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Preface

The purpose of this report is to provide a record of the rescarch on
pilot training conducted by aviation psychologists under thoe Offico
of the Surgeon in the AAF Training Command. It has been prepared
in compliance with dircctives from Headquarters, Army Air Forces,
and Headquarters, Training Command. No attempt is made to give
comprchcasive references to psychological rescarch conducted outside
of the AAF Training Command because most of that work has not
yet been officially published. The final chapter (No. 15) is a summary
presented for the benefit of those readers who are more interested in
an integrated picture of the main results than in the technical dotails
of the scparate studics.

Most of the rescarch summarized in this report was conducted by
Psychological Research Project (Pilot), an organization which was
established and made responsible for psychological research on pilot
training on 1 February 1944. A smaller but important amount of
research was performed by other psychological units.

The rescarch which is reported could not have been conducted with-
out the strong support of higher headquarters, and especially from
tho aviation psychologists in Headquarters, Army Air Forces, and
Headquarters, Training Command. Valuable assistance has been
reccived from the Surgeon, the Pilot Section of the A-3 Division, and
tho Statistical Control Unit at Central Flying Training Command;
the Director of Training ar.d Training Advisory Boards of the Central
Instructors School at Ranviolph Field; and the Director of Training
and Standardization Boards at the Instrument Pilot School at Bryan.
During the crucial initial stages of the development of Psychological
Rescarch Project (Pilot), particularly helpful, insightful support was
received from tho following officers in tho Central Instructors School
at Rondolph IFicld: Maj. Charles H. Roadman, Director of the Ground
School; Lt. Col. Charles M. Wharton, Commanding Oflicer of the
Bomber Training Group; and Col. Merill J. Reeh, Surgcon. Pilots
from a number of different organizations have supplied expert advico
and criticism on the technical aspects of flying. The organizations
which wero the chicf sources of such assistance are listed immediately
following this preface.

The rescarch reported represents the cooperative, creative work of
a number of psychologists. A roster of personnel who have worked
in tho Pilot Project precedes the table of Contents of this report.
Particular noto should be made of the fact that the lower army status
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of tho enlisted men did not necessarily mean that their work was of
lower professional calibre.

The authors, whose names appear at the head of each chapter, were
responsible for the supervision of most of the work rcportcd.in their
chapters, with tho exception of Captain Ben-Avi who was given the
difficult task of reporting work with which he had no first-hand
contact. Although it is difficult to assign credit equitably for cooper-
ative work of this kind, an attempt has been mado to cite the chief
contributors to each of the rescarch studics reported. ;

Six men deserve special mention here because their contributions
wero of o general nature which is not credited in the individual studies.
Set. Allen J. Sprow performed an excellent job of writing the semi-
monthly reports summarizing the rescarch of the Pilot Project and of
assisting with the annual reports. This work, which required insight
into all of the research involved, left no time free for conducting studies
of his own. T/Sgt. Robert R. Blake was so useful as a general ad-
ministrative assistant in roles ranging from liaison with other organi-
zations on the ficld and establishing filing systems, through that of
scrving as a general critic and couscience, that he was given little
timo for anything clse. Similar capable service in a number of ad-
ministrative roles was rendered by T/Sgt. Robert E. Dixon. During
his threo months with the Pilot Project, Lt. Maurice Deigh displayad
initintive and resourcefulness in dealing with problems of suppiy
and assisting in many of the administrative details involved in thes
preparation of this report. In the final stages of the preparation of
the manuscript intelligent help was received from Dr. John T. Cowles
and Capt. John T. Dailey, the new Dircctor and Assistant Director
of tho Pilot Project.

Neav E. MivLer, Major, Air Corpe.

Randolph Ficld, Tex., 11 February 1046,
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Organizations Supplying Tech-
nical Consultants

AAT Board, AAF Tactical Center.

AAF Instrument Flying Standardization Board, Bryan Army Air
Field.

AAT School of Applied Tactics, AAF Tactical Centes.

Advanced Single-Engino Training Advisory Board, Central Instructors
School (Pilot), Randolph Field.

Advanced Two-Engine Training Advisory Board, Central Instructors
School (Pilot), Randolph Field.

Basic Training Advisory Board, Central Instructors School (Pilot),
Randolph Field.

Flight Test Scction, Proving Ground Command, Eglin Ficld.

Ground School, Lockbourne Army Air Base (Pilot Instructors School,
B-17).

Ground School, Smyrna Army Air Field (Pilot Instructors School,
B-24).

Ground Training Technical Advisory Department, Central Instructors
School (Pilot), Randolph Ficld.

Instrument Board, Central Instructors School (Pilot), Randolph Field.

Instrument Training Squadron, Pampa Army Air Field.

Offico of Flying Safety.

Physiological Scction, Proving Ground Command, Eglin Field.

Physiology Department, School of Aviation Medicine, Randolph Field,

Pilot Section, A-3 Division, Headquarters, AAF Central Flying
Training Command, Randolph Field.

Pilot Scction, A-3 Division, Headquarters, AAF Training Command,
Fort Worth,

Primary Training Advisory Board, Central Instructors School (Pilot),

Randolph Ficld.
Station Standardization Board, Instructors School (Instrument Pilot),

Bryan Army Air Field.
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CHAPTER ONE |

Areas and Conditions of
Research
Maj. Neal E. Miller

INTRODUCTION
Purpose of Report .

This report is written as a record of the research on pilot training
conducted during the second World War by aviation psychologists in
the AAF Training Command. It is one of a series dealing with the
various types of wartime psychological rescarch under the direction
of the Office of the Air Surgeon.

The two chapters following this one present a sketch of the pilot-
training program and a description of the task of learning to fly. They
will serve as a background for understanding the research reported.
The main body of the report, chapters 4 through 14, is intended to bo
a source of technical information concerning the procedures and results
of psychological research on pilot training during the war. Tho final
chapter summarizes the main highlights for those readers who are more |
interested in the chief conclusions than in technical details, or who
want to get a perspective before immersing themselves in the separate
studies. A glossary of military, acronautical, and statistical terms is
included at tho end of the report.

e —— o —

Gradual Development of Opportunity for Psychological Rescarch on ,
‘ Training

Aviation psychologists were originally called into the Air Forces
to construct tests for the selection and classification of pilots, bom-

bardiers, and navigators. During the first years of tho war their |

cfforts were almost entirely devoted to developing and administering ‘
! theso tests. Rescarch on training developed gradually out of this
original work on sclection and classification, The three lines of work
leading from classification into training were: (1) Job analysis studics
conducted to provide a basis for test development; (2) investigations
of measures of flying proficiency conducted to learn more about the
criteria available for validating the aptitude tests; and (3) attempts to
apply the techniques used successfully in developing a battery of
pilot-selection tests to the problem of instructor selection. .
From the very first, a number of aviation psychologists tried to visit
pilot training schools and obtain some flying training in order to be

-

ey




= e - s o e e A ey —

able to make first-hand, job-analysis observations as a basis for flo-
veloping the pilot aptitude tests. Because of the pressure 9f deyelopmg
an extensive battery of aptitude tests quickly and administering them
to ever-increasing numbers of students in the emergency and !)ecnuse
of certnin administrative difficulties, it was not until early in 1943
that an opportunity was (inally secured for.two o(ﬁcel:s to spend 6
weeks at o pilot training school and to receive a certain amount of
flying training! o

At the snme time, studies were being made of the criteria useq to
validate the pilot aptitude tests. The three original psychological
rescarch units made statistical studies of the pass-fail criterion, in-
vestignting the varinbility of elimination rates at different schools.
The Ficld Studies Unit, Psychological Section, Headquarters, Training
Command, visited schools in the spring and summer of 1942 to intro-
duce a rating scale which was designed in an attempt to get more
specific measures of various aspects of pilot performance to use as
differentinl criteria in validating aptitude tests.?

As validation data accumulated, demonstrating that the aptitude
tests were successful in sclecting those students who were least likely
to be climinated for flying deficiency, the individuals responsible f{or
pilot training tended to seck the aid of aviation psychologists on cther
problems. Officers at Psychological Research Unit No. 2 ? were asked
to try to develop a battery of tests for the selection of civilian flying
instructors who wero to be employed in Primary schools.

Meanwhile a research detachment which originally had been sent
to a Gunnery Instructors School to work on the selection of flexible
gunners had grown into a full-fledged Unit and attracted considerable
attention by tho technical assistance which it was giving to the
gunnery training program,

Furthermore, a staff study in Headquarters, Army Air Forces
recommended that aviation psychologists be used for research on
training as well as on selection,

These developments finally led to the establishment on 1 February
1944 of an organization, the Psychological Rescarch Project (Pilot),
which was eventually given primary responsibility for psychological
research on pilot training in the Training Command. This Project
was on Randolph Field and was attached first to the Central Instrue-
tors School and later to the Headquarters of Central Flying Training

Y The oMccrs were Ma). Neal B, Mitler and Capt. Donald E. Super from Psychological Research Unit
No. 1. An raslicr brief contact with tralning had occurred when 14, Col. Lawrence F. Shaffer and Ma).
Nead E. Millce gave Iectures on the psycheloey of tesching to pllots In the Central Instructors School st
Marwell Flel),  TRis contact was terminated when I'sychologicsl Research Uplt No. | was moved from
Maswell Ficld, Als,, 0 Nashs itle, Tenn,

1L Col. itichard T, Bollenlerger was the oMeer who at first was most respousible at Headquarters,
Tralning Cominand, for fostering the development of psycholorical research on problems related to pllos
tralning.  After he left for the Continental Alr Forees, this role was ably assumed by Ma). S, Ralns Wallace.

H;lpll. Richanl P. Youts, Juhn T. Dalley snd Olen Finch were chlefly responsible for Initiating this
wor!
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Command.* Similar organizations were also established at the Navi-
gator and the Bombardier Central Instructors Schools and were given
the responsibility for psychological research related to training in
those specialties. Mecanwhile the three much larger, original psy-
chological research units continued to conduct studies related to
training as a sideline to their main mission of developing aptitude tests.

AREAS OF RESEARCH

The general policy of the psychology program was that aviation
psychologists who were working in an arca such as pilot training,
should conduct fundamental rescarch on problems of practical im-
portance rather than perform service functions. The specific prob-
lems on which the Psychological Research Project (Pilot) worked were
determined by directives from higher headquarters. The two main
problems specified were to develop techniques for selecting and evalu-
ating flying instructors and to develop objective measures of flying
skill. The Project was also assigned responsibility for developing
printed tests of flying information, and for making a job analysis of
the student pilot’s task. It was able to find a little time in which to
perform training experiments.

. — e —— - o

Instructor Selection

When the Pilot Project was first established, Headquarters, AAF
Training Command, dirccted it to work on problems of instructor
selection and to confine its research completely to such problems.
Work on instructor sclection consisted of analyzing the job of teaching
flying, constructing a battery of tests and information blanks to get at
1 factors believed to be related to success as an instructor, and examining

possible criteria for measuring the success of instructors. Since no
i ready-made criteria were found, it wasnecessary to develop rating scales
i to measure teaching proficiency. Finally, these scales were used to
determine the validity of a number of instructor-selection tests and
to make an extensive study of factors related to success as a flying
instructor. This work is described in chapter 14.

Objcctive Mcasures of Flying Skill

In May 1944, before the work on instructor scleciion was completed,
the Pilot Project was directed to concentrato on investigating the
feasibility of constructing an objective scale of flying skill. In this
work, Colonel Flanagan, Chief of the Psychological Branch, AFTAS,
believed that a large stock of measures should be accumulated before
work was devoted to other aspects of the problem, such as combining
the measures into a total score, analyzing sources of variance, comput-
ing intercorrelations, or comparing the relative merits of check rides

¢ A roster of personnel who have worked in the Pllut Project is given preceding the Table of Contents of
this report,
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composed of objective, subjective, or a combination of these t:wo t.y;zes
of measures. He therefore instructed the Pilot Project to devote its
time to the construction of a large number of objective measures and to
the preliminary evaluation of the suitability of ench'of these measures,
Because of the magnitude of the task of constructing and evaluating
items to measure the entire range of flying skill at all levels of trt}ini{xg,
the Pilot Project concentrated, in the first dovelopment of.op]ectnve
measures, on two crucial arcas: the early part of Pru.m.).ry training, and
instrument flying. The carly part of Primary training was selected
because that was the time when most eliminations occurred. There-
fore, any improvement in the measures used as a basis for climination
at that Jevel would have special practical importance at that time.
It was also somewhat casicr to work at this level because the range of
talent had not yet been so greatly restiicted by elimination of the
poor flyers. Instrument flying was selected because of its extreme
importance in combat and transport and because the fact that it is
conducted solely with reference to instruments made it more adapta-
ble to objective measurement.
‘ In uddition to these two main areas, some work was done on fixed

gunnery. This arca was sclected because the number of hits on a
target appeared to be a readily available, objective measure of an
important aspect of tho fighter pilot’s task,

In general, the iL‘unction to concentrate the first work on item
construction and cvaiuation was adhered to closely with the excep-
tion of one large-scale objective study of the cffects of additional
training on flying skill. This study was coriducted at the personal
request of the Chief of Staff of the Training Command.

It was possible to design some of the item-cvaluation studies so
that, as a byproduct, they yiclded information on sources of varia-
bility and on total scores. Theso results aro given more space in the
' main body of this report than would be proportional to the amount of

research tine involved because they appear to have a wider range of
applicabilits than information on the relinbility and validity of each
one of a lonz list of itcins,

Before tha stage of item construction and preliminary evaluation
was quite completed, so that the Project could move on to the next
problems involved in this work, the end of the war disrupted training

. to such an extent that further research had to be temporarily sus-
pended.

The research on objective measures of flying skill is described in

chapters 6 through 11, Some of the theoretical problems involved are
discussed in chapter 4,

P Pt et i

Printed Tests of Flying Information

Asa ssnpplcln('n-t to its work on developing objective measures of
flying skill, the Pilot Project initiated tho dovelopment of printed
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tests of flying information and wes subsecquently assigned chief [
responsibiiity for such tests in the pilot area. Thero was a need for
these tests because, in addition to flying skill, the good combat pilot
had to have a large fund of specialized knowledge. In order to be able
to get maximum performance and cope with emergencies, he needed
a thorough, practical understanding of the acrodynamics and flying
characteristics of his airplane, and the design, functions and limitations
of its equipment. He also needed to know crucial facts about weather
and navigation. Some of these types of information could be measured
more ecfliciently on the ground than in tho air. The development of
printed tests to measure these types of information is described in
chapter 12.

Subjective Measures of Flying Proficiency

As has already been indicated, the three original psychological
research units investigated various subjective measures of flying pro-
ficiency as possible criteria to be usca in validating aptitude tests.
These studics are described in chapter 5.

Job Analysis
As a basis for developing aptitude tests and objective measures of
flying skill, various organizations in the aviation psychological program
analyzed different saspects of the task of learning to fly. Chicf
responsibility for this work was eventually assigned to the Pilot
| Project. 'This work is summarized in chapter 3. .
: Training Experiments
i Ono of the moro useful functions of aviation psychologists should be
in serving as consultants on the design of training experiments. Theo
: pressure of work directed by higher headquarters on projects moro
closcly related to the aptitude testing program, however, was so great
| during the war that almost no opportunity was left for aviation psy-
' chologists to work on pilot training experiments. Two minor studies,
which were conducted under conditions preventing tho best experi-
mental design, are described in chapter 13 in order to illustrato the
! type of questions which should bo answered by the experimental !
method. .
CONDITIONS OF RESEARCH

Applicd Science .

The research of aviation psychologists on pilot training during. tho
war was applicd, not pure, science. Tha direction of worl: was guxfl ed
by rigid practical naecds instead of more flexible scientitic curiosity.
Tho need to achicevo specific goals within a reasonably short time ex-
cluded the possibility of exploring interesting incidental leads (like
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