the authorship of certain specific
formulas or of responsibility for certain specific studies, but there
is much more which does not lend its2lf to such acknowledgement.
The ideas of many workers in the program, and particularly of its
Director, Col. J. C. Flanagan, appear on every page. The editor
has been responsible only for assembling, organizing, and inter-
preting these ideas. He can claim only very limited personal con-
tribution to them, but he must take full responsibility for any in-
adequacy in reporting or interpreting.

Except for a few brief sections written by Lt. Col. A. P. Horst,
the report was written by the editor. The manuscript has been
read in part by Cols. J. C. Flanagan and J. P. Guilford and by Lt.
Cols. A. P. Horst and M. P. Crawford, and has profited from their
criticisms and suggestions. :

ROBERT L. THORNDIKE, Major, A. C.
WASHINGTON, D. C., MAY 19486.
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CIIAPTER ONE

General Introduciion

It is the purpose of this volume to present a general discussion
of the rescarch nroblems which were encountered in the Aviation
Psychology Program in the Army Air Forces and of the methods
and procedures which were developed for dealing with those prob-
lems. Succeeding reports will present in detail the results of the
activities of the various organizaticns working within the pro-
gram. The reports will describe and evaluate the various types of
test materials which were developed for aptitude testing and will
cover the general research activities in connection with the im-
proveiment of proficiency measures and with studies of training
procedures for each of the aircrew specialties. In the present re-
port specific data will be presented only insofar as they are needed
to provide illustrations of the problems which were encountered
and the procedures which were developed. No attempt will be
made systematically to coveir the data for their own sake.

The psychological research program in the Army Air Forces
may be divided into two major phases. The first of these to be
undertaken was the development of testing procedures for use in
the original selection and classification of personnel for assign-
ment to the various aircrew specialties, with particular attention
to the specialties of pilot, navigator, and bombardier. This was
quite a unified program, with a rather well defined and precise
objective. The objective can be stated as the development of pro-
cedures for the assignment of personnel to one of a number of
training specialties which would maximize the effectiveness of
subsequent training and combat operations. We shall see that the
objective becomes somewhat less well defined upon detailed analy-
sis, as we try to deal with it in terms of specific operations for
classification. However, relatively speaking, the research problem
remained a homogeneous and unified one.

In the second phase, the resecarch program branched out from
the initial research in original sclection and classification to the
study of all types of psychological problems relating to the ulti-
mate effectiveness of coml?at personnel. In addition to initial selec-
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tion and classification, attention was devoted to the improvement
of training methods, objective methods for evaluating proficiency,
Jater classification into special duty assignments, evaluation of
combat leadership, equipment design, and a variety of other prob-
lems. Though still held together by the general theme of maximiz-
ing combat effectiveness, these studies were not umﬁed to the
same degree as the earlier work in selection and classification.

The lack of unity in the later work makes a systematic treat-
ment of research problems in those areas diflicult. For that reason,
this report has been organized basically around the problems of
selection and classification. Many of the same problems, such as
those of criteria of proficiency or those of determining reliability,
enter into the various other types of research projects which were
subsequently undertaken. In fact, the number of entirely novel
problems introduced by training research and the like, as opposed
to selection and classification research, is not believed to be great.
An attempt has been made to discuss a few of the problems which
were unique to training research in the last chapter.

The sequence of chapters for this report follows in a general

way the sequence of operations in test development. Chapter head-
ings are as follows: . .

Chapter 1. General Introduction

Chapter 2. Job Analysis Problems and Procedures

Chapter 3. The Invention and Refinement of Aptxtude Test
Forms

Chapter 4. Problems in Determining an Adequate Criterion

Chapter 6. Determining the Validity of Single Tests

Chapter 6. Obtaining Composite Aptitude Scores

Chapter 7. Problems Associated with Reliability and Reli-

ability Determination

Chapter 8. Problems in Correlational Analysis

Chapter ¥ Sowces and Control of Error in Test Scores
Chapter 10. Trainng Experiments
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CIAPTER TWO

Job Analysis Problems

and Procedures

GENERAL INTRODUCTION

As indicated in Chapter 1, the first phase of the research
program in the AAF was the develorment of proccdures for
sclecting men for different aircrew specialties. As in any program
of personnel_ selection for a certain number of specialized jobs,
the first step, logically and to a certain extent chronologically,
was an analysis of the jobs in question to determine the activities
which were carried out in those jobs, the circumstances under
which they were carried out, and the psychological traits or
functions which appeared to be important in carrying out those
activities. . )

When the psychological research program was first established
under the jurisdiction of the Air Surgeon to do research on the
sclection of men for pilot training, it immediately became obvious
that the first need was for better information as to the characteris-
tics of the job of the pilot. With each subsequent expansion of
the scope of the program to include, first, bombardier and naviga-
tor sclection and, later, selection for flight engineer, radar opera-

tor, gunner, and various types of specialized enlisted aircrew, the -

nccessity for analysis of the new job specialties continued to be
evident. At the very beginning of the rescarch program, then,
and continuing throughout the rrogram a good decal of research
cffort was devoted to the problems of job analysis. Major job
analysis studies were assembled in a series of Analysis of Duties
Bulletins which were distributed as they were issued to all officers
and units concerned with the rescarch program. It will be ap-
propriate at this time to consider the various approaches which
were made to studying the different aircreiwv jobs and to attempt
an evaluation of the contribution and of the limitations of each
of these approaches. N

REVIEW OF LITERATURE

Naturally the first source to which a scientist turns in dealing
with any problem is the existing litecrature of the topic. The studies

b
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which other men have carried out and the generalizations which
have resulted from their studies provide the initial orientation in
terms of which further work is done. The value of this approach
varies with the specific case, depending upon the quantity and
quality of previous work. The amount of directly relevant material
on most aircrew specialties was rather limited. However, the
material is already organized and available for study, and provides
the natural jumping-off place for future work. The information
which the newcomer to a field can extract from these materials is
always limited by the limits of his own background. Purely verbal
presentations cannot supply a concrete background of experience
for understanding any job. Insofar, however, as the literature
has been prepared by professional psychologists and well formu-
lated in psychological categories, it promises more of value than
many of the non-professional records.

ANALYSES OF RECORDED MATERIALS

One approach to analysis of aircrew specialties was through
materials which were available in written form. The written
materials fell into two broad categories:

1. Technical manuals, curricula, and other general instructional
materials developed for the purpose of defining the program of
instruction or providing instructional aids. )

2. Records providing comments upon the performance of spe-
cific individuals in training or of groups in combat duty.

The first of these types of material is pretty much self-exrlana-
tory. It is obvious that in order to conduct a large-scale program
of flying training it is necessary to have guides for controlling and
standardizing the material which is taught, together with mater-
ials to supplement actual flying instruction. An examination of
these materials provides the psychologist with a general orienta-
tion as to the nature of the task involved. He can get a general
picture of what the individual is expected to learn during each
stage of training for the aircrew specialty under study. From
the point of view of the psychologists developing the aircrew
testing program, the outstanding advantage of these materials
was their availability. They could ordinarily be obtained at any
headquarters or training station. The materials were studied with
varying degrees of thoroughness by many individuals concerned
with developing the testing program. The limitations of these
materials are fairly obvious. They were, after all, purely verbal
presentations and removed from the realities of the actual task.
They dealt typically with fairly gross units of bchavior to be
learned and results to be achieved rather than with very detailed
reports of activities to be carried out or of conditions under which
they were to be carried out. They evaluated results to be attained

‘.
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rather than psychological traits important for attaining them.
They provided, therefore, only an indirect and rather remote sct
of cues to the actual psychological functions for which tests were
desired.

The second type of record merits somewhat more detailed con-
sideration. In the aircrew training program a great number of
different types of records of performance were maintained for
individuals in training. Most of these records were of interest in
aptitude test development only because of their possible use as
criteria. In most cases they were in the form of quantitative
grades or ratings rather than in the form of qualitative descrip-
tions. There were, however, a certain number of qualitative and
descriptive records maintained in connection with the program of
training, and these presented some possibilities of providing in-
formation concerning traits important for effective performance
of the job. At each level of pilot training, for example, daily grade
slips were made out for each man. 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 perform-
ance in any maneuver in which he was judged to be deficient.

Another type of record from which some clues as to the prob-
lems and difficulties encounterced by the cadet during training were
obtained were the records of Elimination Board proceedings avail-
able for each cadet who was climinated from flying training. Here
testimony by the instructor was available as to the particular de-
ficiencies of the cadet in question. Analysis of a number of these
Board proceedings brought out the recurring patterns in instruc-
tor comments and provided a basis for setting up certain cate-
gories with regard to reasons for climination. The same type of
material at a more advanced stage is scen in the Reclassification
Board proceedings which were held for men who had received
their commission as fliers but whose subsequent performance had
been so unsatisfactory as to make it secem necessary to reconsider
their flying status.

A further type of record found in a few ‘cases, and of particular
interest because of it direct relevancy to the task of personnel
in combat operations was the analysis of reasons for failuie ot
combat missions. Mission reports were available for certain
groups in combat theaters, and had in certain cases bem assembled
and analyzed so as to indicate what had gone wrongon a number
of unsuccessful missions. These records pointed ait certain re-
curring deficiencies of combat personnel, and gave information
as to factors which needed to be taken into account in cither selec-
tion or training of personnel, or both, if the efficiency of the combat
tcam was to be improved.
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Materials of the sort which have just been described appear to
get somewhat nearer the determination of actual psychological
functions involved in aircrew performance than do the .general
descriptions of curriculum and training procedures. It was pos-
sible to classify most of the comments on grade slips or in Board
Proceedings into categories according to the psychological func-
tions which appeared to be involved. Thus certain remarks were
classified as indicating deficiencies of memory, in other cases
cadets were said to have shown poor judgment and the like.

In the evaluation of materials such as Elimination Board pro-
ceedings, certain features of the record made them seem quite
promising. In the first place, the recocrd sumarized impressions
based upon a good deal of rather intimate experience with the
man in question, since it was the final summary evaluation based
upon all his training at the station in question. The evaluation
combined the judgments of several men, instructors and check
riders, who had a varied and often wide experience of instructing
cadets. It may be contended that the seriousness of the use to
which the results were put is an evidence that evaluations were
carefully and deliberately made. The statements were subject to
rebuttal by the cadet at the hearing so that they had to seem
reasor.able and appropriate to him. In other words, the evalua-
tions represented a practically important and therefore caretully
and conscientiously rendered evaluation of individual ability.

The materials were felt to present certain difficulties however,
both as to the adequacy of the original records and as i{c ithe inter-
pretation of the reports in categories useful for test construction.
First of all, in view of the number of reports of this type which
had to be made we must expect to fird a tendency for the making
of them to have become rather perfunctory and stercotyped. It
seems clear that instructors who were concerned with the evalua-
tions developed a certain stock set of categories which they applied
somewhat uncritically to new individuals as they came along.
As a matter of fact, in the case of the grade slips, the development
of such stock phrases was even encouraged by the publication of
a standard set of comments from which the instructor was invited
to select the one to be applied to the deficiency of a particular
cadet upon a particular unit of instruction. Insofar as the set
of standard remarks was inclusive and the individual comments
were well phrased, this may well have improved the quality of
instructor criticism. At the same time, however, it would have
tended to limit the spontancous range of remarks and may pos-
sibly have led to the exclusion of certain significant categocries.
The job analysis is then based upon a second-order abstraction of
a set of categories from a set of remarks which had aiready been
abstriacted from concrete experience.
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Another difficulty was felt to lie in a tendency to make a strong
case in connection with the elimination or reclassification ot any
individual. If a person was being recommended for eliminatioa
it was only natural to try to make the report on the individual
look as clear-cut and decisive as possible. Stock comments might
be used not because they were particularly appropriate to an
individual currently beirng cousidered for elimination but because
they were part of the accepted pattern of reasons offered for
elimination. )

Finally, there appcared to be a certain amount of difficulty witlk
language. Terms were used with meanings which varied from
one report to another, and meanings which were perhaps at vari-
ance with the meaning of the same term to the psychologist work-
ing on the problem. This can be well illustrated by the term
“judgment.” Poor judgment was repecatedly offcred as a reas-n

for failure in flying training, either upon a single maneuve: or’

for the whole course of training. Further inquiry into the exact
meaning of this term “judgment’” revealed that it meant various
things at various times and places. At one time and to one person
it meaat lack of commo:a sense represented by a decision to fly
through a storm rather than returning to the starting place.
At another time it mcant a bad decision in the quick choice of
an cmorgency landing ficld for a simulated forced landing. At
s'ill another time it mecant inaccurate perception of the relative
speed and position of the cadet’s plane and another plane. I
still othe. cases it mocant variations of these and other types o
Jjudgments, intcllcctual or perceptual, which the individual was
called upoa to mal’e. On this basis it is not difficult to see that
teports of cadet failure because of poor judgment were only mod-
crately instructive to the psychologist trying to determine the
specific functions for which tests should be constructed. Language
is sufliciently a source of confusion in communication between
trained psychological personnel; it became even more so in work-
ing with flying personnel who were not chosen on the basis of
verbal facility and who had not been trained to be precise or
analytical in their reports of human behavior.

INTERVIEWS WITH AND INTERROGATIONS OF PERSONNEL

There were a number of projects, during the war, in which
personnel concerned with or involved in flying training were
interviewed by aviation psychologists to obtain their reactions
to various features of their experience. A great deal of this form
of interaction took place in informal personal contacts. In cer-
tain instances it was also formalized into definite interview
projects. In general, three types of personnel were interviewed:

7
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persons presumably proficient and experienced in the job under
study, persons undergoing training, and persons having failed
in the task.

Interviews with persons presumably proficient and experienced
in the particular job tended to cover two types of groups. In the
first place, as a part of general oricntation to the duties and
problems of personnel in training, interviews were carried out
with instructors, directors of training, and other personnel in the
training program who had a chance to observe at first hand the
course of training operations. In the second place, interviews
were carried out with personnel returned from combat theaters.
These interviews had as their particular purpose the description
of flying activities carried on under combat conditions and the
determination of the distinctive qualities necessary for success in
combat operations as distinct from those necessary for successful
completion of training. An approach of particular interest in this
connection was the systematic interrogation of returned combat
personnel on the causes of mission failures. In this work, testi-
mony was obtained from returnees at Redistribution Stations
as to the mission in which they had participated which had been
least successful. Data werec obtained as to the nature of the mis-
sion and the type of personnel failure contributing to the poor
mission. :

Personnel undergoing training were interviewed with a view
to determining the particular problems and difficulties which they
were currently experiencing in the course of their training activi-
ties. For example, evidence of various sorts had consistently
pointed to landing as one of the crucial tasks at an early stage
in pilot training. One procedure for learning more about the par-
ticular nature of landing difficulties was to interview a number
of cadets in primary training who were passing through the
stage of learning to land.

Interviews with persons failing the task were carried out in
order to point out still further difficulties encountered in the
task. A study was carried out interviewing eliminees shortly
after the time of their elimination from pilot training, for example,
to determine the problems and difficulties which had been experi-
enced by this particular group of students for whom problems
and difficulties had presumably been particularly acute.

There was a definite benefit to be derived from interviews with
persons having serious difficulty in mastering essential features
of the training program as contrasted with experts in the specialty
or students who were having relatively little difficulty. The rec-
ognized experts, such as instructors, directors of training, and
combat returneces, did not have first-hand knowledge of difficulties
and could only speak, therefore, from obscrvation of those who

PP
'

L P e ——p— - o

T

T T e e W D —

-



s .

-

e pg—

e 2 ]

SR

A SRR QS

o~

-y

o T R b T

s B st cpnflng B Sl St i

}r

did; whercas those who learned with less facility were in a posi-
tion to point out in some detail those parts of the training cur-
riculum which caused them most trouble and to indicate why, in
their opinion, they had been unable to master specific problems.
On the other hand a certain amount of caution is nccessary in
interpreting information obtained from unsuccessful trainees.
Frequently there is a tendency to offer rationalizations which
assign the vesponsibility of their failures to others than them-
selves.

The interview procedures which we have just discussed have
as advantages over the procedures previously described the fact
that they are more flexible and permit follow-up in more detail
along those lcads which appear novel or promising. They provide
a way of exploring any areas which m=v be suggested, either by
the interviewer or by the person interviewed. The difficulty of
communication is still maintained, in that the psychologist is at
least one step removed from the actual situation and can experi-
ence it only as it is reported to him by the person interviewed.
This difficulty is aggravated by the fact that flying personnel are
typically not highly articulate about their own experiences. It is
probably safe to say that the flier is typically more a man of deeds
than of words. Job analyses which proceed through the technique
of asking the flier to indicate the qualitics necessary for success
in the task in which he has engaged in a sense substitute the
flicr’s untrained analysis of the functions which enter into flying
success for the trained analysis of the professional psychologist.
Again, a question may be raised as to the amount of insight
which individuals will have into rcasons for their own success or
failure in training when they have had no special background
or special motivation to develop this insight.

DIRECT PERSONAL EXPERIENCE BY PSYCHOLOGICAL
PERSONNEL

When the program for developing a battery of aircrew classifi-
cation tests was initially undertaken, there was no time for psycho-
logical personnel to reccive training in the types of jobs for
which selection would have to be carried out. The initial develop-
ment of tests for a battery had to procecd very promptly and it
was necessary that the most expeditious job’ analysis procedures
be relied upon to provide guides for test construction. However,
as the testing program continued it was more possible for psycho-
logical personnel to experience at first-hand at least the initial
levels of training for the various types of aircrew duty.

The first dircct experience of psychological personnel with the
airerew specialties for which testing was being carried out took
the form of relatively brief visits to and inspections of training
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stations. These were possible almost at once and in these visits
psychological personnel were given opportunity to participate in
sample training missions, visit classes, interview supervisory and
instructional personnel, examine at first-hand the types of instru-
ments used by men engaging in the various aircrew specialties,
and sec the training program in actual operation.

These brief visits seermed to lend concretencss to the concepts
of the activities carried out by personnel being trained in the
various aircrew specialtics and of the conditions under which they
were carried out. They provided an over-all view of the training
situation and aided in arriving at job descriptions and analyses
both through the insights obtained upon the visit and through the
better background which the visits gave for understanding and
internreting other more indirect sources of information. Ob-
viously, they provided only a limited amount of direct experience
of the job in contrast to observation of it, due to limitations of
time. The psychologist had opportunity to observe a good deal
of what was done and learned, but to learn relatively little of it
himself.

As the rescarch program coatinued, time was finally made avail-
able for certain aviation psychologists to take substantial amounts
of training in the basic stages of several of the aircrew speciallies.
Two officcrs went through primary pilot training to the stage of
solo and somewhat beyond ; several officers and enlisted men took
various of the courses and flew series of missions at bombardier,
navigator and radar observer schools; and a number of ofiicers
and enlisted men went through the complete course of flexible
gunnery training and received ratings as acrial gunners. At a
somawhat later date there were added to the staffs of the projects
concerned with bombardier and navigator rescarch psychologists
who had first worked in those areas as civilians and who had
then entered the Army Air Forces and gone through the complete
course of aircrew training for the specialty under study.

An interesting project in both job and man analysis was under-
taken by the two oflicers who were mentioned in the preceding
paragraph as having taken a part of the course of pilot training.
These man shared not only the training but also thc life of the

cadets. They lived in cadet barracks, ate at cadet mess, partici-
pated in cadet “bull sessions,” and became insofar as possible a
part of the cadet life at the post. Various indications were avail-
able to show that they had been fully accepted by the cadets and
admitted to their confidence and fellowship. Under these circum-
stances it was possible to make intensive observations, not only of
the process of learning to fly, but also of men learning to fly—their
strain and tension, their focal points of difficulty and the relation-

ship of their flying problems to the men and their background.
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Studies of the men were based largely upon participant observer
procedures in which the officers entered into conversation with the
men singly and in groups, and subsequently recorded the gist of
the discussion. These informal procedures were supplemented at a
later stage by more intensive and systematic interview procedures.
There were available as data not only the observations and inter-
views obtained in the training situation, but also all the test scores
and other background information about the men which had been
obtained at the time of their classification testing. The whole pro-
gram was planned to provide a maximum of insight into flying
training as it was experienced by the cadet in the army milieu.

The experiences of the personnel who received training as indi-
cated in the previous paragraphs were undoubtedly of great value
to the psychological research program. The value is most clearly
manifest in connection with the construction of tests of achieve-
ment and proficiency, since it becomes extremely difficult for a
psychologist without extensive training in the subject matter in
question to do acceptable work of this type. The experience was
also of value in connection with job analysis as a source of insights
into the functions to be measured in sclecting personnel for these
particular jobs. Though some difficulties are still involved in
making generally available to others who have not had the experi-
ence the insights of thouse who have reccived the training, this is
much reduced when the job experience is had by psychological
persoanel and the report is prepared by, individuals with that type
of training.

The question of how far psychologists should go in mastering
the particular specialty for which they wish to develop measures
of proficiency or aptitude is one which raises a broader issue.
Fundamentally it is a question of whether personnel psychologists,
in addition to a background of experience and highly technical
training in appropriate psychological techniques, should also be
expccted to master the specialties to which they apply these tech-
niques. In general, it may be questioned whether such a philoso-
phy of dual or multiple specialized training will be an efficient
utilization of time and effort. The alternative in the Aviation
Psychology Program was to draw hcavily upon the background
and experience of specialists in the various aircrew jobs. From
a practical administrative point of view it was found that the
utilization of and inclusion of operating specialists in the develop-
ment of measuring instruments could result in a more whole-
hearted acceptance of these instruments by the operating organiza-
tion. It may well be, thercfore, that, in the long run, more prac-
tical contributions to the problems of the operating organization
will result if the psychologist works essentially as a psychologist
in close cooperation with specialized personnel, supplementing
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systematic obscrvation on his own part by the detailed knowledge
of specialists in the ficld, than if the psychologist attempts first,
at the expense of considerable time and effort, to master the spe-
cialty and then to proceed in his developmental work in consider-
able independence of the personnel in the orgenization which pur-
ports to benefit from his services. :

TEST VALIDITIES AS A SOURCE OF JOB ANALYSIS

Although validity data become available too late in the cycle
of test development to be of initial use in providing an under-
standing of job requirements, they may ultimately be a valuable
source of insight into the abilities required for the job. Validity
data provide an objective check upon initial hypotheses as to job
requirements. As a considerable array of validity coefficients for

different types of tests becomes available for study, together with-

the test intercorrelations, a good deal of insight into the factors
related to that criterion may be obtained from an examination of
the correlational data. This insight may be further refined by
factor analysis procedures, in which both test and criterion cor-
relations are included in the analysis. Studies of the classification
test battery and the criterion of pass-fail in primary pilot training
indicated, for example, that the factors identified as “mechanical,”
“3pace relations” and “aviation interest” had the highest validity

_while “verbal,” “numerical” and “reasoning” had substantially

zero validity. For navigation training, high validities were found
for “numerical,” “space relations,” sseience education” and “‘rea-
soning” while “coordination,” «gviation interest” and ‘visualiza-
tion” had near zero validity. -

Analysis of validity data is valuable in clarifying aspects of
the criterion which are already measured by existing tests. This
may contribute to the improvement of a test battery by indicating
factors for which improved and purified tests are needed. Tests
may be found which were valid in combinations or for reasons
not suspected at the time the job was originally analyzed and the
tests constructed, and thus the concept of the job may be extended.
However, gnalysis of validity data is limited to the factors which
are in some measure included in those tests which were developed
on the basis of the original job analysis. Within the scope of the
original battery of tests, analysis of test validities and intercor-
relations 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.
USE OF JOB ANALYSIS RESULTS
Previou- sections of this chapter have discussed the sources of

job information. It is now appropriate to give some consideration
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to the procedures for making use of this information. First of
all, of course, the activities involved in studying the job by one of
these mcthods tended to provide the particular psychologist mak-
ing the study various hypothesis, precisely or vaguely formulated,
as to functions important for success in the particular aircrew
duty studied and perhaps even ideas as to test procedures by
which these functions might be mecasured. These were the in-
formal, unanalyzed results of such a study. .

In the second place, as indicated at the beginning of the chapter,
somewhat formalized job analysis reports were prepared in the
series of Analysis of Duties Bulletins, and in certain of the Re-
search Bulletins which served as the mechanism for reporting
various types of rescarch studies. These reports supplied the
reader, in most cases, a fairly detailed statement of what the man
was required to do in the job in question. They then typically
went on to propose a list of functions which appeared to the
analyst to be important for that aircraft assignment. There was
no uniform system of format or of categories in presenting job
descriptions, and no uniform procedure was developed for ex-
tracting and presenting job analysis results. No uniquely satis-
factory set of categories is known to exist in terms of which the
analysis of any job may best be cast. The analyses were formu-
lated as best the writer could, and made available to stimulate
hypotheses for testing in the mind of the reader.

EVALUATION OF JOB ANALYSIS PROGRAM

Job analysis in the AAF Aviation Psychology Program was
characte. ized less by novel contributions to technique than by the
extensive exploration of familiar job analysis procedures. The job
analysis was carried out under considerable pressure of necessity
to get a test battery into operation in the shortest possible time.
As a result, in the initial stages job analysis lcaned heavily upon
available records and reports and upon second-hand experience of
other individuals. This was progressively supplemented by more
and more direct personal participation by psychological personnel
in training activities, with a corresponding increase in thorough-
ness of knowledge of the various aircrew specialties. In the sum
total, the tjme devoted by psychological personnel to direct and
vicarious expericnce of the job activitics was very considerable.
However, test construction was at all times in the program spread
over a large number of participating workers. Most of these had
to rely throughout the program upon somewhat indirect and
second-hand sources for the suggestions and insights in terms
of which tests were developed.

It must be admitted that job analysis procedures were not satis-
factorily systematized or formalized. They proceeded largely on
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a common sense basis, utilizing what information was available.
Interpretations based upon information so acquired were on a
highly subjective level depending entirely upon the insights of the
individual research worker. No satisfactory formal framework
was worked out as a guide to making job analyses or drawing
interpretations from them. It may be that no such framework of
procedures or categories is desirable or even possible; in any

event, it was not achieved.
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CHAPTER THREE

The Invention and Refinement
of Aptitude Test Forms

Once a job analysis had been carried out and certain clues had
been obtained as to the functions nccessary for successful per-
formance in a job. the Aviation Psychology Program then moved
on to the task of inventing and developing tests to mcasure those
functions. The task at this point was to translate each co-cept of
a psychological function, as it had been abstracted from a particu-
lar job situation into a practical series of testing operations and
then to refine those operations in the light of preliminary experi-
ence and trial so that they corresponded to the function as ade-
quately and as accurately as rossible. \We shall consider first the
steps taken in the airzrew testing program to foster the invention
and formulation of experimantal tests and then the procedures
for test development and refinement.

FORMULATION OF RESEARCH TESTS

The aircrew sclection program undertook from the first to
foster the suggestion and discussion of all types of test idcas from
whatever source. Since not only the officers in the program but
also a large number of the enlisted men had had substantial
amounts of psychological training, procedures were set up to
cncourage suggestions of idecas for tests by both oflicers and en-
listed men. A Test Idca Form was prepared, which was revised
from time to time, indicating the types of factors which should
be covered in reporting an ideca for a test, and personnel of the
psychological program were eacouraged to submit test ideas which
they deemad worthy of development. Originally, and during much
of the aircrew program, test devclopment rescarch was concen-
trated in three Psychological Research Units at classification cen-
ters, a Perceptual Rescarch Unit at Headquarters AAF Training
Command and the Department of Psychology, AAF School of
Aviation Medicine. In each case test idcas submitted by some in-
dividual in one of these units were reviewed by the officer in
charge of the unit and submitted to a central headquarters for
review, assignment of a code number in a single over-all coding
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system, distribution to other units of the program, and criticism
and evaluation in terms of priority for development.

The Test l1dea Form was planned with a view to stimulating
suggestions for tests and at the same time stimulating critical
thinking about thosc suggestions by the individuals initially
responsible for making them. The form called not only for a
description of the test procedure but also for a rationale for the
test. The rationale was to indicate the functions which it was be-
lieved that the test should measire, the reasons for believing that
the test would measure these functions, and the basis for think-
ing that the test covered functions not already adequately covered
in previous test development.

The flow of idcas for tests stimulated by this approach was con-
siderable. 1n all, probably five hundred test ideas reached Head-
quarters and had code numbers assigned to them during the course
of the war. Quite a number of these, of course, never proceeded
beyond the idea stage. However, the number of test forms actually
developed and tried out also reached into the hundreds. Many of
these were developed in the course of systematic coverage of some
arca by test development personnel, but a number of interecsting
ideas were also received from individuals in all different assign-
ments in research and testing units. The systematic solicitation
of test ideas appeared to have values both from the point of view
of individual morale and from the point of view of its fruits.

APPROACHES TO TEST DEVELOPMENT

In undertaking a program of test development, at least three
types of approach may be recognized. The first will be spoken of
as the “hunch” approach. By this we have in mind the case in
which an individual has been meditating about flying training
and, as he goes on with his work, has a notion for a test. The
notion arises more or less in isolation, perhaps stemming from
the originator’s dissatisfaction with some part of the existing
battery, from his interest in some particular trait which he be-
lieves to be important for aircrew, or from some particular
experiment or apparatus upon which he had been working prior
to his military carcer. It is not part of any over-all plan or sys-
tematic program of test deveiopment.

The second approach may perhaps be designated the job analysis
approach. In this approach the individual procceds from a system-
atic study of the job and listing of the functions called for by
the job, and endcavors to make tests of those functions. In this
approach, the functions are scen to a greater extent in terms of
the job than in termsof a fundamental pattern of human abilities.
In the extreme, this approach leads to a job sample type of test
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in which the tester endcavors to reproduce in a miniature situation
all the complex conditions of the job itself.

In the third approach to the development of an aircrew testing
battery, the initial effort is to define a set of fundamental, indepen-
dent categories or traits of human behavior and then to develop
tests of these basic traits. From that point the problem becomes
one of determining which of the traits are in fact important for
aircrew success and building a battery in terms of tests of the
traits {found to be important.

The job analysis and trait analysis approaches represent oppo-
site extremes of a continuum, rather than unrelated approaches.
In practice, most test development research falls along some inter-
mediate range of that continuum, emphasizing to some degree
both the reproduction of the conditions of the job and the analysis
of basic traits of human behavior. By the same token, different
rescarch workers in the Aviation Paychology Program attached
different degrees of importance to the two ends of this scale. In
theoretical discussions, at least, certain individuals emphasized the
necessity of obtaining pure measures of simple elements of human
behavior, almost to the exclusion of any concern about the particu-

lar complex of job functions. Other individuals insisted that the-

essence of sucl a job as flying a plane was the complex of simul-
tancous activities and adjustments, and that tests which concerned
themselves with isolated facets of human behavior would inevi-
tably prove unfruitful.

Through the convictions of rescarch personnel spread out on
the continuum between job analysis and trait analysis, test con-
struction operated in terms of the ‘“hunch” approach as well. In-
sofar as test invention was indulged in by a large number of
individuals at a number of different stations, it was natural that
many suggestions for tests represented isolated thoughts of par-
ticular individuals rather than elements in a comprechensive and
integrated program. Many of these tests were developed, insofar
as they secemed to possess merit, without being completely
integrated into a rational plan for an over-all testing program.
Appreciating the limitations of human insight in planning an
inclusive, comprehensive program, it scems probable that the
encouragement of isolated ideas, without regard to a total frame-
work of test construction, was a sound procedure for extending
the scope of test development.

Consideration of the factors entering into the decision as to
whether to concentrate test development on tests closely related
to the particular job or on tests to measure “pure’ traits ¢f human
behavior involves one in the complete ficld of correlational analy-
sis in relation to test results. These problems are discussed in
some detail in Chapter 8.
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MEDIA OF TESTING

There were threce major test media devcloped for use in the
aircrew classification battery. These were respectively printed
tests, motion picture tests, and apparatus tests. The types of
test materials are to be considered supplementary in that each
possesses certain unique advantages as well as certain limitations.

The greater part of the testing time of each subject tested was
at all times devoted to printed tests. These possess as their out-
standing advantage efliciency in administration and practicality.
They also, of course, provide for a maximum of uniformity in test-
ing conditioas from individual to individual. However, there
scems tc be a coertain range of human aptitudes which cannot
rcadily be adapted to testing with printed tests. The range of
traits which can be mecasured by printed test techniques is not
clearly defi.ied, and with suflicient ingenuity it may be possible to
develop cffective printed test techniques for types of performance
which lLad previously been considered susceptible only to indivi-
dual testing. In the aircrew classification tests, an example of
this was found in mecasures of the ‘“spatial relatioas” factor.
Analyses of somz of the classification test batteries together with
groups of rescarch tests indicated that a large fraction of the pilot
validity of several of the apparatus tests could be attributed to a
spatial factor which they shared with several perceptual group
tests. Much, though not all, of the valid variamce covercd by these
apparatus tests could have been covered by the group tests. It is
possible that group test procedures could be developed to cover
the other valid variance of the apparatus tests with the resulting
simpliiication of testing proccedares.

It was the general guiding point of view of those supervising
test development in the Aviation Psychology Program that printed
tests should be used for all functiens for which they could be
shown to be adequate and that a fair amoun{ of the effort spent
on test development activities should be devoted to endecavoring to
develop group testing procedures for measuring the traits of im-
portance which were not readily measured by those techniques.

In spite of cfforts to broaden the field of group printed tests
there appeared to remain certain functions for which printed tests
were not adequate. These included areas in which motion of the
stimulus is a necessary feature, and in this case motion picture
tests appeared to be uniquely well adapted to the testing problem.
Printed tests are also poorly adapted to almost all areas in which
the specd or coordination of motor response is a significant
feature. In cases of this sort individual testing with apparatus
scemed to be almost a nccessity. Again, with printed tests it is
almost impossible to devise procedures for timing accurately the
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exposures to each successive stimulus or the rate at which the
stimuli are presented to the suktject. Either motion picture or
individual apparatus techniques can be devised to deal with this
type of situation. Finally, where accurate timing of single re-
sponses by the subject is required, individual apparatus testing
wouyld secem to be almost a neccessity. A certain amount both of
research time and of testing time, therefore, was devoted to appar-
atus and motion picture tests. Motion picture tests of aptitude

. were developed in the arcas of judgment of speed of movement

and direction of movement, paced perception and memory of spa-
tially complex patterne, and synthesis of patterns and movements
exposed piecemeal. Motion pictures were also used in the develop-
ment of certain proficiency tests of navigation and bombing, be-
ing used in this case in order to duplicate more adequately in a
test situation the complexities and sequence of the actual task re-
quired on the job. Apparatus tests were developed for various
types of measures of speed of reaction, accuracy of movement, and
coordination in complex motor tasks.

The limitations of motion picture and apparatus tests are in
considerable measure practical vnes connected with test construc-
tion and use. A first obstacle in the case of motion picture tests
was the very considerable amount of technical skill required to
produce an cffective film. Though some photography, cspecially
for preliminary forins, was carried out by aviation psychologists,
for most of the production of motion picture tests it was necessary
to rely upon the technical skill of professional studios. This called
for an intimate cooperation between the test constructor, who
knew what effect he was trying to achieve in his test, and the
technician, who knew how to achieve it. Other problems arose
in the actual conduct of testing, but these appeared not te be as
serious as had been anticipated. Studies of seating position failed
to show evidence that this factor was a significant determiner of
score in tests excepting those which taxed the limits of visual
acuity. The lighting requirements of enough light to mark an-
swers by and yet little enough so that the screen image was
sharply defined appcared to be met by quite a range of illumina-
tions. However, scating and lighting are two problems which
require‘investigation and some degree of special arrangements in
almost any case when motion picture tests are used.

In the case of apparatus tests, problems centered around the
very considerable investment in personnel and equipment neces-
sary to carry out testing on an individual basis in a large scale
program and upon difficulties in maintaining constancy of testing
conditions between different copies of an apparatus and within the .
same apparatus over a period of days or even months. In this
program the standard procedure was to prepare all apparatus
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tests in units of four copies combined with a single control table.
It was found possible for a single test administrator to supervise
and record the results from the testing of four subjects at the
same time. In this way the efliciency of the testing program from
the point of view of utilization of manpower was very considerably
increased and it was possible to process men through a single
“line” of psychomotor apparatus tests at a rate of 100 or more
per four-apparatus lines per day. The problems of apparatus
variation and difference between copies of an apparatus will be
discussed in more detail in a later chapter. That the problem is
a genuine one appears abundantly clear. It also scems that it is
not insuperable when adequate maintenance and control proce-
dures are used.

DEVELOPMENT OF TEST FORMS

The general sequence for development of a new test involved
somewhat the following steps:

1. Conception of the test idea.

2. Construction of experimental test items or an experimental
copy of the apparatus.

8. Tryout of the experimental materials upon small groups.

4. &knalysis of tryout data.

6. Prearation of a revised test form or apparatus.

6. In nany instances, further cycles of tryout and revision.

7. Findly, administration to a substantial cadet population
and, ultinately, determination of test validity. :

It willde worthwhile to state in somewhat more detail what was
involved in each of these stages of development. The statements
which follow can be thought of only as a typical pattern aud not
as applicable to each individual case, because the sequence of test
development varied somewhat from one test to-another.

Conception of Test Idea

There is very little that can be said about the initial insight
which suggests a test idea. About all that can be done is to refer
back to the procedures for fostering test ideas which have becen
described in the previous chapter and in the earlicr section of this
chapter. On the basis of provisions for study of and circulation
of reports of job duties and of the characteristics required for air-
crew jobs, ideas for tests came into being were discussed and
reviewed by other persons available at the same unit and, where
considered promising, were carried to the stage of item develop-
ment or apparatus construction.

Construction of Experimental Tests ) .

With the emergence and acceptance of the original test idea,
work began on the production of a workable test form. In the case

20

_—_—-—_'m-‘m“ oIS s » s b D dumuis o S

- e e

= i 2 i

e

o .

——

B N L e o

-— e

o .

-~

L

B e e



Lomrmi—.
i) SN

of printed tests, this invoived the devising of instructions and test
items and the construction of a sufficient number of the latter.
In the case of motion picture tests the general script for photog-
raphy had to be produced. In the case of apparatus tests a pilot
model, often in rather rough and tentative form, was constructed
for tryout. Typically, at this stage in test development the test
items or the test apparatus were tried out on a number of other
individuals in the testing unit in order to determine the adequacy
of instructions, the genecral difliculty level of the testing procedure
as it had been set up, and the distribution of responses that was
obtained. Revision of the more outstanding weaknesses became
possible in terms of the insights gained from testing unit person-
nel and, in part, by the suggestions of those somewhat sophisti-
cated individuals as they were tested.

Exverimental Tryout

When the test had been polished somewhat and a complete test
form or working apparatus had been prepared, it was then usually
administered to a small group of subjects under the standard test-
ing conditions of classification testing. That is, the test was intro-
duced into the classification battery at the end of the testing
sequence and the subjects took it much as if it were a classifica-
tion test. Typically, a sample of two or three hundred cases was
tested at this stage.

Analysis of Tryout Data

Data from the preliminary tryout described in the preceding
paragraph were then subjected to various statistical analyses to
determine the distribution of scores on the test, the reliability of
the test and, in the case of printed and motion picture tests, the
characteristics of the individual test items. A distribution of test
scores was typically obtained and a mean and standard deviation
were computed. Several types of indices of reliability were com-
puted in different cases. For some types of tests correlations be-
tween score on odd and even-numbered items were used. In many
cases, however, the tests were specded and it was therefore not
meaningful to compute an odd-even reliability coefficient. In these
cases the test blanks were usually so constructed as to consist of
two comparable sections, each one separately timed. This became
essentially an adminiswration of two equivalent forms, one imme-
diately after the other. Reliability was then determined from the
corrclation between the two halves of the test. Many apparatus
tests were administered with scparately timed trials and in these
instances reliability was computed by correlating trials or groups
of trials with each other. At this stage analysis of the singlc items
of a test was concerned with the difficulty of the component items
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and their internal consistency. Items were selected with a view to
getting those which provided differentiation among cadets tested
and, where the test was of a single, presumably homogeneous func-
tion, items which were consistent with performance on the rest
of the test.

Preparation of Revised Test

In the light of information obtained from analysis of prelim-
inary testing, the test form was then revised. Unsatisfactory
items were climinated or rewritten, time limits and scoring for-
mulae were adjusted, testing conditions changed, and so forth, as
seemed indicated on the basis of the preliminary results.

Further Cycles of Revision

In many instances the revised test form was again administered
to a group of subjects for further statistical analysis in order to
determine whether the deficiencies observed in the earlier form
had been removed and whether the new, revised form possessed
satisfactory characteristics of difficulty, reliability, etc. In some
instances, several cycles of this sort were required before a test
reached a form which seemed satisfactory. This cycle of try-out
and revision was somewhat time consuming, and some question
may be raised as to how much of it represented an economically
sound investment of time, in view of the urgent need for getting
results under the pressure of the wartime military situation.
Refinement of this pre-validation level is limited to considerations
of difficulty, internal consistency, and intercorrclations. Since
quick validation is an urgent need in a wartime situation, less of
the preliminary exploration is justified then than in a continuing
long-time research program. '

Validatioa Testing

When the test finally rcached a satisfactory stage of develop-
ment, it was then administered to larger groups of subjects in
order that data might be provided in terms of which to validate it.
Validation testing was carried on until a large group had been
tested. Test data were then put aside until most of the individuals
had completed training, and were then subjeccted to validity analy-
ses as described in Chapter 5. Certain practical problems in
validation testing arc discussed in a following section.

TECHNICAL PROBLEMS IN CONNECTiON WITH
ITEM ANALYSIS

Item analysis of an experimental form of a test served the pur-
poses of determining cach item’s difficulty and its correlation with
total score on a group of items. In addition, item counts for the
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separate response alternatives for an item provi‘ed diagnostic
information on the effectiveness of the different misleads and per-
mitted editorial review of those which attracted nv responses or
failed to discriminate.

Item difficulty was defined as the percent of the group knowing
the particular item. This was in some cases determined.from the
total group, but more often it was estimated using only the upper
and lower 27 percent of the group. The policy with regars to
omissions and correction for guessing was not uniform, but the
most generally accepted procedure was to climinate from cornsider-
ation those individuals who did not attempt the item or some sub-
sequent item in the test and to eorrect for guessing by the formula

Wrongs
Rights — ——m8m ——
n—1

Difficulty =
o Number attempting
where n is the number of choices for each item.

Dectermination of the relationship of item to total test score pre-
sents a number of problems. On the one hand, there is a problem
in determining when it is appropriate to carry out an internal
consistency analysis. A sccond problem that often arises is that
of deciding, in t'.e case of a complex test, what constitutes the
most meaningful total test score against which item analysis
should be carried out. The third problem involves determination
of the most appropriate statistic to be used as an index of item
internal consistency. These problems are considered in the follow-
ing paragraphs.

Certain test blanke, such as biographical data blanks, interest
in'ento:ies general information tests and the like, are not
plaained as homogcentous measures: of any single function. The
blank m2arecly serves as a convenient document to bring together a
number of possibly useful items which are rclated only by a
certain general similarity of form or testing procedure. In the
case of an instrument such as this, analysis in terms of internal
coasistency secems to be beside the point. The essential analysis
is validation of the separate test items. When item validities have
been determined, it may then be appropriate, of course, to deter-
mine the correlation of cach item with the other itcms (and with
other tests used for classification), but the purpose here is to
minimize rather than to maximize corrclations. That is, each
item becomes essentially a separate test, valid in its own right,
and is useful in proportion as it is independent of the other valid
tests. l.aternal coasistency aialyses were not ordinarily carried
out for materials of this type.

In the case of other types of tests, a problem arises as to what
should be taken as the total score against which item analyses are
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to be carricd out. This problem is especially likely to arise in
achievement tests. The typical achievement test covers the rather
varied content of a course of training (such as bombardier, navi-
gator or radar observer training). It is often made up of a num-
ber of subtests or sections, each covering a more homogencous
segment of the total range of material studied. The problem be-
comes one of choosing between score on the sub-section and score
on the comnlcte test as a “total score” for use in item anaiyscs.
Most theoretical considerations would appear to favor the use of
the single part score. There is some reason to conceive of the part
as homogencous, and to desire items within a part that are inter-
nally consistent, or at least to evaluate the quality of construction
of items within a part by their internal consistency. However, the
correlation between the parts of a test, where the content of the
parts is based upon an analysis of the training and of the duties
to which the individual is subsequently to be assigned, is some-
thing to be investigated after the fact rather than something to be
specified in advance.

The approved computational routine for determining item cor-
relation with the total test score uscd the chart and table developed
by Flanagan. This procedure makes use of the percent succeeding
on the item in the top 27% of the group for total score and the
percent succeeding in the bottom 27%. A chart and table have
been developed for estimating correlation in the total group from
these figures. Use of approximately the top and bottom 27%
has been shown by Kelley to yield the greatest precision in estima-
ting the correlation when the total score is forced into a dichotomy
rather than being treated as a continuous variable. The values
resulting from this procedure are estimates of the correlation be-
tween the two underlying continuous variables, and are strictly
analogous to a tetrachoric correlation coefficient.

In a good decal of computational work in item analysis, phi
coefficients were used.? This statistic is a cocflicient computed
from a two-by-two point distribution by the same operations as a
product-moment correlation coefficient. When the phi cocfficient
is based upon the total population, it is possible to reclate it analy-
tically to other correlational procedures. In a good deal of work,
however, phi coefficients were computed from the top and bottom
27% of the group on total score. The relative standing of items is
somewhat more reliably determined by using these percents, as in
the case of the correlation coefficient, but the absolute values of
the phi coefficients obtained from such a fraction have no known
relationship to other existing statistics. The phi cocflicient has

1 Fianagan. John C. General considerations in the sclection of test Items and a short mecthod
of estimating the product-moment coefficient from data at the tails of the distribution. J Edue.
Psychol., V. 40, 1939, pp. 674-680.

1 Gullford, J. P. Pasychometric Methods. New York: McCraw-Hill. 19368
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the quality, somewhat questionable from the analytical point of .

view, that the values of the resulting coeflicients are a functioh of
item difficulty. The nearer the difficulty to 50%, the higher the
values for the phi coefficient tend to be. The net result is thus for
cocflicients to tend to favor items close to the 60% difficulty level
and to penalize those of extremely high or low difficulty. Though
such a bias may not be undesirable from the practical point of
view, from the point of view of analytical clarity, it would seem
preferable to keep internal consistency and difficulty clearly
distinct. )
PRACTICAL PROBLEMS IN VALIDATION TESTING

Practical problems in validation testing centered around the
questions of who and where to test and how many to test. “Who"
and ‘“where” were involved because of the desire to get appro-
priate groups at a time when their experience and motivation
would be comparable to that of new applicants for aircrew assign-
ment and at the same time to test them when there would be a
minimum of_ attrition and delay in obtaining validation data.
“How many’ was involved because it was necessary to apportion
a finite amount of testing personnel and testing time, and a finite
number of subjects among the demands of an almost unlimited
number of competing research tests.

Administration of research tesis for purposes of validation
typically took place at two different stages in the sequence of air-
crew classification and training. Part of the administration of
research tests was carried out at the time of classification testing
with the battery of aircrew classification tests. Other research
testing was carried out during preflight training, subsequent to
classification testing and prior to entering upon flying training.
Each of these times presented certain advantages and cach had,
certain limitations. ”

The initial classification testing of aircrew candidates took place
prior to their acceptance for and assignment to any type of air-
crew training. The advantage of administering research tests
at this time was that testing conditions were most nearly identical
with those under which the test would be used if it were ever in-
troduced into the classitication battery. The chief drawbacks were
declays before validation and attrition of the original experimental
population. In the early days of the program cadets went fairly
dircctly from classification into preflight school and then into
flying training in the case of pilots, or advanced training in the
case of bombardiers and navigators, so that delays in test valida-

.tion were kept to a minimum. Later on, the AAF college training

program was initiated and classification testing was accomplished
prior to the college training period. This introduced a very
703318—47—8 5 25
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considerable lag between classification testing and assigament
for tra‘aing. Still later the college training program was elimi-
nated but various types of on-the-line trai wing were introduced
in its stead, and the lag between classification testing and en-
trance into aircrew training continued to be rather great.

Initially, there was relatively little climination from training on
the basis of classification tests and almost ail men, excepting those
who were physically disqualified, entered into one or another type
of aircrew training. At this time the program for pilot training
was very much larger than the programs for bombardier and
navigator training and, in addition, a large proportion (possibly
half) of the quota for bombardier and navigator training was
filled by eliminees from pilot training. As a "~sult of these factors,
validation tests administered at the time of classification tended
to give a large yield of pilot trainces but only a meager yield of
bombardier and navigator trainees. Later the disqualification
rate because of low psychological aptitude was progressively
raised. At the same time, or a little later, the proportion of train-
ees assigned to bombardier and, particularly, navigator training
inereased. The net result of this was a general loss of cases be-
tween classification testing and training, and a sharp reduction
in the yicld in the category of pilot trainees. This loss was syn-
chronous with the introduction of delays between classification
and training. The delays and attrition made classification testing
an unsatisfactory locale for administration ol research tests.

Because of the difficulty which had existed at all times in getting
a sufficient group of navigator and bombardier trainces, because
of the general attrition between classification and training and
the extensive delays between these two stages in the last two
years of the war, it scemed desirable to carry out at least part
of the research testing with groups who had already completed
their classification. This testing was done in most cases in pre-
flight schools with groups undergoing preflight training and about
to enter into the acrial phases of their training. The emphasis
in rescarch testing shifted progressively from the classification
situation to the preflight school situation.

Carrying out rescarch testing at the preflight school level rather
than as a part of classification testing had certain obvious advan-
tages and certain possible limitations. The advantages were that
there was a minimum of loss between testing and validation either

in time or in subjects. 'The chief disadvantage was the possible -

difference in testing conditions between the individual who was
being tested for classification, who knew that his opportunity for
aircrew training and his chance of getting the type of training
he desired depended upon his performance on the tests, and the
individual in prefligat school, who had already completed his
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classification testing and who understood that the tests which he
was taking would have no direct or crucial effect upon his own
future. It is quite possible that lack of motivatior. affected test
performance at the preflight level but no adequate studies are
available to indicate whether such an effect did in fact appear or
whether it influenced validity coeflicients subscquently obtained.

It must be admitted that the lag between test administration
and validation results was a serious handicap to the progressive
improvement of the classification test battery. The seciious prac-
tical objecticn to validation administration subsequent to training
assignment was that of military expediency. In a rapidly expand-
ing training program, which attempted to turn out graduates as
rapidly as possible, it was generally not feasible to obtain the
necessary testing time during preflight or other stages of training.

The problem of the size of group to use for validation testing
was a constantly recurring one in the Aviation Psychology Pro-
gram. It did not seem possible to give any definite analytical
answer to this problem. Clearly, other things being ‘equal, the
larger the group the better. The size group was limited by prac-
tical considerations of the size of population available for testing
and of the demands of other rescarch tests for time in the testing
program. It was the tacitly accepted goal of the psychological
program to have available for validation analysis a minimum of
1,000 cases for any research test for a particular aircrew category.
Because of the several types of aircrew specialty for which classi-
fication was made and because of attrition from various causes
between classification center and completion of training, it was
necessary to test a minimum of some 2,000 cases in a classification
center in order to get 1,000 cases who could subsequently be fol-
lowed into pilot training. The proportion in any group assigned -
to bombardier and navigator training was generally so small that
it did not scem feasible to get an adequate population of bombar-
diers or navigators from research testing in a classification center.
Validation of rescarch tests for bombardiers and navigators de-
pended upon special testing, specially planned at the preflight
school level, and excepting for such testing, it was generally true
that the only tests for which validity data became available in
adequate amounts for bombardiers and navigators were those
tests which had been introduced into the classification test battery
cither in the initial design of that battery or because of their sub-
sequently demonstrated validity for pilots.

Validation of tests for aircrew categories other than pilot, navi-
gator, and bombardier was undertaken only at a relatively late
period. Resecarch tests for such specialties as radar observer or
flight engincer were administered to groups who were about to
enter training for that particular specialty. These were groups
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who had alrcady completed training and in some cases ficld exper-
jence in some other aircrew specialty. Interpretation of test
validities bascd upon groups of this tvpe presented particularly
knotty problems, duc to the several types of restriction which the
groups had suffered from previous testing or training. These

problems are discussed further in Chapter b.

28

oy T

2 e

e

Ny

. g o

o




./r.-v-w -—

- R . T

N

’ et e & e i

et MAAGMIOTRGEEL ). o nh S i SN2, BN A4 e ool gt “lghe - & P3P va s &gl ~i S

CHAPTER FOUR

Problems in Determining
An Adequate Criterion

THE CRUCIAL ROLE OF THE CRITERION

Certainly the most fundamental and probably also the most diffi-
cult problem in the Aviation Psychology Program was that of
obtaining satisfactory criterion measures against which to vali-
date tests and evaluat~ variations of training methods. The cri-
terion is absolutely central to any research program in testing or
in training and in the Aviation Psychology Program investigation
and development of criterion measures called for much research
effort and insight. Other research can hardly proceed until a
criterion is provided, and can be only as good as that criterion.
There may be certain traits for which it is difficult to develop tests,
or specific training problems in which it is difficult to formulate
the desired training procedures, but these difficulties are limited
to specific areas. Until some solution of the criterion problem has
been reached, the progress which can be made in test development
or training research of any kind for that particular aircrew spe-
cialty is very limited. Of course, research does not and cannot
wait until a wholly satisfactory solution of the criterion problem
is reached ; in that case one would probably never do any research.
However, some compromise sclution of the problem of providing
a criterion of success in performance of the task in question must
be arrived at as a basis for any effective research program.

It is perhaps worth re-emphasizing that the criterion is as im-
portant to training research as it is in aptitude testing. To be
sure, we cannot validate a particular aptitude test until we nave
a criterion of success against which to correlate test scores, and
any further analyses which endeavor to combine tests into a bat-
tery will be dependent upon this validation. However, it is equally
{rue that we cannot compare alternative training procedures until
we have established some measures of the out:omes of that train-
ing which we are willing to accept as providing an index of suc-
cess. As these two different areas of rescarch in aviation psy-
chology are explored, they each demand adequate criterion meas-
ures for the solution of their basic problems.
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GENERAL PROBLEMS IN CONNECTION WITH CRITERIA

We have indicated that some solution of the criterion problem
must be arrived at before further rescarch can be effective. How-
ever, 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, cach of which has some
degree of adequacy, less than complete, and some degree of prac-
ticality. Developing a practical research program will require the
ovaluation of and sclection from among these possible criterion
measurcs. : : :

For purposes of discussion it may be profitable to differentiate
three categories of criteria: ultimate, intermediate, and imme-
diate. By the ultimate criterion is meant the final goal of a par-
ticular type of seclection or training. For example, it might be
agreed that the final goal of training Army Air Forces bombar-
diers was that they should under conditions of combat flying drop
their bombs in every case with maximum precision upon the desig-
nated target. The ultimate goal for a career gunner might have
been that he score the maximum possible number of hits upon
attacking fighter planes. Such a goal is likely to be stated in very
broad terms and in terms which are, in many cases, not susceptible
to quantitative evaluation. Furthermore, it will usually not be
entirely accurate to specify a single and unified ultimate goal.
The bombardier had to fire a gun as well as drop bombs. The gun-
ner had to cooperate effectively with other crewmen in the identi-
fication and selection of targets as well as firing his own guns.
An absolutely complete ultimate criterion will probably be multiple
and coiaplex in most cases. Such a criterion is ultimate in the
sense that we cannot go beyond it to look for any higher or fur-

ther standard in t-i111s of which to judge the outcomes of the

selection or of the training.

In practice, ultimate criteria are rarely, if ever, available for
use in psychological rescarch. They may be completely inaccessi-
ble, but in the event that they are potentially available they are
likely to be far away both in time and in space, confused by a
number of other interacting factors, and difficult to express in
usable quantitative form. In such a case we are almost inevitably
thrown back upon substitute criteria which we judge, either in
terms of our rational analysis or in terms of empirical evidence,
to be related to the ultimate criterion towards which we aspire.
These criterion measures we may designate as intermediate or, in
certain cases, immediate criteria.

The term imracdiate criterion is used here merely to differen-
tiate that criterion measure which becomes available most immedi-
ately and dircctly from other partial criteria which become avail-
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able at various later stages in the course of training or of per-
forma:cc upon the job in question. For example, we may consider
the immediate academic criterion in the case of pilot training to
be graduation or elimination from preflight and the irnmediate
flight criterion graduation or elimination from primary pilot
training. These are the first major objectives of the training
program and provide in at least a negative sense data on success
in combat flying. Certainly, by definition, the man who is elimi-
nated from training at the primary level cannot be a valuable and
successful combat pilot; he will never be a combat pilot at all.

Examples of intermediate criteria in pilot training would be
graduation or elimination from basic, advanced, or transitional
training, score in fixed gunnery at the transitional or operational
training level, or ratings by supervisory personnel either in ad-
vanced training or in the theater of combat operations. Even in
the case last mentioned, the ratings remain intermediate rather
than ultimate, because we are not ultimately concerned with how a
man will be rated by his superior officers but rather with how
well he will actually perform in the crucial situation for which he
has been trained. All immediate and intermediate criteria remain
partial, ther