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FOREWORD

In 1939 the Civil Aeronautics Authority (now the Civil Aeronautics Administration) undertook an ambi-
- tlous program of tralning civilian pllots. The purpose of this was to make young men and young women
alr-minded and to prepare the present generation of young people to fly the private and commercial planes
of the future. This program, known as the Clvilian Pilot Training program, was operated through the uni-
versities of the couniry, making use of already estabilashed facilities in the hands of private operators
while encouraging others to set up similar facilitiea.

The first phase of the Civillan Pilot Training program calied for instruction of 10,000 pilots, which was
quickly exphnded to the number of 50,000. Almost simultaneously with the formulation of the program,
largely through the efforts of Robert Hinckley, &t that time Chairman of the Clvil Aeronautics Authority,
and Dean R. Brimhall, Director of Research, funds were set aside for research on selectlon and training
of civilian aircraft pilots. This was done in the belief that an extended program of civilian pilot training
should make use of every possaible sclentific ald for selecting those most competent to fly; for determin-
iog the best methods of training; for the appraisal of flight achievement, and for safe-guarding the adjust-
ment of the pllot. Moreover, it was recognized that thls large scale training program provided unusual
opportunities for renewing the sindy of problems related to the human alde of aviation which had been inl-
tiated during World War I and abandoned almost immediately with the signing of the Armistice.

In keeping with the operating philosophy of the Civil Aeronautics Administration, it was decided to under-
take such research through existing agencies rather than to bulld and equip government operated research
centers for this purpose. The National Regearch Council was therefore asked to establish a committee
for the administration of research with funds allotted from the budget of the Ctvil Aeronautics Administra-
tlon. In seeking the cooperation of the National Research Council, Mr. Hinckley wrote:

"It is the desire of the Civil Aeronautics Authority to have the advice of sclentlfic people In the
field of psychology and physiology in making these studles. Furthermore, the Authority does
not want to set up any new research laboratories, or any organization of its own to do so, but
desires to use existing facilities at universities. We request, therefore, the assalstance of the
National Research Council, and agk that a committee he made up of men primarily from the
Division of Anthropology and Psychelogy of the National Research Council to advise us in the
procedurs, Including the best methods of distributing the flnancial help to the university labora-
tories at which such work will be done, the selection of the personnel to do the work, and simi-
lar problems," (Letter of 9/16/39,)

On the basls of this request, in the fall of 1939, the National Research Councll appointed the Committee
on Belection and Tralning of Civillan Aircraft Pilots (cow the Committee on Selection and Training of
Alrcraft Pilots) including in ita membership psychologists, physicians, physlologists, engineers, pilots,
and representatives from the milltary services, with ]J. G, Jenkins, University of Maryland, as Chairman,
Through an active Executlve Subcommittee this group has for over five years ¢conducted research at ap-
proximately 40 universities and other centers, including military establishments, scattered from coast
to coast and from the Lakes to the Gulf under grants from the Clvil Aeronautics Administration amount-
ing to approximately $900,000,

The program has utilized not slone the skills of research men and resources of these unlversitles
where basic research projects were established (Appendix I), but has enjoyed the help of hundreds of
other men and women and has made use of the facllities of almost 800 other centers participating in the
activities of the Committee on Selectlon and Training of Alreraft Pllots. Research returns have been
greatly extended through the contribution of such services and facilities by universitles and cther centers
cooperating In the reasearch program organized and supervised by the Commitiee oo Selection and Traln-
ing of Alrcraft Pilots.

In general, the operation of the Committee on Selection and Tra.tnl.ng of Aircraft Pliots (Chart A) repre-
pents a striking example of research supported by a Federal agency which has allowed a unique amount
of freedom from adminiatrative restrictions while providing contimious stimulation and judiclous over-
slght. For this, special credit is due to Dean R. Brimhall, Director of Research, Civil Aeronautics
Administration. In addition, acknowledgment is owed to members of the Executive Subcommittes, a group
of highly competent sclentists who have given freely of their time and of their skill in planning and di-
recting the research program, and to the project directors who administered the research activities.
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The outcomes summarized in the attached report truly represent the cooperative achievements of scien-
tists, practical pllots, and administrators (both éivilian and military) utilizing the resources and facili-
ties of government and private agenciss in the interest of the alrcraft pllot.

Morris 8. Viieles, Chairman
Philadelphia, Pa. Committes on Selection and
May 18, 1946 Training of Alrcraft Pilots
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INTRODUCTION

The Committee on Selection and Training of Aircraft Pilois was established by the Natlonal Research
Council in September, 1939, at the request of the Clvll Aeronautics Administration.! Research plans were
formulated in the fall of thet year and research activities initiated early in 1940, The outcomes of such
research have been summarized 2rom time to time, particularly in the annual reports by the Chairman-to
the National Research Council and to the Civil Asronautics Administration. The presem report is devoted
to an over-all review of the Committee research program for the 5-year period,1940-44, inclusive, It is
designed to help in evaluating:

1. the effectiveness with which the research program has been conducted;

2. the contributions which it has made to the progress of aviation;

3. the respects in which anticlpated outcomes have not been achieved.

In considering this review it should be borne in mind that the Commlitiee was originally organized to
undertake research in the selection, training, and malntenance of civillan pilots, and that it was first known
as the Committee on 8election and Training of Civillan Alrcraft Pilots. The functlons of the Committee
were early expanded to include military as well as civilian aviation and, in 1940, its name was changed to
Committee on Selection and Training of Aircraft Pilois, with the speclfic purpose of formally recognlzing
the cleser integration of the research program with the growing needs of the military services.

For approximately four years, military needs were given primary consideration in the deliberations
of the Committee and in planning research programs. This emphasis will undoubtedly be maintained so
long as the Committee can continue to be of service to the alr forces of the United Statez and of the Allles
to whom research findings have been made available. Nevertheless, as Dean R. Brimhall, Director, Divi-
slom of Research, Clvil Aeronautics Administyation, points out in the followlng quotation from an mddress
given at the 1944 Annual Meeting of the Committee on Selection and Tralning of Aircraft Pilots, many of
the outcomes found useful by the military services can be of very practical value in clvilian aviation:

"The CAA-NRC Commitiee pioneer efforts acquainted a fair-aslzed group of research
people with aviation problems. When the war reached the United States manry of our
workers joined the services to continue thelr research and the cholce of projects to
be carried out by the Committee was thereafter determined by the possible contri-
bution of the research to the war effort.

"Whatever may be the partlcular patterns of future projects, supported by the CAA-
NRC Committee, this same criterion will be used until the war needs are met, Of
course, this does not mean that our current findings will not have application to
civillan aviation now and ln the post-war period. Selsction tests devised to pick out
good fighter pilots may be of little use for peace time, but selectlon for aptitudea
such as acquisition of motor skill and the presence of desirable personality and
physical quallfications will always be useful. ’

"Increased knowledge in the field of pilot training and maintenance of physical and
mental well-heing of pilots are certainly useful during peace time as well as during
war. 8o, much of what we learned during war can become immediately useful dur-

ing peace."

It may be reasonably anticipated that research resuits will find wider application in clviltan aviation
a8 World War II comes to o close, and as such additional steps as are needed are taken to integrate the
findings and conclusions of the research program with the operating ends and operating program of the
Civil Aeronautics Administration.

A major objective of the Committee on Selection and Tralning of Atrcraft Pllots and of the Civtl
Aeronautics Adminlastration s the wide application of research results. This review is writien chiefly for
the purpose of bringing into focus the useful outcomen of research. In this connection, it shouid be polnted
out that, in sgome instances, the useful outcomes were in the form of negative findings which perhaps helped
to avoid the imposition upon the military services and upon the CAA of costly and cumbersome procedures
which would drain avallable resources without adequate return,

1!"or-enhir krown as the Civil Aeronautics Authority.
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" As might be expected, not all of the reasarch activities and Investments have been productive of use-
ful outcomes. In some instances, it was found imposslble or impracticable to follow up prom!lsing leads
and thereby to bring potential outcomes to full fruition. In other cases, sltuations beyond the control of
" the research project director, such as the unavailabllity of criterion data, or sudden changes in training
plans made by governmental or other agencies, produced insuperable handicaps to the attainment of re-
search objectives. In still other instances, the original experimental design, apparatus, administrative
procedurea or methods of analysis were Inadequate for solving the problem under investigation. There
are also projectg which have falled either to turn in any final report or to provide a report of the type
from which it is possible to evaluate the research findings and the possibility of applying them to meet
the needs of mllitary and civillan aviatlon.

) In this review atiention i8 focused upon useful outcomes. Nevertheless, it seems proper, in order
to provide a basls for a complete evaluation of the research program, also to include references to those
projects which have not made an appreclable contribution to the improvement either of resbareh or of
‘gperating procedures.

PILOT SELECTION AND
CLASSIFICATION

In the research program of the Committee on Selection and Pralning af Alrcraft Pllotas, conslderable
aitentlon has been given to problems of pilot selection and classification, This was particularly true dur-
ing the first few years of research, when the country was faced with the problem of bailding up a large
force of pilots for both civilian and military aviation. Moreover, while the emphasis during the past few
years has shifted to other areas, particularly to research in pilot training, current investigations are
still concerned with problems of selection,

‘Regearch on selection has ranged from exploratory studies involving a large number of paychological
and physiological tests to the detailed analysis of specific predictors. Practical cutcomes have Included:

1. the validation of a number of predictors for use in both military and civillan
aviation;

2, the accumulation of data on predictors which, although not fully valldated,
represent promlising instruments for further research and application;

5. the identification of testa and other techniques which, while having apparent
face validity or originally recommended for other reasons, proved upon in-
vestigation to lack reliability or validity,

4, the identitication of predictors which, although valid, represent uneconomical
techniques for the selection and classificatlon of pllots.

General Outcomes of Research on Pllat Belection and Classification

Contributions to Military Aviation. One major practical outcome of the Committee research pro-
gram is the fact that by 1941, when the United States entered the war, the research program had already
produced test material and findings which were used by the U. 5. Navy in setting up procedures for the
selection of pilots, At the Annual Mesting of the Committee on Belection and Tralning of Aireraft Pllots,
held in 1948, Cdr. (then Lt. Cdr.) ]J. G. Jenkins, in discussing the Navy research program, reported that

"We are now using in routine selection, both before and after the beglnning of traln-
ing, three tests. Those three tests were elther developed by the Commliitee first
of all as selective agencies in aviation, or were developed by the collaborative ef-
torts of the Commitiee and the Navy."

The gelection program of the Army Air Forces has also profited from Committee research. Refer-
ence to this fact 13 found In the following quotation from an address given by Col, (then Lt, ColL) John C.
Flanagan at the 1943 Annual Meeting of the Committee on Selection and Tralning of Alrcraft Pllots:

“We have learned a great deal from the work of the Committee. Much of our orig-
innl planning was based on what the Committee had done, and in the past two years
we have continued to profit. - - - - Our program, set up two years ago In Decem-
ber of 1941, was bullt on what we could find out about what the English and the Canad-
lans had done, and the considerable amount of work which had been done by the Com-
mittee here."
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CAA-National T Bervice. Within the Civil Aeronautica Administration, the work of the Com-
mittee cn Belection and of Alrcraft Pilots in pilot selection found its most direct practical ex-
pression in the establishmént of & Natianal Testing Service (1042-43).2 The Natlonal Testing Service
(1, 2, 3, 4) was designed to provide uniform administration and scoring, on a nation wide basis, of tests
for screening candidates for training in the Army phase of the Civillan Ptlot Training program. Through
this service, centralized at the Universlty of Rochester, 87,087 candidates for pilot training, reporting
to 571 coordinators scattered throughout the United States, wers tested by 609 cooperating examiners
{Exhibit 1}, The administrative cost of this program was borne by the Clvil Aeronautics Administraticn
through a speclal contract at a cost of approximately $75,000. This means that the Committee conducted
acreening at the extremely low cost of a little more than one dollar per candidate.

In passing, it should be noted that the CAA-National Testing Service exemplifies the close integra-
tlon between military and civilian applications in the work of the Commlttee on SBelection and Training of
Alrcraft Pllots, gince resnlts of experimentation by the U. 8. Navy were considered in the selectlon of
tests for the screening program and in setting the cutting scores on each test. Morsover, this practical
screening program has further reinforced the research program of the Commiftee ln providing data on
the extent to which the tests predict differential performance of those who meet minimun standards, and
in furnishing significant findings on interrelationships amaong the tests (4), on differences among appli-
cants for primary, sonMa.ry and glider training (3), and on the influence of such factors as educanon,
age, gecgraphical area, etc., upon selection and upon achievement in learning to fly (4).

Specific Outcomes of Research on Pllot S8election and Classification

The broad, practical cutcomes of Committee research In pilot selection and classification have
been presented above. Detailled outcomes will be outlined in the form of a brief discussion of specific
areas of research, of individual predictors, and of their usefulness in the selection and classification of
military and clvilian pilots,

Inventory of Personal Data for Prospective Pllots, This test, generally known as the Blographical
Inventory (B.L.), was the immediate outgrowth of work done (5, 6, 7, 8) at Purdue University (1939-40),
although investigations at the Naval Air Station, Pensacola, Florida, at Tulane University (1940-41)
and at the University of North Carolina also included the analysis of biographical data (9).

The Blographical Inventory (B.1L.) represents one of the first, if not the first, successful attempt to
predict pllot proficiency from biographical data. Besides gerving as one of the basie instruments in the
aviation cadet selection program of the U, 8. Navy, the Blographical Inventory (B.1.) has also provided
items for aimilar tests employed in the Army Alr Forces, as indicated in the following excerpt from a
letter writien by Col. L. E. Gritfis, dated April 22, 1943:

"This office has been experimenting with items included in Part A, Blographical
Dats, of ‘An Inventory of Personal Data for Prospective Pliots.’

"Permission is requested to use 28 of the 108 items contained in that part along
with other items developed by thls organization for the clagsification of aircrew
personnel in the Army Air Forcea."

The Biographical Invemory (B.L.} was also used to advantage In the CAA-National Testing Service
(1, 3, 3, 4, T; 8) and in the Standard Testing Program (1842), an extended research project involving the
voluntary cooperation of 46 paychologlsts, scattered throughout the country, in the walldation of a basic
batiery of predictors.

General Intelligence Test. A large scale study conducted In cooperation with the U. 8. Navy at the
Naval Air Station, Pensacola, Florida (1940-41), indicated the value of using a standard intelligence test
in pilot selection (10, 11), Buch a test was used by the Navy until it was replaced by the Aviation Classi-
fication Test. Because of the nature of bath Committee and Navy research results, the test was included
in the screening battery used by the CAA-National Testing Service (1, 2, 8, 4). The test 1s now in use ln
matching candldates for training in the current research program of the Instituwte of Aviation Psychology,
University of Tennessee, established in 1943 through the cooperation of the Clvil Aeronautics Adminis-
tratlon, the National Research Councili Committee on Selection and Tralning of Alrcridt Pllots, and the
Bureau of Aeronautics, Btate of Tennessee.

2'l'hroq.‘hlral.rt this report the dates in parentheses represent the years in which funds were made available to
the resedrch activity. p
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Aviation Classification Test. lems for this test were prepared by the U, S. Navy, Work on ftem

analysis, on construction of alternate forms, and on determining the reliabtlity of the test was carried on
a8 a research project of the Committee on Selection and Training of Aircraft Pilots (1942) at the Univer-
sity of Rochester. The test was later Incerporated by the Navy into the Navy pllot selection battery.
Acknowledgment of the part played by the Committee on Selection and Training of Aircraft Pilots in the
development of this practical selection tool Is found In the followlng excerpt from a letter from Cdr.
{then Lt. Cdr.) J. G. Jenkins, dated August 1, 1042:

"I understand that steps have been taken to provide sufficient printed coples of two
forms of this test to the Medical Research S8ection for purposes of final standardi-
zatlon, In view of the very important role that this test has been assigned in the
selection of Naval aviators, it is my intention to ask the Chief of the Bureau of
Aeronautics to express the genuine gratitude of the Bureau for the large contribu-
tion that'the Committee has made in the development of this test, I shall point out
to him that it would have been impossible for the Medical Research Section and the
H-V (8) olgla.nlzntlon to have developed such a test without the aid of the Commlttee
except by the expenditure of a very much larger period of time."

Mechanical Comprehension Test. The Mechanical Comprehension Test was lncdluded in resaa.rch
conducted in the Midwest Project (1841-42), in the Boston Project at Harvard Unlversity (1941-42), and
also in the Standard Testing Program. Prior to the completion of these studles, this test was included
in the battery vsed by the CAA-National Testing Bervice on the basis of experimental findinga provided
by the U, 8, Navy. Results available from the Midweat and Boston studies provided evidence on the use-
fulness of this test Ior initial selection (12, 13, 14). The analysis of CAA-Natlonal Testing Service data °
has furnished interesting information on the relationship of this test to cther predictors, as well as to
age, geographical area, etc. (4). The Mechanical Comprehenslon Test is one of the battery employed ln
matching regearch groups at the Institute of Aviation Paychology, University of Tennessee.

Psychomotor Tests. The Pensacola Study of Naval Aviators furnished evidence on the value of
three psychomotor teats, viz., the Mashburn Serial Action Test (15), the Eye-Hand Coordination Test,
and the Two-Hand Coordination Test (16) in differentlating "good" from "poor" pllots, including wash-
outs and those who had Board appearances (10). The Committee on Belection and Training of Alrcraft
Pilots cooperated In producing an improved model (Exhibit 2) of the Two-Hand Coordination Test, later
adapted for use ia the early experimental program of the Army Alr Forces, which led to the extended use
of psychomotor tests in the classification of Army alrcrew personnel. In addition, according to a re-
gearch report by Li, Col. A. W, Melton, appearing 1n the Journal of Aviation Medicine (1944, Vol, 15,
pp. 116-123), the Rotary Pursuit Test "was originally iniroduced In the psychomotor clasaification battery
(of the Army Air Forces) on a hunch supported by a bit of data which had come from a stirdy sponsored
by the National Research Council Committee on Selectton and Training of Aircraft Pilots” (17, 18).

While the number of cases was small, the Midwest Project (19, 20, 21) and the Boston Project
(13, 22, 23) of the Commltiee on Selection and Training of Alrcraft Pilots have produced further evi-
dence on the validity of the Mashburn Serial Action Test and of the Two-Hand Coordination Test for
pllot selection. These tests are also currently being used ILn connection with research at the l.nﬂtltute of
Aviatlon Psychology, University of Tennessee.

Productive cooperation with the Army Alr Forces is {llustrated in service rendered by the Com-
mittee staff in connection with a apecial experimental program for the investigation of psychomotor
tests conducted at the University of Rochester and at the Untversity of Buffalo (1943). Studies at the
State University of Iowa (1842-44) on the effect of lateral distractlon lights on performance on the Magh-
burn Serial Action Test, conducted in close collaboration with the staff of the School of Aviatlon Medi-
cine, AAF, have produced results on learning rate and on rellabillty of performance under differing pro-
cedures of administration (24), of practical interest in the Army Air Forces Testing Program. There
has also been cooperation with the Army Alr Forces on research conducted at the State University of
Iowa (1942-44), concerned with the effect of various combinations of work and rest periods on (a) the
rate and level of perforinance, {(b) the rellability of scores, and (¢) the Intercorrelations among acores
based on different learning segments for the Rotary Pursuit Test (25) and the Two-Hard Coordination
Test (26). In another study, made at the request of the staff of the School of Avlation Mediclne, AAF,
with the cooperation of the U. 8. Navy, attention has been centered on the valldstion, in relation to learn-
ing to fly, of initlal, terminal, and segment scores obtained through the administration of a variety of
paychomotor tests (27).

In the case of a number of the psychomotor tests referred to above, the Committee on Selection
and Training of Aircraft Pilots has also made a practical contribution through improvements In apparatus



8

usze of statistical techniques peculiarly applicable te this problem. The results of the investigations were
made avallable to the U, 8. Navy for use by this service in connectien with a program designed to develap-
simplified and improved tests of phyaical fitness. The Committee program has included plans for further
work in this area designed to lead to pra,ctlca.l results in the formulation of standards for the certification .
of civilian pilots,

Btudies of the Interview. BSince conslderable emphasis had been placed on the interview as a method
of pilot selection, a standardized interview and rating procedure (Exhibit 3) were developed, and exten-
slve investigations of the interview (1841-43) carried out under the auspices of the Committee at Wesleyan
University, Harvard University, Ohlo State University, Purdue University, and the University of Michigan
(51, 52, 53)., The economic aspects of research conducted by the Committee are illustrated in the con-
clusion that the contribution of even a reliable interview appears to be slight in terms of the time, offort,
and cost involved in the interview procedure, since It adds little to the predictive information obtalned
through the use of much less expensive and more easily adminlatered paper-and-pencil tests.

A study of the psychiatric interview used in the Massachusetis General Hoapital Project (1940-42)
revealed little promige for this particular type of Interview (44). However, measures of the interaction
between interviewee and interviewer, as recorded on the interaction chrontgraph, showed promise and
this technique has been subjected to further validation In the examination of aviation cadets at Williams
College (54), conducted through the cooperation of the U. S, Navy (1943-44).

Among the practical outcomes of Committee research are several new tests and other predictors
which, although not fully validated, appear to represent promising materials for future research and pos-
sible use, The following may be included In this category: ‘ :

Test of Aviation Information. This test was developed (1941-43) in the research program of the
Committes on Selection and Training of Aircraft Plicts at the University of Rochester (65, 58, 57). Pre-
liminary results on the test were obtalned In the Standard Testing Program (35, 38, 37). The test was
released to the U, 8. Navy for further research and also used by the CAA-National Testing SBervice for
the selection of applicants for flight tratning, A comparison of the test results with achlevement In learn-
ing to ﬂy indicates that it can be included umong the more promising predictors developed in the Com-
mittee’s research program (4).

Ay
Personal Higtory (P-H) Inventory. This test was originally developed largely through the cooper-
atlon of the staifs at the Universlty of Rochester and Wesleyan University (1941-43) for use in connection
with the study of the aviation interview (53). Scoring keys, data on reliability, and some preliminary
data on validity are avallable from the Standard Testing Program (58), The {eat I8 now beilng used in
connection with research at the Institute of Aviation Psychology.

Desire-to-F1 ~-F) Inventory. Th!s test was developed in research conducted at the Universtty of
Rochester (1541 -TS'E ScoxL‘[rg keoys and data on valldity are avallable from studies at the Unlversity of
Rochester (59) and additional data are belng accumulated through the use of the test at the Instltute of
Aviation Psychology.

VAbllity-to-Take-K" Tests, The investigation (1940-43) of teats deslgned to measure "ability to
take it," conducted at the Unlversity of Rochester, Northwestern Unlversity, and the Unlversity of North
Carolina, provided support for the point of view that this is pot a unitary trait and produced a number of
measures considered sufficiently reliable for use in further research (17, 80, 81, 62). Nine units of one
of these tests, a Recording Dynamometer, have been purchased from the Committee on Belection and
Training of Aircraft Pllots by the U. 8. Navy for use In further reaearch. However, a recent atudy (1943-
44), Involving an analysia of examiner differences in testing 5560 Naval aviatlon cadets at Willlams Col-
lege, has raised serious questions concerning the ultimate usefulness of the "Ability-to-Take-It" Tests (63}.

Btability of Orientation Test. This test (Exhiblt 4), developed at Brooklyn College (1842-44), yields
a measure of a subject’s abllity to recognlze changes in his lateral and longitudinal position with respect
to the earth when the visual cues from his immedlate environment are deliberately falsified through tip-
plng or rotating a "room" to a position other than the horizontal (84, 65, 88). The test has been made
avallable for validation by the Army Air Forces (1944). Progress has been made in the validation of
this test on approximately 1000 aviation cadets. In addition, this test la being used in a program at
Brooklyn College (1944), designed to determine the extent to which improvement in spatial orientatlon
can be effected by trainlng (67).

"Seli-Description” Test. Each ltem in this "personallty" test, developed at the University of North
Carolina (1839-41), conslsted of two descriptive phrases, one of which the subject was required to select
ap describing him better than the other (68). This arrangement of descriptive termsa greatly reduced the




used {n Committee research, in providing drawings and wiring diagrams, and In the standardization of
apparatus and procedures for administering the tests (15, 16).

Statistical Developments. Studies sponsored by the Committee on Selection snd Training of Alr-
craft Pilots have also led to the refinement of methods for selecting combinations of predictors and de-
termining the best cut-off polnts through the use of multiple chi (28}. Various memoranda devoted to a
discussion of such technigues have been prepared (20, 30, 31) and made avallable to research workers
in both military and civillan avistion., These include an analysis of results obtained from the use of
multiple chl as compared with those obtained from use of multipie correlation techniques {32, 33, 34),
using results {rom the Standard Testing Program (35, 38, 37, 38). Interesting statistical developments
are also to be found Ln steps taken for the acoring, analysis and interpretation of physiological data (39,
40, 41, 42).

PWslobqliﬂ Tests. An \mportant practical cutcome of Committee research bears on relationships
between physlological measures and pilot performance. Of 21 physiological items included in the Pensa-
cola Study of Naval Aviators, vital capacity and the emaliest pulse pressures subgequent to tilt proved to
be the only itemsa showing promige in the differentiation of "good" pilots and "poor” pllots, including
washouts and Board appearances. Even these measures failed to differentlate the criterion groups at an
accepted level of significance {10, 11, 38).

Analysis of the Pensacola data drew attention to the significant fact that the low valldity of the
physiological testa studied may be a function of low reliabllity In the sense that the test as sadministered
provided merely a measure of a biological instant not conslstently representative of the physiological
function extending over a long period of time, Similar findings on unreliability of phyaiological measures
were obtained in cther studles at Harvard Unlverslty (13, 22). Constructive outcomes of such findings
appear in the steps which have been taken towards the exhaustive analys!s of respiratory measures, with
a view to arriving at tems that give sufficiently consistent measures to permit thelr further use in the
determination of validity for pllot selection or in the maintenance of pilots (42).3

While many items were included in the studles of physiological measures, independent and extended
treatment has been given to the electroencephalogram, somatotypes, visual measures, and to certain
cardiovascular functions 1n investigating the relationships with achievement in learning to fly.

Electroencep . Records were obtalned in studtes (1940-41) at Harvard Univeraity (48,
Supplement), Massachus eneral Hospital (44) and Naval Air Statlon, Pensacola, Florida (10, 43, 45).
Results were not suffictently promising to warrant the recommendation that this elaborate technlque be
included in a pilot selection battery.

~

. Somatot . Somatotype measures obtalned in the Pensacola Btudy were subjected to an extended
atat yals (10, 45). The results showed the need for further investigation and crosa validation of
somatotyping techniques on less selected populations before the procedures could be recommended for use
in the selection of alrcraft pllots.

Visual Functions. An analysis of the relationship between visual functions and the achievement of
RAT cadeis in learning to fly (1941-44) bhas led to the tentative conclusion that visual deficlencies, such as
are accepted by the RAF. are not related to achievement in learning to fly (46). The findings and conclu-
sions are entirely tentative because of the fact that early elim!nations were not included Ln the investiga-
tion, The study is now being repeated on another population of RAF cadets which does include early elimi-
nations. The final findings and conclusions will have an important practical outcome in providing experi-
mental evidence ag a basis for arriving at declsions with respect to lowering the visual standards In the
certification of pllots in thia country. 4

Physical Fitness. Experiments (1939-42) at Stanford Unlversity (47, 48, 49), supplemented by ex-
haustive statistical analyses, have polnted to the Inadequacies of the Schneider Index and to the need for
simpler and more reliable measures of physical_ﬂtneas (40, 50). Thepe studies have beer marked by the

31t should be noted that the relationships between physiological measures and pilot performance over extended
operational periods have not soc far been studied in Committes research.

4A further development of research in this erea in a recent request from the Civii Asronsutics Administration,
at the initlation of the Clvil Aeronsutics Board, that the Committee nn Selection and Tralning of Aircraft
Pilots undertaks further studies of the relationship betwesn visual measures and flight performance to pro-
vide experimental date of significance in the certification of private pilots.
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Exhibit 4

STABILITY OF ORIENTATION TEST
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subject’s chance of inferring the correct answer to individual items, since both descriptive phrages coa-
stituting one ltem were frequently derogatory or commendatory. Preliminary validation data ware ob-
tained on Civilian Pilot Training students, but further work ia needed to make this a practical sdditian to
a test battery, L

Scholastic Grades. Beveral studles of scholastic grades and flight performance {1940-41) showed
little relatlonship of such grades to achlevement in learaing to fly (89)., Further studles in this area may
be of signlficance in formulating scholastic requirements for civilian pilot training, However, there has
been no follow-up in this area of investigation.

Included in Committee research on piiot selection and classificatlon are investigations, undertaken
particularly in the early or exploratory phase of the research, which produced generally negative or
qyestionable results In terms of application. Fallure to arrive at practical outcomes rest%ed, in some
cases, from the fact that the research projects were intended merely to select predictors for further
stady. A study (1939-40) of 39 psychological and physiologlcal tesis at Purdue University (70), investli-
gations (1839-40) at the University of Alabama (71), -and several studles at the University of North Caro-

" lina (72, 78, 74) are representative of thls group. Moreover, practically all such early investigations
were handicapped by limitations of criteria and of size of sample. In other instances, however, as sug-
gested in the Introduction to this report, failure to arrive at practical ocutcomes can be lald not to the ex-
ploratory nature of the research, but, at times, to defects inherent in the nature of the experimental de-
Blgn; at other times, to conditions not subject to control by the investigator; and, in atill other cases, to
the fact that the lnvestigators failed to provide adequate reports on the Investigations conducted by them,

Work on the development of a key for the Strong Vocational Interest Blank for use in pilot selection
was initlated (1939-40) under Committee ausplces at Stanford University (75), and other studies on this
instrument were conducted (1939-40) at Ohlo State Unlveraity (76) and at Purdue University (1939-41),
However, such studies have not led to the recommendation that this instrument be used in selection bat-
terles.

The Humm-Wadsworith Temperament Scale, Gulliord STDCR Téest, and the Maslow Dominance Test
were investigated at various research centers, including Northwestern Univerasity (1840-43) and Purdue
Unlversity (1939-40). Preliminary results indlcated in general that these tests had little value as pre-
dictors of flight proficlency, However, questions regarding scoring procedure, criterla, and analysis of
data rendered conclusions equivocal, N

Studies of Interest and attitude scales were conducted at George Washington University (1939), but
inadequacies in design rendered it impossible to reach definite concluslons concerning the value of the
measures analyzed (70},

Studies of the Link Trainer (Contact) as a device for selection and training of pllois. were early
undertaken at the University of Michigan (1939-41). Later, methods were developed at Harvard Univer-
sity (1941) for obtaining objective records of performance on this trainer, and further studies of the de-
vice were undertaken in the Boston Project at Harvard University (1941-42) and in the Mldwest Project
(1941-42). Preliminary data indicated that the reliability of scores obtained through methods devised In
this research were too low to justify the use of the Link Trainer (Contact) for selection purposes (77, T8,
79). In general, findings from such studies proved to be amhiguous because of apparatus and adminis-
tration difficulties, and, in some instances, because of inadequacies in reports on findings (78).

Apparatus was developed at the Unlversity of Colorado (1939) for testing eye-hand-foot coordln-
atlon similar to that required for aircraft operation. Adjustments were required in response to flight
sltuations projected on a screen. However, no data were presented in the report submitted by this pro-
tect (80). .

The Seashore Serial Reaction Time Teat and the Ranseen Coordinator showed some slight promise
In early investigations (1040-43) at Northwestern University (17), but further investigation of these in-
struments was never carried out.

Snoddy Star Test. This test was administered to subjects in the Standard Testing Program (81).
While apparently showing some merit, the test has not been Inclunded In selection batteries, partly because
of difficulties Involved in administering the test.

The interrelationships of cardiovascular-respiratory variables were studied by factor analysis
technlques at Springfield College (1940). Inadequacles in design and statistical treatment have prevented
practical applications of this work (41).
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Projection Tests. A namber.of projection tests were empioyed In a study conducted by the staff of
the Mussachusetts General Hospital, through the coaperation of the U. S. Navy, at the Naval Air Station,
Squantum, Mass, (1940-42). Whila results on most of thepe tasts (44), including a modification of the
Rorschach, were negative, promising findings were obtained on a number of items which have recently
been subjected to further study (1943-44), again through the cooperation of the U, 8. Navy, in an Investl-
-gation by the Massachusetts General Hospital group at Willlams College (54). Criterion data furnished
oh approximately 500 subjects are now being subjected to analysis at the University of Rochester.

PILOT TRAINING

- During the early years of the Committee on Selectlon and Training of Alrcraft Pilots the major em-
phasis was on the development of impreved methods for the selection and classification of pticts and on
assoclated criterion problems. This emphasis was not only In accord with the needs of the time, but also
2 natural outcome of the fact that exploratory steps in the selection of pilots had been taken during World
War I which provided some basis for immediate practical research by the Committee (82). During the
past few years, ag the selection situation in the military services became stabilized, the emphasis has
shifted from research in selaction to research in tralning. Here the Committee entered a fleld of investi-
getlon which was largely uncharted. As is apparent below, Committee activitles in this area represent
pioneering efforts which have produced new tools of importance both to civilian and military aviation,

In research on training, the Committee has considered two aspects of the tralning sltuation. The
first centers around problems experienced by student pilots in learning to fly. Secondly, consideration
has been given to the methods employed by instruciors in teaching students, since the learning of the stu-
dent s dependent upon methods used by the instructor. The latter naturally leads into problems of cur-

'riculum revision, .

Practical outtomes from research in pllot training=can be divided into two categories;

1. the development of basic research tools and methods for use in the investiga-
tion and improvement of pllot training.

2. the development of training aids for ﬂel(i use.

As might be expected, there 1a very close Interrelation between these two categories since, in some
ingtances, the availability of newly developed tools and methods led directly to practical applications, and
in others, the development of new training aids led to further research productive of additional cutcomes
in the way of improved training methods. Following is a brlef analysis of the major practical omtcomes
of research on pilot training, supplemented by a brief atatement concerning incomplete research and areas
in which antlcipated outcomes have not yet been achieved.

Development of "Patter" and "Fundamenials of Basic Flight Maneuvers." One of the early and ex-
tremely fundamental research projecta on pilot training was that carried on at Purdue Unlversity (1940-
42). When Comumiitee research was initlated, little or nothing was known about the nature of actual air
instruction, since such ingtruetion was generally conducted in a two-place plane, and student and instructor
wore in a sltuation where the instructional process could not be directly observed.

A short-wave transmitter and electrical interphone suitable for use in a light plane were developed.
Through the use of these, for the firat time in history, elementary flight tnstruction could be obaerved, and
evaluated, in light of modern scientific and educational principles. By means of this equipment, instruc-
tion was transmitied to a recelver on the ground, recorded, and later transcribed. Over 100 hours of in-
struction, both at Civilian Pllot Training schools and at the Naval Air Station, Glenview, Illinois, were re-
corded. Qualitative and quantitative studies (83, 84, 85, 86, 87), besides Indicating the good points of in-
struction, revealed many areas in which Instruction could be improved.

One immedlate outcome of this preliminary research was an opportunity to examine variatlons
among instructors with respect to the vocabulary or terminology used in training pilots. For example,
an analysis of 10 hours of Instruction by each of 4 instructors revealed a total of 500 technical or spec-
ialized terms, many of which were ynigue to an individual instructor (87). In addition, it was found that
{a) much instruction was given in the air which could better have been given on the ground, and (b) pilot
training suffered from inadequate methods of presentation by inatructora unaware of the fundamentals of
good teaching procedures. ’
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PATTER FOR ELEMENTARY MANEUGVHERS

10. CLIMBING TURNS

C. A B.No &: P, 153
C. A B. No, £3: P. 8168

Talk over LUIDS ey be executed in the normal and the

while
ek
sltitude,
Check
trafiie.

Left
climbing
tarn.

Recover.

maximum climb. In both of these, the turn is
made with a shallow bank. The onjy difference
is that tI]{.m Pyor}&n&l l(iim}) is s_wpompli;léed vlt;lﬂthigo
engine R. P. M. above cruising speed, while the
maximum climb is accomplished at full throttle,
o a slightly greater angle of climb is possible.
We will firat do a gentle, 90-degree left climbin
turn. First after making sure that there wi
be no other planes in the way, open the throttle
until the engine R. P. M. is approximately 100
R. P. M. above cruising. gﬁl@ﬂ, assume &
normal climb as we have done before.

Now, since we know that additional back pres-
gure 18 needed in & turn, we decrease this angle of
climb by approximately one-third. This will provide for the additional lift needed when we are
turning.

Now we coordinate our controls until our left wing tip is in this relation to the horizon. You can

wing, oo that it is the same as in & shallow-banked turn. Remember, we must keep the nose in ita

usyal position during the turn.

As in our previous turns, we release our rudder and aileron pressure as soon as the turn is estab-
lished, then apply slight opposite aileron pressure.

When we wish to recover from the turn, we coordinate our controls so &s to stop the turn and the
bank. At the same time we adjust the back pressure so that by the time we are flying straight

we are back in a hormal climb. 0. K., now you take over and execute a climbing furn to the left.

Exhibit 5

SAMPLE PAGE FROM "PATTER FOR ELEMENTARY FLIGHT MANEUVERS"

(Civil Aeronautics Bulletin No. 31)
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Thege findings led first to the development-of two tninlng aids of fundamental importance fol ele-
mentary instruction: (1) Patter for Elementary Flight Maneuvers, and {2) Fundamenteis of Basic Flight
Maneuvers. ~.

Patter provides a model presentation of air instructions in basic maneuvers. As pointed cut by B. L. Kelly,
Project Director at Purdue University, who was largely responsible for the basic work on these and on a
number of other aids constdered in this report (86):

"Behind the preparation of ‘Patter’ was a very strong feeling that a student deserved
at least cne simple and.compiete description of each maneuver while in the air,
preferably during the first time it was demonstrated to him. Analysie of actual re-
cordings of flight instruction convinced us that such descriptions were not avallable
In the spontanecus instruction given by instructors in the alr. It was at this point
we decided to prepare appropriate ‘Patter’ for each of the maneuvers."

In the Fundamentals were outlined the basic facts which should be understood by the student pilot
before going up for Instruction in the various maneuvers, Thege, as in the ¢case of Patter, were prepared
in light of educational principles, attention being given particularly to the definition of each new term
as it was introduced. -

Following many revistons and "ﬂlght testing” by experienced instructors, these tralning aids were
presented to the Civil Aeronautics Administration and, following additional modifications by the staff of
that agency, were published early in 1943 as CAA Bulleting No. 31 (Exhibit 5) and No. 32 (Exhibit 6), with
an Initinl order of 20,000 coples.

The usefulness of auch materials in connection with the training of Navy pllots by the CAA is acknow-
ledged in a letter dated July 18, 1942, addreased to the Assistant S8ecretary of Commerce by Capt, (pow
Admiral) A. W. Radford of the Bureau of Aeronautics, U. 8. Navy:

"We are very apprectative of thig effort to standardize CPT students and to bring their
training in line with ours. The Flight Maneuver booklets have been unanimously ac-
cepted and praised, and it is felt that they will go a long way towards increaaing the
efficiency of flight training."

Even before the publication of these materials by "CAA, special revisions were prepared by the U. 8.
Navy with the ald of personnel provided by the Committee on Selection and Training of Alr¢raft Pilots,
Acknowledgment of the manuals prepared for the use of the U, S. Navy by the training staf! of the Bureau
of Aeronautics, in cooperation with research personnel supplied by the Committee on Selection and Train-
ing of Aircraft Pilots, is found in a letter dated July 28, 1842, addressed {0 the Chairman of the Commit-
tee by Capt. (now Admiral) A. W. Radford which states in part:

""The flight manual, originally wrltteﬂ under the auspices of the National Research
Council, has met with unanimous approval by flight personnel who have read the
booklet, and it is felt that it will be of inestimable value in furthering flight traln-
lm'll

Among other practical outcomas in this area was a translation of the Elementary Patter into Chi-
nese, prepared through the Division of Research, CAA. A preliminary edition of Patter and Fundamentals
for secondary training was also prepared and submitted to the CAA, but this, so far a8 the records of the
Commlittee show, has not led to CAA publication or use,

Development of Air-borne Modsl Magnetic Wire Recorder. The Committee deserves conaiderable
croedit in connection with the development and promotion of the Alr-borne Model Magnetic Wire Recorder
in aviation. This Instrument was developed largely through the inltiative of the Director of Reaearch,
CAA, and of the Project Director at Purdue University (1642), the latter serving as a consultant to the
Armour Institute of Technology 1n the design and manufacture of the first model of this instrument (88).
Mass production of the Alr-borne Model Magnetic Wire Recorder was further stimulated through the ef-
forts of the Division of Research, CAA, working in close cooperation with the Committee.

The Air-borne Model Magnetic Wire Recorder has proven of great value in research by the Com-
mittee and, in addition, ls used in training activities by the U. S. Navy and the Army Alr Forces. It has
also become an exiremely useful tool in Army and Navy operations through other applications which have
apparently very advanizzeously affected the war effort. In view of the latter it 1a perhaps slgaificant to
note, as apparent from correspondence quoted below, that the Air-borne Model Magnetic Wire Recorder

VT
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and the possibilities inherent in the instrument were first brought to the attention of the military servines
by the Committee on Selection and Tralning of Alrcraft Pilots through the Clvil Aeronautics Admialstra-
tion. A letter dated October 8, 1942, from M. 8, Viteles, Chairman, Committee on Selection and Training
of Aircraft Pllots, to Dean R. Brimhall, Director of Research, Civil Aeronautics Administration, gtated:

"Durlng recent months, facilitles for recording instruction bave been tremendously im-
proved by the development of a new instrument.

"Thig instrument, described in the attached memorandum, represents ons of the most
important cutcomes of the research program sponsored by the Clivil Aeronantics
Administration through the National Research Councll Committee on Selection and
Training of Aircraft Pilots. The recorder has enormous possibilities, not only for
the improvement of tralning practices, but also for use by test pilois n maintaining
an operations log; for recording conversation between the tower and planes, etc.

"The magnetic wire recorder as designed for use in asronautical research and oper-
ations is now ready for mass production, There 1s every reasen to believe that great
immediate benefit would ensue if a unit were made avallable at every center where
instructors are being trained by CPT, It 18 strongly urged that steps be taken to ob-
tain these Instruments for such use, and also for use in connection with other CPT
activities.

"The aircraft model of the magnetic wire recorder can be beneficially employed not
only by CPT, but alsc by the Armed Forces. It is suggested that the Clvil Aeranau-
tics Administration bring to the attention of the Bureau of Aeronautics, U. 8. Navy,
and of the Army Alr Forces, the usefulness and availabillty of this instrument."

A letter dated October 14, 1942, from Willlam A, M. Burden, Special Aviation Aasistant o the Secra-
tary of Commerce, to Artemus L. Gates, Ass!stant 3ecretary of Navy for Alr, and to Robert A. Lov
Asgistant S8ecretary of War for Alr, pointed out that: :

"The Ctvil Aeronautics Administration has recelved a communication from the Na-
tional Research Council Committee on Selectlon and Training of Aircraft Pilots.
The Committee advises this agency that it has been able to adapt a light and effi-
clent recording device to the improvement of alreraft pilot instruction, The Com-~
mittee has also suggested that the Civil Aeronautics Adminisiration bring to the
attention of the Armed Services the usefulness and availability of this instrument.
We are acting upon its recommendation by sending you a copy of the letter and a
copy of a statement on the ilnstrument itsell."

In responges to the above letter, M. P. Aldxich, Lt. Cdr., U.8.N.R. (October 17, 1842), and Robert A,
Lovett, Asst. Secretary of War for Air (QOctober 20, 1842), indicated an early interest on the part of the
Bervicec in the Instrument, which has since been produced in large quantities for the military services.

, Development of the WTS Methods Tralning Courge. Analyais of flight instruction supported the con-
clusion that flight instructors should be good teachers, as well as good flyers, and that existing require-
ments for instructors, which placed almost complete emphasis on%lﬂﬁ%ﬁ[?ty, were \ncomplets. The
CAA War Tralning Service, becoming aware of this fact, requested the Committes, sarly in 1043, to de-
volop a 30-hour course on the theory and techniques of flight instruction as a basic ualt in the CAA Con-
trolled Secondary Instructor Course and, in addition, to train selected personnel to give this course at
training centers.

Such a course (89) was déveloped by Committee personnel, It represented an application to flight
ingtruction of the outcomes of educational and Induatrial research on the learning and teaching processes
(80), and of the results of findinga from pilot training research conducted by the Committee on SBelection
and Training of Aircraft Pllots, It undertook to achieve an integration and organization of these estab-
lizhed principles and research findings in such a manner as to furnish practical and effective guldance to
flight instructors. This was done with a minimum of technlcal terminology, and with repeated and specific
references to the flight situation,

Applylng standarde formulated by the Committee on Selection and Tralnlog of Alrcraft Pilots, the
Civil Aeronautics Administration selected a group of seven men known as "methods lnstructors" to take
this course at an Institute conducted by Committee personnel at the Unlversity of Minnesota in April, 1043,
These methods instructors were then assigned to CAA Instructor Training Centers to give lnstruction in
teaching methods to those undergoing training as flight Instructors. A second Institute, lnvolving a group



FUNDAMENTALS OF ELEMENTARY MANEUVERS

10. CLIMBING TURNS
Civil Aeronautics Bulletin No. 23; second edition. P. 183-184.

A shallow climbing twrn is simply a
gentle (urn made while the airplane is
climbing. Thus, in making a climbing turn,
combine the principles you learned when
you practiced normal climbs and normal
turns.

As in all turns, coordination of gour
controls is im tt You will find it
necessary to hold more back pressure in a
climbing turn than in & normal turn, since
the nose is already held in a climbing posi~
tion.

Remember: In a climd, the air speed of
the plane decreases. In & furn your minimum
gt N BT ——"
a cli » YOUT margin o ety above this minim i is lesa than i
either a normal cﬁrmb or ﬁormal twrm. yine

Therefore: With the same amount of power, the same degree of climb cannot be main-
tained in & climbing turn as in a straight climb.

Decrease the angle of climb before atarting the turn.
Make a shallow hbanked turn.

Coordinate your controls. If you don’t use anough rudder for your angle of bank you will
climb with one wing low and “slip.”” Too much rudder for your angle of bank results in a
ekid, and a resultant loss of air speed. ‘

A skid in a climbing turn is dangerous. It may develop into a spin.

To recover from a dhsbing turn, coordinate optEosit,e rudder and aileron pressure. At the
same time ease off your additional back pressure so that, by the time the plane is flying straight,
you are back in a normal climb.

A maximum climbing turn is executed similarly to a shsllow climbing turn, except that it
is done at full throttle so that yvour angle of climb can be slightly steeper. In maximum
climbing turms, your bank should be less than in a shallow climbing turn. In genersl, the
steeper the climb, the shallower should be your bank in a turn.

The recovery is the same as from a normal climbing turn, except that when you come out
of the turn you should be back in & maximum climb.

Exhibit 6

(Clvil Aeronautics Bulletin No. 32)
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of 30 men assigned by CAA, was held at Ohio State University in the fall of 1843, Each man undergoing
such instructlon was provided with a comprehensive manual entitled Lesson Plans for Training Methods
Unit, CAA-WTS Controlied Secondary Instructor Course and an Instructor’s Kit which was then used as
a gulde in conducting training and teaching methods at Instructor Tralning Centers. ‘

The materizals for this course were turned over to the Army Alr Forces and the U. 8. Navy for use
in developing similar {nstructor {raining programs. Coples have also been made avallable to the air
forces of allied nations. There has been established in this course, and through the experience at the
Institute,the basls for important postwar activity In improving the quality of flight instruction of eivilian
pilots. These materials represent a baslc step In ralsing the level of professional skills, and such a
course might well be established as a prerequisite ln the licensing of pilot instructors as we move into
the extended tralning of clvilian pilo{s in the postwar era.

Compilation of Instructional "Tricks." Investigations of flight instruction showed the need for
eliminating certain Inadequacles in the procedures employed. These Investigatlons also revealed that
many speclal teaching techniques actually used by individual instructors in the fleld were of great vaiue,

It therefore seemed desirable to complle those special teaching methods which individual flight Instructors
had found by experience to be effective In dealing with specific problems of individual trainees and in
teaching specific maneuvers. It also seemed well to make provisione for circulating such ideas to in-
structors throughout the country. For these reasons, a questionnaire was sent (1943-44) to 1000 flight
instructors in the WT'S Army and Navy programs, requesting sach to describe methods he had found
particularly useful in overcoming student pilot difficulties. Over 300 techniques were compiled from re-
plies to the guestionnaire (91, 92) returned by approximately 100 flight instructors. These techniques

are now being evaluated by civllian and Navy instructors. Upon completion of this evaluation it 1s in~-
tended to prepare a manual which may well become a valusble supplement to avallable flight instruction
manuals, In the meantime a ¢compilation of instructor "tricks," in preliminery form, has been made avail-
able to the U, 8. Navy, the Army Air Forces, and the Royal Air Force.

‘The outcomes of the major studies discusaed above can be considered positive contributions in the
area of pllot training. Equally significant results may be expected from tralnlng studles now In progress,

One of the major difficulties encountered in conducting research in training lies {n controlling con-
ditions, e.g., selection of student pilots and rigorous control of types of instruction. The establishment of
the Institute of Aviation Peychology at the University of Tennesaee (1948), through the cooperation of the
Committee on Selection and Tralning of Aircraft Pilots, the Civil Aeronautics Administration, and the
State of Tennessee Bureau of Aeronautics, was intended, in part, to overcome this difficulty. Here use is
being made of the tools and techniques developed in Committee research described above in the Investi-
gation of specific problems in trainthg, such as the relative effectlveneas of trainlng with and without in-
struments, varlations among age groups in learning to fly, and factors involved In learning to land a plane.
Such studies are dlrected primarily towards problems of civilian aviation, and the findings should be of
particular signlficance for postwar aviation,

In addition to fleld research on general problems of pilot training, aitentlon has been directed to-
wards basic perceptual processes Involved in learning to fly. In this connection, an extenslive investiga-
tlon of peripheral vision has been undertaken at the University of North Carolina (1942-44), centered on
the development and evaluation of procedures for the improvement of peripheral visual acuity (93, 94).
Another investigation at Brooklyn College (1943-44) has lnvolved the study of methods for tralning sub-
jecta in perception of position, through use of the Stabllity of Orientation apparatus (67).

Certain other investigations in the area of training, while not result in major contributions or
immedlate practical outcomes, have had some value as exploratory resear uch studles are deacribed
below: i

Eye Movements and Visual Cues in Landing, The attention of the Committee was early directed by
the Director ol Research, CAA, to the Imporiance of investigating the role of vlsual cues in landing a
plane. Exploratory work in this area was begun In 1939 at the University of Rochester. This resulted in
the development of a photographic instrument suitable for such research and in certain prelimlnary find-
ings on the patterns of eye movements of experienced and inexperienced pllots, respectively. Research
under this project was not completed and no final report 15 available, but the investigation has served as
& atimulus for stmilar investigations by other groups.

:

In an Investigation at Brown University (1940), provi:nton wag made for a detailed Introspective ac-
count of visual cues used both during flight and in landing, supplemented by an analysls of introgpective
accounts by other ohservers (85, Supplement). Initial sieps were also taken for the development of
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photographic equipment and in planning further extended objective studies in thig area. These studles”
were interrupted by the entry of the Investigator into the Navy, where he has since conducted simlilar re-
- gearch. An exploratory study initiated in 1841 at Purdue University, involving the use of photographic
equipment, indicated that there were no patterns of eye movements during landing (Exhibit 7) which
clearly differentiated experienced from inexperienced pilots although lack of adequate criteria prevented
determination of the relationshlp between eye movements and excellence of landing (85). On the basis of
the rather small aample of pilots studied it was suggested that the procedure of ingtructing the student
to look at some specific place, and nowhere else, during landing was inadvisable, particularly since a
few experienced pllots, who insisted that there was a proper place to look, actually did not maintaln fix-
ation on this suggested area during their own landings.

Studies in Peripheral Vislon. An early study at the University of Minnesota (1939-40) attempted to
determine the relationships between skill in landing and disjunctive reaction time to peripherally pre-
sented vigual stimuli (98). Lack of a clear criterion of landing proficiency represented the major limi-
tatlon of this report, but the study has merit as an exploratory research,

Alr-Ground Timeg. Early ln the work of the Committee on Selection and Training of Aircraft Pilots
attention was drawn to the amount of time spent on the ground and in the alr, respectively, during flight
periods as a posslble source of significant variation in the tralning of aireraft pllots. As a result, in
19040, observations were made of the proportion of flight time spent on the ground and in the air as an
incidental feature of larger investigations conducted at the University of Maryland and at Tulane Univer-
sity (97). Subsequently (1941-42), through projects at Kansas City University, Purdue Unlversity, and
the University of Utah, the Committee initiated a major study (97), designed to provide through the use
of a modified Servis Recorder (Exhibit 8) extensive data on differences in the amount of t!me spent on
the ground and in the air and on the influence of such factors as type of alrport, instructor, student at-
titudes, etc. upon such variability.

. Perhaps the most iImmediately important finding of this serles of studies was that students under-
going instruction In relatively small private fields, used solely for civillan tralnees, spent a slgnificantly
gréater proportion of time during Stages C and D actually flying than did student pllots training at the
large commercial alrports, In general, the findings suggested the deslrabllity of making Ingtructors and
ocperators aware of the need for conaidering speclal local situations which may result in excessively ex-
tending the amount of time spent on the ground during flight training. )

In addition to providing such preliminary finding, the studies served to indicate the necessity of
more exacting design and of larger samplings of airports, instructors, and students, if it seems desir-
able to do further work In order to answer with a greater degres of definitiveness the questions asked in
{nitiating these studies on air-ground time.

Analysis of Movements in Handling Controls. In an investigation conducted at the University of
Pennsylvanla (1830-40) steps were taken to obtaln objective data on coordinated patterns of limb and body
movements employed in controlling the flight of a plane. Both direct observation and motlion photography
were employed for analyzing the details of lilmb and body movements and for determining differences in
patterns of movements characterizing "superior" and "inferior” pilots. While this evaluation of flying
habits in relation to plane performance was preliminary in character, it nevertheless represents an ex-
ample of the application of the technigues of motion study to pllot performance and a source of data
relevant to problems of training (98).

w%lﬁdow as major Investigations in the area of training, the two projects deacribed below
yielded no ltive outcomes.

Investigation of Form ACA 342A and of the Ohic Btate Flight Inventory as Training Aids. This in-
vestigation, conducted as part of the Midwest-Navy Project (1042-44), yielded no meaningful results on
training due to the practical impossibility of adequately controlling the instructional procedures at the
several flight centers where the project was administered (89, 100, 101, 102}, 5

The Link Trainer as a Synthetic Training Device. While there have been some indications that
training on the Link Trainer (Contact) might be subatituted for & limited number of hours of Instruction
in the air, experimental investigations in this area at the University of Mighigan (1939-41) have 8o suf-
ferad from inadequate design and treatment and from ambiguous data as to render them of littls or no
practical value (78).

S0ther findings of this project, involving the comparison of inspector ratings, are, however, of practical
value, and are described in the section on the evalustion of pilot performance.
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Exhibit 7

ENLARGEMENTS FROM MOTION PICTURES TAKEN

DURING LANDING
In "A" the pilot is looking out the front of the cabin.

In "B" the pilot is looking out the areatothe left of front.
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Exhibit 8
SERVIS RECORDER
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EVALUATION OF PILOT PERFORMANCE

The Committee research program, from its very beginning, incluwded the investigation of criteria of
pilot proficiency. Studies have been devoted both to the evaluation of rating and grading methods actually
used by instructors and inspectors and to the development of Improved measures of pllot performance.
The impact of this activity 18 apparent not only in the Civil Aeronautics Admlinisiration operating program
but also in the work done on criterla by the military services.

Research on criteria has led to practical cuicomes, detalled below, in:

1. the development and evaluation of new instruments and techniques for the analysls
of pilot performance both for research purposes and for field use;

2. the evaluation and lmprovement of commonly used methods for assessing
pilot proficiency.

Development of New Techniques

Standard Flights, One major practical outcome of Committee research on criteria has been the ap-
plication o concept of standardized test situations to aviation through research at the University of
Pennsylvania (18939-43}. Through this project, the Committee research program has provided, for use in
the air, standard patterns of maneuvers analogous to the standard series of driving operations used both by
clvilian agencles and by the military services in measuring proficiency in the operation of 2 motor vehicie.

Standard flights (Exhibit 9) have been developed for various stages of the Clvilian Pilot Tralnlng and
War Training Service courses. Such standard flights have been used extensively in research conducted by
the Commilttee on Selection and Trainlng of Aircraft Pllots (98, 99, 102, 103), I is difficult to evaluate
directly the influence which the concept of standard flights has had upon the operating program of the Civil
Aeronautics Administration. However, the following facts may be of interest in this connectlon:

1. Standard flights have been prepared in descriptive and graphlic form for nearly
a score of airports at which CAA pllot training programs have been in operation.
The use of standard flights was discussed with the personnel of the Civil Aero-
nautics Administration, General Inspection Division, as early aa January, 1941
(104), and with personnel of the CAA Standardization Center at Houston, Texas,
in 1943,

2. A manual, in the form of a bulletin, entitled Standard Check Fllght Procedures -
{105), prepared in 1942,by the Committee on Selection and Tralning of Aircraft
Pllots, was distributed by the CAA to flight supervisors throughout the country.
It was also used In connection with the course in training methods given to
personnel in the CAA-WTS Secondary Instructor Course described on page 16
of this report.

8o far as is known, the Committee research program was the first to develop and make field use of
the standard flight as a fundamental technique in pilot evaluation, There is every reason to believe that
the concept and techniques of standard flights as developed iln Committee research have filtered into the
research and operating activities of the military services in the United States. Partlcular interest in this
development has been expressed by the research personnel of the Royal Alr Force which has made con-
siderable use of standard flights in evaluating pliot performance as one basis for the classification of air-
crew personnel, The "atandard flight" represents an lnstrument of great potential value in connection with
formulation of plans for the training of clvilian pilots in the post-war era.

Ohio State Inventory. Prior to the initlation of research by the Committee on Selection and
Tralning of Airc Pllots, evaluation of pilot performance was limited largely to the asslgnment of
ratings on individual maneuvers and grades on over-all flight performance without detailed or controlled
reference to speclfic aspects of the performance, Beglnning in 1838, research at Ohlo State Unlversity
wag directed towards the development of 2 rating technique, Including a standardized procedure for re-
cording observations on specific items of pilot performance and an objective method of scorlng such
observations.
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Exhibit 9
STANDARD FLIGHT D

{For use at Boston Metropolitan Airport, Norwood, Mass,
and Muller Field, Revere, Mass,}

November 20, 1941
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This research has led to the preparation of the Ohlo State Flight Inventory, whlch is a comprehemslve
and standardized check list of itemsa descriptive of a pllot’s performance during flight. Check sheets are
available for each maneuver taught in the CAA elementary course. Items are grouped, whenever possible,
according to the portion of the maneuver being observed, ag for example, entry, turn proper, and recovery
lh turns. When used in conjunction with standard flights, the Inventory provides for standardized observa-
tion and recording of the details of pllot performance during each maneuver. In addition, methods bave
been devised to yleld maneuver scores and flight scores. .

The Ohio State Flight Inventory has undergone several revisions based upon research and on fleld
usge of the instrument (108). For the form currently in use (Exhibit 10) there has been provided a detalled
manual giving specitic instructions for its use (107).

The Ohio State Flight Inventory has served as a valuable source of criterion data in Committee re-
search, such aa in the 1942 Midwest Project (108) and in more recent studies at the Institute of Aviation
Psychology, University of Tennessee (103, 110). It hag become familiar to many CAA flight Instructors
and ilnspectors both through Its use In fleld research and through the course on tralning methods given at
the institutes held at the University of Minnesota and at Ohio State University, in 1948, referred to on
page 16. Coples of the current version have been supplied to the CAA Division of Research for use in re-
tearch at Stephens College, Columbia, Missouri,

In general, the principle of standardized observation and recording of specific items of flight per-
formance has found wide application in pilot evaluation. Coples of Ohlo State Flight Inventory sheets and
manmual were requested in 1943 by the Army Air Forces for try-out on an experimental basls. CAA Form
ACA-342Z, lssued by the Civil Aercnautics Administration in, 1843, embodies principles for cbserving and
recording flight performance earlier used in the Ohio State Flight Inventory.

Purdue Scale for Rating Pllot Competency. This scale (Exhibit 11) was developed at Purdue Univer-
sity (1940) on the basla of preliminary research during which several other scalies were constructed and
the best points of each combined into a 14-item scale for experimental study. A factor analysis (111)
showed that the items Ln the scale were, ln general, measuring three factors, tentatively identified as
"akill,”" "judgment,” and "emotional stability." Experiment also Indicated that ratings on this scale differ-
entlated between criterlon groups represented by the "best" and the "poorest” students of each of #1 in-
stryctors in a large number of flight training centers.

The rating scale has an important advantage in terms of ease of adminisiration. It has been employed
as a criterlon measure in the Midwest Project (1942) and in connection with other research sponsored by

" the Committee on Selection and Training of Alrcraft Pilots. The scale has been adapted for use in Navy

pilot training and by the Northeast Alrlines. .

Objective Recording of Pliot Performance. An important outcome of Committee research on criteria
has been the development of apparatus and techniques for recording in objectlve and permanent form the
actunl performance of the pilot and of the plane during ﬂight. Two recording methods, graphic and photo
graphic, have been lnveatigated.

Research on the graphic method involved, first of all, the evaluation at Tulane University (1939-40)
and at the University ennsylvania {1840-41) of commerclal recorders, including the Friez Flight
Record Analyzer and the Redhed Ride Recorder. Experimental trlal of these instruments at Tulane Uni-
verslty (112), at the University of Maryland (113), and at Harvard Unlversity (114, 115} early revealed
basic limitations in these instruments, A detalled quantitative and qualitative analysis (112, 118) of graphic
records, in research conducted at the University of Pennsylvania, has led to important conclusions con-
cerning the possible use of such lnstruments In fleld work and in quantitative research. On the basis of
these studlez the Committee drew up apecifications for a recorder particularly suitable for fleld use. A
model of this instrument (Exhiblt 12), known as the CAA-NRC Flight Recorder (117), was constructed at
the Massachuseits Institute of Technology (1942-43). Further investigation with this apparatus 18 neces-
sary in order to provide information as to its practical value and techniques for the analysis of the records.
Although loaned to the U. 8. Navy for field trial, little has been done with the recorder since its construc-
tion in 1943,

Research on l:ﬂ?_gﬁraghic techniques has resulted ln the development of Insiallations useful in re-
cording flight and control movement data descriptive of pilot performance. Problems of photographic re-
cording were attacked independently at the University of Rocheater (1939-40) and at the-University of Penn-
sylvania (1938-44). While the Rochester project, with the cooperation of the Director of Research, CAA,
proceeded immedlately to the development of a concealed photographic unit, including an instrument panel
and conirol movement indicator (118), the Pennsylvania group, in its earller studies, photographed directly
the plane Instrument panel and the actual manipulation of controls by the pilot (98).
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CAA-NRC FLIGHT RECORDER
Upper: Top Front View (cover removed)
Lower: Top Rear View (cover removed)



Btodent Pilet’s Nams.
A BCALE FOR RATING PILOT COMPETENCY
Ko
. 1o ohserve
I. Conaldering his tralning, hew skillful is in In earrying ot procisien manewvers (spot nidings, Syure sights, ofc)?
‘E“u N NN N AU NS N TN AN N TN SRS N SN DN SN SN NN N
ey high average svemgs low srernse 'y puct
2. How dess bs handle the contrels?
N RN TR TN RV AU TN S T N NN VN TN NN NN NN SR SHNE NN
svmtly gvar sonsidurably some ovEr handles sem-
-: over or ender or wadat trels fairly m'—luﬁ
3. How carefully dees be chock his plane and engine bafore laking of ?
H R R H TR TN N N AN SUUUE TR MU N N N N S
4 As compared with the other students you have trainod, how resd ily docs he “catch on” te your Instractions?
T VR TR VAN N AN WA UUNE NN N ENES MR SN NN SN NN S NS MR N
very fmet fant STTRES ew very wew
mraer .
§. To what axtent does be have the feel of a ship? ‘
I:rl 'S R S NNV YO T NN TR NN SUSUN AU U SN NN SN N NN N
navealy well Talrly well Pacsly ok at all -,
B meshawionlly
& Doss ke show respect for a ship amd s motor?
TS AR TN T SN TS FUIOE AN -0 VENE VD! ML NN S N S S SO A
[T ——— takes pood whows ressonabls wads te be » regard
.o -ars respant for Both shrelem =t all
7. How temie ot relaxed s he when Sying?
T N T DU A ST D S I A T D R R O
oxtremily tenes [orgr— Ihghily Moo temse Mﬁ-ﬂy Deally relarel
© 8 Iz e Inclined to show off while Rying & plane?
1 1 ] 1 | I ] | ] j l ] A | ] l | ] ] ] |
almost ol Wi freqoently " saldom naver
9. How sasily does he become wpsct when somsihing gees wreng, for example, 2 mator fafllure?
N U WU NN T NN TN SN S NN NN N N I—il S R
18. Hew confident is be of his Sying ability?
| TN VAR WA N A SN OO SN SN AN NN SO NN SN AN NN SN S S
m '-ul:t“ ﬁ; -‘nusl w
11. Dess be likas ts try sut new things, new mansuvers and cross comtry irips, for example?
TR SRS SN NN SO SOV TN SN TS SO TURPD RN (RN S NN T M M S
12. How goed is kis juigment with regard te taking fiyluy riska? (weather, stunting, oie.)
vy 1 1 ) LMJ, ] 1 1 |-.J 1 | 1 | l 1 ] 1 I |
aantines D ko ifen. tesichey axtrensely
12. Hew well is be sxtisfiad with kin Sying ability?
T T T | PN DU M U SN T RN S AN N S B I |
I R == R =
14. Tu your spinien, consliering skill, emotiona] stability, judgment, sic., hew good an “sll-areund pllst” is o Ykely to becoma?
I ] 1 | 1 L ] | N | l ] ]l 1 ! l 1 ] 1 A I
Rated by Tnstruetor
Exhibit 11

PURDUE RATING SCALE
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Present Installations, adapted with the ald of the staff of the Institute of Aviation Psychelogy, Univer-

sity of Tennessee, provide for photography of an instrument panel and of a control movement recorder,
developed at the University of Pennsylvania, located ln the baggage compartment of the plane {Exhibit 13).
Both the photographic installation and methods of analyzing photographic records developed in research at
the Universiity of Pennsylvania, have been used in obtaining objective criterion data ln the 1842 Midwest
Project (103), the 1543 Midwest-Navy Project, and in studles currently conducted at the Ingtitute of Avia-
tion Paychology, University of Tennessee, There has been a considerable exchange of information on
Photographic methods with the Empire Central Flying S8chool, both throogh the RAF Delegation and through
representatives from training activities in Great Britain,

Graphic and photographic records and assoclated methods of analysis dd not yield direct measures
of certain aspects of pilot performance, such as observance of safety precautions, uge of certain types of
judgment, etc. They yleld measures primarily of value in analyxing the gkill displayed In the execution of
maneuvers and are particularly useful in research where detalled and objective information on the level of
skili exhibited by the pilot s degired. Because of their objectivity, graphlc and photographlc records pro-
vide basic data for determining the rellability of a single test flight, and 1n selecting, for pllot assessment,
these aspects of flight performance which are relatively stable from flight to flight, I is alao possible
that graphic and photographic methods could be used for diagnosing specific faulis of students who have
difficulty in learning to fly, in much the same way as motion photographs are currently emplcgod in the
analysis of the faults made by members of football teams during actual play.

Investigativng of Commonly Used Techniques for Pilot Evaluation

In addition to developing and evaluating new instruments and techniques, the Commities has con-
ducted research on the evaiuation and improvement of procedures-commonly used in CAA piliot training
programs for the assessment of pilot performance. Followlng 13 a discussion of Committoo activities in
this area.

Analysls of CAA Rating and Grading Ilothods. In 1939, when the Committee reseaxch program was

initiated, two methods were used for the evaluation of pilot performance in the CAA Civilian Pilot Training

program. One, deslgned for use by flight instructors, called for log book ratings on a 6-polnt scalé on
each maneuver practiced dnring instruction flights. The other, used by CAA flight ingpectors at the tims
of the final flight test for licensing purposes, called for grades on a per cent basis.

A study at Tulane Untversity (1939), involving an analysls of the records of student pilots tralned at
12 CPT centers (119), showed low correlations between Lnstructors’ ratings and grades given by flight
lnapectors, and other serlous lin:ltnﬂons in the evaluation procedures. Lack of agreement between
instructors’ ratings and flight inspectors’ grades was also reported In a study (6) at Purdue University
(1939), Studles at Chic State Unlversity (1930-41) revealed marked disagreaments between pairs of
inatryctors and between pairs of lnspectors in rating pilots (106, 120). On the whole, research investi-
gatlons showed that the systems of grading used In the fleld did not yleld adequate critarion data for
research purposes or for the accurate field assessment of pllot performance.

Almost every study on the prediction of student pilot success has made use of the "pasa-fail" crite-
rion. Although of value in the early stages of Committee research, the "pass-fail" criterion became less
and less useful as the incidence of fallure wae reduced. There has therefore been increasing dependencs,
in research, upoa the more sensitive and more objective methods for assessing pllot proficiency developed
in Committee investigations described above,

In general, Committee research has been of exireme importance in pointing to the need for reviaing
and Improving methods for evaluating pllot proficiency traditionally employed in clvillan pilot training
programs. In this connectlon, there has been direct cooperation with the Division of Safety Regulation,
CAA, in anglyzing the forms and techniques emplioyed by flight imspectors in arriving at flight grades as
a basis for the certification of the private pllot, Such studies (1643-44) have involved the evaluation of
Form ACA $42Z (120), a CAA Inventory of pilot performance, including the preparation of a detaliled

- manual for the fleld use of this form (121). Results of investigations which are currently undergoing
analys{s will yleld information on such basic questions (Exhibit 14) as: (a) extent of agreement between
insgpectors In grading the same student on successive flight tests; (b) extent and nature of inspector ,
differences in emphasizing specific student errors; (c} the rellabulty of the grade given by the lnspoctor
on the basis of a single flight test; (d) the accuracy of ingpectors’ observations of flight performance
during flight tests as recorded in writing on Form ACA 342Z, and verbally, by means of the Air-borne Model
Magnetic Wire Recorder (122), It 18 anticipated that the analysls of lnapectors’ observattons and grades,
In comparison with photographic recordings made in the Mldwest-Navy study, will point the way towards
practical methods of improving techniques employed by Inspectors in the assessment of pllot profictency
as a basis for pllot certification.
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Additional work on the improvemeat of tnstructors’ ratinga and inspectors’ grades has been carried
on at the Institute of Aviation Psychology, University of Tenngssee, with partlicular emphasis on methods
of grading useful In revealing stages of progress in learning to fly. If current field try-out of this tech-
nlgue ylelds resulta comparable to those obtained in preliminary studles, the findings can be of consider-
able value in lmproving the practices of instructors and lnspectors ln the evaluation of flight performance,
This 18 an area which calls for close integration of the Commlittee research program with the operational
activities of the Clvil Aercneutics Adminigtration,

Relation of Maneuver Ratings to Toial Flight Performance. One of the by-products of the RAF study
referred to on page 1 wasa the development of a criterion measure based on the ratio of successful to un-
successful flights during flight training, which may well deserve serious consideration in the development
of practical field criteria for CAA use (46). Also of possible value in planning for the improvement of
Ilight assessment are data on the relationship between ratings on specific maneuvers and success or fallure
tn flight training gathered in the same lnvestigation (123).

Analysis of Training Time as a Criterion. A practlcal question for both civillan and military training
is the extent to which student performance in the early stages of training is associated with or predictive
of final performance, There is evidence from research (1941-42) conducted at the University of Rochester
{124), the University of North Carolina (125, 128), and the Midwest Project (1942) that there is no close or
consistent relatlonship between the number of hours spent In early stages of flight training and later suc-
cess or failure In the course (103, 127), These findings, if confirmed in other studles, can be of particular
importance in the tralning of civilian pilots where it may be unnecessary or even inadvisable to place
marked emphasis on time to sclo in evaluating pilot performance as a preliminary to wash out. Considera-
tion of such findings might well lead to a revision of the clvilian pilot training curriculum involving the re-
moval of tlme limits for various stages of the tralning course.

In the investigation of criferia, as in other areas, there are studies which have falled to yield prac-
tical outcomes or promlizing resulis for reasons enumerated In the Introduction to this report, So, for ex-
ample, early siudies at Pensacols {1040-41), designed {o devise a flight score based on the number of pos-
sible check flights and re-checks (10), falled to produce results useful to Committee research or to the
CAA operating program. Prelimlnary experiments with a pllot-response recorder {128), developed at
Indiana University in 1940, have not led to further use of this instrument either in the research program of
the Committee or in connection with the pilot tralning and assessament program of the CAA and mllitary
services.

Many critical problems with reapect to criteria are not yet fully solved, such as (a) the establishment
of cut-off points (for example, for washing out student pllots) on the Purdue Scale for Rating Pilot Compe-
tency or the Ohio State Flight Inventory, (b) the gr&dl;!g of graphle or photographic records on a scale of
excellence of performance, (c) the determination of the relative value of varlous criterion measures anda
means of comblning them into an optimum criterion battery, and (d) thé measurement of the "judgment"
and "emotional stabllity” aspects of over-all pllot performance, Nevertheless, the over-all picture, as in
the case of research on selection and training, {8 one of significant and practical achievement.

s
EMOTIONAL DISTURBANCES ASSOCIATED
WITH LEARNING TO FLY

Several studles, conducted chiefly in the earller years of research, have been concerned with emo-
tlonal and physlological reactions associated with flight. While several of these studies ylelded results of
theoretical interest, this group as a whole has perhaps produced the amallest returns in the way of prac-
tical findings directly applicable to flight. However, such studies were of value in indicating the areas of
research upon which emphasis could be most profitably placed in the over-all program of the Committee
on 3election and Training of Alrcraft Pilots.

Bleelg Motllity, A study at the University of Virginia (1938-40), concerned with sleep motility of
student pilots undergoing flight training (129), directed attention to motility during sleep following Night
lessons. Correlations with success in flight training were not obtained and the siudy had no direct useful
outcomes, 3

Sa.livary Becretiens amd Respiratory Changesa. Laboratory tests on salivary secretion of students
recetving flight training were made at Cornell University (1940), where investigators also obtalned records
of regpiration and pulse rate during actual flight lessons (130). Liraitations in experimental design and in
the presentation and discussion of results make this study of questionable practical value.
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Muscle Potentials. At the New York Paychiatric Institute (1940-41) a Myo-Voltmetoer was designed
to measure the electirical output of muscles during flight. Records from this instrumest are visoally ap-
parent to both instructor and student during flight and the proposal was made that the instructor call the
attentlon of the student to the level of tension associated with the performance of particular maneuvers.
The apparatus also served to provide a cardlo-tachometer record, '

The use of the instrument is limited to the extent that absolute measurementis cannot be obtained for
comparing individuals, Exploratory studles were reported (131, 132), but no evidence 18 avallable on the
trinl of the instrument in connection with flight training, although provisions were Included for its use in
the Unlverslty of Maryland study of "tension'.

Tension. No ftnal repert providing statistical data and conclusions has been submitted on extended
studles of "tension" during flight tralning conducted at the Unlversity of Maryland (1939-43). In prelimi-
nary and informal reports (133}, attention has been called to the difficuyltles and ambiguity in applying the
term "tension" to the fHght situation. Instruments for measuring and recording muscle tension and as-
soclated physiological functions are avalilable from these studies.

Skin Temperature and Perspiration. At Yale University (1840) an improved instrument was devel-
oped for measuring skin temperature and sweating in airplane pilots (134). This instrument, small enough
to be attached to the palm of the pilot’s hand, is known as the CAA-NRC Micro-Recorder. Preliminary
tests showed appreclable changes in temperature and in humidity associated with flight experience. Ef-
forts to obtain adequate ratings by instructors on tension and emotional stress during flight were unsuc-
cessful. Twenty-five units of the instrument are svailable for further studles of response during flight,

Muscular Set. At New York University (1939-43) an elaborate polygraph was constructed for ex-
perimental work in the measurement of "muscular set". Findings are avallable on subjects examined in a
laboratory sttuation (135), but no use has been made of the ingtrument in studies of pllot reaction and per-
formance. The instrument was recently loaned to the National Defense Research Committee for special
investigations being conducted by one divislon of this war research agency.

Noise and Vibration., Studies at the State University of Iowa (1940-43) indicated that nolse and vibra-
ticn condltions, stmilar to those encounter.d in military aircraft during flight, showed no significant effect
upon performance on the Mashburn Serlal Action Test, even when contlnued for four and one-half hours
(136). No measures were obtained of increased physiological cost. The study led to no specific propossls
for action.

STUDIES OF AIR SICKNESS

Considerable work in the study of alrasickness has been carrled on at Wesleyan Univeraity {1939-43)
and at the University of California (1940-43). These were largely exploratory studles designed to test
hypotheses concerning psychological and physiological determinanta of airsickness (137, 138, 139),

One practical outcome of this work is a popular pamphlet,entitled How to Prevent Alrsickness, which
has been widely distributed by the Clvil Aeronautics Administration (140), SBtudies of airslckness have also
yielded a number of research tools, particularly a motion sickness questionnaire which has been adapted
for use In an extension of studies of motion sickness under the auspices of the Committee on Aviation Medi-
‘cine, Committee of Medical Research, Office of Sclentiflc Research and Development. In addition, the
studies have contributed to the etfectiveness of the work of other organizations, such as the Canadlan Ag-
sociate Committee on Heasickness, partlcularly in avolding wasted effort in the exploitation of unprofitable
leads in research,

More recently {1943-44), use has been made of the Stability of Orientation Test, developedat Brooklyn
College (67), in the further examination of determ!inanis of visually-induced airsickness as a supplementary
feature of research being conducted at that institution.

AVIATION ACCIDENTS

. In a current study (1943-44) the causes of civil aviation accidents, and the maneuvers most closely
related to these accldents {Exhlbit 15), are belng investigated, The frequency with which fatal accidents
are associated with stalls, particularly those growing out of turns at low altitudes, has suggested the ne-
ceasity of important basic changes in the training program., A practical outcome of such research
findings and conclusions would be a shift in emphasis during training from precision entries and execution
of stalis and gpins to training in the avoldance of and iImmedlate recovery from the stall condition, possibly
through extended practice in slow flying,
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GENERAL OUTCOMES

In addition to the apecilic outcomes summarized on the preceding pa-ges, there have been Important
by-products irom the operation of the Committee on Selection and Training of Aircraft Pllots,

Commitiee meetings have served as a forum for the exchange of ideas among civilian and military
agencles and parsonnel concerned with the problems of aviation psychology. This was particularly true in
the early years, since the Committee on Selection and Trainlng of Alrcraft Pllots was functioning actively
before the military services had established units for psychologlcal research in aviation, The Committee
continues to serve as a medium for the exchange of experience, for formulating objectives, and for facili-
tating the application of such research, Committee membership and laison include representatives from
the milltary services of the United States and foreign countries, as well as from the clvillan agencles con-
cerned with problems of aviation personnel, This fact bas contributed conslderably to the etfectiveness of
the Committee in these respects.

Numerous universities and research centers throughout the country have been drawn into research

In aviation psychology through participation Ln the work of the Committee on Selectlon and Training of Air-
craft Pllots, including the univers!ties and laboratories which have conducted basic research under grants
from the Committee on Selection and Tralning of Aircraft Pllots, and approximately 550 additional centers
Involved in the administration of aviation selection tests through the Standard Testing Program and the CAA-
National Testing Service {Appendix I). Such activities have served to arouse interest in aviatlon psychology
research and to establish a core around which an extensive and effective program of post-war research In
aviation pgychology can be developed.

In cooperation with the Civil Aeronautics Administration and the Tennessee Bureau of Aeronauntics,
the Committee on Selectlon and Training of Aircraft Pilots has already taken steps towards the assurance
of post-war research through the establishment of an Ihstitute of Aviation Psychology at the Unlversity of
Tennessee, The Commitiee program has led to the organization of a simllar center at Ohio State Unlver-
sity. In thia way, the work of the Commtitee on Belsction and Training of Aircraft Pllots 1s serving to
avold the ceasation of research In aviation psychology which occurred at the end of World War L

Through the work of the Committee a considerable number of professional men and women has be-
come actively engaged in research in aviation paychology. In an address made in 1943, Commander (then
Lt. Cdr.) John G. Jenkins, Aviation Psychology Branch, Division of Aviation Medicine, Bureau of Medicine
and Surgery, U. 8. Navy, expreased gratitude to the Commlttee for turning over to that sectlon approxi-
mately cne-quarter of the aection’s tralned personnel. In the Army Air Forces, as well as in the U. 8.
Navy, there are men engaged, in research In aviation psychology who are applying tralning ind rlence
acquired in programs supported by the Committee on Selection and Tralning of Alrcraft Pilois, ese, as
well as those still engaged In work with the Committee at varioua universities, are In a position to utilize
such tratning and expertence in research in aviation paychology in the post-war world.

Publications of the Civil Aeronautics Administration have stressed its goal as that of insuring "air-
worthy alreraft flown by competent pilots". In contrast to other groups, which have emphagized the devel-
opment of airworthy aircraft, the National Research Council Committee on Selectlon and Training of Air-
craft Pllots has centered attention on the human aspects of aviation with the view of achieving maximum
competency, and the highest poasible level of performance and safety on the part of the airerait pllot. By
dolng so, the Committee has served to establish a firm foundation for a sound structure of research and
practice in the attalnment of the goal of the Civil Aeronautice Administration.
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In connection with the CAA-National Tésting Bervice (1942), the selection test battery was adminis-
tered by 808 Chief Examiners who reported the results to 571 Coordinators distributed throughout the

country,
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