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Preface

This volume atiempts to present not snly a definitive account of onc
aspect of a vast project in vocational-test development, but alse a uselul
record of the experiences gained in the execution of that project. To the
extent that it succeeds, it will be of value not only to aviation psycholo-
gists who carry on in the service of military or civilian authorities, but
also to vocationa! psychclogists in general. While the tone of the volume
is pitched to the car of the professional psychologist, an attempt has been
made te avoid the more technical jargon of the more specialized statisti-
cally minded. By :confining himself to the less technical passages, the lay
reader may find much that is illuminating and interesting concerning tests
and test methods,

Although there was no attempt, in the program fo be dr scribed, to
follow any preconceived ideal procedure of test development, inherent in
this account is an emerging pattern of rescarch, which, utilizing many of
the techniques of the past, suggests what such a program can be when
liberal support, in the form of trained personnel, suitable equipment, and
an almost unlimited number of experimental subjects, is provided.
Woell-known test theories, and past experiences in their application,
were brought to bear upon the problems of vocational sclection and clas-
sification in a rather special area, though it was an arca of enormous
scope from a psychological standpoint. While the theoretical problem
and the empirical test of a procedure always had to be suborinated to the
fulfilment of a pressing practical goal, there is, nevertheless, many a find-
ing that transcends the immediate problem and its solution. The best
example of this was the utilization of factorial theory and methods.
Factorial analysis, brought into use somewhat incidentally at first,
became eventually the centralizing and guiding principle in connection
with niost printed-test development. It must be admitted that the factorial
studies were neither as well planncd nor as well executed as they would
have been in a program that had centered around them from the very
beginning. Only near the end of the four ycars’ rescarch did their full
benefits become apparent. Two ambitious intercorrelation studies, gianned
in the carly months of 1945, were not completed in time to be treated in
this report. The results of carlier analyscs are given liberal mention, how-
ever, and the description and evaluation of tests lcan heavily, and it is
believed rather effectively, upon appeals to factorial information.
Rather unique to vocational-test yesearch, also, is the inclusion of
analysis of job criteria by the factorial metholis. It is believed that in
this direction lies an economical, systematic, and dependable procedure
for coverage of aptitudes and for fitting tests to vocations.
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In the presentation of results, efforts have been made to facilitate
perusal of the chapters by the reader by mcans of a uniform type of
description of tests. This was 21 ecasy in view of the varied types of
tests, the nonuniformity of data avatable, and thc nultiple authorship.
Where cfforts along this line have faltered, some of the monotony that
may arise from repetitions uniformity may be thus relieved. Fortunately,
there had been considerable uniformity and system in record keeping and
record treatment, testifying to wise supervision and to cooperation among
ficld units. Variations in procedure over a 4-year period and over a
number of rescarch units at diffierent ficld stations were inevitable, Most
regrettable of all are the few omissions of data which leave gaps that
were impossible to fill.

Failures are recounted as well as successes, but false starts that never
reached the stage of yiclding results are best left unreported. Errors

undoubtedly still remain undetected in places, in spite of diligent efforts |

to minimize their number and seriousness. Besides the editor and the
assistant to the cditor, Capt. John 1. Lacey, who have read all chapters
a number of times, Col. John C. Flanagan, Maj. Robert L. Thorndike,
Capt. Lioyd G. Humphreys, and Technical Sgt. Paul C. Davis have read
most of them. All have made valuable suggestions that have been incor-
porated. None should be held accountable for errors that still remain.

* The editor has excrcised considerably more than the usual editorial
prerogatives, in that he has taken the liberty to suggest, and even to
make, omissions, modifications, and additions in places for the sake of
greater internal consistency and uniformity of treatment and for the sake
of more complete coverage of points that could be brought out. FFrom
this point of view, the authors should tot be held too strictly accountable
for all statements of theory or of interpretations that appear under their
names. While the cditor is willing to assume responsibility for the publi-
cation of statements of opinion, this does not necessarily mean that he
subscribes fully to all opimi:.. s offered.

This report and the work for which it stands are the product of many
minds and hands—many more, indeed, than those whose names appear
hercin, Like other reports in this serics, it represents a genuinely cooper-
ative program. The writers of the chapters that foliow have been, in
general, substantial contributors to the execution of the prograin (though
not the only substantial contributors), as the numerous footnotes will
testify. Other footnutes will show that there were many other sources of
test ideas and test construction, Unnamed are the mumerous persons,
civilian as well as military, who have added their contributions by ad-
ministering, scoring, recording, caleulating, and other activities. By way
of exception, there will be mentioned here the names of some who can-
not be cited adequately in footnotes but who should receive mention for
special accomplishments. Two artists, Sgt. Fredrick H. Meise and Cpl.
James B. Ferguson, designed illustrations for test items as well as those
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pictured in this report. Pfc. feland 1. Brokaw carricd most of the -
sponsibility for assembling the statistics concerning tests. Mrs, Jeate..
E. Russell worked tirclessly on the preparaiion of the final manuscript
as well as in kecping organized files on tests. Maj. Merrill F. Roff played
an active role in the initial stages of much of the test-development pro-
gram—much more than references in footnotes would indicate.
Footnote citations of credit for test developnient are given, first, to
those who actually designed or wrote items; second, to those who con-
tributed new test ideas; third, to those who criticized tests with significant
conscquences; and fourth, to these who supervised development in a
significant manner. In the citations, contributors are named in alphalwtical
order, disregarding military rank and extent of contribution. Many of

those who were present during the gestation and birth of a test have

given their judgment as to the contributors who should be mentioned. In
spite of great efforts to be just, many inequities will still be apparent to
some. It is believed, however, that less injustice is done in terms of un-
warranted inclusion or exclusion from a list of contributors, than would
have been done in attempting to rank contributors for relative merits,

.

J. P. GuiLronp,

Coloncl, Air Corps.
BeverLy Hiivs, CaLiF., September 1946,
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CUAPTER ONE

Joh Requirements of Aircrew!

INTRODUCTION

Contents of the Chapter

The main purpose of this chapter is to describe very briefly the kind
of men required for each of the three air-crew assignments—bombardier,
navigator, and pilot. No space will be given to describing the duties of
air-crew members, since adequate descriptions are given in other volumes

"of this series. It is sufficient Lere to give a synopsis of the information

upon which were based the many ideas 8% tests accounted for in this
volume, '

The first scction of the chapter will present a bricf list of the sources
of information concerning the psychological requirements of air-crew
jobs. Three sections will give short descriptions of these requirements
and their relative importance for cach air-crew job. A final section states
sutue very general considerations,

SOURCES OF INFORMATION

An examination of the list of sources of information concerning air
crew reveals that many different approaches were made to job analyses.
For a more adequate account of them, the reader is referred to Report
Nos. 3, 8, 9, and 10. It is rccognized that most of these procedures have
their weaknesses, but since we are concerned here only with positive
values, no criticisms will be offered.

Types of Information

The various types of information and their sources were as follows:

Faculty board proccedings.—\When a student is climinated from pilot
training, his instructors and checkBilots prepare a statement concerning
(1) the student’s personal traits, emphasizing deficiencics, and (2) the
manner in which he flew his plane. Similar reports are also available in
connection with bombardier and navigator traimng.

Flying cvaluation board re¢ports.—1€ an.air-crew man who has earned
his wings is found to be unsuited to tactical flying for any reason, hiz zaze
is submitted to a local evaluation board. When the board has reached a
decision, the report with recommendation is forwarded to a central board
at Headquarters, Army Air Forces. The man is then cither kept on flying
status or is reclassificd. In the report, statements regarding his experi-

\-

3 Writien by Maj. William E. Wakea
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cnee, present assignment, attitude towards his job, and apparent profi-
cicney in flying are included.

Obscrvations of training.—From the first days of the AAF psycho-
logical program, aviation psychologists attempted to learn all that was
possible about flying. Manuals, training memoranda, and textbooks were
studied by sclected personnel. Missions were flown with students. Officers
and cnlisted men were sent out under temporary duty orders to make
studies of specific air-crew assignments or of some phase of the assign-
ment. One example is an extended visit of an officer and several enlisted
men at a primary pilot school ? to make a study of the task of landing an
airplane. Another visit was made to a bomber training school to observe
ihe etivities of crew members in training for combat uperations. At later
stages, rated officers—pilots, bombardiers, and navigators—were as-
signed to various psychological units or projects for extended periods of

duty. Some of these had had some degree of professional psychological -

training,
Formal job analyscs.—These analyses consisted of setting up checklist
forms, similar 1o those uscd in industries, and making a fairly complete

-survey of men and their jobs, with special emphasis upon the psychologi-

cal traits required. The reports of results included such topics as: general
dutics of pilot and commander of crew (in the case of a pilot analysis) ;
nature of work, including location in airplane, posture, and working area;
cquipment and tools, including delicate, as well as gross, manual controls;
computationai aids, such as slide rules and tables; types of work required
(cGescribed under sequence of duties) ; movements required, duration of
work, and spced required; related vocations or avocations; responsibili-
tics; job satisfactions; description of worker as to experiences, physicai

and mental abilitics; aud personal qualities, including interests and
attitudes. )

Intervicws with climinated cadets.—Realizing that there were weak-
nesses in the reports of faculty boards and flying-evaluation boards, an
attempt was made to understand the job of the pilot or, to be more spe-
cific, of the student in pilot training by an interview approach.

Rating scales for aviation cadets.—Beginning carly in 1942 a profi-
ciency rating scale designed by aviation psychologists was used in all pri-
mary pilot schools. As contrasted to the faculty-board proceedings in
which instructors stated a their own terminology why a student was
climinated, the rating scale carried a list of 20 traits, which thus provided
a report in standardized terminology.

Ratings by students concerning difficultics experienced in learning to
fly.—An interview rating scale containing 24 items was presented to stu-
dents in basic pilot training. They were asked to indicate on a checklist

? The primary shool provides the first stage of flying training for the pilot. This stage is
sometimes, but rarely, referred te as clementary plot training. Primary training is prec
by s wc-‘i.h( base, which is composed entirely of greund-school courses, and is followed by
the basic and Jvucod fiying-school phases,

o P




SNt i gten ’“"5!‘.‘2%_.

the extent to which they had found each item difficult in (1) primary
training, and (2) basic training. '

Grade-slip entries.—As a routine procedure, each pilot instructor made
an cntry on a grade slip indicating any difficultics or weaknesses
that the student with low grades exhibited. These data were analyzed and
categorized in more suitable form for a job-analysis study.

Clinical studies.—-Several very ambitious clinical studies were made in

an attempt to rcveal fundamental personal characteristics that are im-
portant dcterminers of air-crew success. This entailed observing, inter-
viewing, examining, and mcasuring the performances of individuals in
training situations. In this connection, psychologists lived with students
at flying schools, taking flying training with them, messing with them, 2nd
living in cadet quarters with them.

Anccdotal summaries.—In several instances, the anecdotal method was
used in preparing reports on job analysis. Collection of instances b-licved
to show good and poor judgment is onc example of the use of the method.

Instructors’ and supcrvisors checklist data.—There nave been scveral
variations of this approach. In one, flying instructors merely ranked 20
items according to their importance; in another, they checked the im-
portant ones; and in the third, they rated cach one according to a numeri-
cal scale. Average ranks, frequency of mention, and average ratings were
used in the summaries.

In one extensive study in the Eighth, Ninth, Twelfth, and Fiftcenth
Air Forces, supervisors of air-crew personnel were asked to indicate the
relative importance of cach of 20 traits for individuals “capable of doing
superior work of a specific type in combat operations.” These officers in-
dicated, on a 9-point rating scale, the minimum acceptable standards which
they believed should be met for cach of these traits in sclecting and classi-
fying air-crew personnel.

ANALYSIS OF TIIE BOMBARDIER'S JOB

Psychological Description :

Of the manjy psychological characteristics required of the bombardier,
perhaps the most important arc the ability to attend to a varicty of de-
tailed activitics and the ability to remember the serial order of events. The
bombardier must be able to judge minimal rates of movement (rate and
drift) and must be able to synchronize these movements, This calls not
only for pereeptual judgment, but precision of cyc-hand coordination. He
must be able to work calmly under pressure of time, and he must, there-
fore, be free from fear or nervousness. He must not be tense as he co-
ordinatcs the movements of the knobs in killing rate and drift. He must
be alert to his job, work rapidly, and make quick adaptations. He must
be able to identify the target and orient himsclf spatially. These are some
of the principal traits * demanded of the bombardier.

YIn this Report the term “uait” will be used in a very general semre to isclude abilities
(see ch, 22). )
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Relative Imporance of Varlous Categories

Tables 1.1 and 1.2 show respectively: (1) A list of factors causing
elimination from bombardicr schools and percentages of times they were
mentioned in climination reports on 102 climinces at 1 school and (2)
ratings on a 9-point scale of 20 psychological categories, made by super-
visors of combat teams.

Comparison of the two analyses.—The lists of traits in tables 1.1 and
1.2 are so different in terminology that it is perhaps futile to attempt to
look for similaritics and differences in degree. Were they more alike, one
might well look to them to supply some information regarding the com-
munzlity of requirements for training and for combat. Unfortunately,

" this comparison is limited to some very general observations. In the train-

Tante L3.— Frequencies of reasons for elimination from bombardier training as
Jound in 102 elimination board reports in one school

Code? Percent times
Categories mentioned
Abilig d’ 1o execute 3 series of acthvities accurately
"*' Q90040008000 eRtrccuititredeetontarny c 70
Muhly to learn ...... Ceevsesestrannrasenanotasesteserssasetsnas é 57
A'l‘l" 1e work ”“' Ry e "
Ability te make fine and smeoth manual movements ... 44
xfTOm"m“““ 'muoaoo.ooa--o-coo-oo--oo-. ; g
'l“’ '3 Pt to unus FCUMSIANCEE s coccercvsevessnsvsnse
9000000000000 0200 0 ets 00t tesniogntinssassansace ’ u
LM GO NSSBERONPR 0O CRPRBRIRDROIENEEIRIIOERREREERPISITOIOIVIRIDTS P “
nll'* 0000100000 000000000000000000ressscectssscsanae tsseese 1 1
Interest and MOtivation .eoceees-voes cessesreretttacniaanone P 1n
Ability to perform arithmetic compunllm lccuntely
and '." " 0900000000000 00s00 000000000 ccB0stoctcnvenostvetotsye ! 10
Orientation ........ cestrsbsenrietensas ceevevenne . e A ]
ADIlity 10 PErceive MInIMEL MIOVEMENTS s ossssssrosossossorronss A [ ]

' The 16 iteras were grouped into 4 main categories, each with a code letter as follows:
Intelligence and judgment (lg‘ alerlneu and observation (A), coordination and technique (C),
and personality and temperament (

Tanrt 12— Average v;o:ing: of importance of psychological categories for combat

bombardiers’
Categery Mesn rating Category Mean rating
Orientation and observ- Coordinatlon ...coc0ves. (Y]
[, 2T T 7.8 | Motivation ...cceavncee 6.1
Emotiona) contred «..... 7.6 || Leadership ........ coes 6.0
Speed of decirion Arithmetic nkuhmu . s.8
BEUOR .i.vvsnncrasase 1.3 || Estimation of apeed
P«hmﬂ:’l e . :g » u‘\’d distance esica g;
nger xte (] com)| .
‘t‘ .... v (% ] \uu;mnm’:; the
Dial ‘:nd uble o flight c:lw eevessens 5.6
[14 1: 1.7 QUFP R saveee . echanic cormpte-
Dunut;:‘ol sttention .. 68 hension ......e. 3.4
Scrial resction time ... 6.5 }] Mathematies ..... .e 3.2
Dependability ........ .e 6.3 Il Arithmetic nunh( eee st

' Raters were 49 osquadrea 374 greup bembardiers, The ratings were made on 2 1—Speint
scale under the instruction “cinile m number indicating the mininum standard which you
believed should be required.” Definitions of scale numbers were reughly as follews: S—encep-
tional; 7--very mwch better tham average; $—Ddetter than average; J3—aversge enlisted man;
I—werse than sverage.
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ing data, quick, smooth, and accurate metor coordinations are stressed as
important; personality traits are moderatcly important; and perceptual
and intellectuz! traits—including arithmetic calculations—-are near the bot-
tom of the list. In combat, on the other hand, intellectual and perceptual
abilities seem to rate higher, though arithmetic calculations still are rela-
tively low, and some personality traits increase in importance, On the
whole, there is little agrecment between the two lists. Whether there
would be a closer agrecment between two independent: groups of judges
either in training or in combat activities is vnknown.*

ANALYSIS OF THE NAYIGATOR’S JOB
Psychological Description

It has been said that the navigator is the most intcllectual of the air
crew, that he is pedagogically inclined, and academically motivated. Every
analysis of his duties has emphasized the high degree of mentality re-
quired by this position. Whether or not the good navigator need be a more
intelligent person than the good pilot or good bombardier can be ques-
tioned. The matter cannot be settled without defining “intellectual” and
“intelligent” in some demonstrable terms.

There is no doubt that in certain abilities the navigator must e¢xcel. The
very nature of his work demands that he be interested in and have some
knowledge of mathematics, though this need not include “higher” mathe-
matics. It is certain also that he must readily understand abstract con-
cepts. As we examine rcports of eliminated cadets and job descriptions
prepared by instructors in navigation, we are impressed with the large
number of other traits needed by the navigator. These include such traits
as the ability to work rapidly, accurately, and ncatly. With respect to the
last-mentioned trait, it is a fact that a number of students have been elim-
inated because they were either poor draftsmen or could not write leg-
ibly enough to read their own figures while making computations in the
air. In other instances scrious errors have been made in the navigator's
log books for a dozen or more reasons, not the least of which were errors
in simple addition and subtraction.

The navigator must also be thorough in his work and able to analyze
and to correct his own errors. He must exercise good judgment and show
the ability to concentrate effectively on navigational problems over long
periods of time. Some individuals have been climinated because they
failed to precheck their instruments and others because they failed to re-
port defective instruments upon landing. While manual skills are perhaps
not so important as intellectual abilities, we do find that some navigators
have difficulty in manipulating such instruments as the drift meter and
the pelorus or astrocompass.

The navigator's confidence in his work must be a balanced mental trait.
This means that he must have neither too much nor too little confidence.
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He must not be so over confident that he takes gnly one rcading with the
satisfaction that it is correct. He has been taught that frequent readings
minimize the probability, as well as the size, of errors that can be made.
He must not be so lacking in confidence that he takes an excessive number
of readings. By so doing, he passes on his apparent Jack of confidence to
the rest of the crew menibers who may consequently suffer lowered
morale. The navigator must display coolness and deliberation. This is
especially true in combat, when, after the bombing run, the navigator
must keep oriented in the midst of battle,

Another important characteristic of the good navigator is foresight and
planning. In one combat mission, a forced landing was necessary. When
the pilot called his navigator for suggestions as to an emergency landing
ficld, he was immediatety told that a few niiles further on there was a
beach on which the navigator thought it might be possible to make a crash
landing, Latcr #t was learned that it was the practice of this navigator to
note all level ficlds and beaches that looked favorable for a crash landing
and to mark them om his map along the course of flight for future
referenee. ,

Navigetors arc constantly impressed with the necessity of being famil-
iar with severad formas of mavigation. If the navigator is flying CAVU
most of the time, he may neglect to keep up on dead-reckoning procedures.
Finally, the mavigator must be a leader of men, because he is usually con-
sidered third in command of the ship.

Relative Importance of Navigator Qualities '

Table 1.3 shows some of the items commonly checked by instructors as
causes for elimination from navigation training, while table 1.4 presents
combat data comparable to those previously given in table 1.2 for the
bombardier.

Comparison of the two analyses.—In training, arithmetic computation
—in terms of both speed and accuracy—ranks very high. Judgment, vis-
ualization, rcasoning, and ability to leam abstract concepts are also re-
garded as very important. Among temperamental traits, ncatness and
orderlincss are deemed sigmificant. Other personality traits are of mod-
crate or low fmportance, and motor coordination ability is not mentioned
at all.

In combat, certain temperamental traits come up to the head of the list,
cqualing or execlling intellectual traits, such as judgment and arithmetical
computations which are stift prized. Pereeptual qualitics are of moderate
or low significance in training, but a perceptual trait—orientation and
observation—heads the list for combat performance. Motor coordination
is at the bottom of the list as judged by combat supervisors, in good agree-
ment with opinion of instructors in training schools.®

e
* A much fuller sccount of the mavigator will be found in report Na 10 of this serien

6




-t

s 1

-—— .

Tame 1.3.— Percentage of times troits were checked by 112 imsiructors as couse
of elimination from mavigation school

Category Percentage
Inability to correct own errors ..... berecrenesaas Ceeenenes Cesescnesireanns . 76
Errors in simple arithmetic computations ..........coveivvnvnrneenaneass ves 78
Slowness in learning new concepts ........ reesertenernionen Ceetsessinane . 74
Poor judgment ............ Cereeernans ceererenenes Ceseerntariioesene ceees 13
Slowness in simple arithmetic computations ............ feeersserisenses e N2
Incapable of adequate visualization to perform celestial work .............. ©8
Inability to meet and adjust effectively to new situations (especially in the air) 68
Lack of analytical mind (regardless of mathematical training) ......... ceree B9
Lack of orderliness in work procedures or log book .......... Cesreas veeesss S0
Lack of confidence .............. Ceeverenntaeeanans Ceetieseereneaenans ceree 49
Inability to concentrate effectively over prolonged periods of time
(examinations and flights) ............ ceenees Ceernsaanees ceeeesenenssees 48
Nervousness in eXaminations .......ceeeeedenreerseosassecsesososscerscscsee W
Lack of initiative ..... Cereesererenanieas ciererntesaresencreresnazessesans 41
Nervousness in flights ..........covvinrvennsen R
Lack of neatness in chart work and log book S - "4
Inability 10 use COMPULEr .....covveneecrncnrercersasnsnnonsaanss veesecees 33
Inadequate mathematical background ........ Ceerneeresancesnatraons veeeene 30
Lack of nccessary emotional stability ........ ceeeereeennes Ceetrenitenneane -
Inability to read drift ...... Ctrresteveenes Chressertasesrtoatns P
Inability to use tables or graphs ................. B 4
Lack of interest ........ Ceeretecnsnenenaines cevenernans eeveeas creses ceree &3
Inability to shoot with sextant® ............. ceienenssseeneretancercrsssesee &8
Inadequate general educational background eereenanees tersreaneasees veeneee 19
Inability to learn nccessary technical terms ....... cerens vetressesorsessares M
Inability to read or use instruments ......... crereaesene cevavennes ceerresees M
Airsickness (as a contributing factor) ......covevieviinianann ceeissecrsvese 8
Inability or unwillingness to accept new concepts or techniques .....coeeeneee 7
Dislike of flying ....ivoivvvvnnnnnnn teterevessessnssaseasassrnsssssssssoes 4
) T R Y S S teeersncrnsnrences 8

1 Based on climination in celestial mavigation enly. -

1

ANALYSTS OF TIIE PILOT'S JOB
Psycholozical Description

In general, the pilot must be a person who thinks and acts in a quick
and positive manner. This is perhaps more truc of the fighter pilot than
of the bomber pilot, who can at times be more deliberate in his thinking.
A similar difference exists between fighter and bomber pilots with regard
to speed of action. The latter's actions should be highly characterized by
rcliability and dependability.

Both types of pilot should show good judgmcnt although that of the
bomber pilot is expected to be more mature. It is important for both men
to remember procedures. In the casc of the bomber pilet there are a few
more things to do, and the order in which they are done is of grta! im-
portance. The fighter pilot must be far more alert to what is going on
around him than the bomber pilot, because the latter can depend upon

4
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Tanr 14— Average ratings of importance of psychological calegories for
combat navigators'

Celegory Mean rating

Oricntation and observation ........... Cetenetertanennrenians cerieen veveare 7.8
Emotional control ...oniiiiiiiiiiiinrinerernetneeieoreresrresnsusrncenses 73
Dependability ...... ettt eeee ettt e et ta et et ras st 72
Judgment ........... ...... e eavasesoatestoneterssaesssansaasensonions RO A |
Speed of decision and action ...i.iiiiiiiiiiiiiiii it i irreeeeraan e 71
Readii.g comprehension ............ Certeettienraraenen vereend L 70
Arithmetic calculations .............. Ceererirteneeres Ceesevesseersnnes ceees 69
Memory Ceteheseneesasiereastsastasaanassentenas Cressetressians cresees 08
Division o!’ aucnt:on ....... cheneieas ceereeas Cereine. Messbetereniatasronans 68
Dtal and table reading ........... e eeeereentaeeeerttaarereenbearenraetrene 6.6
_ Estimation of speed and distance ............ A 6.6
Leadership .....cccovvennen.. b e eeaentetreaeebes et e s aaraaanararanen 6.6
Motivation ......... Cesesnen Ceersresesarscireseniraeeraans fereneiernaines 65
Visualization of the Jight courze ..o.voviviiiiiiiiiiiiiiieriiraenanenrannns 6.4
Arithmetic FEas0NINE ... ...c.vieiereereierereenresrsssscsssoasesssrsossanes 59
Serial reaction time ........... e e teeanneetnetertatesaensatenriaertoasreenes 59
Mathematies .......covvvnennen.. eteeseentneen O 5.5
Mechanical comprehension ........o.ivuiiiieeeniirrnorresnrrninnsnarneness $J3
Finger dexterity ....iiiiiiiiiiiiiiiiiiiiiiiiiiiiii ittt 50
Coordimation ............... e eeeetastrtaaeanactretanrattnoarecasartaenanns 48

3 See footnote te table 3.2 The raters were 77 squadron and group navigators,

his many crew members to inform him of the presence and activity of
cnemy airplanes.

Differences between the two types of pilots are niore apparent in tem-
peramental traits than in abilities. The good fighter pilot should be an
aggressive individual but, in that aggressiveness, should not lose control
of his emotions. A trait common to both is the ability to work in a team.
The bomber pilot must inspire his crew, give them a feeling of confidence
in him and in his decisions, and develop in them a spirit of cooperation.
Ie is expected to develop a comradeship with his crew without permitting
the clement of familiarity to destroy his discipline. The fighter pilot does
not always function as 2 “lone eagle” in his combat operations. He must
frequently cooperate with others.

In addition, the average pilot must have, at least to a moderate degree,
abilities ascribed to the navigator. He must possess ability to orient him-
sclf quickly and to match geographical landmarks with their representa-
tions on 3 map. Saince pilots, particularly fighter pilots, must also posscss
characteristics of a good gunner, since they may be fiying pursuit ships
and engaging in cither air-to-air firing or in strafing activities.

Relative Importance of Traits of Pilots

Tables 1.5 through 1 7 show the relative inportance oi various psycho-
lugical categories as based upon climination records, statements of climi-
nated cadets, statements concerning reclassified pilots, and judgments of
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supervisors of combat teams. Since most of the job-analysis work has
been done upon the pilot, there are many such tables available, but those
presented here will suffice to indicate some of the more important findings
and some of the weaknesses in the job analyscs which have been done. In
table 1.5, five studies have been summarized. This summarization was
possible because the same categories and method of evaluation had been
used. The categories presented here have become somewhat standard in
the AAF Aviation Psychology program.

Table 1.6 presents evidence concerning combat requirements, Super-
visors of combat teams and others were asked to indicate on a 9-point
rating scale the extent to which cach psychological factor is important to
a pilot. Frum these data can e obtained some conception of what the
supervisors think are the important traits for fighter and bomber pilots.

Table 1.7 shows the percentage of times various reasons were men-
tioned by 150 eliminated pilots ax reasons for climination.

Comparison of diffcrent anulyses—An examination of tables 1.5
through 1.7 will show that results concerning traits regarded as important
for the pilot depend upon a number of factors: (1) \Whether training or
combat is the test of proficiency; (2) stage of training; (3) type of air-
plane; and (4) whether judgment is made by boards, instructors, or by
students.

In primary training, the leading traits as indicated in climination-board
proceedings are judgment, coordination, progress in developing skills,

TanE 1.5 —Percentage of limes calegorivs were montioncd as 6 couse of
elimination or reclussification in pilot training

Flcmentary Advanced Operational®
eliminations climinations | rect.ssifications
- .
-ategunies v= | x= |Singe| Twin N=100! N =100
. ‘oo | nxine ! engine N= =
1,000 { 1,000 N=100 N\ =100}
A l::,eﬂngcacc and judgmemt ......cohenl 158 e o6 r]] .. n
Cesavsesesetsensaattaseareasans 3
orcqghz and lanning ..i.eeiiiiiiieniann .'g i} :; gi '{ '{
Memoty .iciiiiiiiiniiiiasoneecieianinan 24 39 52 38 1 3
Compichension .............. Ceeieeaeaes 1?7 1 23 271 - 1 y
B. Alertness and observation .......... e bd .o 19 7$ . y
Visualization of flight course ...... ... ... 36 30 46 41 Y
Estimation of speed and distance ....... . 30 3 27 18 g 3
Sense of sustentation .. .... rea teseaiiees I 34 28 7 3 °
Division of attention ............ .. » 41 43 14 3 3
Orentation .....cveevee vevvenee .. 13 1$ ¢ ° 3
Speed of decirnion and reaclion .. .. 18 39 33 40 b4 ;
C. Coordination and techniques ...... . " .o 91 o9 .. 4
Coordination .......cienicerenncannncnn.. 58 36 74 Y4 -] []
Appropriatencas of controls used ........... b3 18 10 13 0 °
Feel of controls ...ouvivnnienee. eeresans 2 3 28 - 0 ]
Smoothaess of contrel m"mm .......... 22 2 k7)) 23 ) 1
Progress in developeng technique .......... 54 42 [¥] 34 47 4
1). Personality and temperament ... c.covve--t Y3} .o 50 4 .o "
Absence of tenveness ... .iielll veesan pd] » . ] » [l 12
Absence of confusion and nervousness ..... 12 24 19 3 2 ? L
Adsence of fear and sppredersion ........ 18 12 b 4 18 s’ ]
Suitable temperament ... ... ..i0iie ciaens L ] 1t | 13 11 b 1]
Motivation and attitudes ..... Ceieatnaanne [ il 1 1 ] 20 a

P Percentages de not tetal 100, sice more than onz facter is {requemily given for ecach
chvmmhm
YA very small percentage of these were sutually in combat,
' Percentages i ialics tefer te relative frequercies with which grespr of traits were
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foresight and planning, visualization of flight course, estimation of speed
and distance, and divisior: of attention. In advanced training, eliminations
are most frequently said to occur in conjunction with deficiencies in judg-
ment, coordination, memory, visualization, and progress in developing
skills. This list differs chiefly from that for primary training in the addi-
tion of memory and the loss of foresight and planning. There are some
differences between single-engine and twin-cngine training, but they are
of uncertain significance. In oncrational training, reclassified pilots most
frequerstly show these characteristics: fear and apprchension, lack of
progress, lack of motivation, and lack of judgment. The chicf new fea-
ture, then, and it heads the list, is fear and apprehension.

TABLE 1.6.— Average ratings of impartance of psychological categories for combat
pilot positions®

Ratings by supervisors
of combat teams

Fighter Bomber
pilot pilot

Categories

C€peed of decisions and reaction ..... ceensceaas e ieecvessescanas
NORMENML L eeesoresosrtsrssessnsesssononcosnsosssoccntossossd
{OLIVALION seevveareeensanrossoosccoasncosssssssssonssssnnes
Emotional control .. ... .iiiiiieniianiiirirntiarisisnatiaenne
Fatimation of speed and distances ...ovviiivercnieciioienenane
Divisinn of BUeNtion .eveeicrierciosnresrescrsosrnsassusane
caders! S e ietaenacatontntertttsentt eenoasssettboc 00
Dependability ae.eniiiisireneniesieoronisiesneiestianaiosncs
LOrientation and obSErvation ...ccovseeaccresssecrnesesssanans
Visualization of the flight course ... vveveirrecsoresccennsrssans
CoOTdifiation cveuviseveroccessasessoorensecsoserassnsuesoses
Mechanical comprehension ..cciceiiiiieiiiiiiiiiniiecniaaaes
Serial £eaCUON HME tueerererereorssarrrsrsssssecrsencrananes
Rrading comprehension c.evseeceasacoseeeoosseesonosseasenons
Arithmetic TeasONiNE o vsvssesesecssrceronasenusonosrooes
1ial and table reading cuvevesiorevanesiroecocsaarssncesenne
Finger dexterity ..... Sese.eteesecneesarsretsnancacransareies
Arithmetic calculations ....ueeeeessscesecrenonesovenssnnones

Mathemaiics cveeivscescasasarosessssssecsoccsasnessoassnssen
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Y Raters of fighter-pilot requirements were 30 squadron commanders and squadron operations
officers in the European theaire of operations. Raters of bomber-pilot requirements were 117
simnilar officiala,

TABLE 1.7.— Percentage of times categories were mentioned by 150 eliminated
cadets as cause of elimination (Pilot)

. Percentage of ' . Percentage of
Categories time mentioned Categories time ment?oned
Nervousnuess in the air .... 54 lilUnderstanding of planc’s
Slow progrese ., ... Cheesaned S3 hehavior sevvvenrnncannns 16
Judiment of heikht-speed in UARMERt cvevececeevonnce 13
fanddinge L .o...... 30 || Motor ccordination ceveesss 13
fack of “feel of the ship™ .. - 27 |Frratic performance co.oeess 13
Inappropnate attitudes ..., 26 [{Fhght p{‘anning and pattern . 13
Paor conten) of the ship in Mechanical flying ..0vereve. 9
Landing  L.oiiieiiens reeua) 23 HiInadequate correction for
Instrucnionsl problems ..., 20 Wind .iesceresersnarses 9
Ntention ...ooveeen.. 19 J|Poor acrobatics .v.vevveseed 9
Stk and redder control L., 17

In combat, traits rated among the most important for both fighter and
bomber pilot are: Judgment, meotivation, speed of decision and reaction,
emaotional control, and division of attention. Speed of decision and reac-
tion s appareatly much more crucial in combat than in training, as one
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might expect. It is interesting that whereas estimation of speed and dis-
tance is given high place for the fighter pilot, dependability is regarded
more important for the bomber pilot.

Cf all traits, judgment stands out as being most persistent and univer-
sal. This is not the place to try to define judgment or to break it down
psychologically. In the minds of aviation obscrvers it undoubtedly means
a great variety of things. At best, it significd good or bad decisions
(where “good” and ““bad” mean that the result turned out well or did not
turn out well, or that the decision was or was not what the observer would
have done under similar circurnstances). However this may be, the fre-
quent mentjon of judgment for the pilot, and for other air-crew person-
nel as well, was a persistent challenge to break it down to manageable com-
ponents and to devise tests for it.*

CONCLUDING STATEMENT

During the early months of the war, at least, job-analysis information
from all known sources was eagerly grasped and exploited for what it
scemed to be worth, in accordance with the desperateness of the situation.
It was recognized that much better knowledge was needed and would
probably be forthcoming during the later course of events. From the early
days, when even ancecdotal material was tolerated, and informal observa-
tions served as a basis for test ideas, the progress in job analysis was
marked by a transition through statistical studies of quasi-standardized
observations, until at later times factor-analysis methods were invoked
to study job criteria as well as tests. Since the latter type of results can
be discussed only in connection with tests, and these nced to be described,
an account of such results will be reserved for later pages (see ch. 28).
It will be scen during the course of succeeding chapters how well, and at
times how poorly, observations of jobs yielded useful concepts and led
to tests which did or did not measure significant aspects of air-crew
aptitude.. .

b
* For a fuller account of the pilot sce report No, 8 of this series.
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CUAPTER TWO

The Program of Printed Test
 Development!

R

JOB ANALYSIS IN RELATION TO THE CONSTRUCTION’
OF PRINTED TESTS

The previous chapter discussed various sources of information about
pilots, navigators, and bombardiers that were available to guide test con-
struction. This chapter, which discusses the printed-test rescarch pre-
gram, starts with the relationship of job-analysis findings to test construc-
tion. For this purpose, it is convenient to distinguish two levels of job-
analysis information,

Levels of Job-Analysis Information

Practically all job descriptions can be placed in two categories. Some
do not go beyond a description of what the worker does. Descriptions of
this sort might legitimately be termed “phenotypic” descriptions. They
are most likely to lead to job-sample tests. In thinking of the job of the
pilot, for example, some task involving a stick and rudder bar is immedi-
ately suggested. Other job descriptions attempt to describe the abilities
used by the worker in his job. Such descriptions are¢ miore taxing psy-
chologically; i. e., they are at a more profound level. They might, there-
fore, be termed “genotypic” descriptions. They are lixely to lead to tests
of functions or factors.

Phenotypic descriptions and work-sample tests.—It is a psychological
truism that maximum validity for a single test for any criterion can usu-
ally be obtained by means of a work-sample test. The reasons for this are
not hard to find. The work-sample test, insofar as it is a truc sample ot
the job, will contain the valid factors in proportion to their proper
weighting and will be on the average about as reliable as the criterion, It

i as em = e an

— e ——

scems obvious that this procedure will be most successful for relatively

simple criteria,

If the job is very complex, on the other hand, phenotypic job desciip-
tions lead to tests sampling scgments of the joh. 1f table reading is in-
volved, a table-rcading test is constructed ; map-reading activity suggests
a test of map reading, etc. When such tests have been constructed, how-
ever, the usual finding is that their correlations with each other are high,
so that the multiple correlation derived by combining several such tests
will be little higher than the single highest validity cocflicient in the group.

» Written by Capt. Lloyd G. Humphreys,
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Work-sample tests, in addition, are not widely useful since they are
“tailored” for a particular criterion. While these tests have not been over-
looked completely, it is certainly true that they have not constituted a
major cmphasis in the test rescarch reported in this volume.

Genotypic descriptions and tests of functions.—The vse of genotypic
job descriptions has been limited by lack of knowledge corrcerning human
traits and their measurement. Once these traits have been defined—and
the facior-analysis technique gives promise of greatly facilitating this
step—tests can be constructed to measvre the separate functions. Al-
though considerable progress had been made in this direction, chiefly due
to the work of Thurstone, a satisfactory battery of tests of independent
functions or factors was not in existence at the outset of printed-test
construction in the Army Air Forces Aviation Psychology Program.

The advantages accruing through the use of tests of independent func-
tions are substantial, particularly in a classification battery where a test
may be weighted for more than one specialty. Such tests are also more
flexible if criteria change. From the first, thercfore, test rescarch was
oricnted toward tests of important functions. Certain functions were
deemed to be important in carly job analyses. As validation studies of
classification and cxperimental tests became available, the-list of im-
portant functions was considerably modified and somewhat enlarged.

Available Job Information

For rcasons discussed in the following section, the problem of sclecting
and classifying the pilot more or less dominated the rescarch program
from the first. Concerning the pilot, the most important source of job in-
formation available at the beginning of rescarch with printed tests was
the analysis of faculty board procecdings discussed in chapter 1. Com-
ments made by flying instructors concerning reasons for climination of
1,000 students in clementary flying training constituted the basic data.
Psychological analysis of these commients produced a list of 20 traits that
were presumably important in pilot success. No matter how keen the
analyst, any analysis of comments made by psychologically untrained ob-
servers would be deficient, because the basic data are not completely
sound. Although this was realized from the outsct, this list of 20 traits
constituted almost all the information available concerning the abilities
necessary in learning to fly “the Army way.” It should be noted that this
list oriented the research program from the beginning towards tests of
functions or factors.

THE PLAN O} TEST DEVELOPMENT

Importance of the Analysis of Facully Board Proceedings

. Although faculiy-board proceedings had been studied only for pilots,
the organization of the rescarch program, as well as the planming for
printed-test rescarch, was based on the analysis of those proceedings. This
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was the result of several circumstances. In the first place, the original re-
sponsibility of the aviation psychology program was for rescarch o pilotl
selection; responsibility for bombardicrs and navigators was assumed
somewhat later. In the secend place, pilot quotas were initially sc large *n
comparison to those for navigators and bombardiers that the classification
problem was largely a pilot-selection problem. In addition, a s tisfactory
degree of validity was obtained very carly for the navigator aggregate
aptitude score, while the available bombardier criterion had so little reli-
ability that research concerning bombardier aptitude was almost hopeless.

Organization of the rescarch program.—The list of 2U traits derived
from the study of climination board preceedings was divided into four
main categories : Intellectual, perceptual, temperamental, and psychomo-
tor. Responsibility for test research was originally delegated as follows:
Psychological Rescarch Unit No. 1, temperament tests; Fsychological
Research Unit No. 2 and the Department of Psychology of the School of
Aviation Medicine, psychomotor tests; Psychological Research Unit No.
3, intellectual and achicvement tests; and the Psychological Section, Head-
quarters, AAF Training Command, perceptual tests. While the responsi-
bility for test development in these arcas was later modified in several
ways, the separation of tests into these categories continucd to be a factor
in test development until the end of the program. It stould be noted that,
since the concern of the present volume is with printed tests, only three
of the four catcgorics will be discnssed. Psychomotor tests constitute the
group of apparatus tests discusse¢ in Report No. 4 of this series.

The test coding system—The coding system cstablished for the test-
research program was based upon the same four categories. The 20 hy-
pothesized traits of unsuccessful pilots made up most of the subcategories
used in the system.? The basic code number for a test begins with two
letters followed by three digits and then another letter. All classification
tests, or tests designed for classification purposcs, have code numbers be-
ginning with the lotter “C."” The sccond letter indicates one of the four
main categories: I—Intellectual ; P—Perceptual; E—Temperamental;
and M —Pyschomotor. The first digit indicates the subarca within the
main arca. The next two digits indicate different tests within the subarea.
The following letter indicates different revised forms of the same test.
This basic code number is followed, in the case of tests in other than
final form, by the letter “X.” Successive experimental versions of the
same form, therefore, are indicated as X1, X2, ctc. Thus, the code num-
ber CI206C (Arithmetic Reasoning) means that the test was designed for
classification purposes, in the intellectual arca, reasoning subgroup, and
that it was the third form of the sixth reasoning test to be given a code
number.

Plan of rescarch.—The original plan of rescarch was to develop one
or more tests in each of the subcategories of the coding system for vali
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dation and possible inclusion in the classitication battery. This procedure
was not, of course, deemed to be a permanent solution to the pilot-sclec-
tion problem. It did promise to give initial coverage of a number of poten-
tinlly valid factors. It was expected that validation findings and addi-

tional job analyses of various types would scrve as the primary guide in
later rescarch.

Importance of Validation Studies

The importance of rapid validation of tests cannot be over-emphasized,
cither in the rescarch progranm in the Army Air Forces or in any selection
program. The uscfulness of any job analysis and subscquent test con-
struction is determined by tht correlations of the tests with criteria.
Knowledge of the criteria used is necessary, therefore, in order to evaluate
the statistics concerning individual tests to be reported in the chapters to
follow.

The pilot criterion.—The criterion of success as a pilot routinely used
in validation studies was graduation or climination from.primary flight
training. Most climinations usually occurrea during primary training.?
A smaller proportion of students was climinated from basic training and
a still smaller proportion from advanced and transitional. In all three
phases the great majority of climinations was for flying deficiency. Few
climinations from pilot training for academic deficiency occurred cither in
the ground-school phasc of flying training or in the preflight school.

After a student was classificd, he spent 2 months each in preflight,
primary, basie, and advanced training. Using the criterion of climinations,
in primary training, validity data matured in a vainimum period of from
2 to 5 months depending on when a test was given. When a classification-
battery test was to be validated, a period of approximately § months was
required. Many experimental tests were also given during the classifica-
tion period so that the same time lag existed tor them. Other experimental
tests were given to classified pilots as they finished preflight training.
Diata on these men were then available in 2 months. This procedure made
possible quick validation of many experimental tests.

The navigator criterion—The standard criterion of success as a navi-
gator was graduation or climination from advanced navigation training,
the only navigation phase of training beyond preflight. The important
variables entering inta this criterion were few in number. These were
grades in navigation theory, ground missions, and Hight missions, of
which the third was most heavily weighted.® Every evidence indicates that
this criterion was quite reliable.

Because of the small proportion of students classificd as navigators,
validation analyses for navigation were almost restricted to classification

* Mavic eliminations - ceeded primary climinations for s few montds in oene of the three
Aying trsining commaniw For this rerson, cerlam tests were revalidated against the critenom
o{ xi aduation-chinmnatvion through hasic (rainung.

* Evidence is svailable to show that flying dehcrency means much the same thi during all
stages of traiiung. Pilol triteria are discussed fully and critically in Report No. 8§ ol this serien.

¢ The mavigatioa criterion is discusaed mere (ully in Regort Ne. 10 of this series.
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tests. Many months were necessary to accumulate as many as 1,000 cases
of classified navigators on a test given during the classification period at a
single classification center. With time in preflight and advanced naviga-
tion added, validation on a sufficiently large sample of a test for the navi-
gator criterion took approximately one year. It later became possible to
test a few classes of classified navigators graduating from preflight in all
three flying training commands with small batteries of experimental tests.

The bombardicr critcrion.—The successful bombardier, for validation
purposes, was the graduate from advanced bombardier school. Graduation
or elimination was largely determined, in turn, by the “average-circular-
crror” and “percent-hits” scores obtained on practice bombing missions.
The instructor’s judgment concerning a student’s capability as a bombar-
dier also entered into the decision to graduate or climinate, but in a non-
systematic fashion. Since the objective measures of bombardicr profi-
ciency, i. e., circular error and percent hits during individual training, are
known to have had practically zero reliability, any reliability in the gradu-
ation-climination criterion was probably duc to the subjective judgments
of instructors. That the bombardicr critegion did have some degree of
reliability is shown by the consistent positive correlations obtained be-
twecen certain tests and that criterion.®

_ The same comments made concerning the relatively small number of

classificd navigators also apply to bombardiers. Adequate samples were |

difficult to obtain on tests other than those in the classification battery
untii a few classes of preflight graduates were tested with small batteries
of experimental tests. The problem was made even more complicated by
the unreliability of the criterion. If the top possible correlation between
a test and a criterion is, for example, 0.30, one cannot be rcasonably cer-
tain that any correlation at al! exists unless very large numbers of cases
arc available. . ‘ .

Test Construction by Subareas

Tn order to carry out the plan to construct and validate at least one test
in cach subarea, the problem immediately arose as to when a test did or
did not measure any hypothesized ability. The first step is an obvious one.
If one cannot be certain that a given test is a good measure of the ability,
a number of tests should be constructed in the subarca und experimentally
administered. In selecting representative tests of the ability, reliability is
a possible criterion. Within rather wide limits, however, rcliability was
considered 1o be relatively unimportant. Much more important were the
intercorrelations of the experimental tests and their correlations with
tests then in the classification battery. The technique of factor analysis,
which is best described as an extension of correlational analysis, was
therefore considered to be an important aid in sclecting tests to measure
the ability in question. \
—mco-ﬂru discussion of the bembardice criterion, see Report No. 9 of this seviea
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USE OF CORRELATIONAL AND FACTOR ANALYSES
IN TEST CONSTRUCTION

Dctermining Uniqueness of Contribution

It is becoming increasingly evident that, in acdition to the concepts of
rcliability and validity, the concept of uniqueness of contribution or
purity descrves a central place in test construction theory. When one is
faced with the practical problem of putting together a battery of tests to
predict a criterion, individual test reliabilities and validities shrink in im-
portance. Beta weights, which are a function of test intercorrelations as
well as validitics, become the criteria on which a test is 2ccepted or
rejected.

Relationship to correlational analysis—If a test contributes informa-
tion concerning individual differences over and above that furnished by
a battery of other tests, that fact can be ascertained through correlational
analysis alone. The multiple correlation between the test and a reference
battery, when corrected for attenuation, must differ significantly from
1 if the test is to make a real contribution. This contribution consists of
the measurement of a new function or functions.

Relationship to factor analysis.—Correlational analysis alone is suffi-
cicnt to assess a test's contribution to a battery. Factor analysis is neces-
.sary in order to define the nature of that contribution. While the objec-
tivity of the application of factor analysis to this and similar problems
may have been overrated, the usefulness of the technique definitcly has
not. [Factor results constitute an indispensable aid to the test constructor
who is interested in what his tests measure and why they are valid. One
very important use is to gain insight into the functions responsible for
beta weights in regression equations.

I deciding which tests in a group designed to measure “foresight and
planning,” for example, were most worth validating, factor analysis was
a considerable aid. A supposed foresight-and-planning test may, for ex-
ample, turn out to be functionally very hike the Arithmetic Reasoning
Test alrcady in the classification battery. No matter how different the
apparent content of the two tests may be, the experimental test could not
have a high priority for valulation. .\ sccond foresight-and-planning test,
on the other hand, may rehiably define a new factor. Whether or not the
new factor should now be given the name of the hypothetical function it
was designed to measure is not always determinable. The test which best
measures the factor, however, should certainly be validated.

A Guide to Test Construction

In a previous scction, 1t was stated that validation findings were ex
pected to guide test construction beyond the initial stages that resulted
from the available information concernming the jobs of the pilot, naviga-
tor, and bombardicr. This turned out to be only partially true. Validation
of a relatively few tests will usually be a sufficient guide to the construction

e




b e e e ww e e ol W e S —— —— =

i ..

of other valid tests. Beta weights of the additional tests, however, may
not differ significantly from zero. For this veason, correlational and factor

analysis became as important as validation findings in the guidance of test

construction.

Increasing unique contribution.—Factor analysis serves a very useful
function in pointing out the ways in which the unique contribution of a
given test can be increased. For example, a new factor is discovered in
an analysis on which no test has a loading greater than 0.40. The test
with the highest loading on the factor also has high loadings on the verbal
and numerical factors. The first step is to form an hypothesis concern-
ing the nature of the new factor. Equally important is to dccide what
fcatures of the test contribute toward the verbal and numerical loadings.

The sccond step is to vary the content of the test, the directions, the _

method used in recording the answers, or the time limit so that the verbal
and numerical loadings will be decreased and the loading on the new
factor will be maximized. The new test is then administered along with
sclected reference tests in order to check the factorial make-up of the

revision. This process may be continued until satisfactory results are
obtained.

The need for new test construction is indicated by factor-analysis
findings in yct another way. A test with good reliability may show very
little communality with the rest of a test battery. It is relotively easy
in most cases to convert a nonerror specific factor to a common factor
by appropriate test construction. This is particularly important if the
test is known to have validity for some specialty over and above that
predictable from its known common-factor content. In this connection,
it should be pointed out that the prediction of test validitics on the basis
of a summation of products of test loadings and criterion loadings on
known factors has been quite successful. The evidence ior this will be
discussed in considerable detail in chapter 28.

Empiricaily derived categorics.—Tactor analysis promises to furnish
the test constructor cmpirically-derived, orthogonal catcgorics for his
tests. Considerable progress has been made in establishing these cate-
gories, both by civilian and military psychologists. Empirically-derived
categories are most usciu! to the test constructor in conjur:ztion with job

analyscs. The job analyst, in using factor results, has a framework for-

his description of the job. The factor categories, in addition, direct the
analyst’s observations toward details of the job that might casily go un-
noticed otherwise.

Scoring Formulae in Relation to Factor Findings

There are several approaches to the developnint and use of scoring
formulac for tests. All are represented in the tests discussed in this
volume. The final practice which is rccommended grew out of correla-
tional and factor studies.
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A priori formulac.—On the basis of the adom-guessing hypothesis,
the probability of obtaining a correct answer by chance is 0.5 in a 2-
choice test, 0.33 in a 3-choice test, etc. The formula R—#V/(k—1), where
k is the number of alternative responses, is expected to convert a chance
score to zero. A formula of this type has been very commonly used, even
in power” tests, although it may have little empirical justification. This
practice has one nonstatistical advantage—both cxaminees and psycho-
logically unsophisticated critics can be told that even though the right
answer can be guessed in a muitiple-choice test, gressing will not be
profitable,

Maximum-rcliability formulae.—Right and wrong scores on a test can
be weighted so that a maximum degree of reliability is ¢htained. This
should not be done, however, unless it is known tha. .ight and wrong re-
sponses are both measuring the same taing. If the factor patterns of
rights and wrongs are identical, then the maximum-reliability scoring
formula will be identical with the maximum-validity formula discussed
in the next section.

Maximum-validity formulae.—\When a test is being considered in iso-
lation, a maximum-validity formula will be found to be most useful.
The formula which maximizes the correlation between a test and a given
criterion may not be the same, however, for a different criterion. It is

- conceivable that a test would have as many scoring formulae as there are

criteria that it is used to predict, if right and wrong scores actually
measure different functions. Right and wrong scores are very likely to
be factoriaily dXsimilar, as a matter of fact, in any speeded test. A nun:ber
of cases will be presented in the chapters to follow in which this is true.

Use of right and wrony scores scparatcly.—The finding that rights and
wrongs often measure different functions came late in printed-test re-
search. As a result, the procedure that is now recommended has begn
followed in relatively few test analyses. It now scems clear that the best
way to handle right and wrong scores 1s to treat them as scparate vani-
ables i test vahdation and analysis. A scoring formula should not be
used in a classification battery except in rare cases because beta weights
for rights and wrongs may differ from once criterion to another. Reten-
tion and waighting of cither scare in the final battery should depend
upon the respective beta weights determined from the matnix of inter-
corrclations® of the entire battery.

TYPICAL HISTORY OF A TEST

The following outline of the typical developmental history of a test does
not cover all tests in this volume. It applies to intellectual and perceptual
tests much more than to temperament tests. It is perhaps more ideal

"in 8 power lest, unless there is an unwiual rumber of ominisrs, the correlation between
ruMs end wrengs will be - bigh that 8 wonng formula of any kind cannot be justified ea
any empurical baus

In comjputirg Leta werchts the data {or bath rights and wrongs abould not be ohiained {rom
th: test a3 o whole. Cerrcia' on of errors betreen 1ights snd wrengs can be sverded by uwng
wores {1om sejarately umed, and comparadle, ports of the test
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than typical, but the writer is convinced that if the better aspects of this
general procedure had been fol'»wed more religiously, test research would
have been cven more productive.

Cholce of the Functicn to be Investigated

In the early davs of printed-test construction, subareas of research
were determined largely by the analysis of faculty board proccedings
which was in turn reflected in the coding system. A representative test
or tests in each subarea was desired. Higher headquarters indicated the
order in which these tests were to be supplied. A good account of the
development of tests in a subarca according te this plan is given in
chapter 9, Foresight and Planning Tests.

Later, the decision to investigate a given function frequently arose
from a combination 6f validation and factor-analysis findings. An ex-
ample of this sort is found in cha{)’tcr 10, Integration Tests,

Test idcas.—After the function to be investigated, e. g., foresight and
planning, had been selected, the personnel assigned to test construction
spent a period of time reading available job descriptions, interviewing
flying personnel, discussing the problem among themsclves, ete. Any-
thing that might lead to a likely test idea was investigated. _

As test idcas were originated—and they often multiplied in a re-
markable fashion—those responsible were asked to enlarge upon them,
to write tentative directions, to outline a few items, and to suggest the
conditions for administration. At this stage, a wceding process was re-
quired. In the absence of the completed test, and therefore any data,
this process had to be bascd upon professional judgment alone. Rarely,
however, was the sclection of an idea for further development the result
of only one individual’s judgment. In most cases, and idcally, this was
the result of joint discussion. The chicf criterion was the possibility of
unique contribution. Potentia reliability, testing time, adaptability to IBM
answer sheets, and “face validity”® were other criteria used.

The available test ideas in a restricted area were thus reduced to a
number, such as cight, that could be casily administered together for in-
tercorrclational purposes. The planning of work on the sclected tests was
oriented from the start, therefore, toward bringing the entire group to
completion at approximately the same time. )

Item Writing and Criticism

There is an old saying that two heads are better than one. Experience
has shown that this is truc in test constructien. Whenever possible, two
men were assigned to the development of a single test, one with primary
responsibility, the other with immediate supervisory functions possibly
including onc or two other similar tests. These two, working closely to-
gether, produced the experimental version of the test.

* Face vahdity refers te the characterivtic of & test N3t smakes It appesr te have valldit
1e unswrhisicated obiervers. N6 teat comttuctor seriously belicved that face valulity would »
u tip—heant increme=t to achual vabdity. The morale and cood ferhing of the evaminee were
con'idered to be sufficiently important te warrant some eJort ia ‘b direction. The slenciag
of poteniial critics laching e peycholegical sophistication was alse a connderation.
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Defore a test was produced for experimental administration, it was
gone over carcfully by sceveral independent critics. This step involved
more than mere copy reading. Fundamental conceptions of the charac-
ter of the test were frequently questioned. The joint contribution of
several capable individuals more often than not was superior to what
any onc alone could produce.

“xperimental Administration and Item Analysis

Wherever possible, experimental Jorms of a test were administered in
advance of the proposed correlational study. This was done in order to
cheek the clarity of the directions, other problems of administration, and
internal consistency. Tests with relatively complicated directions, prob-
lems of answer-sheet marking, ete., might go through four or five forms,
cach with experimental tryout on smail numbers of cases, before item
analysis was undertaken.

Item analysis was considered to be a very important tool. Experimen-
tal forms of a test were almost uniformly made long enough that con-
siderable item selection might be done. Tests with high internal con-
sistency were desired for factor-analysis purposes and for potential in-
clusion in the classification battery. It was realized that this was not
necessarily the best way to maximize the validity of the individual test.
Maximum validity for a single test was neither necessary nor desirable,
however, since maximum validity of the battery of tests was the goal.

It should be emphasized that high internal consistency was desired for
more than rediability alone. IFor one thing, items that have low cor-
relations with the total score of which they are a part are not necessarily
unreliable items. A low correlation with total score often indicates that
the item measures some other function than that measured by the rest
of the test. High internal consistency was desired because it increased the
chances of obtaining a pure test. Ttems of low internal consistency with
promise of validity posed a problem for additional test constructior., that
of finding a test in which they would belong.

Item analyses were used in ways other than for item selection. A
considerable amount of item revision oftea occurred at this stags in the
development of the test. The item analysis not only furnished the cor-
relation between item and total score on the test, but it also furnished in-
formation concerning difliculty levels, functioning of misleads, and the
extent ic which the test was speeded.

Correlational and Factor Analysis

After item selection and revision had been accomplished, time limits
revised, and directions given a final polishing, all the tests in the subarea
were prepared for correlational administration. This administration often
involved difficulties that could not always be overcome. No formal pre-
vision had been made for such testing. One or two experimental tests
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could be given along with the classification battery, but there was not
sufficient time to give an experimental battery. The time of the aviation
student, both during the classification process and during pretlight train-
ing, was rather closely scheduled. The most desirable group would have
been composed of unclassificd students. Often, however, the only stu-
dents available for extra experimental testing had already been classified.
In certain factor analyses to be reported later in the volume, based on
classified students, the results are somewhat biased as compared to those
that would have been obtained if unclassified students had been used.

No matter what the source of subjects happened to be for a given
analysis, classification-test scores were always available from the regular
administration. A selection of the best known of these was made for
inclusion in the matrix of correlations, to serve as reference tests, This
procedure insured that certain knowr factors would be included in the
analysis and would be readily identified.

It was at this stage, also, that reliabilities were usually computed. The
principal use to which reliability estimates were put, as a matter of fact,
was, in comparison with communalitics, to obtain an indication of the
amount of nonerror specific variance in a test,

Validation

On the basis of the data accumulated in the preceding stages, a rank-
ing was made of the experimental tests with regard to their desirability
for immediate validation. Promise of unique contribution was, of course,
the chief criterion employed. Such a ranking was necessary because dur-
ing most of the period covered by test rescarch the amount of testing
time allotted for experimental testing was himited. To obtain as many as
a thousand unclassified aviation students on every test was impossible,
and samples of this size were barely suflicient for pilot validation only.
The number of tests validated was increased sharply during brief periods
when preflight graduates were tested.

CONCLUSIONS

In this chapter a genceralized picture was sketched of printed-test con-
struction. It was scen that from the first, te. . cons® -uction was oriented
toward the development of tests of functions or factors rather than to-
ward job-sample-type tests. This stemmed from the analysis of Faculty
Board proceedings which was couched in terms of traits of unsuccessful
pilots. This analysis of the important traits necessary in learning to fly
“the Army way” has been considerably modified and endarged by sub-
sequent factor-analysis findings. As validation findings and factor-anal-
vsis results became available, the direction of test research became pro-
gressively less influenced by job-analysis information,

The importance of constant and rapid validation of cxperimental tests
was stressed. As a basis for evaluating the test validities to be presented
in later chapters, the pilot, navigator, and bombardier criteria were briefly
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discussed. Reasons for the concentration of test rescarch in the pilot
ares were also discusscd. These are, in brief, as follows: The greater
case and promptness of validation against the pilot criterion; the import-
ance of the pilot problem as a function of initial low validity in this
area and large quotas; the initial high validity for tests against the navi-
gator criterion; and the lack of reliability of the bombardier criterion.

The final scction discussed the tvpical history of an aptitude test, pro-
ceeding from sclection of the subarea, formation of test ideas, and item
writing and criticism, through experimental administration, item analysis,
and corrclational and factorial analysis, to final validation.
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CUAPTER THREE

Commonly Used Statistical
Procedures!

Most of the steps in the typical history of a test discussed in the pre-
ceding chapter involve statistical computations of one kind or another.
Report No. 3 of this series describes statistical techniques employed in
all aspects of the AAF Aviation Psychology program, so it is unncces-
sary to go into dctail here regarding those techniques. Certain tech-
niques were sclected as standard for use in the development of printed
tests, however, and so it is desirable to set forth an account of the adapta-
tion of those pyrticular methods—to account for the choice of methods,
to mention any special variation of them (for there were some), and to
set down conclusions based upon extensive experiences with them. This
chapter will also serve the purpose of explaining the nature of most
tabular material in the chapters that follow, as well as the nontabular
statistics used in describing tests.

RELIABILITY

Reliability has usually been defined as the correlation between com-
parable or interchangeable measures of the same thing. Other than to
point out that the use of the singular word “thing” may legitimately
cover a factorially complex test—that is, comparability docs not imply
item-for-item correspondence within a test, but merely from one forn to

the other—onc does not need to amplify this definition in any way. Reli-

ability as thus defined is a useful concepi in test analysis. In most cases,
also, the definition uncequivocally suggests the appropriate technique
of estimation.

Correlation between Comparable Forms

The technique of reliability estimation that has been most commonly
used in printed-test development is a part I-part 1l correiation.® It in-
volves computing the ccrrelation between separately timed but com-
parable parts of a single test printed within a single booklet and ad-
ministered in immediate succession. This procedure differs from the
usual onc involving comparable forms in two particulars: (1) Compar-
able forms arc usually printed as scparate booklets, and (2) are usually
administered with a time interval between them. Some test technicians

 Written by Capt. Lloyd G. Humphreys.
¥in the tables of this volume, this is referred to as an alternate-forms type of reliability,
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believe that the intervening time interval is desirable, since it would pre-

sumably tiake into account function fluctuation within the individual from
time 1o tinie, as well as function fluctuation during the course of the
test. Data are available, however, on four rather different tests, which
show that the rchability estimate is not significantly affected by the
difference between immediate and somewhat delayed administration of
the sccond part.

These four tests were admiistered in separately timed halves, and
with two thne-interval conditions. In the first condition, the second half
was administered immediately after the first. In the sccond condition,
about 4 hours of time and approximately half the tests in the group-test
classification battery intervened between the 2 halves. The tests were se-
lected a