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Preface

The research to be described in this report originated in the
effort to utilize the motion picture medium for purposes of psych-
ological testing and examining in the Ariny Air Forces. By ex-
tension, the original research came to be concerned with addition-
al problems, such as the presentation of films to groups, the
problem of effective instruction by means of projected pictures
and films, and the problem of the representation of three-dimen-
sional space by pictures. The problems encountered were relatively
novel, and the results may be of interest to civilian psychologists,
to educators, and to individuals concerned with films, as well as
to aviation psychologists themselves. Training in the Army Air
Forces made use of pictorial methods on a vast scale. The data
to be reported on several aspects of this training are to some
extent relevant not only to aviation but also to general education
and to the theory of visual learning.

The studies made by the Psychological Test Film Unit were
performed for concrete military purnoses having to do with the
selection and training of men for the Army Air Forces. The re-
ports originally submitted were written with those purnoses in
view. The present account includes an attempt to re....erpret
these data from a more general point of view and to point out
their implications in other fields. Particularly in chapter 9 on
the perception and judgment of acrial space, and in chapter 10
on the techniques of teaching with the film medium, a general
and theoretical discussion has been included.

The accomplishments to be recorded were the product of the
cooperation and the energy of a number of individuals. Although
credit is difficult to assign, the names of those chiefly responsible
are given at the beginning of each chepter. Special acknowledg-
ment should be made of the contribution to all phases of the
resecarch of Robert M. Gagne, Assistant Director of the Unit.

JAMES J. GIBSON,
Lt. Col., Air Corps.

Santa Ana, Calif., F.ebruary 1946,
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CHAPTER ONE

Historical Background of Motion
Picture Testing and Research®

HISTORY AND ORGANIZATION OF THE PSYCHOLOGICAL
TEST FILM UNIT

Establishment

The Psychological Test Film Unit was established in October
1943 at Santa Ana Army Air Base, Santa Ana, Calif., as a
continuation, with specialized functions, of the Perceptual Re-
search Unit of the Psychological Section, Office ¢f the Surgeon,
Headquarters, AAF Training Command, Fort Worth, Tex. Its
primary purpose was to develop the work already begun on an
experimental program of motion picture test construction and
on allied problems involved in the psychological use of films, It
was located near Hollywood in order to further this purpose. The
unit was attached to the Station Hospital, Santa Ana Army Air
Base, and in order to simplify military administration the enlisted
men of the unit were drawn from Psychological Research Unit
No. 3 and, in this period, were included in the military organiza-
tion of that unit.

The technical direction of the unit was, like all the original units
of the AAF Aviation Psychology Program, the responsibility of
the Surgeon, AAF Training Command. On 1 November 1944,
following the transfer of Santa Ana Army Air Base to the Per-
sonnel Distribution Command, the officer personnel of the unit
were transferred to Headquarters, AAF Western Flying Training
Command. Ten enlisted men on dut§i##®ih_the unit were also
transferred to that command and were placed on détched service
at Santa Ana Army Air Base. Special arrangements were made
to permit the unit to continue to be housed at Santa Ana Army
Air Base. In October 1945, the officer and enlisted personnel of
the unit were transferred to Headquarters, AAF Central Flying
Training Command, Randolph Field, Tex., but remained on de-
tached service at Santa Ana Army Air Base.

Prior to the establishment of the unit in October 1943, the
production of films for motion pictures had been carried out by

o ——— .

*This chapter was written by the editor.




arrangement with the Motion Picture Branch of the Technical
Data Laboratory at Wright Ficld, Ohio. After that time films for
all aptitude and achievement tests were produced by the A{\F
Motion Picture Unit, Culver City, California, the producing
studio for training films in the Army Air Forces. The services‘ of
this agency for the specialized purpose of psychological .testmg
were authorized by the Oilice of Motion Picture Services in
Headquarters, Army Air Forces in Washington, and by arrange-
ment with the Training Aids Division (Office of Assistant Chief
of Air Staff for Training) in New York, which had charge of
training films. Production of the aptitude tests was carried as
“Special Film Project No. 112.” The achievement tests in aircraft
recognition, to be described, were classified as training films and
cach test was given a training film production number. Other
proficiency tests were produced individually as special film
nrojects. . ' )

Nearly all film production, and consequently the trying out of
experimental tests, ‘was carried out on standard 35-mm. film,
sound being added to the film at a later stage just before comple-
tion of the test. The standards of production were those of the
large commercial studios. Film editing and cutting was per-
formed partly at Culver City and partly at Santa Ana. Prelimin-
ary expérimental photography and experimental administration
of tests on 16-mm. film without accompanying sound would have
been desirable. Such photography does not require highly-trained
professional technicians and could have been carried out by the
Psychological Test Film Unit itself. This was, however, impossible
during 1944 and most of 1945 because of the shortage of the
necessary equipment. After obtaining 16-mm. camera equipment
in September 1945 some experimental photography was performed
at Santa Ana. .

The administration of experimental tests to groups of preflight
students was coordinated with that of Psychological Research
Unit No. 3 when that unit was at Santa Ana Army Air Base.
Close cooperation existed between the two units with respect to
test construction and exchange of services. When the Psycho-
logical Test Film Unit was first activated, the continuation of the
research on printed perceptual tests originated by the Perceptual
Rescarch Unit at Forth Worth was transferred to Psychological
?;:;arch Unit No. 3 and was carried out by that unit after October

'Administration of experimental forms of aptitude and profi-
ciency tests to local groups was no longer possible following the
removal of the Preflight School from Santa Ana Army Air Base
in November 1944. Consequently the major portion of the work
of the unit following that date was devoted to the design and pro-



duction of motion picture tests. Preliminary experimentation to
determine type and difficulty of items was carried out on small
groups of enlisted men at Santa Ara Army Air Base, but adminis-
tration for statistical analysis had to be conducted at psycho-
logical units located at centers of training activity.

Personnel

All mambers of the Psychological Test Film Unit were engaged
primarily in rescarch, although various members specialized to
com? degree in film editing, still and motion-picture photography,
art work and drafting, film projcction, statistical analysis, test
construction, training experiments, the writing of scripts, and the
composing of research ropoits. The fcllowing individuals were
the relatively permancnt members of the organization:

Rank . Neme Army Secriel Neo.
Lt. Col. Gitson, James J.....ceeeeicnaiiininonnns 0-901965
Capt. Eisenlerg, Ralph M............ccvinets 0-562936
1st Lt. Gagne, Rotert M........... cereiesnces ees 0-563064
T/Sgt. Dornaacie., Russall W....ooiiiiiiies. 13076283
S/Sgt. Pinney, Ben €. csueicionneiosissssaessns . 39842343
S/Sgt. Wiezand, ESward 'Cooveevnenrernieccnses . 16077369
Sgt. Clase, Nathan M.......ccoccovesccavames 32931276
Sat. Lamkin, Hibtard........c.cieevivecncenes 35529040
Sgt. Schafer, Alfred H.............. oo g -esei) o 8 39034559
Cpl. Banaerman, Elward M.........0000..e, 391988562
Cpl. Borin, Leighton H..........cccic0autene. 17098303
Cpl. Slatei, Gerald M............. - 39552035

The following individui;ls were members of the organization for
shorter periods of tima:

Rank : Name Army Serial Ne.
Major Lehner, Georga I'. Joocivviviievnirencnees 0-1000257
2d Lt. Orvis; Clay Hi.......ooiiiiiiigpicnnaaass 17030003 (as E/M)
2d Lt.  Tice, Frederick G............. €T ... 33528167 (as E/M)
S/Sgt. Price, Hubert B.......... Qrrereesrieanns 19200376
Pfe. Hacklarth, Edward A.................... 36746950
Pfe. Luft, Joseph...coivvvvrerinnennsencionas 33537710 c
Pfe. Marion, Axthur J.........c.cviiiieennn., 16111664
Mission

The mission of the uait may be summarized as follows:

(1) The construction of motion picture tests for classification
and otlcr purposes.

(2) Rescarch on motion picture and photographic methods of
psychological testing and on problems of administering and
scoring motion nicturc tests.

(3) Rescarch on training problems connected with or amenable
to motion picture and photographic techniques as directed.

B




(4) Advising, editing, and coopcrixting in the production of
films for test development in any units of the AAF Avia-
tion Psychology Program.

AREAS OF RESEARCH
Resecarch Objectives

The aim of rescarch, generally, was the establishing of facts which
might lead to improved methods for classification and training of
AAF personnel. The area of facts studied was one which, although
it cut across many fields of psychology, had one underlying prob-
lem common to all of them—the problem of what might be called
the perception of pictures. Pictures, of which motion pictures
are the most realistic form, offer unexplored opportunities for
the development of psychological tests and for devising methods
of training. Pictorial or photographic tests had already demon-
strated their usefulness, and presumably motion picture tests
might have even greater potential value; pictorial and motion
picture methods of training were likewise known to be highly

“effective and to be in need of study. The AAF had adopted for

its training program a policy of “visual education” and it was
therefore important to look for the psychological principles under-
lying this rather vague slogan.

Assumptions and Hypotheses

Apart from the specific assumptions involved in particular pro-
jects, the guiding hypotheses of a research program are frequently
not explicitly formulated. It is useful, however, to attempt to do
so. The following represent a number of general hypotheses gov-

Tasks performed by military fliers and other members
of the aircrew are to a large extent visual in natire, and,
consequently, tests of visual and spatial perception are
important for ineasuring aptitude for aircrew duties.

(2) The perceptual discriminations required in flying can
usefully be studied by a combiration of psychological
methods: first the making of job analyses of the task
of the flier, and second breaking down these descriptions
in terms of the abstract theory of perception.

(3) The methods of the psychophysical experiments are
valuable for the study of complex visual discriminations,
and are in some ways better techniques for the construc-

. tion of motion picture aptitude tests than are the con-!
ventional methods used in constructing printed tests.

(4) The devising of motion picture tests should be confined
to those functions for which the medium is uniquely
adapted. (The unique characteristics of the motion pic-

% ﬁn& the research of the Psychological Test Film Unit:



ture medium for psychological testing are discussed in
tke following chapter).

(5) The kiad of Lehavior primarily involved in the task of
flying is locomotion in space and on that account is ex-
teadad in time. IHence, the performances required in fly-
ing are predominantly characterized by motion, by being
continuous, and by posscssing tempo. Therefore, so far
as groop testing is concerned, the motion picture medium
should Lave a number of unique advaniages for measur-
ing the non-academic aptitudes and abilities peculiar to
{Iying o.er the material reproducible in printed tests.

Arcas of Research

he Psycholozical Test Iilm Unit was a recearch organization
which consirucicd tecis but did not administer and score them for
purpozes of czl:ction and classification of students. The arcas of

.rescarch within which tests could be constructed were theoretically

ualimited. Any test which could be presonted on film, whether
categorized as pereeptual, intclleciual, or cmotional, could haye
been attempied if the tesc were needed. Requests for tests, or the
filming of partially-completed tests, were accepted from other
units of the AAL" Aviation Psychology Program having specialized
fields of research. Tests were devised or partially developed in
such fields as cecmprehension, resistance to confusion, and per-
formance under emotional stress, but the difficulty of such re-
seaich, the problom of adaptation to a medium still being explored,
and the limited experience of personncl in such ficlds of rescarch,
combined to make progrecs in these arcas slower than in the
case of perceptual tests.

The majority of the tests produced were therefore perceptual
in nature since motion pictures have their most obvious applica-
tion in this ficld, and since the work of the unit was originally con-
ceined exclusively with such tests. It was also concerned with a
technique or method of testing, the motion piciure, possessing its
own characteristics and its own special opportunities for psy-
chological investization. In general, the research of the organiza-
tion may be divided into general parts: Test Development, Train-
ing Research, and Problems of Technique.

Test Development

The most important research cbjcctive of the Film Unit was the
construction of motion picture tests for airerew classification pur-
poses. The general procodure was to formulate a hypothesis
regarding a function thought to be valid for prediction of success
in training in one ot more of the aircrew specialties, i. e., pilot,
navigator, or hombardier. The test was next put together, accord-

70231°—471—2 .
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ing to methods described more fully in a following chapter, in the
¢ffort to measure the desired ability. The experimental test was
administered to a large group of aviation students cither while
they were taking the official classification tests or du~ing an early
phase of their training. From test scores thus obtair.ed the relia-
bility of the test and the intercorrelations with the tests being used
for classification purposes were ascertained. The validity of the
test was determined by couelatmg the test scores with success
or failure in later phases of aircrew training. If the intercorrcla-

tions of the test with the classification tests were low et ough and-

the validity of the test high enough to add significantly t» the pre-
diction of .the classification battery, the test was considered for
inclusion in the classification battery.

Detailed descriptions of individual tests are to be found in a
later chapter. However, the general ar eas in which tests were

constructed are as follows:

1. Tests of ability to judge motion and locomotlon Three tests .

were constructed requiring judgments of visual motion and one
which required judgments of one’s own motion during simulated
flight. The last of these involved the isolation, control, and repre-

sentation of the visual cues believed to be primarily the basis for.

landing an airplane. This test simulates the view of t! e field
during a landing glide. The film was produced by mij lature
photography. 3

2. Tests of ability to judge distance. One test was corapleted
in this area, after co.asiderable research and the constructing and
trying out of a number of preliminary tests.

3. Tests for orientation in space. As a result of trying out
several pictorial types of test, and preliminary research witl.
motion picture forms, one test was completed for the ability to
maintain orientation in the air after a series of turns, and another
for orientation in the traffic pattern.

4, Tests of ability to perceive slight movement. Since the -

ability to synchronize a bombsight depends on this function, two
tests were constructed in this arca after an attempt to isolate the
" relevant perceptual variables discoverable in the job.

5. Tests requiring multiple perception. Two tests were pro-
duced with the aim of measuring a pha-e of “alertness” which
was repeatedly emphasized in job analyses of the pilot’s task. This
phase appeared to be the ability to take note of multiple simul-
taneous stimuli (such as instruments) or to keep in mind a num-
ber of diverse sets to respond to these stimuli. Psychological
theory in the field of attention being inadequate, however, the
analysis could not be clarified. The tests were finally constructed
as copies of flying situations, only partly abstlacted from reality.
They involved reactions to a schematic instr ument panel and the
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functions were loosely called “flexibility of attention” and “inte-
gration of attention.”

6. Tests involving sequential perception. The psychological
aptitudes or functions involved in the perception of continuous
changing situations are likewise not well understood. Two tests
were constructed, however, on the basis of an abstract stimulus
situation. They involved the ability to put together successive
partial impressions into a complete visual figure. In one test the
figure to be perceived was traced by a moving spot; in the other
it was exposed, one part at a time, through a slot which moved
across it.

7. Tests of perceptual speed. One test was constructed in this
field. It required the subject to perceive and reproduce a visual
pattern exposed for a very brief interval. The motion picture

method makes possible the control of exposure intervals in group -

testing.
8. Tests of comprehension. An aptitude test was devised which

was analogous to reading-comprehension tests except that the
material was presented by film. The ability involved, therefore,
was comprehension of audio-visual material of the sort presented
in demonstrations and lectures rather than of the written material
of textbook instruction.

Training Research

The mission of the Psychological Test Film Unit included, in
addition to construction of motion picture tests for classification
purposes, “research on training problems connected with or amen-
sble to motion picture and photographic techniques.” The two
major projects in training research were, first, the construction of
proficicncy or achievement tests in motion picture form and,
second, the evaluation of training procedures.

Proficiency Tests. Two proficiency tests, in navigation and bom-
bardiering, were undertaken by the Film Unit in collaboration
with research units of the AAF Aviation Psychology Program and
were constructed to meet their requirements. These were the
Navigation Proficiency Test (Map Reading and Dead Reckoning)
and the Target Identification Test. In addition, the training
research on aircraft recognition conducted by the unit demon-
strated the need for two motion picture proficiency tests for
evaluating such training. Thesec tests are the Aircraft Recogni-
tion Proficiency Examination, Forms A and B, and the Aircraft
Recognition Proficiency Examination for Flexible Gunners.

Evaluation of Training Procedures. The two major projects in
rescarch on the cevaluation of training procedures were, first, a
comprchensive study of aircraft recognition training, and second,
?;1 evaluation of the effectiveness of Army Air Forces training
iims. '
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In both undertakings the essential problem was that of deter-
mining what methods or techniques of training (of the alternatives
which were practicable; were the most effective in producing
learning by the trainces. Doth studies necessitated the use of a
criterion for learning, and therefore involved the construction of
achievement or proficiency tests. The experiments carried out
consisted of the setting up of a control group of aviation cadets
who were trained in the ordinary way (or, on occasion, were
given no training with the technique being investigated), and one
or more experimental groups who were trained by a different
method or methods. The experimental and the control groups were
either drawn from the same population in large numbers, or
were matched for proficiency by a pretest. At the end of the train-
ing period, both groups were given the criterion test and any
differences in proficiency were evaluated.

Problems of Technique

In addition to the above fields of research, a more or less con-
tinnous study was made of the unique characteristics of the motion
picture as a device for psychological testing and for training. A
number of novel problems arose in connection with the representa-
tion of visual stimulus situations by the method of taking and
projecting motion pictures. A number of other problems were
studied having to do with the group test situation in which a com-
mon stimulus object, the motion picture screen, is present to
all testees in the room but is seen at different distances and angles
of view by different individuals in the group tested. The results
of these studies are reported in the appropriate sections later in
this report.



(HAPTER TWO

'The Use of Motion Pictures in the

Design of Psyclwlogiqal Tests’

A motion picture film including sound can be produced oniy by
the application of professional technical skills and at some ex-
pcnse. With respect to difficulty and expense of production, motion
picture tests stand between printed tests and individual apparatus
tests. With respect to the problems involved in test administra-
tion, motion picture testing is simpler than individual testing,
since it can be carricd out with groups, but in comparison with
orclinary group testing, it involves special problems such as the
operation of a nrojector and partial illumination of the testing
room. For these reasois, it is important to design motion picture
tests only for such functions or abilities as cannot be adequately
mceasured by printed tests.

In order to utilize film effectively in psychological testing, the
characteristics of the motion picture medium must be understood.
This medium malkes possible a novel way of presenting problems.
cvents, situations, and stimuli. It enabies the psychologist to put

to his group of observers tasks which would be impossible to’

present by printed or pictorial methods, and even ones which
could not be presented by an apparatus, or a miniature situation,
without prohibitive expense. This chapter will attemt to describe
and exemplify the unique characteristics of the motion picture
medium for psychological purposes. .

For use in the Aviation Psychology Ficgiram, final forms of 15
motion picture tests were produced, of which 12 are aptitude tests
and 3 are proficiency tests. Each of these films had at least one
and in some cases as many as four experimental forms from which
¢« lection of items for the final form was made. The experience
«1ined in the design and construction of these tests by personnel
of the Psychological Test Film Unit, while incomplete in many
respeets, is suflicient to permit a formulation and summary of the
propertics of motion picture testing which distinguish it from
other forms of testing.

This chapter wis piepared by Robett M. Gngne, Russell W, Banemeier and the elitor,
th the uvei tunee of Leighton M. Borin.
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INTRINSIC AND UNIQUE CHARACTERISTICS OF
THE MOTION PICTURE MEDIUM

For the purpose of test design, motion pictures may be con-
sidered to offer four major possibilities which are unique in con-
trast to printed tests. These are movement, sequence, pacing, and
realism. Any of these characteristics may be shown to be an
essential factor in the construction of a particular test. Although
they are admittedly interrelated, they will be described in order.

Movement

The obvious characteristic which may be possessed by the stimu-
lus material of a motion picture test is movement. It is important
to note that two different and distinct kinds of movement-percep-
tion may be induced on the screen, movement of objects and move-
ment of the observer himself. Particularly in the latter case, the
motion picture yields an enhanced perception of the three-
dimensional quality of the space portrayed on the screen.

The representation of one or more moving objects can be em-
ployed whenever the function to be measured requires visual judg-
ments of the speed or direction of motion. In Speed Estimation
Tests CP205B-1, CP205B-1I1, and CP205B-III, for example, the
aspect of movement which is to be judged is velocity. In Speed
Estimation Test 1I, five different velocities are represented which
must be remembered and distinguished from one another. In
Speed Estimation Tests I and III the judgment of velocity is ob-
tained indirectly by requiring an estimation of the point of coin-
cidence of a moving object with (a) a stationary event, and
(b) another moving object, respectively. There are, of course,
many other possibilities of obtaining judgments of velocity which
have not yet been employed in motion picture tests, some of which
are indicated in the latter part of this chapter. In the case of the
Minimal Movement Test CP213C and the Drift Direction Test
CP221B, the effort is made to measure thresholds for the percep-
tion of motion indirectly, by requiring judgments of the direction
of movement. All of the tests mentioned above, and other tests
referred to in the discussion which follows, are described in
chapters 5 and 6.

A sccond and equally important type of mevement which may be
represented in motion pictures is motion of the observer, i. e., of
the examinee. By putting the camera in place of the observer and
moving it through an artificial or a natural environment, the exper-
ience of visual motion is imparted to the observer himself. Since
a large part of the task of learning to fly may be said to consist in
learning to judge and control locomotion in a new kind of space,
or at least a spatial world which is new to the beginner, the useful-
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ness of this type of test for the selection of pilots should in theory
be great. An example of a test which utilizes this characteristic
of motion pictures is the Landing Judgment Test CP303E, which
was designed to measure the individual’s ability to learn to make
a certain type of judgment required in landing a plane, namely a
judgment of the point at which the plane's glide is aimed.

Other examples of the utilization of the movement of the ob-
server may be found in two additional tests by the Psychological
Test Film Unit, the Flying Orientation Test CP107A and the
planned but unfinished IFFollowing Maneuvers Test CP532A. The
Flying Orientation Test represents the travel of a plane over the
ground in an artificially complicated flight path, as might be
scen by an observer looking down from the plane; the Following
Maneuvers Test provides the visual experience of being 1n a plane
looking forward and viewing the ground and horizon during cer-
tain simple maneuvers. Although the latter test was not com-

pleted, a comparison of its characteristics with those of a similar-

printed test is significant for the present discussion.

The Following Mancuvers Test is intended to measure the
ability to acquire the “schema’” of the control movements of an
airplane in response to cues from an unfamiliar spatial frame-
work. These responses are necessary for controlling the. flight of
an airplane. The movements of horizon and terrain on the screen
represent the visual experience which the examinee would have
if he were in a real plane performing simple maneuvers. In
response to the view presented, the subject records the appropriate
movements of stick and rudder on a special overprinted answer
sheet on which these responses have been schematically repre-
sented. A printed test, proposed by Psychological Rescarch Unit
No. 3, a revised form of Flight Orientation Test CP528A, is in
many respects similar to the motion picture test, particularly since
both utilize the same responses and method of recording. In the
printed form, each item consists of a sequence of stationary views,
printed from left to right, of the horizon and terrain, as seen
from the cockpit in successive stages of movement through the
manevver. It is apparent that the situation presented by the
printed form is one that requires the examince to interpret these
still picturcs as moving, whereas the motion picture test enables
him to perceive the motion directly.

Since the types of movement presented in motion picture test
items can include synthetic motions by the use of special cffects
photography and frame-by-frame photography, the test designer
has at his command a rather complete control of the movement
stimulus. He can plan and translate onto film any kind of motion
he wishes to present, includihg both natural and artificial locomo-
. tion of the obsecrver.
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Sequence

A sccond type of unique material which may be presented by
motion pictures consists of items within which a temporal sequence
of cvents must be pereeived by the cxaminee. The cejuence may
be discontinuous, in which case a scrics of cCiserete sAimuli are
shown in orderly succession, or it may be co.:tinuous, in which
case the parts of the scquence change from the Leginning to the
end of the item presented. In the latter case, although movement
is present, it is not the factor which is being judged.

An example of the presentation of a discrete scqience is a test
of immediate memory span for digits or verbal material, in which
clements are presented in successive controlled exposures and in
which the order of the clements is important. Measurement of this
sort is ordinarily done in the psychological laboratory with the use
of various exposure devices. The motion picture film and the
projector simply afford the possibility of standardized presenta-
tion of such tests to groups of individuals. -

Items which have the characteristic of continuouns sequence are
particularly adaptable for motion picture presentation. Two ex-
amples of this kind of itcm are to be found in the Successive Per-
ception Tests CP509C-1 and CP509C-1I. In the former, a black
and white pattern is scci, a small part at a time, through a slot
which moves continuously from the top to the bottom of the screen.
The task is one of perceiving the total pattern, whose parts have
been seen in successive impressions, and identifying it from five
alternative patterns simultancously presented. In Successive Per-
ception Test IT, a spot moves through an irregular path on the
screen, and the pattern made by the total path must be visualized
by the examince and chosen out of five alternatives. Many varia-
tions of the relatively simple items of the tests just described may,
of course, be obtained. As in the case of motion, the characteristic
of sequence may be necessary for a test in which the attempt is
made to reproduce the essential stimulus conditions of the job
itsclf2 Many tasks performed by aircrew members include the
clement of scquence. Of particular importance is the ability to
learn a procedure, in which a number of acts must be carried out
in a particular order. The general function involved in such tests
might be said to be the comprehending of temporal rather than
spatial patterns.

Pacing

A third unique characteristic of motion pictures is pacing, or
the tempo of the elements presented. Broadly defined, pacing im-
plies control over all temporal aspects of the test material. In the
case of any particular test, temporal control may be applied to the
stimulus-interval, to the response interval, or to both. In some
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cases it may be desired to have the test duplicate as exactly as
possible the pace or tempo of the job itself; in others it may be
necessary to abstiract from the job situation some psychological
function best meastired by items which do not follow the temporal
characteristics oi the job itself. An artificial pace can be set by
the test designer.

Paciag Which Duplicates That of the Job. For the construction
of proficicncy tests, the element of pacing may make the difference
between an adequate and an inadequate measure. For example,
the job of pilotage requires the navigator to locate his position on
a map by observing terrain which is continually moving, and on
which any particular reference point can be seen for only a few
minutes. In this situation the navigator is reacting to a sequence
of events in time, a sequence which would be destroyed by break-
ing up the material in order to form items. Presenting this sort
of test by means of still photographs, even in a time-limit test, fails -
to duplicate the paced nature of the navigator's task. The only
accurate moans of representation of paced tasks of this nature is
the motion picture, or a device which possesses its characteristics
as do some “trainers.”

An example of a test which presents the same pacing as that
of the job itself is the Navigation Proficiency Test (Map Readirg
and Dead Reckoning) in which the tempo and the sequence of
events were made to correspond closely to those of an actual navi-
gation practice mission. It is, of course, impossible to have “items”
of the usual sort in a test such as this without interrupting the
scquence and disturbing the natural pace of the navigator’s task.
Consequently, -in the case of the test described, measurement is
accom::listied by requiring the examinee to keep a log just as he -
would in fiizht, which is later objectively scored by hand.

Artijicial Pacing. Various degrees of departure from the exact
duplication of the temporal aspects of the job may be employed in
devising a test. One possibility is exemplified by the Flexibility of
Attention (CPI11E) and Intcgration of Attention (CPA15A)
tests, in which the pace is speeded by requirving that a number of
disparate events, occurring at irregular intervals, be observed and
recorded by the subject ‘within 12-sccond phases. The natural
irregularity of the temporal sequence of such jobs as keeping
watch over a complex instrument panel is maintained in these
tosts, but the increased pace of the test malkes posgible a large
number of responses within a limited period of time, and simulates
the pace of the job itsclf in times of cincrgency.

A sccond examyle of a test in which the natural pacing of the job
is altered to permit greater scorving possibilities is the Target
Identification Test. In this case the s.quence of events in the
approach of a bombardier to the target is interrupted by a num-
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ber of stop-frame shots of the terrain ahead, each with a super-
imposed lettered grid which makes it possible for the examinee to
note the location of thc target if he has identified it, and then to
record the appropriate letter. While the pacing of the approach to
the target is duplicated, the introduction of stop-frames of the
terrain makes possible the measurement of various degrees of sue-
ccss in identifying the target for which the bombardier has been
briefed. ,

In the Landing Orientation Test CP106A the examinee is re-
quired to learn and remember the appearance of a landing field
at a specific point in the traffic pattern. The specific point to be
learned and remembered is signaled by voice recorded on the
sound track. After having observed this point during a normally-
paced flight in the traffic circuit, the subject is required to identify
it as falling within one of five successive intervals, A, B, C, D, or
E, which are announced during a repetition of the same flight. It
will be noted that an essential characteristic of this technique is
the presentation of the alternative responses sequentially, rather
than simultaneously, which permits the natural pacing inherent in
the job itself to be maintained in the test situation. The discrimin-
ation required in this test is one involving the right moment at
which something is to be done. In flying, as in any performance
which is extended in time, the choice of the right moment for
action in adjustment to a changing situation is a vitally important
part of the job, and aptitude for this type of judgment can scarcely
be measured except by reproducing the changing situation with
film. The ability to react at the right time is, in fact, very close to

what is often meant by the general term “judgment” in flying.

Controlled Pacing of Items and Responses. Some types of tests
require arbitrarily controlled presentation-time of both items and
response periods. Such control is possible in motion picture tests.
However, the greatest importance of controlled speed of item
presentation lies’in its use for measuring the rapidity of any one
of 2 number of perceptual and intellectual functions. The require-
ment of a definite speed of response for each item individually is of
unique usefulness in designing tests which 1aeasure speed of reac-
tion, or performance under pressure of speed.

1. Control of Interval for Item Presentation. An example of
the manner in which speed of item presentation may be controlled
is provided by the Plane Formation Test CP805C which was de-
signed to measure a kind of perceptual speed. Each item of this
test consists of a brief exposure of a pattern made up of five small
airplanes. The subject is required to reproduce this pattern by
marks on his answer sheet during the response period. A printed
perceptual test can be “speeded” only by imposing a time limit on
the items as a group and measuring speed by scoring the number

14



of items completed. The above test imposes a time limit on each
item individually. All subjects have an equal chance at every item.
Since the exposure interval is shortened progressively throughout
the test, quickness of perception is measured directly.

A sccoad example where a minimum speed requirement on each
item is an important factor is the Aircraft Recognition Proficiency
Examination. It was believed by the authorities responsible for
aircraft recognition training and by the Film Unit that the job of
recognition could be most realistically represeiated by short motion
picture views of airplanes in flight. This method was in contrast
to the existing practice of presenting either motionless views for
split-second intervals or else silhouette views for indefinitely long
intervals. In a sense, therefore, this test attempted to duplicate
the pacing of the job itself. Views of the aircraft to be recognized
were presented, in motion, for intervals in the neighborhood of
2-4 seconds. "

2. Control of Interval for Recording Responses. In the
majority of motion picture tests to be described in this report the
interval for recording responses on standard answer shects lasts
for 5 to 8 seconds, or long enough to permit even the slowest sub-
ject to mark his answer. The determination of the length of this
interval was obtained by experiment. The possibilities for testing
which would result from shortening this response time have not
been fully explored.

One possible use for speeded response intervals would be in a
test which measures ability to perform some intellectual or per-
ceptual task under the pressure of limited time. The ordinary
speeded printed test undoubtedly induces this feeling of “pressure”
in the subject; however, the motion picture test makes possible
the inducing of this “pressure” on every single ilem. It is possible,
therefore, that a more consistent measure of ability to perform a
particular function under pressure may be obtained by a motion
picture test. However, in order for such consistency to be achieved,
it is necessary to set the length of the response period carefully.
If the period is too short in relation to the difficulty level of the
items, the “pressure” may become frustration, and other factors
such as emotional confusion may be added to the situation to com-
plicate the measurement of the desired function.

This suggests, however, a sccond and perhaps more uscful possi-
bility of measurement which results from the shortening of the
time allowed for responses, i. e., the function which may be termed
“resistance to frustration” or “efficiency under stress.” The stress
would be provided by response periods so short that they make it
impossible for responses to be made and recorded. In the case of
such a test, too, the regulation of the response periods in relation
to the difiiculty of the items must be carefully undertaken, for if
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they are too short they will cause the subject to give up the task
entirely. This result is not desirable, since it dues not permit dis-
criminative measurement of the desired function among the sub-
iects (although it may be desirable to discriminate between those
who do and those who do not “give up”). So far as possible,
examinces should be mancuvered into an attitude of perseverance
at the task throughout the entire test, so that any decrease in cffi-
ciency produced by discouragement or frustration wili be differ-
entially revealed in the scores. The individual tasks, then, must
not appear insoluble, but at the same time they must actually be
- so diflicult that genuine discouragement or frustration is produced.
It is necessary, morcover, to demonstrate that a low degree of
correlation exists between the speeded and unspeeded task before
the hypothesis can be accepted that speeding produces an inde-
pendent stress effect.

Self-Paced Tests and Unpaced Tests. A self-paced test is one in
which the correct response to one item automatically produces the
presentation of the next item. The ordinary printed test is not
self-paced in the precise sense of this definition; it is not paced
at all. Although the individual may adopt the fastest tempo of
which he is capable in attacking each item, he can voluntarily
omit items, and his proceeding from oze item to the nex¢ is not
cetermined by the correctness of his response. A truly self-paced
test must be an individual test, e. g., an apparatus test, an example
of which is the SAM Complex Coordination Test CM701A. A
motion picture test for testing groups of subjeccts cannot be self-
paced.

The natural result of the construction of the usual motion pic-
ture, whether or not a psychological test, is that it posszcses a
specific tempo or pace. In fact, an important contribution which
motion pictures can make to a testing program, as previously indi-
cated, is that of making possible the presentation of externally-
imposed pacing, whether this be the “natural” pacing of the task,
or some “controlled” pacing imposed by the test constructor tc
measure some particular function.

Realism

Although the objects and events presented in motion picture
form are not fully “real” they approximate reality more nearly
than do ordinary photographs and pictures or verbal descriptions.
By moving, they become animated i. e., alive. This tendency, for
scenes on the screen to appear real should not be overlooked in
designing certain types of tests. To a' great extent, the observer
loses himseif in the scene, i. e., locates himself in the environment
and in the situation being portrayed. This attitude of “being there
and sceing it happen” is compelling; it can only be overcome by
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deliberately attending to the frame of the screen image or to
. objects in the projection room. This tendency to adopt the atti-
tude of reality is much more striking in motion pictures than in
any other form of pictorial or photographic representation.

Participation by the observer in the sitvation being portrayed
can be enhanced by a number of camera techniques. The location
of the camera in the scene photographed can be such as to make
the observer see what a participant sees. For example, one has
a greater tendency to experience what the paratrooper experiences
as he makes his jump if the camera looks out and down through
the door of the plane than is the case if the camera takes the point
of view of a mere onlooker or observer. If the camera moves and
shifts its view appropriately, the onlooker can be made to identify
himself with an active participant in the situation and to do what
he does, firing at enemy fighter planes or even fighting in hand-to-
hand combat. This use of the camera as a participant is in con-
trast with its more frequent use as a story-telling agent in enten
tainment films,

This characteristic of the motion picture medium is probably of
most importance for test construction in the field of personality
and emotion. Provided a high degree of participation by the
examinee in the scene can be assured, his reactions to a variety of
potentially emotional situations can be measured both directly
and indirectly. As with other types of tests in this field, the out-
standing difficulty comes from the neccessity of insuring participa-
tion in the stimulating situation. In tests for measuring the reac-
tion to induced emotional states, for example, the usual procedure
is first to apply the emotional stimulus and immediately thereafter
to measure the amount of change in some unrelated intellectual or
motor activity. In some cases, as in the Steadiness Under Pressure
Test CE211A, the emotion-inducing stimulus is given simultan-
cously with the measurements. However, in both instances, there
exists the possibility that the subject will be zble to dissociate the
two activities or to concentrate on the task and disregard the dis-
traction, and this fact is probably the greatest obstacle to measure-
ment of the expected effect.

One method of overcoming this difliculty, at least in large
measure, is made possible by the use of motion pictures. The
emotion-inducing stimulus may be a complex scene in which at the
same time a high degree of participation is induced in the observer,
Since the presentation is relatively complex, the cfficiency of a
variety of types of performance, such as observation, distribution
of attention, or memory, may be tested by utilizing the content of
the scene itself. This method, therefore, accomplishes two things:
(a) it facilitates the participation of the examinee in the scene,
since it is impossible to perform the task (of observation, for
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example) without watching; and (b) it prevents the examinee
from dissociating the emotional stimulus from the task, since both
are given by the same material. The method outlined has not been
employed in test construction, nor have all its possibilities been
experimentally explored. The usefulness of this characteristic of
motion pictures appears to be promising in the field of personality
test construction, the ten:lency to participate in the motion picture
scene is a fact which could usefully be exploited in work with
projective methods and in efforts to measure social attitudes and
social perqeption.

CHARACTERISTICS OF MOTION PICTURES WHICH PERMIT
CONTROL OF THE GROUP TEST SITUATION

Control of the Instructions for the Test

Instructions may be presented in three different ways with
motion picture tests: they may occur simply as printed instruc-
tions appearing on the screen, as printed instructions with accom-
panying voice (sound track), or they may be presented only by
voice and supplemented by explanatory action on the screen.

The second method of presentation resembles that of printed

tests, when the administrator reads the instructions along with

the examinee. For many types of test, the third type of presenta-
tion, voice accompanicd by action on the screen, can be extremely
useful. This is particularly true when the function to be measured
involves motion, or complex types of visualization, or changing
events. Such tasks can be presented more rapidly and understood
more easily when animated or action scenes are shown accom-
panied by voice than when printed instructions are employed.
Some of the tasks presented in motion picture tests would be
difficult to explain in any other way.

The instructions presented orally through the sound track are,
of course, perfectly standardized with respect to wording and

emphasis for each administration and for every copy of a motion |

picture test. The diction and enunciation of instructions given
by sound track are usually of high quality, since they are spoken
by carefully rehearsed professional narrators. In the case of
motion picture tests, furthermore, it is possible to repeat, change,
or emphasize certain portions of the instructions at appropria’
intervals during the test itself. This can be done without seriou:.,
interrupting the continuity of the test, since all subjects are at
the same stage of progress. Such a device is useful for insuring
“understanding of the task when a modification is introduced.

Test Administration ¢

Since complete instructions for taking a motion picture test m;y
be included in the film itself, the duties of the test administrator
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arc malcrially reuauccu. 14 une s arc automaically standardized
without use of a stop watch and without risk of error on the part
of the test administrator. Because of this standardization, some
of the less well-defined effects of the examiner-examinee relation-
ship are also excluded. It is impossible to say in general whether
this factor is or is not advantagcous in administration, since it
may vary with the particular test employed. .

Since the items of a motion picture test are projccted on the
screen, and since the tempo of the test is the same for all, the ten-
dency of examinees to try to observe the progress of his neighbors
is absent, and the risk of cheating is reduced. There is still, of
course, the temptation to look at another’s answer to a specifie
item when one is unsure of the correct response, but the interval
for recording responses (in the tests already constructed) is such
that it is nearly impossible to do this successfully. After any brief
period of uncertainty, there is not enough time to locate and copy
the response from a neighbor’s answer sheet before the next item
appears. Experience in administering motion picture tests leads
to the conclusion that if they are properly paced, the problem of
copying answers is minimized or eliminated, even when subjects
are scated side by side in a testing room without individual cubicles.

Item Presentation

The pictured item of a motion picture test always occupies the
same position. It cannot be viewed sideways or upside down; in
fact, it is removed from the control of the examinee. In some tests,.
such as one which requires orientation of a map, this may be
undesirable. In others, chiefly perceptual tests, control of image
position may be essential to accurate measurement.

Since motion picture tests present items in a temporal sequence,
the subjects are prevented from sclecting their own order of
items, and from turning back to complete unfinished work. This
type of control may be desirable or undesirable in designing a test.

FUNCTIONS PARTICULARLY AMENABLE TO
MOTION PICTURE TESTING

In this final section, an attempt will be made to point out some
of the capacities, aptitudes and proficiencies which can be measured
by motion picture tests but which cannot be measured as readily
by other means. A number of potential tests will be described,
as examples of these functions.

Many of the characteristics of motion pictures, especially
sequence and pacing, can obviously be possessed by individual
apparatus tests. An apparatus which is supplemented by motion
picture projection, or its equivalent, could exploit the character-
istics of motion and realism. Some of the more claborate synthetic
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trainers in use actually do so. The advantage of motion pictures
for the test constructor, therefore, is chiefly that of group testing
as against individual testing. In the discussion which follows, it
should be understood that the princinal contrast which is being
made is between motion picture tests aind printed tests.

The functions which will be exemnlified are directly or indirectly

related to the characteristics of motion pictiures, as distinet from ¢

(

t

other modes of presentation, which have alicady been discussed, 3

namely motion, sequence, pacing, and realisin. These character-
'stics presumably have their psychological ccunterparts. Human
behavior, and the capacities latent in il, 2125 invulves motion,
order, tempo, and the experience of rexlit,;. It is rcasonable to
sunrose, therefore, that the motion pici'irre mal:es available to the
test designer not only a spccial mztho! ¢f measuring known
factors of human ability but also gives him ~<cess to new and un-
named functions not accessit:le to conventional methods of test
construction.

The functions which follow are listed in catcgories that are not
presumed to be independent. They arc listed as they are for
reasons of convenience of discussion. The functions are as follows:
discrimination of visual motion and locomotion; perception of
space and distance, particularly during flight ; maintaining orienta-
tion during locrmotion; ability to lcarn a procedure; ability to
react to a changing situation; ability to perform during emo-
tional stress. :

Discrimination of Visual Mstion and Locomotion

The motion picture, as has already been explained, can represent
not only motion of an object but also locomotion of the subject or
observer. The sensory basis for this fact is complex and is dis-
cussed fully in chapter 9. The peculiar type of motion stimulation
which gives rise to motion of the subjcct instead of motion of
objects is there termed retinal motion perspective. The phenom-
cnon of “motion parallax” as a cue for distance perception is a
special case of it—the special case in which the line of regard is
at right angles to the line of motion.

This capacity to represent motion and locomotion makes it
theoretically possible for motion picture tests or experimerts to
measure the ability to judge any visual aspecets of locomotion which
may have to be judged in practice, such as velecity, direction of
one's movement, or momentary position with respect to reference
points. Tests measuring such ability are of particular significance
in a program of aviation testing and research.

Judgments of a number of ‘different kinds of visual movement
may be obtained with motion picture tests. Three different kinds
of judgments all involving the perception of velocity are obtained
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with the existing Speed Estimation Tests CP205B-1, CP205B-11,
and CP205B-111. The intercorrelations of these three tests are
very low (from .02 to .15), despite the fact that the types of
performance demanded by all three seem, on the surface, to have

a good deal in common; there is no umtmy psychological function
rclatmg them. The fact that it can be given a name is misleading.
The judging of monng objects is evidently ‘a complw matter.
Different sorts of measurements are obtained in the Minimal
Movement Test CP213C and the Drift Direction Test CP221B,
in which, respectively, judgments of the existence (i. e., absolute
threshold) of motion, and of the direction or “drift” of a visible
motion alongside of a parallel line, are required. These types of
movement discrimination are similar to those required in the job
of synchronizing a bombsight. The correlation between them is
also low, about .20. All the above facts are described in chapter 5.

A test could be devised in which an object (a spot or model
plane) moves across the screen at a rate which is constant except
when it nasses a specific point, at which instant its speed would
be slightly increased or decreased. The change in speed would
occur at one of five points, labeled A, B, C, D, and E. The task
of the subject would be to indicate which of these letters marks
the point at which the change in velocity took place. Such a test
would not depend upon judgments of coincidence as indirect
measures of velocity discrimination, as do Speed Estimation Tests
CP205B-1 and CP205B-II, nor would it be as highly dependent
upon memory, as is the case with Speed Estimation CP205B-II.
Thus it might provide a simple, more direct, and possibly more
useful, measure of velocity discrimination. It may be noted that
this method of measuring different sensitivity to velocity is prac-
ticable mainly because of the use of animaticn photography,
which sxmphﬁes the problem of pxcsentmg and controlling com-
plex moving stimuli.

Another aspect of motion, the cstlmatlon of which could be
measured by means of a motion picture test, is acccleration or
deceleration. The test could depict a model plane moving across
the screen. The plane would move with a constant deccleration
for a certain distance, and then disappear. The task of the sub-
ject would be to estimate at which of five points the motion would
have stopped if it had been continued. The importance of this
type of judgment for the pilot’s or bombardier’s task is not known,
It is not expected that the function measured by such a test would
be highly related to judgments required in the other speed estima-
tion tests.

In comparison with the motion discrimination tests described
above, and with the three existing Speed Estimation Tests, a test
for estimation of subjective velocity would be interesting, It
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should be included in any systematic study of ability to judge
motion and speed, since it might prove to be unique in relation
to the other tests in the field and its validity for pilot selection
might be higher. The simplest way to construct such a test, short
of special effects photography, would be to photograph the view
ahecad from a vehicle moving along a straight road without any
regularly recurring features such as telegraph poles. Shots would
be made at a number of just noticeably different speeds, and
enough duplicate shots of the same speed with different terrain
would be provided to yield a sufficient number of 6-second items
for the test. Discrimination would then be independent of the ter-
rain photographed. judgments could be based on successive com-
parisons, or, more advantageously, in terms of absolute judgments
o: miles per hour atcer showing and “teaching” a series of stated
velocities.

The capacity of motion pictures to represent locomotion, direc-
tion of one's movement, or momentary position with respect to
reference points is illustrated by the following examples: The
Landing Judgment Test CP505E mecasures ability to judge the
direction of locomotion in a landing glide by identifying the spot
on the runway toward which the glide is aimed. The Landing
Orientation Test CP106A measures ability to judge one’s momen-
tary position in a course circling an airfield, i. e., one’s location
during flight in a traffic pattern. The Altitude Judgment Test,
described in the next section, is intended to measure judgment of
another type of momentary position, namely altitude above the
ground during a landing glide. A test is possible measuring the
ability to judge these various visual aspects of locomotion in comb-
ination, to weigh them, and to make a prompt decision as to action.
The scenes presented would be what the trainee sees in critical
flying situations, |

Perception of Space and Distance Particularly During Flight

A test of distance estimation employing still photographs already
exists in experimental form. This test is described in chapter 9
of this report. One of the important cues to the judgment of dis-
tance is motion. One form of this cue is that termed “motion per-
spective.” Distance can be represented in still photographs which
do not include motion, with a surprising degree of adequacy, but
it is reasonable to suppose that a still truer representation of the
situations in which distance judgments are required would be
attained by a test in which the motion cue is present. One possibil-
ity of test development in this field is as follows: The same scenes
that are used in the present still-photographic test can be taken
with a motion picture camera moving at a right angle to the line
of rezard. The same type of judgment would be required as in
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the case of the printed test. This test, in motion picture form, with
the addition of relative motion, should have the effect of making
the relative distances in the scene more decterminate and, hence,
making the test more valid as a measure of the ability to estimate
distance in real situations.

A test of the ability to estimate altitude could be devised which
depicts the approach to a landing strip during a straight glide,
in which the subject is required to match the altitude st some
particular point of the approach with the same altitude chosen
from five alternatives, subsequently given. In this case the alter-
natives would be presented sequentially as time intervals during
the glide by having a voice announce them during the repeated
scene. A test of this sort would depend to some extent upon mem-.
ory. It would include motion as one of the important cues to dis-
tance estimation, and also would resemble the real situation in
which distance discriminations are required, by utilizing judg-
ments made in terms of a temporal sequence.

Maintaining Oricntation During Locomotion

A major-difficulty encountered in the design of tests of orienta-
tion is the tendency for the examinee to translate the task into
the terms of a numerical or verbal schema, such as the points
of a compass. This tendency probably accounts for the moderate-
ly high correlations often found between orientation tests and
tests of numerical or verbal ability. One method of reducing
the probability of this undesired intellectualization is to avoid

- presenting the orientation problem in terms which suggest com-

passes and other devices, insofar as possible. This, however,
seldom solves the problem completely. Another method is to pre-
sent the spatial situation in such a realistic way that doing it
intellectually is much more difficult than “feeling oneself into it.”
Presumably the type of orientation ability which is displayed
under the latter condition is the type for which measurement is
desired. In the Flying Orientation Test CP107A described below,
this method has been employed.

On the screen is shown a view of terrain as scen through the
open bomb bay doors of a plane in flight. The course which the
“plane” follows consists of several short legs of cqual length con-
nected by turns of 90°. The examince must imagine that he is
flying in the plane, and keep in mind the direction of the starting
point. At the end of each flight, the subject responds by indicat-
ing, by reference to a lettered circle shown on the screen, the
direction of the starting point from his present position. In exper-
imental administrations of this type of item, the subjects found it
impracticable to keep track of the direction of the starting point
by means of implicit verbal symbols such as “right,” “left,”
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“north,” “south,” etc. This was apparently due to the fact that
the direction (of the starting point) changes not only at a turn,
but continuously during certain of the legs of the course. For
example, after one turn the starting point may be to the right,
but as the plane continues to move along the next leg, the starting
point drops farther and farther behind. The symbolic process
for the representation of these continuous changes would have to
be relatively complex, and the subjects are in a sense “forced”
to adopt the simpler expedient of imagining themselves moving
in space. It is believed, therefore, that the capacity for represent-
ing subjective motion, present in motion pictures, has made pos-
sibie a unique solution of an important problem in the construction
of orientation tests. : .

Another possibility exists, using film from the above test. It
is possible to require the subject to visualize the path through
which an airplane has flown, after having watched the movement
of the ground underneath, during each flight. For each item, the
screen would depict the ground as seen through open bomb bay
doors during a flight involving several turns. At the end of the
flight, the subject would attempt to identify the path from five
alternatives on the screen. This test strongly resembles the Fly-
ing Orientation Test described above, except that a different type
of response is required. The same items could, however, be used.

Ability to Learn a Procedure

The characteristic of motion pictures which makes possible the
representation of a series of acts in their natural sequence and.
tempo provides the opportunity of testing for the ability to learn
a specified procedure, not by verbally memorizing a series of
names or written descriptions but by actually visualizing the
series of acts as they naturally occur.

A test could be designed to measure memory for a series of
discrete events or acts. Several types of aircrew duties seem to
require this function, particularly bombardiering, in which the
student must learn to perform a rather long series of more or
less disparate activities in a specific order. In abstract form, such
a test might be constructed as follows: a sequence of responses
(i. e., a procedure) would be presented visually on the screen and
also orally by means of the sound track, to be followed by another
sequence showing an individual following the procedure (e. g.,
adjusting knobs in a certain order) with certain errors. The
errors in the visually presented procedure would be identified by
letters and recorded on a standard answer sheet. With the addi-
tion of rcalism, such a test might become a work-sample aptitude
test. :

The Successive Perception Tests CP509C-I and CP509C-I11
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measure visualization of events or comprehension of temporal
patterns by requiring the examinee to visualize (a) a total pattern
exposed a small part at a time in continuous sequence, and (b) the
total path of movement of a continuously moving spot. Other
tests of visualization are possible, all involving the sequence which
is provided by motion pictures. :

Ability to Recact to a Changing Situation

The cinematic characteristics of motion, sequence, and pacing
make it possible to present cither a single changing situation, i. e.,
a situation “flowing” or proceeding in time, or a number of such
sitvations occurring simultancously on the screen.

The Flexibility of Attention Test CP411E and the Integration
of Attention Test CP415A, attempt to measure the ability of an
individual to observe a number of different activities at the same
time, by presenting on the screen five continuously moving dial
indicators. The task is a speceded version of a similar real job,
and the attempt is made to represent the natural irregular pacing
. of the real situation under which “division of attention” is re.

quired.

It may be that the task can be better described as one in which
a number of continuing intentions to react must be simultaneously
kept up, while at the same time observing a number of irregularly
changing stimuli, such as dial readings to which the appropriate
reactions must be made. This description of the task emphasizes
the factor of keeping a number of things in mind at one time,
while remaining alert to observe signals of danger. A test could
be designed to represent this latter type of task. There are a num-
ber of possible ways in which such a test could be presented in
motion picture form, involving motion in clocks, dials, etc., shown
on the screen, along with a task which requires the examinee to
keep in mind several discrete activities. One simple form would
be as follows: '

The subject is given the two continuing tasks of recording the
readings of dials A and C ¢ :ry third minute (which is indicated
by a clock shown on the screen) and the readings of Dials B and
D every second minute. These dials, A, B, C, and D, are graduated
in units which run from 1 to 10, and their readings vary con-
tinuously, though relatively slowly, throughout the test. The
clock from which time is read has a minute hand which rotates
once in 30 minutes, and a sccond hand which rotates once in a
minute. Thus its movement must be followed, not continuously,
but with a reasonable degree of care in order for yeactions at
the critical movements to be made correctly, The task described
could be made more or less complex, but it meets the specifications
of providing the examince with a number of self-maintained gets
to male particular reactions at spceijie times. In addition to these
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basic activities which the subject must himself initiate at definite
intervals, he may also be required to record the “going wrong”
of certain other dials which are numbered 11, 12, 13, 14, and 15,
whose movements are irregular and relatively rapid. The test
could be so constructed that any desired proportion of the items
required reactions at specific intervals and at irregular intervals.
It is believed that a task of this sort would permit the measure-
ment of the ability to maintain attention to a set of regularly re-
curring, possibly monotonous, activitiecs in the face of other
demanding and distracting tasks.

Another interesting possibility exists of changing the usual
task in printed mechanical comprehension tests by presenting
similar material in motion picture form. A common type of item
in printed tests depicts a series of gears or pulleys with direction
of movement of the driving gear (pulley) indicated by an arrow.
Usually, in order to answer the item, the examinee must visualize
the movement of the driver and infer the movement of each sub-
ordinate part of the system. His ability to imagine such move-
ment seems, in fact, to constitute in large part the function being
measured, which has a demonstrated usefulness in the aircrew
classification battery. But this ability to visualize movement from
static diagrams does not constitute the comprehension of mechan-
ical principles or at least of dynamics. It is conceivable that a
motion picture test of mechanical comprehension might measure
a quite different function. In this case, the motion, rather than
being imagined, would be presented directly on the screen. A
simple item might take this form: On the screen are shown two
unconnected gears of equal size. One is rotating clockwise at a
regular rate, the other rotates counter-clockwise at haif the rate
of the first. In a printed test booklet are shown five possible con-
nections of these two gears, with auxiliary gears, and the subject
must choose the one which could correctly reproduce the move-
ment shown on the screen.

It scems evident that such a test would measure understanding

" of mechanical principles with particular reference to dynamics,

a function which might have considerable validity for predicting
the success of the bombardier or flight engineer trainece. Although
the degree of relationship between the motion picture version and
the various printed versions of mechanical comprehension tests
is difficult to predict, the task presented by the motion picture test
seems a unique one. - '

Ability to Perform Under Emotional Stress

Motion picture tests of the cfliciency of performance under con-
ditions of stress or cmotion are of two general types: that in
which the stress is induced by the difliculty of the task and the
conzequent sense of failure and inferiority (e. g., by the pacing of
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the test), and that in which the stress is induced by the portrayal
of events and experiences arousing fear, shock, anger and the
like, (i. e, by the realism of the test). One test of each type was
nlanned and studied in a preliminary way.

The Reaction to Stress Test is an adaptation of the Plane For-
mation Test CP805C, in which both the exposure interval and
the response interval are reduced progressively until it becomes
impossible to see and record the complete pattern constituting the
item. Five marks must be made in order to complete each pattern
successfully (i. e., subjectively) ; the test is scored, however, on
the basis of each mark taken separately. Interspersed with these
items at irregular intervals are a number of relatively “easy”
items, in which both the perceptual task and the recording of
answers can be accomplished within the time allowed. The scores
made on these particular items would reveal whether or not the
subject has been able to persevere at the task in the face of dis-
couragement or stress arising from failure. Only these items
are scored, although the examineces are not aware of this fact.
The possibility of constructing this test obviously depends upon
the characteristic of the motion picture medium which permits
the pacing, in this case the speeding up, of both the exposure and
the response intervals.

As another possibility, the Observation Test (Susceptibility to
Emotional Stress) was designed to measure an individual's
ability to control the degree to which he is influenced by emotion-
inducing situations. The scenes should be chosen both for
their realism, and for the extent to which they induce in the
subject the experience of taking part in the events shown. A scene
showing an American soldier in brutal hand-to-hard combat with
an enemy soldier, with the camera aimed in such a way that it
has the “point of view” of the Amg¢rican soldier, is an example
of the type of scene which seems useful for this purpose. The task
required of the subject would be to remember and observe certain
minor and irrelevant events which occur on the screen and which
are a part of the total scene presented but not of the highly
cmotional “story” told by the scene. Presumably the extent to
which the performance of the purely perceptual task is interfered
with would yield a measure of susceptibility to emotional stress.
The noticing of the minor flecting events would require *“cool
observation.” As the discussion in the carlier part of this chapter
indicates, the advantages of this design are believed to reside
in the fact that it is diflicult for the examince to dissociate his
experience of the emotional scene from the obscrvational task
itself, since he cannot look away from the screen, and since the
clements to be observed and remembered form a part of the scene

itself,
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CHAPTER THRER

Technique of Construction
‘of Motion Picture Tests’

PRELIMINARY CONSIDERATIONS

Motion pictures can be presented either in a theater equipped
with dual 35-mm. sound projectors run by a trained operator,
or in a smaller room, of classroom size, with a single 16-mm. sound
projector. The latter procedure is much simpler. Sixteen mil-
limeter sound projectors can be operated by anyone with a mod-
erate degree of training, and they are mechanically reliable. By
observing a number of fairly simple precautions, 16 mm. films
can be shown with a degree of success approximating commercial
films and far superior to that of ordinary “home movies.”

Army training schools made use of this fact on a wide scale.
All training installations were equipped with classrooms set up
for 16-mm. sound projection and a great variety of films for
instructional and other purposes was shown. The existence of
such equipment at all centers where psychological testing was
being carried out in the AAF was the basic fact which made it
possible to plan an experimental program of motion picture tests.

Iv was clear from the outset, therefore, that psychological test
i." ns should be of the 16-mm., type and that the directions for the
test should be incorporated into the film itself whenever possible.
It was estimated that from 6 to 20 prints would be required for
each test to supply the different testing agencies, and possibly
more if the test should prove valuable at a later date; consequently
the film had to be capable of being duplicated. It was also assumed
that a motion picture test should ordinarily not exceed 30 minutes
in length and should if possible be kept to a length of 15-20
minutes; it was therefore possible to produce all test films on a
single reel and to obviate the necessity of changing reels during
administration.

Sixteen millimeter motion picture film can be produced in three
general ways. It can, as a first possibility, be photographed, pro-
cessed, edited and projected on 35-mm. film, and then transformed

sSections of this chaptler were drafted by Rursell W. Bornemeier, Ralph M. Eisenberg.
and Guruld M. Slater,
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into 16-mm. film by “reduction printing.” This permits the tech-
nical processes of film making to be carried out at the level of
commercial studio work, and it is of course superior to that of
other methods. This was the method usually employed in pro-
ducing training and indoctrination films. As a second possibility,
the photographic and other work on test films can be carried out
with 16-mm. film, and prints made directly from a completed
16-mm. negative. Since 16-mm. photography is within the range
of accomplishment of a semitrained amatecur like the psychologist,
this has advantages for the producing of experimental films such
as tests, where the experimenter needs to try various possibilities
and control the making of the film himself without having to work
through technicians. The sound has to be added with professional
studio equipment. Nevertheless, certain types of motion picture
photography useful in testing are beyond the capacity of this
method, such as animation and various special effects. At present,
these accomplishments are seldom possible except in studios with
35-mm. equipment. The third possibility is strictly amateur film
production, employing 16-mm. “reversal” film. Its advantage is
that no laboratory facilities are required, since the film is
processed and returned without extra charge by the manufacturer.
a positive image being produced directly on the same film that
was exposed. Such film cannot take a sound track and it cannot
be duplicated. Additional positive prints can only be made by
means of an intermediate negative, the effect of which is to reduce
the photographic quality of the product. The method is therefore
inappropriate for anything but personal films of limited interest,
or wholly preliminary experimental work.

Of these three methods of producing 16-mm., films, the first was
the one principally employed in the program of experimental
motion picture tests to be described. One test only was con-
structed by the second method with 16-mm. film throughout all
stages, being originally photographed with the semiamateur
cquipment and skills available to a research unit as distinct from
a professional studio. The first method is wholly dependent on
the collaboration of a studio operating on commercial standards.
The second method would have been advantageous and practicable
for a number of tests, and the plans made by the Psychological
Test Film Unit called for some of this type of work. They failed
of application because of the critical shortage of motion picture.
cameras which persisted for some time after the latter part of
1913 when the unit was cstablished.

The stages in the production of a psychological test film are
usually as follows:

1. Preliminary tryout of the problem, task, or performance to
be incorporated into the test as items or trials. This can be done
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by preliminary 16-mm. photography or by various makeshift
methods such as models moved by hand, and it does not involve
the services of motion picture technicians.

2. The preparation of a script for the introduction to the test,
giving both the shots to be photographed and the text of the
accompanying directions for the test to be recorded on the sound
track. The visual material, including subtitles if any, must be
roughly synchrenized with the voice. Along with the script goes
a set of specifications for the photographing of the various shots
which will make up the items of the test and for the order in
which they will be spliced. This stage also is performed by the
psychologist.

3. The filming of the specified scenes. This requires a motion
picture studio for some types of photography or at least a skilled
photographer for others.

4. The processing of the film in a laboratory and the making
of prints; the cutting and splicing of this film in the form of a
“work-print” which will synchronize with the script. The latter
work is performed by a film editor or cutter who must work in
close cooperation with the test constructor.

5. Tryout of the test in this “work-print” form for purposes
of item analysis and revision of the script and specifications. Since
the film is silent, the directions for the test are read aloud by a
test administrator as the film is projected before a group of
candidates.

6. Revision of the test film. This will require new photography
only if the test specifications were ill-conceived. Usually revision
can be accomplished by eliminating the ineffective items and by
re-editing the work print. Special effects photography may be
added at this point.

7. Recording of the revised script on a sound track, final process-
ing and editing of the film and the manufacture of final prints for
distribution.

It will be secen that motion picture tests are somewhat cumber-
some to revise. This difficulty serves to emphasize the need for
careful preliminary analysis and tryout experimentation before
specifications for the final form of the test are prepared. Ex-
perimentation should include statistical analysis. In this way

.final decisions can be arrived at concerning item difficulty, serial -

order of items, and length of test, and hence the possibility of a
necessary revision following the completion of the test is reduced.

In the discussion of the technique of construction of motion
picture tests to follow, the assumption is made that at least the
final production of the film will be accomplished by technicians.
The skill and facilitics necessary for a finished and professional-
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appearing motion picture test are at present only available com-
mercially.

CONSTRUCTION OF TEST ITEMS
Answering and Scoring Procedure

With one exception, all motion pictui tests constructed by the
Psychological Test Film Unit were designed to have responses
made on standard or modified I.B.M. answer sheects scorable by
machine. This requirement does not impose a serious limitation
upon the possible nature of the test items, but it may necessitate
considerable ingenuity at times in item construction. Basically,
of course, answering procedure with the motion picture mediun
introduces no peculiar problems except that it is necessary to
regulate the duration of the recording interval in such a way
that the slowest examinee has adequate opportunity to record
his answer. For ordinary tests this interval has been experi-
mentally determined to be from 5 to 8 secconds. It may, ot
course, be desirable to spced up the recording interval in a test
which measures the ability to perform some intellectual or percep-
tual task in a limited time, e. g., to induce a fceling of stress. The
requirement of machine scoring makes necessary serious consider-
ation concerning the exact nature of the answering procedure be-
fore item construction begins.

In general, answering procedures employed in the case of

. printed tests are also satisfactory for motion picture tests. These

procedures include the use of standard I.B.M. multiple-choice
answer sheets involving 2, 8, 6 or 15 alternatives, in which the
alternatives may be either lettered or numbered. A novel answer-
ing procedure must sometimes be developed, however, for the novel
psychological functions which motion pictures are capable of
testing.

- Answer sheets can be adapted to special uses by overprinting
in such a manner that routine machine scoring is unaffected. The
spaces on the answer sheet in which the examince marks his
answers may be altered, by special printing, into special spatial
arrangements or may be given designations particularly appro-
priate for a given test. An example of an answer sheet in which
the answer spaces are arranged in a speeial spatial pattern is that
used for Plane Formation Test CP805C. In this test, the ex-
amince is required to fill in spaces on the answer sheet correspond- -
ing to the scctions of a grid appearing on the screen; the grid con-
tains 25 cquares upon which appear five small aivplane silhouettes.
The examinee is required to reproduce the pattern made by the
five planes. An illustration is given in Chapter 5. It is interesting
to note, therefore, that by proper arrangement of the answer
spaces, an answer sheet can be used for recording judgments of
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spatial patterns and extents. By designation of answer spaces as
U, D, and S for Up, Down and Straight, respectively, instead of
A, B, and Cor 1, 2, and 3, it is possible to obtain judgments of the
direction and extent of movement as in the Minimal Movement
and Drift Direction Tests. This is also illustrated in chapter b.
For certain types of tests it is desirable that the examinee view
the screen for relatively long periods of time without, interruption
for the clerical task of recording his observations. A transcrip-
tion technique has been developed for this answering situation.
The examinee is given a work sheet on which he marks his answers
continuously as events occur on the screen without shifting his
attention from the screen. Upon the completion of the test the
examinee transcribes his answers from the work sheet to a stand-

ard answer sheet.

Techniques for Construction of Preliminary Test Items

There are a few general techniques for the construction of pre-
liminary test items. The appropriateness of any specific technique
for any given test will depend upon the nature of the test and other
considerations such as equipment and facilities available.

It is to be understood that the product of these techniques is
not to be used as a final form of the test. These techniques yield
a preliminary form, without instructions recorded on the sound
track, which can be administered informally to small groups of
subjects. Preliminary administration will give information con-
cerning i“em difficulty, item exposure time, recording interval, and
serial order of items. By this analysis information can be ob-
tained for the preparation of exact specifications for the final
form of the test.

When preliminary test construction begins, one of two general
situations usually prevails. Sometimes films are available which,
by editing, can be made into a form satisfactory for tryout pur-
poses; more generally a form of the test must be photographed,
sometimes on 16 mm. film. It may be possible to construct and try
out items in the absence of photog:aphy by the use of mock-ups
or other mechanical devices. Sometimes a combination of the
above procedures is necessary.

Production by Editing of Existing Motion Pictures. The produc-
tion of the Motion Picture Comprchension Test CI625A is an
example of the use of this procedure. A large number of motion
pictures were reviewed in search of sections suitable for the con-
struction of this test. Prints of the suitable sections containing
satisfactory material in the appropriate length were obtained.
Test instructions and prelimihary practice items were written and
test questions on the material in the sections were prepared. These
sections were spliced together and this form of the test adminis-
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tered with a narrator substituting for the sound track. From these
preliminary administrations information was gained concerning
the nature of the test so that specifications for the final form of
the test could be written.

Production by New Photography. Usually it is impossible to find
existing motion pictures from which to construct items, in which
case it is necessary first to devise the items and then to photograph
them. The material to be photographed for an item might be a
carefully rehearsed scene (e. g., Observation Test CE307A); or
some type of movement of a drawing, map, or photograph (e. g.,
Flexibility of Attention Test CP411E). The essential feature of
the procedure is preliminary photography of the items so that
thev can be spliced together and administered for statistical
analysis,

Ti.e production of the Flexibility of Attention Test CP411E is
an example of this kind of test construction. A panel was con-
structed on which appeared five schematic instrument dials having
simple indicators. The test items were obtained by photographing
the panel and dials while operators, standing behind the panel,
moved the indicators in a predetermined manner. These shots
were spliced together, the instructions were provided vocally, and
the test was administered in this form to groups of subjects so
that a statistical analysis could be performed. Following the analy-
sis, the test was modified wherever necessary, specifications writ-
ten, and the test constructed under supervision in an army motion

. picture studio.

It is possible in certain instances to construct and try out items
by the use of mock-ups or models. In this case preliminary photog-
raphy becomes unnecessary. An example of motion picture test
constructed in this manner is the Successive Perception Test I
(Moving Slot) CP509C-I. In this test, a slot in an opaque screen
moves over a black geometrical pattern exposing it successively
from top to bottom. The patterns vary in nature and complexity
from item to item. The patterns were drawn on cards and exposed
manually with a slot of the sort described. In this way the test
was tried out in preliminary form with groups of subjects. Statis-
tical axalyses were performed and, finally, specifications were
drawn up for animated motion picture photography at a studio.

Other devices are useful i1 the construction of test items where
preliminary photography is not indicated. In addition to mock-
ups and models there are ordinary photograpi's, slide projection
of pictures, and drawings. Full use of such devices can effect
substantial savings in time and expense.

Production by a Combination of New Photography and Exten-
sive Editing. In some cases the most effective and convenient way
to work is to draw up specifications for a basic test situation, By
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means of these specifications, a production studio is able to provide
film in 35 mm. form from which a series of test items can be ob-
tained by selecting and editing. By appropriate cutting and
arrangement of the items along ‘’ith a narration to be read as
the film is projected, a tryout form of the test can be produced.
This form, then, is administered to groups of subjects and with
further revision, final specifications for editing and sound can be
written.

An example of this sort of test construction procedure is the

" Landing Judgment Test CP505E. The rationale and the basic

test situation for this test were carefully claborated and specified.
Because of the difficulty of predicting how and with what success
subjects would make the judgments desired, it was necessary to
photograph the test situation under a number of varied but closely
determined conditions. By experimental administration, selection,
and modification of these basic shots, it was possible to determine
the length and difficulty of the final items, to decide upon their
order and arrangement, and to write the instructions. The tenta-
tive experimental form of the test could be modified and revised,
until a satisfactory form was evolved. Specifications were only
then written for special photographic effects, and for sound.

The preceding sections have dealt with various techniques for
producing a tryout form of the test. The following section is con-
cerned with administration of this form of the test.

ADMINISTRATION OF PRELIMINARY FORMS
Administration to Sophisticated Subjects

It was the experience of the Film Unit that the assistance of
an audience of psychologically sophisticated observers, or “test-
wise” subjects, i$ extremely valuable at the preliminary stage of
test development. Such subjects can provide introspective ac-
counts of the psychological functions involved in the task and pro-
fessional opinions of the success with which the test measures
these functions. They can also note unwanted cues to the correct
answers which have escaped the test constructor because of his
familiarity with the test. The effectiveness of this procedure was
illustrated during the construction of the Flying Orientation Test
CP107A.

It was desired in this test to measure the ability to maintain
directional orientation when flying, together with the allied ability
to visualize a flight path already flown. In the original form of
this test the subject was required to state the compass direction in
which he was traveling at the completion of the item, ¢. e., a
“{li-ht” shown on the screen. Preliminary administration of the
test to a critical audience established the fact that the desired
measurement of the ability to maintain directional orientation was
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not obtained. Instead the task sct by the test could be performed
in an intellectual manner by the use of verbal memory. Comments
by the audience suggested modifications of the test which pro-
hibited intellectual solution. In the final form, the task of the
subject is to maintain his orientation by watching the ground as
it wheels below him, so that at the end of a flight involving several
turns he can indicate the direction of the starting point from his
present position. It is believed that this form of the test success-
fully measures the function for which it was designed.

Preliminary administration of the test to psychologically sophis-
ticated subjects can also provide information concerning the tech-
nical aspects of the test's construction. The adequacy and clarity
of the test instructions can be criticised. Estimates can be sccured
as to the appropriateness of the item exposure time and the length
of the recording interval. These intervals can be crucial variables
in the construction of certain tests. Such an expert group also
can note any -disadvantageous arrangement of the serial order of
items. ' .
Administration to Unsophisticated Subjects

When the test is developed as far as possible by the foregoing
techniques, it is necessary to administer it to unsophisticated
subjects for purposes of statistical analysis. It is desirable, of
courses, to administer the test to an actual sample of the popula-
tion for which it is designed.

Statistical analysis at this stage of development usually con-
sists of item analysis and the study of item difficulty, test relia-
bility, sometimes intercorrelations with other existing tests, and
information concerning the effect of practice on the test. In cer-
tain cases, studies may be made on the variable of seating arrange-
ment and illumination, and in some cases preliminary \ahdltles
may be secured.

By the use of the foregoing procedures and prehmmary test
administrations it is possible to write the final script and specifi-

cations for the test. The following two sections deal with their

‘preparation.

PREPARATION OF THE SCRIPT FOR THE
INTRODUCTION TO THE TEST

The “script” represents the film cutter or cditor’s guide for the
voice, the titles, and the portrayed events of the motion picture
test in its final form. It represents what is called the “continuity”
of the film. As written by this unit, the part of the script to be
“narrated” appears on the right-hand side of the page, and the
accompanying action is given on the left-hand side of the page.
“his arrangement enables the cameraman to get an overall idea of
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the nature of the test as well as serving the film editor as a working
guide in cutting and assembling the film in its final form.

The part of the script describing the “action,” or visible aspect
of the film, should enable the cutter to determine the proper
sequence of shots and their duration. The details for the photog-
raphy of the action that appear in the script are submitted as a
set of specifications and will be discussed in the next section. The
script for a motion picture test is similar to an ordinary “shooting
script” for a motion picture of the entertainment or educational
type, in that, when read, it should make clear the content and
nature of the film which will be projected. Its emphasis, how-
ever, is particularly on the introductory portion of the test which
contains the directions and sample items. The main body of items
for the test does not require a script. The ‘“‘shots’” or successive
units of film which constitute the items of the test can best be
described in a set of specifications primarily for the use of the
cameraman. A portion of the script written and submitted for the
production of the Flying Orientation Test CP107A is presented
below as an example of the form used by this unit. This script
was prepared for 35-mm. studio photography. The test which was
actually produced, however, had to be made with 16 mm. film
and only semi-professional equipment, and was based on a simpli-
fied script. '

SCRIPT FOR FLYING ORIENTATION TEST

Niain Title:

Cut To:

Smalier Letters
Title accompanying voice:

Cut to vicw of moving terrain seen
through bomb bay doors.

At word “this,” terrain begins a
turn simulating plane turning 90°
to the right. . .

Plane completes turn and flies
straight again.
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Aviation Cadet Testing Program (Air
Corps Symbol) :

Flying Orientation Test

Psychological Test Film Unit
Santa Ana Army Air Base
December 1944 .

This is a tcst' of your ability to re-
main oriented while flying a compli-
cated flight path.

What you sce on the screen represents
what you would see if you looked down
through open bomb bay doors from
a plane in flight. Notice how the
ground appecars to move as you fly
over it.

This is the way the ground appears
as you make a 90° turn to the right.
(Pause)



At word “this” plane begins a 90°
turn to the left.

Plane completes turn and flies
straight again.

Cut to title accompanying voice.

Another title accompanying voice.

Cut to moving terrain through
open bomb bay doors. Path is
marked out with dotted lines on

photograph. Circle super-imposed .

qver terrain faintly with hcavier
arrow pointing back.

Plane turns to the right. Arrow
swings with the terrain to point
toward start at the right.

Plane flies straight. Arrow moves
over terrain, swinging slowly to
point down, following direction of
start.

Plane stops. Circle and arrow fade
to circle with lettered arrows, with
large arrow at “D.”

Camera view expands to show all
of terrain, with path flown marked
with dotted lines. Small plancs
along path, in circle with arrow
pointing toward start.

Cut to closc-up of answer sheet.
Hand marks space “D” of Item
No. 1,

703318474

This Ias how it looks when you turn
920° to the left. Remember your
plane is turning to the left,

In this test all the turns will be 90°
turns and the paths between turns
will always be the same length,

Your task is to remain oriented at all
times during a mancuver so that
when the flight ends you ean visualize
the path you have flown and know the
dircction you would have to go to
return to the starting point.

Watch this practice flight, The path
the plane will fly has been marked
out in advance with dotted lines,

Starting here and flying straight, your
starting point is now behind you,
Note the circle with the arrow point-
ing back toward the start. This ar
row, which will always point toward
the start, is to show you how you
should visualize the direction of your
start during the test.

Your plane is turning to the right,
The arrow now points to the right
toward the start. -

As you fly straight, your start is still
to the right, but it is getting further
and further behind you.

As the plane stops, the arrow is point-
ing toward your start, which is to
your right and behind you.

Here is an ovcrall view of the path
you travcled and the way in which you
must visualize it. Your task is to
choose the lcttered arrow that points
toward the start. .

Imagine yourself seated in the plane,
which is always flying in direction
“A.” Your start is to your right and
behind you, in direction “D.” Remem-
ber, this overall view is only to show
you the path you have flown. During
the test you must think of the diree-
tion of the start from your position in
the plane,

Mark the spiace under “D" as the
answer to question number one,
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Cut to Item No. 2 for 1 sec.

Cut to moving terrain through bomb
bay doors. Arrow in circle pointing
down toward start. Path marked
out with dotted lines.

Planc turns right. Arrow turns
with terrain, pointing toward start.

Plane flies straight. Arrow moves
over terrain, swinging down to
- keep pointing at the start.

Plane turns right. Arrow keeps
pointing toward start.

Plane flies straight and stops.

Camera view expands to show all
of the terrain with path flown
marked with dotted lines. Small
planes along path inside a circle
with an arrow pointing toward the
start. Circle and arrow showing
the direction of start during flight
fade to circle with lettered arrows.
Large arrow at “C.”

Ready for practice flight number two.

As you fly straight, your start is
behind you.

You are turning to the right, so the
arrow points toward the start at the
right.

Your start is still to your right but
it is somewhat behind you.
[ 4

You are turning to the right again.
Your start is now in front of you and
to the right.

Your start is now directly to your
right.

Here is an overall view of your plane
and the path you flew. Note that
the circle around your plane has let-
tered arrows showing directions from
your plane. Thus arrow “A” always
points ahead of you, in the direction
you are flying. The arrow which
showed the direction of the start
during the flight is pointing in direc-
tion “C.” This arrow and the dotted
lines will be shown only during the
practice flights to help you visualize
your path and the direction of the
start. Mark the space under “C” as
the answer to question number two.

The script continues in the same form through five practice

items, and the instructions end with the following statement:
“We will now begin the test. Remember, you must visualize your
flight and know the direction you must go to retirn to the start.”
After the instructions are completed, the test begins with Item
6 and continues through Item 50. Five seconds of answer time
are available after each item.

PREPARATION OF SPECfFICATlONS FOR
PHOTOGRAPHY OF THE TEST

Specifications should include all the technical data necessary for
photogre phy of the test. The content will necessarily vary with
cach test, depending on the type of photography, e. g., aerial
photography, model photography, or animation, but all specifica- -
tions should include a description of the basic scene to be photo-
graphed, a description of the exact: shots for each trial including
the proctice trials, and a list of titles.
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It must be kept in mind that the cameraman gets all his informa-
tion from the specifications and script submitted to him. It is
therefore necessary to submit precise written explanations, dia-
grams and sketches so that he will be able to photograph the neces-
sery film with as little personal supervision as possible from the

psychologist.

As an ‘example of specifications prepared and submitted by
this unit, a section of those for the photography of the Flying
Orientation Test CP107A as originally conceived is presented

below.

SPECIFICATIONS FOR PHOTOGRAPHY OF
FLYING ORIENTATION TEST

(35 mm. special effects photography)

1. Description of Scenes. The test is made up (primarily) of 85 shots
which will be called “flights” including five practice flights. These are pre-
ceded by instructions and one special flight used as an example.

a. Description of a “Flight.” A “flight” should simulate the appearance
of the ground as an observer would sce it looking straight down through the
open bomb bay doors of a plane. An aerial photograph is substituted for the
ground in the filming of the test; the axis of the motion picture camera
should always be perpendicular to the photograph. In each flight the alr~
plane appears to fly a path made up of several straight legs of constant
length. These paths are drawn accurately in the drawings which accompany
" this description. In thesc drawings, a frame size of 1 inch by 1.38 inch is
assumed. The starting and stopping points are drawn so as to be in the
center of this frame. The 90° turns are made without bank, the axis of the
camera -always remaining vertical.

b. Bomb Bay Doors. Extending out from the right and left edges of
the frame are representations of open bomb bay doors. These may be either
photographs of real bomb bay doors superimposed along the inside edges of
the frame or they may be painted likenesses. The appearance of the screen,
with bomb bay doors, is shown during a typical flight in figure I. The open
space in the center of this frame should consequently measure 0.95 inch
by 1.0 inch on the scale of the photograph. [This illustration is shown in
chapter 6.} .

¢. Terrain Photograph. For the purposes of writing specifications it
is assumed that the terrain shown between bomb bay doors will be a portion
of the aecrial photograph which accompanies this description, taken from
an alfitude of 20,000 feet. If it is desirable to enlarge this photograph,
the dimensions and distances, in terms of real space on the ground should
recanin exactly the same.

d. Specifications for a “Flight.” On the 1 inch by 1.33 fnch frame
diieribed above, the flight path should be photographed so that the center
of the frame will trace a path over the photograph having the following
claracteristics: The lenpth of a leg from the finish of one turn to the
besinning of the next is 1.4 inch. The Y0° turns are to trace a puth which
corresponds to an arc of 90° having a radius of 0.9 inch.

The flights will be photographed at the following speeds, using the
l inch by 1.33 inch frame: ;
Speed 1—3.6 sces. per inch (Example flight, Flight 1).
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Speed 2—3.0 sces. per inch (Flights 2 through §).
Speed 3—2.1 sces. per inch (6 through 30).
Speed 4—1.7 sces. per inch (31 through 59).
Speed 5—1.3 sces. per inch (G0 through 85).

The permissable variation in speed is 5 percent. The speed on the
turns should te exactly the same as that on the legs with the axis of the
camera remaining vertical always. The exact number of seconds required
for cach flight is given on the drawing of cach flight.

e. Circle and Arrow. During the first 8 practice flights and following
flights 4 and 5, a circle and arrow are superimposed over the terrain in
the center of the frame. The appecarance of the circle and arrow is indicated
in figure II. The outside diamecter of the circle (in the 1 inch by 1.83 inch

frame) is 0.25 inch and the length of the arrow is 0.19 inch. The circle |

and arrow should be white and transparent, The circle should be clearly
visible, but sufficiently transparent so that the ground can be seen through
it. The arrow should be of slightly greater density, giving more contrast
with the ground below.,

The circle and arrow move “with the plane” over the ground, remain.
ing in the center of the opening between the bomb bay doors. The circle
does not rotate, but the arrow can turn through 360°, pivoting at the center
of the circle.

During a “flight” the arrow must turn so that it always points toward
the place on the photograph over which the “flight” started, i. e., the starting

point. As the “plane” makes a turn to the right, the arrow rotates around '

approximately 90°. As the “plane” continues along the second leg, the
arrow drifts slowly backward to 135°, following the starting point.

Except when the arrow is pointing at 0°, (straight athead) or 180°
(straight behind) it will be moving continuously during a flight.

f. Broken-Line Path. In the first three practice trials, the path the
“plane” flics is marked “on the ground” with a broken line. This line is made
up of white opaque dashes and appears to issue from the pivot of the arrow
in the center of the circle. It appears to trace on the ground the path
which the plane flies in the air.

When the arrow described above is pointing to 180° it will coincide
with the direction of this broken line. The broken line, however, should
always be visible through the arrow. The appearance should be given f
the circle and arrow up in the air above the broken line which is tracing the
path on the ground.

g. Scene Showinyg Entire Flight Path. The complete path of the plane
on the ground is shown at the end of each of the five practice items. After
the “plane” stops, the camera recedes from the ground, still centered on
the end point of the path, until the whele path flown and the present location
of the starting point are visible on the screen. Tie stopping point of the
flight should retain its orientation and remain in the center of the screen.

When the camera recedes, only the ground and the broken-line path
appear to get farther away. The circle and arrow as well as the bomb hay
doors recede with the camera, i. e., they retain their original size.

h. Circle with Eight Lettered Arrows. The circle with the 8 lettem
arrows is cut in at the end of cach flight. The circle with its arrows ha:
the same dimensions and the same appearance as the circle with the singlh
arrow described in “e.” The outside diameter of the circle is 0.25 inch an
the length of cach arrow, extending to the center of this circle, is 0.19 inch
The letters at the end of the arrows should be as large as possible withou
interfering with the perception of the diagram.
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TECHNICAL ASPECTS OF THE PRODUCTION OF FILM

A step-by-step account will be given of the production of psy-
chological test films from the time the final specifications are
drawn up to the completing of the finished product in the form of
16 millimeter release prints.

A motion picture film, if more than one copy is desired, is sub-
ject to the photographic principle that a positive can only be
made from a negative and a negative can only be made from a
positive. The film that is projected—the only film that can be
projected—is positive film. A motion picture negative is never
projected. Because it is easily scratched, it is handled only by
technicians trained for that purpose, who wear special gloves
and observe a number of other elaborate precautions. Negative
film is, of course, the first product of motion picture photography.
Its sole use is to be run through a printing machine which makes
positive prints.

At the time that the negative is exposed in the camera, i. e., when
the specified shots are taken, some footage is run off at the end
of each roll of film. Its chief purpose is to make a Cinex (Sinex)
Test which determines the intensity of light which will be neces-
sary in printing to insure a uniform density in the positive prints.
In a professional studio, at the end of cach day’s work, all the
exposed negative is taken to the laboratory. Here the negative is
developed and positive prints are made from it. Laboratory work
is usually done at night so that the positive prints can be viewed
the day after the film was shot. These positive prints, made from
the negative exposed the previous day, are known as “dailies” or
“rushes.” The dailies are viewed by the editor or cutter and all
others immediately concerned with the production. While the film
is being projected, criticism is made of its quality and effectiveness.
At this time, selection of “takes,” or alternative shots, are made,
since usually more than one take has been made of cach specified
shot. The cutter makes notes of decisions and selections.

After the dailies have been viewed and judged, the cutter takes
the positive film to the cutting room. Here, he breaks the film
down into the individual takes or scenes. At this time too, the
“Key numbers” of the film (numbers printed on the margin of the
film at each successive foot of its entire length) are recorded and
filed. This is done so that in the event the cutter has to call for a
reprint of any part of the original negative he can do so by order-
ing the reprint from number to number. This climinates the
noeessity of rcpr‘inting a whole sequence when only a portion of
it is needed.

Using the list of spcciﬁcatiéns and the script as guides to the
continuity, as well as the notes made during the running of the
dailies, the cutter arranges the takes in their proper sequence at
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the proper intervals. The cutter’s main tool is the Moviola. Thiy |
is in essence a miniature projection machine. The great advan. |

tage of the Moviola over the regular projection machine is that

the former can be slowed up or reversed and can be stopped any.
where the operator desires, precisely to the frame. Thus the cutter
can run the film on a take, back and forth, until he finds the exact
frame in which he wants to make his cut. The amount of a given
chot that the cutter uses depends partly on his judgment of the
continuity of action in going from one scene to another, partly
on the script, and principally on the amount of footage required
for the amount of narration written for that scene. Standard 35
mm. film is photographed and projected at 24 frames (one and a
half feet) per second, or 90 feet per minute. Narration is usually
spoken at about 145 words per minute, and if pauses are required,
as in the case of test directions, their duration is specified; hence
the duration of the action and of the corresponding voice can be
matched to one another in terms of film footage. When the scenes
have all been arranged and the cuts made as desired, the work
print is spliced together.

Splicing of film, although quite simple with the proper tools, is
nevertheless very important. The splice must be smooth and
durable so that it can go through the carriages of either the pro-
jection machine or the moviola and draw the rest of the film after
it. The splicing machine is a device that uses pressure and heat.
The emulsion is removed from the end of the strip to be spliced,
a special film cement is applied with a thin brush, and the two ends
are brought together so that they overlap the width of the frame
mark, being automatically trimmed at the same time. The ends
rest between two irons that are heated electrically. The splice is
allowed to remain in this position for a few seconds and then the
irons are lifted off. The film should then be securely and evenly
spliced. Usually at this stage the film test is tried out with a groug
of subjects and revisions are made.

Commercial entertainment pictures have the sound recorded al
the same time that the picture is taken and they are automatica'ly
synchronized. This is, of course, necessary where dialogue accoin
panies action and the screen must show the actor speaking. The
unscen narrator is, however, coming into increasing use, especiaily
in instructional films, and in this case the action and the voict
nced not be synchronized literally but instead need only be coor
dinated logically. The action explains or exemplifies what tn¢
voice is talking about. Narration of this sort is recorded on 8
separate film after the picture proper is cut and spliced. The pic
ture and the sound track are later combined into a single film, Thi?
was the pnocedlne employed for the psychological test films, in
which the voice is simply that of a disembodied test administratof

42



explaining the task portrayed and giving directions as to how tv
nroceed. '

After the picture is spliced, the narration as written in the
revised script is recorded at an average of three words to two feet
of film. This is done in a sound-proof room. The narrator first
rehearses the prepared script for the designer of the test until
the reading is given with the desired emphasis. When the nar-
rator can read the script to the satisfaction of both the test de-
signer and the sound technician, the recording is made. Complete
sentences or paragraphs are recorded as takes, the narrator paus-
ing and repeating if mistakes are made. The sound track will later
be cut and edited just as the picture was. The track is recorded on
film which is processed through the laboratory in the same way as
picture film.

The ¢ ‘und recording is judged, in the form of dailies, and selec-
tions are made by the cutter and others. The cutter takes the film
bearing the track and breaks it down so that the sentences and
phrases correspond roughly to the action called for in the script.
With the aid of a synchronizer and the moviola, he cuts and
matches the film carrying the sound to the film carrying the
action. The cut sound track is then spliced. Now the cutter has
the picture and the sound track, each on separate reels.

By the use of projectors designed to run the separate picture
and track films in synchronization, the cutter views this matched
work print as it will appear on the screen. If there are corrections
to be made, the cutter takes the film back to the cutting room and
makes them. The matched workprint then meets the requirements
called for in the script.

If the test film requires any special effects photography such as
dissolves, fades, superposures, or other “optical work,” the cutter
“cues” the picture by writing on the film with a grease pencil,
and orders the necessary special photographic treatment of those
particular sequences ¢ the film. This involves the making of new
rositive, new negative, and positive again for those sequences.
The sections of new negative are made on an optical printer which
is capable of producing a variety of special effects on the original
~ction filmed. After inspection of the new positive film, the cutter
‘ubstitutes the special effects for the cued parts of the film, At
this stage of the project, the work print is in its tentative final
‘orm. It is now viewed by the psychologist and the cutter. If
i.pproved by the former, the test film is ready for negative cutting. -

The original negative, including the special effccts negative, has
rearcely been handled duri- all this time. It has been labeled
and filed in vaults, reel by reei. It is now taken out and, with the
spliced work print as a guide, is lined up to correspond to the
positive. With the aid of a multiple-headed synchronizer for
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matching one film to another, the negative is cut so that it has a cut
wherever there is a splice in the positive. This will produce a
negative that corresponds exactly to the work print, with leaders,
titles, special effects, and picture included. The cut negative is
now very carefully spliced. At the same time, the corresponding
sound track is also matched with the sound track of the work print
and is also spliced.

From this spliced dual negative (both picture and track) the
laboratory prints a “master composite positive.” For the first
time, both picture and track are combined on one continuous strip
of film. From this master composite is made a 16 mm. sound nega-
tive, by reduction printing, and from this negative are made the
16 mm. prints which constitute the copies of the test. The original
385 mm. negative and the master positive are preserved in film
storage vaults. _ :
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(HAPTER FOUR

The Presentation of Motion
Picture Tests and Other Films
Requiring Activity by the Group®

Group testing with motion pictures is practicable only if two
objections, which will occur to anyone who thinks about the
matter, can be answered, namely, will some of the individuals
being tested have the handicap of a poorer view of the screen
than others? and, how can they see to write their answers when the
room is dark? Satisfactory answers to these questions can be
given, as this chapter will try to show. A film can be scen from
a large number of viewing positions which are demonstrably
equivalent. And, perhaps surprisingly to soine, it is not necessary
to darken a movie room but only to dim it. The evidence on which
these answers are based will be given. The implications of this
evidence extend to the use of film for all educational purposes as
well as for testing.

In the course of administprihg tests on film to some thousands
of aircrew candidates and students, the Psychological Test Film
Unit made a continuous study of the viewing circumstances under
which these films could be shown and of the effect of these different
circumstances on the performance of the students as measured by
their test scores. This research was necessary in order to deter-
mine, first, whether these circumstances, such as scating position
in the testing room, made any difference in the success with which
the visual problems of the test were solved and, sccond, what cir-
cumstances were advantageous for the presentation of motion pic-
ture tests and examinations. A large mass of evidence was col-
lected on the effect of viewing position and illumination on test
performance, and the accumulation of experience led to o set of
opinions on what a motion picture viewing room should be,

THE PRESENTATICN OF FILMS FOR PURPOSES
O’ INSTRUCTION OR TESTING
It is obvious that a test film cannot be given without some
method of illumination in the rcom by which the student can

—— e

*This chapter was prepured by Ben €. Finney and the wlitor,
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write. He must at least be able to make marks on an answer sheet
in such a way that they can later be scored. In the case of a test like
the examination in practical aerial navigation to be described later,
he must be able to make computations and study maps while still
being able to sce the screen clearly. It is probably less obvious but
equally true that an instructional film should be presented unde:
the same kind of special illumination of the room. The student
ought to be able to take notes, sketch diagrams, or study pictures
in a book while the film is being run. Learning is enhanced by
activity; the student who sits back and listens passively in a
classroom is ordinarily not doing much learning.

The technique of showing films in a semi-illuminated room has
been used many times and with many subjects who have taken
- motion picture tests, It could be used equally well for teaching
with films. But it is not now used for that purpose in most schools
and colleges. It appears unorthodox and is completely at variance
with the traditional situation for viewing motion pictures—a dark
room, suggesting relaxation and escape from reality, which en-
courages the onlooker to lose himself in the events being portrayed
or narrated by the film but does not permit him to write or take
notes, to see the instructor in the room or to interject a question.

. The attitude of the ordiary moviegoer is quite different from
that of the student. The former is seeking entertainment and has
no special intention of remembering what he sees and hears. The
student is actively learning. If his intention is to remember the
material being taught, he uses a notebook and a pencil. The enter-
tainment screen situation and the educational screen situation
produce their own unique attitudes in the onlookers. One of the
causes of this difference in attitude is the illumination of the
room. Darkness is notably a condition which promotes a tendency
to rest, and a nou-critical attitude. It is appropriate for the psycho-
analyst’s consulting room, for daydreaming, and for storytelling.
The darkness of the movie theater is right and proper for appre-

ciating the make-believe world which opens up on the motion’

picture screen. But it is not right for a classroom with students
and a teacher who need to see one another. Since a semi-illuminated
room is scldom employed at present in showing educational films,
the attitude of those who sce them is too frequently the one whicn
they adopt as moviegoers—the attitude of a resting spectator.
During the war many thousands of army students sat in dark
rooms and saw many hours of training films. They were frequently
shown during the latter part of a physically active day and the
trainces were tired. An attitude of passive relaxation was only to
be expected. The training films themselves were in many cases
conducive to effective learning, but the conditions under which they
were shown were not. It is our hypothesis that the “spectator atti-
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tude” in viewing such films can be combatted by setting up a view-
ir.g situation appropriate for active learning—a situation similar
to that existing in a good classroom, and to that sct up for motion
picture tests. It is an even more obvious hypothesis that only in
sch a viewing situation can the student take notes on what he is
b:ing taught or write answers to questions. which are put him.

Fundamentally the requirements of a room in which motion piec-
ture testing or teaching is to occur are: proper illumination in
v-hich to take notes and to sce the instructor, and proper seating
and projector arrangements which will permit perception of the
screen without effort.

Desirable Features of a Classroom in Which Motlon
Pictures Are To Be Used for Testing or Teaching

Illumination. The viewing situation for the presentation of
films for educational purposes, including that of testing, is very
much easier to establish than is ordinarily assumed. The semi-
illuminated classroom is already used for the projecting of lantern
slides, particularly the lecture-table types where the image is.
thrown on a screen above the instructor’s head. It is just as appro-
priate for educational films, It would permit a much more flexible
use of films than is at present customary—a use appropriate to-
instruction rather than to storytelling or “narration,” and one
which does not relegate the classroom instructor to the status of
a nonentity while the film is being shown. : _ :

The system of illumination used and recommended by the Psy-
chological Test Film Unit for giving motion picture tests was a set
of low-wattage ceiling lights controlled by a scparate switch from
that which provided the full normal illumination of the classroom
or testing room. These low-intensity light bulbs, with or without
diffusing fixtures, should be shiclded in such a way that they do
not throw light directly on the screen. Shields of black cardboard
are satisfactory for temporary purposes. The cciling should be
high enough so that the lights do not fall within the normal ficld of
vision of the students. \Windows, of course, should be covered with
shades. If ventilation is dependent on the opening of windows, a
simple type of louver covering the upper half of the window area
r:ay be used as a light-trap which will at the same time permit the
tper window to be kept open. This was the system used at Santa
Ana Army Air Base for motion picture testing and also for the
c.assroom teaching of aircraft recognition which required a high
proportion of class time to be spent on visual instruction using
lantern slides. It was a permanent sctup for illuminating the
rooms which required it. Temporary arrangements are, of course,
ossible merely by substituting low-wattage bulbs in the per-
manent lighting fixtures of a room. The above method proved to
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furnish adequate light for marking answer sheets and taking
tests,?

Other systems of semi-illuminating projection rooms are possi. |
ble. The projection rooms of professional Hollywood studios,
where studying of a certain type is required, are sometimes fitted
out with desks having indirect illumination of their writing sur. '
faces. A certain amount of glare is almost unavoidable, however,
even from the shielded lamp fixtures used. A better system is
focussed pencils of light from ceiling fixtures which skine on the '
individual desk surfaces. This method would be expensive for a
large ¢lassroom. The simpler method described above is believed
best. 2 ' !

The question of what level of illumination on the writing sur-
faces of the individual students is best, is a matter for experiment.
Evidence will be presented to show that it may vary widely with-
out affecting the performance of the student. Obviously, there
are two contradictory aims in the illuminating of classroom pro-
jection rooms. The more light in the room, the better the students
can write, see the instructor, and keep alert. On the other hang the
more light the less is the degree of *“‘contrast” of the screen image
and the poorer therefore its photographic quality. Illumination
falling on the screen will tend to “wash out” the blacks of the
image. This effect, however, seems to be less than might be the-
oretically supposed, and it is possible that the mechanism of
brightness constancy is at work to preserve the appearance of
screen images at different illumination levels. At any rate, a
compromise may be reached practically. The experience of the
Psychological Test Film Unit indicates that the student may be

IA memorandum recommending the above arrangement may be quoted here as having
historical interest:

*1 April 1944, SANTA ANA ARMY AIR Base.
“SUBJECT: Humination of Alrcraft Recognition Classrooms .
“TO: Department Chairman, Aireraft Recognition, Preflight School.

1. The present illumination of classrooms used for Alreraft Recognition has often
proved a hindrance to effective Instruction. The Paychological Test Film Unit, in connection
with its own program, aas developed an ideal illumination situation which it recommends to
the Aircraft Recognition Departments for their use In classrooms.

“2. The reccommendntions are made with the knowledge that classrooms are often used by
other departments requiring fuller illumination than is desirable for Aireraft Recognition
needs.

“3. These are the recommendations:

a. Complete “Mackout” for windows which are now only “graycd-out” or partially
obscurcd; continued use of ventilutor louvers as in the past.

b. Substitution of 15-watt globes In one eircuit of lights for the present ones of high
wattage: continued use of globes of high light intensity in other circuit.

e. Use one eclrcuit with the 1i-wantt globes for Alreraft Recognition Instruction; ux
both circults for other classes requiring fuller illumination. .

“4, The ubove plan for Aireraft Recognition classroom illumination should result In unlk
form lighting In recognition classrboms, ndequate light to take notes and record writtcen
responses to tests and drills without detracting from sharp projection of Imnges on the
screen, and climination of compluints of ‘too much L ht® ‘not enough light to write by,’ cte.”
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given from two tenths to cight tenths of a foot-candle of illumina-
tion to write by without seriously affecting the visibility of the
screen.

Setup of the Projector and Sercen. The visibility of the screen
image is afTected by the length of throw of the projector, the type
of projector, the intensity of the projector lamp, and the type of
the 'screen. No experimental evidence has been obtained on the
cifect of these variables. However, application of certain optical
principles together with information from other studies makes
possible some generalization concerning the setup of the projee-
tor in the room. Since the brightness of the screen image varies
inversely with the square of the distance of the projector from
the screen, the closer the projector to the screen the brighter and
sinaller the image. Thus, if the brightness of a projected image
does not seem adequate for good visibility, it can be increased by
moving the projector nearer the screen. However, the screen
image becomes smaller. The effect of this decrease in the size of
the screen image can only be considered in relation to the size of
the projection room and the scating distances from the screen of .
the students in it. The question of how much variation in seating
position is possible without handicap to some students will be
discussed in the next section. The size of the screen image, in
general, should be as large as the screen will permit, taking ac-
count of the desired brightness of the image. ) s

Since, in a partially-illuminated yoom, the stronger the light
thrown on the screen the greater will be the contrast of the image,
it should be as bright as possible for a giver si.c of the image.
Therefore the projector should be fitted with a lamp of maximum
intensity. -

Of the various types of screen currently available the white
matte screen has proved to be the most suitable. Beaded screens
are unsatisfactory for the reason that brightness of the screen
image is noticeably less when the screen is viewed from the side of
the room than when seen from the center.

Seating Arrangement. Since all the individuals taking a motion
Picture test must have an equivalent view, although not necessarily
an identical one, of the pictures shown if their test scores are to be
fair measures of ability, the equivalence of different scats in a
tosting room must be demonstrated. Viewing positions too near or
f:ur from the screen or too far toward the side must be eliminated,
o clse the scores at these positions must be statistically corrected.
The effect of seating position on test scores was therefore studied
with all the motion picture tests constructed by the Psychological
Test Film Unit. Whenever a test was administered, a plot or map
of the seats in relation to the screen was made out and a mean
score for each seat or block of scats was computed. In addition,
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the students in the presumably less favorable positions were oftoy

asked individually whether their view of the screen was satis.
factory. c ewdi,

The results of a long series of such studies, presented in the next
section of this chapter, showed that students can sit at distances
and angles of view which appear to be highly unfavorable to effi.
cient perception of the screen without any significant lowering in
the level of their performance. It might be supposed that test
performance in unfavorable viewing positions was compensated
for by some kind of extra effort of the subjents; there was, how-
ever, little or no evidence of such effort from the replies to indivi-
dual questioning. A more probable explanation is that the different
visual stimuli affecting the eye at different viewing positions are
all equivalent for performance Within wide limits, it appears
that different seats in a projection room provide equal opportunity
for perception.

Recommendations for the seating of students in the educational !

use of films, on the basis of this evidence, may therefore be very
loose. Visual education authorities have recommended, without
experimental facts to support them, the following rules: The

nearest row of seats to a screen should not be closer than two
picture-widths, and the farthest should not be more distant than

six picture-widths. The angular retinal size of the picture, there-
fore, should lie between 29° and 10°. The boundaries of seats at
the side of the room should be set at 30° on either side of the per-
pendicular to the screen, or the axis of the projector’s beam,
which would provide a wedge-shaped block of seats, 60° wide.
These rules, in relation to our results, are more than safe. In the
light of the evidence to be reported, they could be somewhat ex-
cceded without significant unfairness to the students.

Ventilation and other Factors. Only the same precautions ordi-
narily observed in good classroom teaching need be followed in
using motion pictures for testing purposes, and also for instruct-
ing. Since windows must be darkened by shades, either forced
draft ventilation or the system of window-louvers mentioned is
necessary.

Proctormg of Tests and Ezxaminations. It might be assumad
that, in semi-darkness, the subjects of a motion picture test will
be tempted to copy their neighbors’ answers. Although all sub-
jects are, it is true, reacting to the same questions at the saine
time, and are seated side by side, the pace of the test is such that
there is insuflicient time to locate and copy a neighbor’'s answer
before the next question appears on the screen. It has been the
experience of this organization that the problem of copying an-
swers is almost eliminated in motion picture testing and that proc-
toringe is minimized. In certain kinds of motion pictures tests in-
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volving the “when to react” type of discrimination it is necessary -
to enforce the rule that no individual start to mark his answer
urtil all do at once at the beginning of the answer period. Other.
wise social cues might influence the choice of an individual's
rcsponse among the sequence of alternatives,

EXPERIMENTAL EVIDENCE ON THE EFFECT OF SEATING
AND ILLUMINATION ON TEST SCORES

Some 30 or more experimental studies were conducted to deter-
mine whether the viewing position of the student in the motion
picture testiig room, and the level of illumination of the room by
which to record answers, affected his performance on the test.
Of these studies, 20 are available for summarization in this report.
They were performed with ten of the motion picture tests to be
described in the next two chapters. In the case of a few tests com-
pleted and tried out toward the end of the war period, the data
were not computed in time for inclusion here. The evidence is
sufficient, however, for general conclusions.

The various aptitude and proficiency tests were given to aviation
students in three types of rooms: (a) rooms of classroom size in
the neighborhood of 35 by 25 feet, and seating 24-40 students;
(b) large rooms designed for group testing, filled with desks or
shallow cubicles, approximately 60 by 60 feet in size and seating °
180-200 students; and motion picture theaters with a large screen
(and a corresponding long throw of the projector) seating stu-
dents at distance up to 120 feet from the screen and in numbers
up to several hundred at a time. All three of these situations
proved to be practicable for motion picture- testing. Use of a
theater required that lap-boards be used for writing, which was
inconvenient; the theater lights, however, could be adjusted by
dimming to any level of illumination desired. Students had to be
scated in alternate rather than adjacent scats since, in a theater,
the latter are so close together. It was concluded that testing in
rooms smaller than a theater was somewhat preferable, although
not decisively so.

The studies of viewing position and illumination made in these
situations were of two types: (a) studies in which all individuals
L ing tested had a “favorable” view of the screen (no seat nearer
than two picture-widths nor farther than six picture-widths from
tl:c screen, and no seat at a greater viewing angle than 30° from
the center line), and (b) studies in which some individuals had
“unfavorable” viewing positions at the extremes of distance and
at extreme angle of view. The latter studies were performed in
the effort to discover at what distances, if any, and at what angles
of view, efliciecncy of perception would begin to decrease in a
. motion picture room. In the former studies the illumination of
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. an example, and the results of the others will be tabulated. With

l

the room was at an estimated optimum; in the Jatter studies the
illumination was sometimes varied, with different groups, from

" a wholly dark room to a completely illuminated room.

The procedure of the experiments was to make a seating plot
of the testing room, each seat being indicated by a letter and num.
ber combination. Viewing positions were divided into convenient
blocks according to distance from the screen and also according
to angular deviation of the line of sight from the straight-front
line. Each student entered the seat number on his answer sheet,
When the test had been administered to a sufficient number of
groups, the papers were sorted first for distance and then for
angle, means and sigmas being computed for the various blocks
of seats. In the majority of studies differences and their critical
ratios were calculated, but in seven of the studies use was made
of the analysis of variance technique.

The Effect of Distance and Angle of View

A detailed presentation of the 20 seating studies completed is
impossible within the limits of this chapter. They are given in
the Annual Report of the Psychological Test Film Unit for the
fiscal year 1945. Instead, one seating study will be described as

almost no exception they lead to the same general conclusion,
namely that 1nost of the tests can be viewed from positions up to

highly “unfavorable” extremes without any significant falling |

off in test performance, but that a few tests cannot. In the case
of three tests, involving discriminations analogous to those of
visual acuity, performance falls off with increasing distance, but
not with increasing angle. For these tests, and these alone, the
effect of distance on test scores does not wholly disappear even
when the distance from the screen of the nearest and farthest seats
is within the limits which have been termed “favorable.”

The Effcct of Viewing Position on Scores of the Estlmalion of

Relative Velocities Test, CP205B-111

The experiment to be described is one in which the viewing

. ———— e St e e

positions were extended to the most “unfavorable” extreme limits .

of angle and of nearness to the screen. Some seats in front and
at the side were as much as 80° from the straight-front axis. The
room was one used for group testing and, by design, the seating
was not adapted to motion picture presentation. The front row
of seats was less than four feet from the screen. The size of the
room was 49 by 57 feet, with seats extending to the walls on all
sides and nearly all the way to the front wall. A less favorabl:
situation for viewing motion pictures could scarcely be set up. Tl
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test was given at Nashville Army Air Center to 1,104 unclassified
students, in groups of about 200, in November 1948,

Effect of Angle of View. The viewing positions were divided
into seven sectors, as shown in figure 4.1, representing angles of
the line of view within 15° of the center line, and from 15° to 30°,

< o ad >
»
1117 :
BLOCK SECTION D
111]
|
SECTOR| 5 4 SECTOR 3
%, ]
g, SECTIONC
: | HEENE
BLOCKIIIS [SECTOR & SECTOR 2 |4
. N
SECTION B L
BLOCK I
) 1111
BLOCK I |SECTOR 7 ] SECTOR |
lz]sl¢ A AE 6 [s1z]s]#\s]e]7]e
e— & -— : - ¥ e
20 < L2 s
s }

FIGURE 4.1.—Plot of Group Testing Room, Nashville Army Air Center.

from 30° to 45°, and from 45° to 80° away from the center line
on either side. The mean score was computed for students in each
sector and critical ratios were obtained for comparisons between
sectors. In addition, comparisons were made’ for the group of
students secated in the middle range of distance within the central
sector, i.e. in the most favorable positions. This group is labeled
the “optimal center” and its limits are indicated in heavier lines on
the scating plot. The scats were from 12 to 40 fect from the screen
and at anzles within 15° of the center line. The results are given
in table 4.1, and the critical ratios of the differences are listed

on following page.
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TABLE 4.1.—Test scores in relation to angls of view

; Secter - oo N M SD
............. (43°L o B0°L) .. ..cvivevncocncscncrcocnnsns 0 1. o
i (30°L te 48, 33 tol | 3998 et
BEs (b svssiorereTolevecs GUBPL RO BO%IL) . coovieio sov sioimnnmneesissenssoes 194 30.44 5.42
QLerrss o ol delea (15°L 0 L4 R)L. . ..oiivrcconoscnnnssosaces U7 29.74 5.19
(600000 GaHacE (15°RLOSO°R)cvcrccrersceanssrcrcocsconses 167 30.12 4.97
(SrEoato0 (I0°RLOA5°R) cv.vvsveecccancacsonosonsesss 94 30.49 §.88
1¥fs e lorefe frakeTelohorese (45°RLOBO®R)cviuvnnviececersoasnsncccssns 64 31.00 5.94
Optimal Center......... esesestiacasiseans 238 30.20 K27
Sector R, Sector C.R.
1 ve, Optimal center.....coecv00vens 30| 190, 4. cccccencnrscccesasarerasss 3.20
Tee. Optimal center....ccovvvveenes 1.19 || 147 vs 0 2 ..................... 1.27
S Y e Lol 510 s S il lere 10516 51 0.60 l$ ..................... 1.49
SRS SO 157 es. . Plonsiesiaiaisste sLelbls1tbialote s 0.90 l+1 n l+2+l ............... 1.47

IL==Left sld: of room facing screen; R=Right side facing screen.

The differences between sectors are slight. The only significant
difference is between sector 1 and the central positions. As can be
observed from the plot, many individuals in sector 1 had an ex-
tremely distorted retinal image of the screen. The equivalent
group of individuals in sector 7, however, Jid not show any signi-
ficant decline in performance. The N for sector 7 is smaller, and
it is probable that the very worst seats at an 80° angle were not
occupied in all the repetitions of the experiment. There is no
difference between central and peripneral seats in general, and

.écores do not fall off significantly until the viewing angle becomes -
‘considerably greater than 45°. It may also be noted that there is

no significant difference between the two sides of the room (1, 2,
and 3vs. 5, 6,and 7).

Effect of Distance From Front of Room. The extreme in the
‘near relationship to the screen was well represented in this study,
positions varying from a distance of 3 feet 9 inches from the plane
of the screen to 50 fcet from it. The retinal image of the screen
picture at the nearest position is more than 10 times the size of
the image at the farthest position. Blocks of secats, combining two
rows, were numbered from I to V, as shown in the plot. Means,
sigmas, and critical ratios were obtained, and are given in
table 4.2,

TABLE 4.2.—Test scores in relation to distance

Block N M SD

T (3 9° 012 )eccceccccsncosrssssssacccassscne 211 29.21 5.37

T (02 08721 Fiv s 0 0o s siosisvonnancnesoiseseasessns 284 $0.21 4.96

I (21° 20 38') eevvccennrcncovscccssssonnccnnansns 236 $0.20 5.81

IV (33 10 40°) c.ccceccrosasosscosocscscansnsnsss 20 20 81 8.50

V (40° 0 580°) . ..0cuveivonocossscvcacsencssoscnns 191 29.68 5.08

Rlock (_ ._C.R Bloek C.R. )

................. L% 2.03 B W8 Vicooaecncnanboannsc sl 0.90

!% ::: l“ ..................... 0.19 198 Veasocoosasonessncnes 1.08

IIo. IV, iiiieeoocascncnnnnas 0821 111t8 V.eevveerernoeronnaens 1.28
BV .98, Wi o siisioiossnioaisons s di 0.29

- The scores in the first two rows are slightly but not significantly
lower than the scores farther back in the room. These front seats
are subjectively very unfavorable viewing positions, including as
they do both scats too close to the screen and seats at too great

an angle,
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Effect of Distance From Center of Screen. A better comparison
is between different distances from the screen rather than dis-
tances from the front of the room. Arcs were drawn on the plot
at radii of 16, 28, and 44 feet, dividing the room into four sections
lcitered from A to D, as illustrated in figure 4.1. Means and
critical ratios were computed, as before. The results are given in
table 4.3. No differences are significant. Although nearly all the

TABLE 4.3.—Effect of distance from center of screenm

Section N M SD
R AEI E I Fendsnoonsssssfonsassogaponmeesodi 193 29.53 1
BUE I ). eeiaiicinnranontiicnceciiorensd 318 30.38 2‘..1
COEBMY .- cviinenaiminiisniioronesrmjonss 364 29.98 618
D T8 BB BE ) e cnioioceoosisososisnsisssssisomons 200 29.67 518
Section C.R. Section C.R._
A NG 51550157 c 0 o/0 leioleiole sieisisitiols A OO oo i o ofs sepielsioisieinsisloisrente .
Bra.Coveeecnsescovscancesonns 077] AveD...civveirernnncncecnens .93
C 08 Piceconosonsessosnnsinoes 0611l Bra.D...ooovvvicenrocenaanes 44

seats in section A are nearer the screen than two picture widths,
they do not produce a real handicap in taking the test. For this
particular test (ability to estimate relative velocity), and for most
of the other tests, the size of the retinal image of the picture does
not seem to affect performance. Other studies have explored the
cffect of distance to far distances, which are not represented in this
experiment. Up to 100 feet, no effect is evident for the majority
of tests. Other studies have also shown insignificant variance due
to angle of view, at less unfavorable extremes than were here tried
out. One study explored the possibility of interaction between the
isolated effect of distance and the effect of angle. No interaction
appeared. .

Effect of Right-Left Relationship. In order to determine fur-
ther whether the right and left sides of the room were equivalent
for test performance, one final comparison was made. The three
extreme seats on each side of the room, from {ront to back, were
combined.. The results are given in table 4.4. The difference is

not significant. s

TABLE 4.4,—Eflect of right or left side of room
g N W I sb_ | CR
R alde. ..ot vrenorrrrosnnennanersesssasesnses f—= 159 |7 s $.52 .98
Lefewide. . o 000000V N L 29.30 | s o P

The results of the above experiment represent the usual outcome
of scating studies made with tests which do not req:ire fine visual
diseriminations of an absolute type, such as visual acuity.

Summary of Seating Studies on Distance and Angle

A tabular summary of 20 seating studies is presented in table
1.5. The effect of distanc2 and the effect of angle are listed as “sig-
nificant” or “not significant,” depending on whether the critieal
ratios (or F-ratios) met the critcrion of statistical significance

53




(156 level). “Extreme” distance in the table means an angular
retinal size of the picture (visual angle) smaller than 10°. This
angular size takes into account both the distance of the observer
from the screen and the size of the screen image. *“Non-extreme”
distance means a retinal image larger than 10°. “Extreme” angle
of view means a viewing position more than 45° from the center
line. Since some studies were not set up to explore the extreme
seating angles and distances, the notation “No evidence” is fre-
quent in the table. The effects listed as “significant” are printed in
italics. In all these twenty studies the illumination of the room was
nearly constant and was close to “optimal.”

It may be noted first from the last two columns of the table that,
with the exception of the experiment described above, there is no
significant effect on test scores from the angle at which the screen
picture is viewed. This fact holds for all tests. Only two studies
included “extreme” viewing positions at angles greater than 45°.
The first has already been described. The second yielded no
significant effect, with angles up to 62°. The results indicate that
perceptual efficiency in viewing pictures is not affected by the
viewing angle within a much wider range than 1s ordinarily
supposed.

The columns headed “Effect of Distance” present a dlfferent
state of affairs. Three tests show significant decreases in test per-
formance with increasing distance from the screen, the Flexibility
of Attention Test, the Integration of Attention Test, and the
Minimal Movement Test. (The one: significant effect under the
Plane Formation Test will be considered later.) In the case of
all three of these tests, the difference in test performance shows
up at nonextreme distances as well as at extreme distances. The
fact is that in these tests, performance is best when close to the
screen and becomes slightly but consistently poorer as the screen
image becomes more distant and the retinal im: ze becomes smaller.

These tests are those, out of all tests constriacted, which require
judgments in which the resolving power of the visual mechanism
seems to be important. In the case of the Flexibility of Attention
and Integration of Attention Tests the observer must watch a
number of dial hands or indicators which may move into a region
marked in black (i. e., may go “wrong’’) or may simply move very
close to that region. The discrimination between the coincidence
or nori-coincidence of the indicator sometimes requires a high
degree of visual acuity. If acuity is dependent on optical and
retinal factors, it is reasonable to suppose that the discriminations
would become more difficult as the angular retinal size of the
indicator becomes smaller. In the case of the Minimal Movement
Test the observer must distinguish between barely perceptible
movement of a black spot and no movement. The absolute thresh-
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old for movement is analogous to acuity in being dependent on the
angular or retinal extent of the displacement, as distinguished
from the perceptual size of the total presentation. It is therefore
dependent, at least in part, on the viewing distance. This inter-
pretation is borne out by the fact that the Drift Direction Test,
employing the same spot, crosshairs, and circle, but requiring a
judgment of the inclination or drift of a movement rather than
the existence of a movement, does not show any decrease in per-
formance due to viewing distance.

These three tests account for all the significant effects of view-
ing distance found in all the studies. There is one exception.
One of the two studies reported for the Plane Formation Test
yieldad a significant decrease in scores with increasing viewing
dittance. The effect was obtained with moderate distances. Doubt
is cast on this result by the fact that another study, at extreme
distances, showed no effect at all. The result is rendered even
more dubious by the circumstance that the study in question was
incomplete, having been carried out by another research unit, and
that the standard deviation for the scores had to be estimated
by this organization. The critical ratio of the difference, when
computed, turned out to be significant, but it is highly questionable.
It appears unlikely that performance on the Plane Formmation Test
is affected by seating-distance from the screen.

Subject to the limitations discussed, it may be said that percep-
tual efficiency in viewing motion pictures is not affected by the
distance of the observers within the range of the ordinary class-
room or small theater. If a film requires a visual task which is
likely to make demands on visual acuity, special seating arrange-
ments will have to be made. But for most types of visual tasks,
all the observers in a movie room have substantially an equivalent
perception of the screen as regards performance.

The Effect of Illumination of the Room

_A number of informal tryouts and two formal experiments
were carried out on the effect of the level of illumination on per-
formance with mction picture tests. It was discovered that a level
of illumination could be obtained, either by using low-wattage
light bulbs or by adjusting the brightness of ceiling lights with a
rheostat, which would be subjectively “satisfactory” for the taking
of motion picture tests. At this illumination, students stated that |
they could write answers comfortably, and the screen image was
judged by the psychologist to have little loss of contrast. It was
in the neighborhood of two-tenths of a foot-candle at the writing
surfaces used by the students. A considerable variation in the
illumination above or below this point seemed, however, to be

8




possible. In order to verify this conclusion, two experiments were
carried out. .

The first of these compared the mean scores obtained for two
groups of students on the Estimation of Relative Velocities Test,
using a group testing room, under ordinary dim lighting
(N=14%9) and under “blackout” conditions (N=212). The first
condition was approximately “optimal”; the second involved an
almost completely dark room in which the answer sheets were
barely visible. The mean scores were 28.16 and 28.16 respectively
and the critical ratio was .80. The extreme of low illumination did
not affect test performance. _

The second of these studies analyzed the variance due to illumi-
nation in two different conditions of the Flexibility of Attention

Test, using a theater. The first condition was dim lighting, at a"

level of approximately one-tenth of a foot candle (N=845). The
second was full illumination, with the thecater lights at their
highest brightness, at a level of approximately 1.4 foot candles
(N=909). The differential was 14 to 1. In the latter condition
the screen image showed a noticeable loss in contrast, and the
illumination was definitely not “optimal.” The F-ratio between
illuminations was, however, not significant at the 1 percent level,
although it was significant at the 5 percent level. The extreme of
high illumination did not, to a formally significant extent, affect
test performance. . _

These studies demonstrate that, for motion pictures requiring
“audience participation,” a wide variation in level of illumination
is permissible without any overt effect on perceptual efficiency.
An estimated optimal illumination may.therefore be set up without
fear of being inexact in attaining it. The simple expedient of low-
wattage ceiling lights is fairly sure to be satisfactory.
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CHAPTER KIVE :

.Aptitud‘é Tests™

BACKGROUND OF TEST RESEARCH

A number of assumptions governing the research on aptitude
tests with films were listed in Chapter 1, and they may be repeated
here, after intervening chapters on the nature of the motion
picture medium, the making of motion pictures, and the showing
of them for educational and psychological purposes. It was
assumed that: )

1. Visual and spatial performances being important for fliers,
these functions should be concentrated on in devising motion
picture tests. ’

2. In devising a test, the procedure should involve not only job
analysis of the performance but also psychological analysis of the
underlying function in terms of the theory of perception.

3. The methods of psychophysics in studying simple and com-
plex discriminations by means of repecated judgments are useful
in setting up the test, once the kind of discriminations required
have been decided upon. A motion picture test can be built on
the pattern of a psychophysical experiment, which jnvolves trials
rather than items. In such an experiment, unlike a printed test,
the same presentation can be repeated a number of times in a
random series.

4. The functions tested should be those to which the medium is
uniquely adapted.

5. These functions will probably be found to center around the
human capacity for locomotion through space, and on that account
will require a theory of continuous behavior rather than a simple
theory of stimulus-response behavior.

Employing these more or less implicit assumptions, the Film
Unit constructed over a period of three years fourteen aptitude
tests for which motion picture prints were available at the end
of the war. They were, in most cases, conceived on the basis of the
performances required of the pilot. Only two were based on an

*This chapter was drafted by Hibbard Lamkin, Alfred H. Shafer, and Robert M. Gagne.
The tests themzclves were constructed largely by cooperative effort and it would be difficult
to nssign Individunl ercdit and responsibility for the rescarch. All the Individuals listed in
Chapter 1 sharcd in the Insights, expcdients, and prolonged Inbors which went into the
making of these tests, with the addition of R. H. Henneman and 8. R. Whallace, of the

Parceptual Nescarch Unit.
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analysis of other performances—those of the bombardier—but
since tests were to be validated empirically, it was possible that
almost any test might prove valuable in selecting for almost any
specialty.

Construction of these tests began early in the AAF Aviation
Psychology Program. The potentialities of the motion picture had
been realized at the outset in setting up the program of aptitude
testing for aircrew candidates. Tests of three types were planned,
printed tests, apparatus tests, and motion picture tests, cach type
Leing assumed to have its own unique advantages. By April 1942,
a neucleus of what was to become the research organization in
the Headquarters of the Training Command was on duty in
the Office of the Air Surgeon in Washington, D. C., and it was
determined that one of the responsibilities of this organization
was to be the development of perceptual tests. In May 1942, the
editor of this volume was directed to explore the agerncies within
the rapidly expanding Air Corps which might cooperate in film
production for the purpose of constructing motion picture per-
ceptual tests. Although training films were at that time being
produced: by the Signal Corps, this type of film production was
scattered and relatively uncoordinated; it was therefore decided
that the motion picture branch of the AAF experimental labora-
tory at Wright Field, Ohio, was the agency best adapted to pro-
duce the first motion picture tests. With the assistance of a film
writer assigned by the Training Literature Section at AAF head-
quarters, the first scripts and specifications for motion picture
tests were written and submitted to \Wright Field early in June
1942. . Because of reorganization of the motion picture branch,
production of the films was delayed for some months and finally
was sub-contracted to a commercial studio. The first three tests,
involving animated photography and requiring judgments of
velocity, were photographed under the supervision of the editor
of this volume in October 1942, at the Metro-Goldwyn-Mayer
studios in California. The tests were subscquently edited and
completed as 16-mm. prints at Wright Field.

A great many difficulties had to be overcome in adapting the
techniques of the sound motion picture to controlled psychological
testing. Any novel use of a medium of presentation, or new com-
hination of professional skills, probably involves the same diffi-
culties. The motion picture had been used little if at all for psy-
chological purposes and the motion picture technicians were
unfamiliar with any other use of it than for storytelling or
graphic reporting. The psychologist, thercfore, spoke an un-
familiar language. Motion picture production had to be super-
vised at all stages by the psychologist in the making of tests, and
the intricacies of motion picture production had to be learned.
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As a result of this cooperation, however, a number of new possi-
bilities both for psychology and for motion pictures have emerged.
The early aptitude tests constructed by the Perceptual Research
Unit and the later ones completed by the Psychological Test Film
Unit, which grew out of the former organization, will be de-
scribed in the following pages. Accompanying cach test are the
results of administering them to samples of aviation cadets and
aviation students. Only the tests themselves and the principal
data obtained are reported, the research which preceded and ac-
companied them being omitted. In the case of a few tests in which
this background research has general implications, such as those
having to do with space perception, the results are more fully
reported in another chapter.
- Some of these tests were found to have predictive value for
success in the various types of aircrew training, particularly pilot
in training. None, however, appeared to be sufficiently outstanding
in its contribution to justify incorporating it into the battery of '
tests actually used for recommending the appropriate specialty
in which an aircrew candidate was to be trained. The validities
of the tests, insofar as the data were obtainable, are given and
will be summarized at the end. Many of the later and presumably
more promising tests are lacking data from which to validate
them because of the long delay between test administration and
test validation. T

APTITUDE TESTS CONSTRUCTED
Ability to Judge Motion and Locomotion

Estimation of Velocity Test CP205B-I. This test was con-
structed to measure the capacity to estimate and visualize the
speed of an object moving at right angles to the line of regard.
This ability may possibly be correlated with more general space-
perceptual capacities to which names cannot be given. A test of
such a function might also be related to success at gunnery. )

The directions are given by subtitles with an accompanying
voice on the sound track, together with examples and sample items.
It is intended as a complex test. The judgment required is where
the object will be at a given instant. Using animated photography,
an airplane moves across a skyline background halfway across the
screen and then disappears behind a cloud, as illustrated in Figure
5.1. The correctness with which the continued velocity of the
imagined airplane is visualized is then measured by flashing a
spot of light in the cloud (“anti-aircraft burst”) and requiring a
judgment as to the position of the imagined airplane in relation
to the flash (“behind,” “hit,” “‘ahcad”) which is recorded on.a
3-.choice answer sheet. The judgment has been declared to be
somewhat similar to that in “leading” the target in free gunnery.
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Details of Development. Specifications for photographing the
scenes, from which the trials of the test were to be selected, were
drawn up in terms of a 9 by 12 inch picture frame. This is the
size of the picture which is photographed, frame by frame, with
the animation camera. Elements of the picture, on sheets of
transparent celluloid, can be moved on a carriage between suc-
cessive exposures of the camera. Motion was specified, on this
scale, in sixty-fourths of an inch. Thus, a rate of sixteen-sixty-
fourths of an inch, vhen shown at 24 frames per second, gives
a velocity of 6 inches per second. In setting up artificial velocity
stimuli with motion pictures, they should be visualized and speci-
fied by the test constructor on the 9 x 12 inch animation frame
(or on a 9 x 12 foot projection screen, if desired) rather than in
terms of the visual angle on the retina of an observer at a certain
distance looking at a projected image of a certain size. The first
method of specifying velocities is not only more convenient but
more exact since, as was evident in chapter 4, the velot;ities per-
ceived by the observers are those of the objective picture rather
than those of their retinal images. An observer seated anywhere
in an ordinary projection room see¢s substantially the same picture.

Since this test was photographed without preliminary experi-
mentation, and since nothing existed in the experimental litera-
ture on velocity perception to indicate what discriminations of the
type described were capable of being made by the average ob-
server, a large number of scenes were shot, from which selections
could be made of those at the proper level of difficulty after tryout
and statistical analysis. Seven different velocities of the plane

_were photographed. Three positions of the flash in the cloud were

shown. Most important, four degrees of deviation of the flash
from the theoretically correct position of the unseen plane were
shot. The deviations varied from three-sixteenths to twelve-
sixteenths of an inch on the scale of the 9 x 12 inch picture. Elim-
inating some combinations of these variations, 96 shots were made
which were estimated to vary from difficult to easy judgments.
After viewing the projected shots, they were cut down to 64. These
items were then spliced in random order as Form A of the test
and given to 400 aviation cadets. An analysis of item difficulty
was made and the items of too great or too little difficulty were
eliminated. Forty-three different items were used to make up
the final form of the test, without the necessity of repeating the
same shot more than once. The original guesses as to appropriate
velocities and deviations had proved to be very nearly correct. It is

‘interesting to note that the velocity of an airplane, once seen, can

be visualized with a fairly high degree of accuracy.. On a 9 x 12
font screen-picture, a deviation of the flash by one inch from the
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position of the imagined airplane can usually be detected by the

average observer,

]

Test Cl;aractermlc:.

1. Administration and Scoring:

- Form Running time Ne. trials | Scoring formule
% Minutes
CP20SA-T.ucccrececctcoccenncncnnan ovee] $0ieiiiiiniiennns ¢4 | R-W (March 1943)
CP205B-Lecceecne.. B ok Semdbeoo . T A 1O 43 | R-W_(March 1943)

2. Reliability: v
Form; Date | _ Place__ | Group N | r tre Type Remarke
A, 2/43, SAACC...| Unclussified...... 407 60 [Hoyt....! 64 ltems; red righ
A....| 27481 SAACC..., Unclassified...... 407 .45 llgn.... 13 Il:m:: ::M :i:l::
B....] 5743 SAAAB. .. Unciassified 43-K.| 1328 a9 THoyt. ... R-W,
B....|12/48; MPEUZ9.| Unclassified 45-A.11000 | .38 | .50 |Odl-even] R-W.
B....{12/43) MPEUY.| Unclassified 45-A 1000 | .38 | .58 l:ltl)ll:}:. 4 R-W.

| 2 .

3. Distribution Constants

Remerks

Form| Date Place Group | N N SD
A....| 2748 ] SAACC................ Unclassified. . .... 407 | 428 8 IR
A....| 37481 SAAAB................ Unclassified...... 392 | 20.15] 1089 | R-W,
B....| 8/43 ] SAAAB............ ... Uneclasaified 43-K.| 13231 15.07 1.58 | R-W4-16.
B....|12/48 | MPEUSS....... .. J_Unclassified 45-A. . 1190 | .15 | 9.41 | R-W,

4. Validity:
Form| Date | Place Group Type [ No | Py! M ﬂol SD | roie [rete | Remarke
A....|] 2743 | SAACC.|Unclasxified 43-K.| mief 250 .840'22.18 21.80{11.17] .08] .50 R-W.
B....15/48 | SAAAB |Unclasxified 43-K.| mnie| 760 J726]25.08] 25.08] 7.47] .00l .02 Rllhu!

The criterion used was graduation-elimination from elementary

pilot training.
5. Iritercorrelationg:

Correlated scith— _Date llace Groxp | N | »
Identification of velocity CP205B-11........| 8/48 | SAAAB..... f Uneclansified. ] 3921 .12
Identification of velocity CP205B-II........ 2743 | MPEUZY...| ...do....... 1190 | —.08
Estimation of relative velocity CP205B-111.] 3/48 | SAAAB..... oot il ] 392 .02
FEustimation of relative velocity CP2053B-111.{ 12/43 | MPEU®9...| ...do....... 1190 .08

_Plane formation CP805B..........c00vve.s 3/43 | SAAARB.....l . 1,080 sve i 292 08 -

Identification of Velocities Test CP205B-11. This test was shot
along with the one just described and was designed to measure
the ability to discriminate visual velocities in a relatively “pure”
form. The method of “absolute judgment” of velocities was em-
ployed, rather than successive comparison of paired velocities.
Since the discrimination had to be based on an arbitrary scale,
the test also involved memory for visual velocities. In gunnery,
formation flying, and in other situations, the pilot must estimate
the speed of other planes and his own and depend upon those
estimations for appropriatie reactions. Presumably these estima-
tions are related to simple visual judgments of velocity.

The moving stimulus employed was a relatively homogeneous
ficld (clouds) rather than a moving object (plane). This pre-
vented the subject from simply comparing the time intervals

required for the object to cross the screen.

Five increasing
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velocities of the cloud background (with a physically stationary
plane shown in the middle of the screen carrying the induced
motion) were ‘“‘taught” the subject and he was instructed to learn
to identify them as A, B, C, D, or E. Speed A was reported to
“look like” about 80 m.p.h. and Speed E, about 160 m.p.h. The
five velocities increased by 20 percent at each step, which was
estimated from available evidence to be neither too close to the
differential threshold nor too far above it for testing purposes in
the range of velocities employed. The 5 velocities were then pre-
sented 10 times apiece in a random order for identification by the
subject. At intervals during the test, the “middle” speed, C,.is pre-
sented for comparison in order to permit the testees to ‘“anchor”
their scale of judgment. This was all the more necessary since a
negative time error would be expected to, and id to a considerable
extent, affect the judgments.

Details of Development. The test was animated by photograph-
ing, frame by frame, a vague background, looking like fog, which
moves behind the plane in the middle of the screen. The impres-
sion given is that the observer is flying parallel to the plane. The
speeds shown vary from 6 inches per second to a little over 12
inches per second on the scale of the 9 x 12 inch picture. This
represents successive increases of close to 20 percent. A series of
25 percent increases was also photographed and tried out, but
proved to be too easy to discriminate- The normal differential
threshold of velocity per ceptxon, for the situation described, seems
to be such that the former series are identifiable on an absolute
scale about 60 percent of the time by aviation students.. The direc-
tions for the test, given by both titles and voice, are as follows:

"This is a test of your ebility to learn and identify different rates of speed.
You will see a planc moving against a tackground of clouds, like this:
(Speed C for 3 secs.). Five different velocities will te shown varying from
a slow rate to a fast rate. The slowest rate will te indicated by the letter A
and the fastest speed by the letter E. Study these scenes carefully, since
you will later be asked to identify them by marking the appropriate letter
on your answer sheet. Try to associate each scene with a definite feeling
of its rate of speed so that you can recognize it later on. Thie is the slowest
speed, A. (Spced A for 6 secs.) This is the fastest speed, E. (Speed E
for 6 secs.) This is the middle speed, C. (Speed C for 6 secs.) You will
sce a!l five scenes, from the slowest to the fastest, shown in that order.
(Scenes are shown.) These five scenes will now te shown to you in 8
mixed-up order, without any identifying letter. Each scene will te one
trial, and trials will be numbered consecutively. At the end of zach trial
you will be allowed 8ix seconds in which to identify the rate of speed. Mark
the appropriate space on, your answer sheet for the number of the trial.
\When you are not sure of your Judgment guess. Do not omit any trials.
At regular intervals during the test there will te a pause and you will
again be shown Speced C, the middle speed. This will enable you to check
up on your judgments from time to time. All five tests of speed will appear
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with about equal frequency. Now yet ready for th test
Trial One. (Test begins.)— y for the (pavse). Here is

Test Characteristics:
1. Administration and Scoring:

For.a . lfln_u_ilg Time| No. triale Seoring Formule
Minutes
CP208A-Il.cccoivencenncens elsxsfelegatelore sisiatafalels 39 R (Mareh 1943
e
CP205B-1l............ SPTPPIIN S 1 500 R (March 1343),
2. Reliability:
Form Date Place Group | N ’ ve Tupe
| T 2/43 | SAACC...... Unclassified. ... 106 A2| ... | Moyt
§ieee-nee 8/43 | SAAAB... . Unclassified 43-X| 1328 s ... Moyt
Boveeoaose 12/43 MPI'EU No. 9.] Unclassifind ¢5-A 1033 A4 61 | Odd-even.
B.oeeeoosae 12/43 | MPEU No.9.| ...d0........... 1000 28 48 | Lot half
. 2d half.
3. Distribution Constants:

Form { Deate | Group | Mece i N M n
PO 2/48 | SAACC........... Unclassified 43-K..| 406 | 8190 4.6
7 ¥ addocaoooooodh 8/43 1 SAAAB........... Unelas-ified....... 392 31.70 4.9
Bicereoosososes ‘ 8/43 1 SAAAB.......... Unelassified 43-K. . 1325 30 8¢ (K ]
| OO0 RO 12/48 | MPEU Neo.9...... nelasifie] 45-A. . 1190 29.34 4.93

4. Validity:
Form | Date | Place Group Twpe| Ni_| Py ) My | Mo | 8Ds | 701 | tare
A.... 2/43 | SBAACC..| Unclassified 43-X! raie | 250 .60 | 32.22 | 81,09 | 4.281 .14 09
B.. ..T 5/43 | SAAAB..| Unclasvified 43-K nie | 767 1.72¢4 1 81,12 3258 | ¢.82 | .07 J2

The criterion used was graduation-climi;mtion from eclementary
pilot training.

5. Intercorrelations:

. __Correlated with— __Date Place _Growp | N | »
> itimation of velocity CP205A-1........... 3/43 | SAAABR..... Unelassified a2 A2,
Estimation of velocity CP205A-)........... 12/43 | MPEUNo. 9| ....do...! 119Y; --08
Fxtimation of relative veloecity CP20SA-111 8748 | RAAAB..... P! . T 92 B1)
Estimation of relative velocity CP205A-111 ]| 12/43 ] MPEU No. 9] ....dn...] 1190 18
Plane formation CP805B........c00000.. 00 3743 1 FAAANBR..... eedo, . 0 3921 08

Estimation of Relative Velocities Test CP205B-II1. This test
was the third of the “Speed Estimation” tests and was designed
to require a complex judgment of the rclation between tiwvo veloci-
ties, measured by estimating the imagined point at which the
faster of two moving spots (planes) would overtake the slower.
The paths of the two motions are parallel. It was believed that
the success or failure of an aviation cadet may depend in part
upon his capacity to estimate reiative or varied velocities for judg-
ments required in training, combat flying and formation flying.

Two animated planes are seen against a skyline background, one
overtaking the other. Before the overtaking point is reached, both
planes disappear behind a cloud and a 5-point scale appears super-
imposed on the cloud, as illustrated in figure 5.2, The subject
must “project” or imagine the two velocities and judge at which
of the five points the two planes would coincide. This test con-
sists of 50 trials, 10 at each of the five points, in a random order.
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FIGURE 6.2.—Stages in a Sample Item of the Estimation of Relative Velocities
Test. ;l :-' € ;' ’

’ 5 -
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Details of Development. The slower plane was animated at
214 inches per second and the faster plane at 3 inches per second
in terms of the picture photographed. Five scenes were made
showing the overtaking occurring at each of the five points on
the scale and, since their level of difficulty was fairly satisfactory,
tlie items of the test were made up from these five scenes only,
The duplicate films representing these scenes were cut so that the
beginning of the different items came at different points fn the
scenes as originally filmed, and the subjects were therefore uns-
ware that some trials duplicated others. Because of the scale on
which judgments of overtaking occurred, this test could be scored
differentially instead of categorically by right or wrong judg-
ments. The scoring formula can give part credit for judgments
only one step remoed from correct. This method was adopted.
A statistical study snowed that the weighted formula which maxi-
mizes validity is Rights (R) plus .85 of the adjacent, or one-step,
\Vrongs (W,). Since all subjects necessarily finish the test and
all were directed to attempt every item there is no need to deal
with the problem of “omits.” A

Test Characteristics.

1. Administration and Scoring:

]
Form | Running time | Neo. trials Scoring formule
: Minutes

(01 e 11T Y8 | | PO 19,0 0eennned 50 R (Mar. 1943),
CP205B-TII....cccovaecenrensnncassacsnnnss 18000 coonesd (1) R4-.85W; ( Nov, 1948),

2. Reliability: ' g
“Form |_Date Place Groxp | N r _|_ve Type _Remarks
A il 2/48 | SAACC..... Unclassified. 407 60| Hoyt R.
B..... $/438 | SAAAB.....|.... do,...... 454 21 .34 1 1st half-2d half ] R.
B..... 5/43 | SAAAB.....|.... do......| 454 .50 67 | Quld-even R
B..... 12/48 | SAAAB.....|.... do....... 503 271 .48 | 1at half-2d half] R4 .88W,
B..... 12/43 | MPEU No.9.{....do....... 1,000 .35 S52 1 st half-2d ha'ft R4 .B83W,
B..... 12/48 | MPEU No.9.1....do....... 1,000 .50 A7 Oclu_l:e_\:cn R .lsw_.

3. Distribution Constants:

Tf‘onn | _Date Place Group I_N_|_ M _| SD | Remarka
Alr s 2743 SAACC | Unclassified.............. 406288 |88 | R
[ TN 3/43 SAAAB | ....d0..cinieenrninonnes 460 [29.18 | ¢.66 | R
B.icieoos ) 5/43 SAAAB | Unclawifiecd 45 K. oovueon, 1329 [29.31 | 5.23| R.
B......... 12743 SAACC Uneclassified ¢4 G, H. 1. J[ 1047 [14.71 | 2.66¢| R 4 .8sW,.
B......... 12743 SAACC | veoefl0iererrcrnecnnnnose 1047 J28.7¢ | 5.13| R.
B......... 12748 NAAC Unclassified...overennnnns 1068 12992 | e.2¢]| R
B......... 12/43 MPEUZ9| Unclawified 43 A........ 11190 12888 | 5481 R. o
4. Validity: )
—Forg!_patg[ Place | Group Tups Nt r—"p--"o.'—M:-SDo rote | etbis ru;' IRln:uLL
A...]1 2743 SXACC |Unelnssified e | 250 .680 20.27 27.47,5.99] .20 07 Rixhts
b A ARG nednatted aa k| mve| Fo iim Saze zeizs sz| G| . | lod Rikhae
B, 012745 SAAAD Unclatificd 460-K | mief 306504 04,01 38,49 2.60) 08| 03] .01 R-+ .A5W,
u....ne/m's.\Acc‘Uncmume.luc.x rore | 1047).590] 44.82 14,22, 2.56) 18] . 18] .08 Nights
-+ 1127431SAACC |Unelassified rreltonzifoal ol o, 0 A8E 108 R L NaW,

The eriterion used was graduation-climination from elementary
pilot training. .
703318—47—¢
‘69




5. Intercorrelations:

_ _Corrriated with— Date | Place | Group | N [

Est. of velocities CP205B-1........ 3/43 SAAAB..... Uncllulﬂcd 392 02
Est. of velocities CP205B-1......., 12743 | MPEU No.9.]l...do........ 1,190 .03
1dent. of velocities CP205B 11...... 3/43| SAAAB.....L... do ........ 392 15
Ident. of velocities CP20SB-I1...... 12743 | MPEU No.9.]....d0...0c0e0 1,190 18
Plane formation CPKO ............ $/43 ) SAAAB.....]... d0..0nne 392 .10
Rud-Jer control CMI20A............ 1744 | SAAAB.....}... d0..ccvnse 431 —05
Fingzer dexterity CMI16A.......... 1744 | SAAAB.....}... d0.ccocnss cese —.02
Rotary pursuit CMB80SA.......... ‘e 1/44 ] SAAAB.....|... d0..cusen b pie —01
Complex coondination CM701A..... 1744} SAAAR.....[... d0..ccesee ke .00
Discr. react. time CP6NID., ....... 1744 | SAAAB.....|... d4d........ 500d .03
Two-hand coord. CMIO01A.......... 1/44 1 SAAAB.....I... d0.ccvinne . .04

Landing Judgment Test CP505E. This test was des:gned to
measure the ability to learn certain spatial discriminations be-
lieved to be required for successfully landing an airplane. The
specific judgment required is the direction of one’s movement
in an approach glide toward a landing strip, and involves the use
of the “expansion cue” and other cues. Basically it is a test for
space perception, using the landing situation, in which the visual
variables (“cues”) are experimentally controlled. The ability to
utilize the pattern of apparent movement of the ground in order
to judge the point at which the plane is aiming is considered im-
portant in performing a landing. A description of the expansion
cue as an important stimulus for space perception is given ir
Chapter 10. In addition, the more general ability measured by
this test, that of learning rapidly to make spatial discriminations,
seems to be of considerable importance to the pilot, whose job
makes necessary a large number of such pecceptual judgments.

A view of a runway and part of a surrounding airfield is shown
on the screen, as it appears during an approach glide. Five spots,
lettered A, B, C, D, and E are located on the closest third of the
runway, and each trial consists of a ten-second glide toward one
of these spots. The candidate is required to judge at which of the
five spots on the runway his glide is aimed, and to record his
choice on a standard answer sheet. Optically, the spot being ap-
proached remains stationary, while the rest of the visual field
expands or enlarges outward from this central point. This factor
provides a visual cue for judging the direction of movement.
Three photographs of frames from the top, middle and end of
a glide are presented in figure 5.3. In the approach glide from
which this illustration was obtained, the expansion was centered
about spot D toward which the glide was aimed.

Details of Development. Preliminary forms of the test
(CP505A, B, C), consisting of series of experimental shots ob-
tained with a camera mounted in a real plane during a landing
glide, were found to be impractical. The set of shots (Form D)
taken at the AAF First Motion Picture Unit was based on the
requirement of having five lettered aiming points on the run-
way, with five correspoading scenes of an approach glide, each
taken at three different speceds of approach. In order that the
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glides could be made in a perfectly straight ‘line with stable
motion, a model airfield was employed (scale 1 to 48) and the
camera was moved on a track set at an angle of 30° to the hori-
zontal. This track could be put in five positions, without varying
the angle, in' such a way that the path of the camera was aimed
at each of the five spots. The camera was moved at a constant
speed of 1.2 feet per second through a distance corresponding to
one-quarter of a mile (1,440 ft.), down toward the runway. The
glide represented was steeper and slower than that obtained with
a military airplane, but this was believed to be essential for the
purpose of obtaining adequate degrees of difficulty and varia-
bility in test items. Each of the five glides was photographed at
three different shutter speeds of the camera (36, 27, and 18
frames/sec.) so as to produce apparent spceds of 26, 35, and 52
miles per hour. The lens used gave a field of view 35° in width
and 26° in height.. The 15 basic scenes obtained in this manner

constituted the preliminary form (D) of the test, and were used

with maodifications to make up its final form.

The test was now given for the purpose of investigating two
hypotheses, before the final form was constructed: (a) that there
would be a tendency for the canter of the screen, rather than the
center of the expansion pattern, to be judged as the aiming point;
and (b) that verbal instructioas on the specific visual cue involved
would hasten the learning of the spatial discriminations required.

It was found that judgments made by using the spatial posi-
tion of the aiming point in the center of the screen did actually
occur in the case of most observers. The use of this artifactual
“screen cue” rather than the expansion pattern was avoided by
cffsetting the canter of the scene with respect to the frame. In this
way the aiming point was always above or below the center of
the screen. The aiming points of 8 of the 15 basic scenes were
offset upward and 7 were offset downward from the center of
the screen in a random order. Fewer than 5 percent of a group
of cadets presented the off-céntered scenes reported that they had
attemptéd to use the centering cue. The results of the experiment
on this cue may be found in more detail in chapter 9.

Considerable effort was directed toward obtaining a script
which would give an accurate description of the expansion pattern
‘and instruction in its use to find the aiming point of the approach
glide. A script was finally developed which when given prior to
the test, had the effect of a training or instructional period on the
perceptual basis of landings. .

Evidence was obtained (and is presented in chapter 9) that
this preliminary instruction does actually yield a substantial
amount of learning. One group of students were given 45 trials
with perfectly clear directions as to what judgment they were
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required to make, but no instruction in how to make it. There
was no improvement in the score in the last 15 trials over the first
15, and scores were low. Another group was given instruction
and practice during the middle 15 trials together with the oppor-
tunity to correct their errors. This group improved to a marked
degree in the last 15 trials and scored high.

Both the factors of verbal instruction and off-centering were
taken into account in the construction of the final form of the
test. The first 10 minutes of the film are used to give instruction
on how to judge the point of aim during an approach. Tle scene
showing the field and runway is shown repeatedly on the screen,
while a commentary and titles give instruction in observation of
the expansion pattern cue. The subject practices making the judg-
ment, and his errors, if any, are corrected during 10 practice trials.
By means of optical printing, the 60 test items and 10 practice
items of the final test were all off-centered either upward or down-

" ward, so that the correct spot never appeared in the center of the

screen. The length of each item is 10 seconds, this length having
been shown, in preliminary testing, to yield about the right degree
of difficulty. The items in the final form were arranged in random
order with respect to the five aiming points, the three-speeds, and
the two types of off-centering. The nearness of the camerd to the
ground at the end of the 10-second approach (determined by cut-
ting the total scene) is decreased in the last 30 trials so that they
are made more difficult than the first 30.

.\Test Characteristics.
1. Administration and Scoring:

Form Running time No. trials | Seoring formula
Minutes

CPOOGD. ... .ooovevnncranenses Boteleleiefeorons asielelsleloTsid 16| R.
[of 14370 > o [ e aod ona et 60 | R 4 .5W, (one.step wrongs).

2. Reliability: -

:Q)n?a._:llau _|_DPlace _ Group N | »r re Type Remarks
D 4/44 | SAAAB | Unclasrified preflight. 66| .34 | .68 | Tesnt-retest .
l re for 60 itema (repeated
Immediately).

3. Distribution Constants:
Form ”Qdu ! Place Group N M SD
"7 D | 6/44 |SAAAB | Unclassified preflight.| 300 | 9.49 | 2.21

Rewmarks
Form D (15 items).

4. Validity:
No data are available for inclusion here.

Ability to Judge Distance
Distance Estimation Test CP212A. This test was designed to

.measure the ability to make spatial discriminations based upon

the perception of distance. It is generally agreed that such judg-
ments constitute an important part of the pilot’s task. Existing
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tests designed to measure the perception of distance or depth
involve the presentation of stimulus objects placed at a distance
of 20 feet or less from the individual being tested. Yet judgments
of distances of such small magnitude must be required of the pilot
very infrequently insofar as the essential aspects of his job are
concerned. He has to deal, in landing and take-offs, for example,
with distances of hundreds of yards. It is possible that the cues
which chiefly determine the perception of short distances such
as those represented in the existing tests, namely the binocular
cues- of retinal disparity and convergence and the monocular cue
of accommodation, diminish with increasing distance and have
finally disappeared at these greater distances. Therefore it may
be argued that existing tests do not measure the function of
distance perception as it is required in the pilot’s task. The pres-
sent test was designed to involve the perception of these large
distances. It is based on the hypothesis that the visual cues for
the perception of large distances are such that they can be repro-
duced by photographic means. This hypothesis is examined in
detail in chapter 9.

The test consists of a series of twenty 9 x 12 inch glossy photo-
graphic prints. In the foreground of each photograph may be
seen 3 series of fifteen numbered thin white stakes, arranged
in order from shortest to highest. They are arranged along a
portion of a large arc, and are equidistant from each other, except
for a somewhat larger gap in the center, between stakes 8 and 9.
Through this central gap, off in the distance, may be seen another
white stake (the test object) against a background of small hills,
This arrangement is illustrated in figure 5.4. The terrain.in the
photograph is a perfectly level dirt field, which eventually joins
hills and shrubbery on both sides and in the far background at a
distance of about one mile. It was sclected as one in which good
cues for distance perception were present and could be adequately
represented in a photograph. Four different heights of the test
object are shown at five different distances in successive photo-
graphs. The candidate’s task is to match the real height of the
test object in the distance with the height of one of the 15 stand-
ards in the foreground. The test itself is preceded by instructions
which emphasize that the natural judgment of real size is desired
rother than size on the photograph, and two example items aid in
establishing this attitude on the part of the candidate.

An experiment was performed to determine the degree of cor-
respondence between judgments made using the photographs and
judgments obtained in the actual field situation represented by
th2 photographs. The results are reported in detail in chapter 9.
1t may be briefly stated here that a comparison of the judgments
of thirtcen subjects in the two situations reveals a high degree
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of relationship between them. Photographs can be used to repre-
gent distances as far as 14 mile. The experiment therefore pro-
vided evidence that genuine distance perception could be measured
with only photographic representation of the distance. .

The objects represented in the photographs are as follows:
(a) fifteen “‘standard” stakes, ranging in height from 27 inches
to 83 inches, differing from each other by 4 inches, and of widths
which varied in random fashion from two to four inches; (b) 4
test objects, of similar widths, of 63 inches, 67 inches, 71 inches,
and 75 inches in height. The actual distances from the camera at
which each test object was photographed were 28, 56, 112, 224,
and 448 yards.

Two sets of these 20 photographs were each arranged in ran-
dom order and given as a test of 40 items, with preceding instruc-
tions and examrgles, individually to 50 subjects. As the data pre-
sented in a later paragraph indicate, scoring this test by the
formula “Rights’” yiclded scores. which were far too low and re-
sulted also in low reliability. As in a number of other psychological
tests where the alternatives represent scale deviations from cor-
rect, there is good reason to credit wrong responses in proportion
to the degree of correctness they represent. Consequently a scoring
formula which weighted rights 3, one-step wrongs 2, two-step
wrongs 1, and three- or more-step wrongs 0, was trled on this
test and found to be satxsfactory. -

Test Characteristics .
1. Administration and Scoring: -

No. trials
40

Sqon’ng formuls
3R42W;+W;s (Wi==one-
. ttep wrongi; Wisstwo-
. rtenp wrongs).

___Administration time___

CPRI2A .o i oo s onnmmnons

2. Reliability:

Date] Flace | Group . | N1 M | Ms 1EDJ7SDs| 7| vre| Tupe | _ Rema. ks
6/46 | SAAAB Returnce air erew| 60| 3.94| 3.20 2.05 200 I lstz'!'mlf R.
6/45 |SAAAB | ... .do.... 60 24.2425.08|08)[8.98|.66] .79 1at hnif- |SR+2W:i+4-W,
| 24 half
3. Distribution Constants
Dalo Place Group N M_|_SD Remarks
6/45 SAAAR | Returnee air erew. .. 50 6.42 3.42 | Scored R.
6/45 SAAMAB| ....do...oivnnnnenn 141 40.28 18,4 "coredSR-’-ZWu-{-Wi

4. Validity:
No data are available as the test w as never admlmstered to a -
sample of aircrew candidates. -

o
. &
L] .. . .

5. Intercorrelations: - S I ROC SO
None are available. S
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Ability to Maintain Orientation in Space

The ability to maintain orientation in the air is obviously even
more important than it is on the ground. Strong individual differ-
cnces seem to be present for the ability. Artificial devices such as -
maps, compasses, signs, arrows, and the like are necessary for
long continued orientation, but a flier should have what is loosely
called a “sense” of orientation, i. e., of where he is headed and
where he is in visible space. The ability to infer heading and loca-
tion from artificial aids is a secondary and more intellectual ability.
The former is presumably a spatial ability. After a considerable
degree of preliminary research, two tests were constructed in this
field.

Flying Orientation Test CP107A. This test was designed to
measure the ability to maintain directional orientation when flying,
togather with the allied ability to visualize a flight path already
flown. It is believed that a number of requirements of successful
flying may involve these abilities. Other tests designed to measure
orientation in flight suffer from the limitation that they measure,
in part at least, certain abilities such as form perception and that
certain intellectual factors enter into the situation, i. e., correct
answers can be obtained by treating the items of the test in a
“problem-solving’”” manner. This test, by utilizing a motion pic-
ture representation of the ground during flight, should secure a
type of response similar to the actual maintenance of orientation
in flight as distinct from orientation implemented by artificial aids
such as the compass used in conjunction with a map. :

The candidate sees on the motion picture screen a view as if
he were looking straight down from a plane flying high above
the ground. The appearance of looking down from within the
bomb-bay of a plane is given by a representation of open bomb-bay
doors along the sides of the screen, as illustrated in figure 5.5.
During each test trial the ground is secen moving as it would
appear in a plane whose course is composed of several straight
legs of constant length, with intervening turns of 90° to the right
or left. The task of the observer is to maintain his orientation, by
watching the ground, so that at the end of a flight involving several
turns he can indicate the direction of the starting point from his
present position. The vertical view of the ground is employed
in this, rather than any other, because the experiment showed
that only in this way could “artifactual” cues to oricntation and
memory for landmarks be eliminated from the judgments.

At the end of each flight pattern, the view of the terrain fades
into a circle with eight arrows, lettered from A to H, similar to a
compass rose. Arrow A always points straight ahead (toward
the top of the screen), arrow B is 15° to the right from arrow A,
arrow C is 90° to the right, cte. Hence eight dircctions are pos-
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Fiaurr 5.5.—View of Terrain Through Bombh-Bay Doors,
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Frorrg 5.6.—Over-All View of Path Flown Over Terrain, This view repre-ents
a sample path as it wonld be seen from a great altitnde, Note that the path
follows the lines of a cherkerbonrd pattern,
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sible, each differing from the next by 45°. The subjects have to
indicate the direction of the starting point by choosing the one
of the cight lettered arrows which points toward it, entering the
letter of this arrow on an I.B.M. answer sheet. The directional
response is made from the point of view of the orientation of the
plane and the observer rather than of a compass direction on a
map.

In the photography of the test, an enlarged aerial photograph
was used as a substitute for the ground. The motion picture cam-
era moved over the aerial photograph in the same way that a
plane with an aerial camera would fly over rcal terrain. The path
followed by the camera consisted of from four to seven legs of
constant length with intervening 90° turns, either to the right
or left. This is illustrated in figure 5.6. On the screen, the move-
ment of the terrain is always from the top of the screen towarq the
bottom, i. e., when the plane makes a 90° turn, the terrain swings
around 90° and then continues moving from top to the bottom
of the screen. The test consists of 25 “flights” of about 30 seconds
duration, with a total running time of approximately 30 minutes.

In order to maintain orientation to his starting point, since
the starting point is visible only at the beginning of each flight,
the observer must not only keep track of its direction but also
the distance he is from it. This makes it necessary for him to
visualize the path he has taken over the ground, from the start to
his present location. This ability consists of two general per-
formances, probably interrelated: (a) The subject must observe
the ground during a turn, interpreting its movement correctly
as to whether the plane is turning left or right, and visualizing
the relation of the starting point to the plane during the turn;
(b) he must be able to visualize the total path he has followed
over the ground,. The directions gnven the examinee were pre-
sented fully in chapter 3.

Details of Development. Experimental work with preliminary
apparatus to dctermine items and their levels of difficulty was
carried out. Suitable aerial photographs were obtained, accessory
apparatus nec:ssary for photography was constructed, and pre-
liminary test pi.o.ography completed. Final photography, using a
16 mm. camera, v:as accomplished by the Test Film Unit with its
own facilities. A number of 16 mm. prints of the test were made
on silent film. The directions are given fully by titles. They may
also be read aloud by the test administrator for extra emphasxs as

they appear.

Administration and Scoring: -

~. _ Runwning time “No. trials _ Scoring formule_ :

(= 4 L ¢ VT N
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No other statistical data are available on this test as it was
completed in October 1945.

Landing Orientation Test CP106A. The purpose of this test was
to measure the ability to discriminate, learn, and remember the
fcatures of the ground that serve as cues for spatial orientation
in the traffic pattern. In flying the traffic pattern pr eparatory to
landing, the pilot must make appropriate flying responses based
upon his position in space and hence upon the appearance of the
ground corresponding to those positions. It is judged that the
ability to learn to discriminate various positions in the traffic pat-
tern from the appearance of the ground can be measured ade-
quately by a motion picture test.

In this test the observers are shown a view of a.landing ﬁeld
as it appears from a plane flying a modification of a standard
traffic pattern. The flight path can best be described as a slow
wheeling turn from a point half-way through the down-wind leg
to the end of the base leg of the traffic pattern. During the flight
the camera is oriented so that it is always pointed at a specific
area of the landing field. The reason for using this path and
type of photography is so that a minimum of translatory move-
ment would appear on the screen to provide “screen” cues for
learning and remembering the appearance of the ground at the
crucial moments.

An item in the test consists of two short sections of the ﬂight
course, the seccond rua being a repetition of the first. In the first
run the subjects nre told that they are to watch the ground so
that they can note their position when the narrator’s voice says,
“Now!"”, since they must be able to recognize and designate that
position during a repetition of the same run. At a sclected point
after the run begins, the narrator's voice says, “Ready” (pause)
“Now!”. A few scconds later the scene ends and then the scene
begins in approximately (but not exactly) the same place as be-
fore. As the “plane” approaches the spot where the “now” sig-
nal was given, the narrator announces, “Recady” (pause)
“A—B—C—D—E-—Stop” giving the letters at two-sccond inter-
vals. The subjects, as directed in the preparatory instructions,
will choose and record on their answer sheets the letter which
preceded the interval in which the critical position fell.

In developing this test, a 97-foot section of the aerial film taken
by First Motion Picture Unit cameramen 'wvas chosen for the
construction of a preliminary form of the test. This scction, taken

“from a blimp over an air field at about 800 fcet at 60-70 m.p.h,,
shows a wide wheeling turn along the side and end of the runway.
Fourteen copies of this scction were secured to use in constructing
an experimental form of the test. A method of marking the film
s0 that an operator can watch it going through the projector and
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time his .narration and signals was devised. Instructions were
written, and the test was administered to subjects to determine
the optimal spacing of the letters A, B, C, D, and E, the difficulty
level of the items, and the clarity of the instructions. The revised
instructions exist in the form of a synchronized script to be read
by the test administrator. The film exists as a spliced 35 mm.
print, suitable for projection as a demonstration or experimental
test, but without the full set of items necessery for a completed
test. Specifications are written for the complete test of 50 items,
lasting 35 minutes, to be scored “rights.”

Perception of Slight Movement

The duties of a bombardier require the ability to “synchronize”
the bombsight promptly and accurately in the early minutes of
a bombing run over the target. A pair of crosshairs must be
centerel on the target, and adjusted for “rate” and “course”
(i.e., in two dimensions) so that they do not drift away from the
target in either of these dimensions. The compensating motion of
sight must be so adjusted that it exactly “kills” the relative motion
of the plane to the ground. This description, although oversim-
plified, makes clear that the ability is required to react promptly
to barely detectable drift of the target relative to the crosshairs,
and also to barely detectable inclinations of such drift toward or
away from the vertical and horizontal axis formed by the cross-
hairs. Individual differences among observers exist in just notice-
able movement; likewise the ability to perceive drift undoubtedly
differs among bombardier students. Two tests of this ability werc
devised, after a theoretical analysis of the perceptual task of the
bombardier, based on a visit to a bombardier school and interviews
with instructors.

Minimal Movement Test CP213C. This test was designed to
measure the ability to detect barely visible movement of an object
and to determine the direction of this movement.

In the test, a black spot appears on the screen against a gray
background in one of the four quadrants of the field of a bomb-
sight, schematically represented. It appears in different quad-
rants for different items. In figure 5.7 the spot appears in the
“Northeast” (NE) .quadrant. The spot is stationary for the
initial 2 seconds of cach trial. It may then either remain station-
ary or it may move very slightly in one of four directions: either
up, down, right, or left, (U, D, R, or L). The task is to indicate
whether the spot remains stationary or, if it moves, to record the
dircction of motion. The items vary in respect to the speed of mo-
tion of the :pot and the length of time during which the movement
appeass on the screen (2-3 sces.).
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FIGURE 5.7.—Appearance of Sample Item of Minimal Movement Test.
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Details of Development. In the preliminary form of this test;
Form B, the black spot moved at two different rates of speed.
Expressed in terms of a 9 x 12 inch animation frame, these rates
were .047 and .031 inches per second. When projected for experi-
mental purposes at silent speed, (16 frames/sec.) these speeds
became .031 and .021 inches per second respectively. The test .
with these speeds represented a relatively casy task. Form C of the
test was designed to overcoms this difficulty and to be run at
sound speed (24 framés/sec.). The four velocities of the spot
employed in this form were .031, .024, .019, and .016 inches per
second expressed in terms of a 9 x-12 inch frame. (These may be
specified as 1/750, 1/1000, 1/1250, and 1/1500 inches per frame,
respectively.) Other variables which were considered in design-
ing Form C were the following: Quadrant in which spot appears,
direction of motion of spot, and length of item. The test was con-
structed as follows:

Trials _Speed_ Length_ Quadrants Dn'ngl!_clu___
Seconds
l 3 (pnctlce) S 0000000 dboooobl 1/150 3| NFE SW.SE...c.covvennee UR &

.......................... 177150 S| SNW,SS8FE....ci00vee0es | 2ena UDRLS.
14-28 .......................... 177150 2| SNE. S35W. iiiiiiiennens 2¢a UDRLS,
L - AR 000000E S0 000000 NOeon 171000 3| SNW,5S8E..c.envvaannes 2ea UDRLS,
B T 7 1/1000 2L ONE. O8W. . iiiieennnnes 2ea UDRIS.
A4S0 75 o o sloTreraTsiaTeTs aTsls sls/sle o ol 171250 3| SNW,88F...ccieveecnes 2ea UDRLY,
B8-68.ccciovocoreseonnsasaennne 1/1250 2 SNW,S58W. L iireennns 2ea UDRLS.
L 171250 3| SNW,S3S8E....ic0vivenee | 2ea UDRLS,
=88, < o 0iels eiole o violaisas otsisle s sletsons 1/1250 21 SNE, 38W..... eresessse | 2ea UDRLS,

The directions were randomized throughout each set of ten
trials, and included 2 still (S) items for cach ten trials. The
quadrants also occur in random order within each sct of 10 trials.

Test Characteristics
1. Administration and Scoring:

‘—_-. N }‘oﬁr’ri’_ :_ o -: T “_ 5 _:_[.‘unvniny time N \o triale Srunuv Iwmu!‘_

| Minutes
CRALML, o eeeeicis oo alolainioinolels o olclelales JE 068008 8000600 0000 a3 R
CP213C. L Lagrrr il el =




2. Reliability:

r 'o

Pcnu lmq | Maca R _Group ! N_ Type Remarks

B.... 1/40 8A AAB Unclassified prefiight; IGS 763!.17] Odd-even....... Slow projection. .....
B.. |§u SAANAR ..':.m;.‘ ..... p. ....... 1641.541.70 | 1st half- zd half..| Slow projection. .....
B....| 6/4¢ RAAM!‘....do .............. 222 .£3:.177| Odd-even....... $ sec. items only (20).
B....l 6744 SAAABL ... do..eeriiiaan.a. 222|.52/.69 | Odd-even....... 1 see. items only (20).

3. Distribution Constants: ,

_Form | Date | DPlace_| Group N M SD Remarks

B l n/u “SAAAB | Uncinasified prcﬂlxht 370 63.94 6.76 | Test too easy.

B 1/43 | SAAAB | ....d0..cciovcee... 165 47.44 6.88 | Slow projection.

4. Validity: ;
No data on the validity of this test were obtained, owing
largely to the fact that no satisfactory criterion against which to
validate it existed. The Psychological Research Project (Bombar-
dier) undertook to validate the test against synchronization scores
on a bombing tramer The data were not avallable for inclusion

here.
5. Intercon ‘relations

__Correlated u u-uh-- _Date_ | Place Group N r
Drify direction (Form B).. 2/“ “SAAAR | Unclassified preflight. 164 .21
Pilot stanine ....oov0evvens 2/44 | SAAAB| ....d0.....000c0cnee 148 19

" DBomb. stanine ............ | 2/44 | SAAAB | ... do....ccc0cvcnee 148 .22

It may be noted that the function tested has a low relationship
with that measured by the Drift Direction Test, next to be
described.

Drift Direction Test CP 221B. This test was designed to meas-
ure the ability to detect the drift of a moving spot to one side or
the other of the main direction in which it moves. It is essential
for a bombardier, as the target is approached, to be able to de-
tect any slizht deviation from the correct setting of the drift-
knob, i. e, any tendcncy of the target to drift to one side of the
crosshairs

A Dblack spot appears against a gray background in one of the
four quadrants of a circle with perpendicular crosslines, like the
ficld of a bombsight. The spot is stationary for the initial 2 sec-
onds of each item. The spot then moves, slowly but noticeably,
either up, down, to the right, or to the left, depending upon which
of the four quadrants it is located in. Figure 5.8 illustrates the
movenrient of the spot when located in the NE quadrant. In some
items the spot moves in a perfectly straight line parallel to one
of the crosslines of the circle; in other items it drifts toward or
away from the crossline. Drifts of 3° of inclination were deter-
mined empirically to be just noticeable in this situation for a
sample of aviation students, and this inclination is used in the final
form of the test. Subjects must dcetect this drift, if it exists, and
also its divection, and respond accordingly in one of three cate-
gories (e. g. to the right; to the left; or straight). The items vary
with respect to the quadrant in which the spot appears, the direc-
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FiGURE 5.8.—Types of Movement of the Spot in the Drift Direction Test.
The slant of the paths represented is exaggerated. The spot shown is
in the NE quadrant; therefore the judgments might be L, Ror 8.
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tion of drift, and the length of time during which the spot appears

on the screen.
Details of Development. Form A of this test contained two

different degrees of drift, 3° and 4°, the speed of movement of

the spot being about a half-inch per second for a 9 x 12 inch pie-

ture. Experimental administration of this test showed it to be
too easy. The difficulty level was shown to be approximately right
when the 4° items were climinated from the test and when the
motion of the spot was made slower. Form B of the test was con-
structed in order to achieve the proper difficulty level. The items
all have a 3° drift, and the spot moves at a rate of 1/64 inches
per frame or .375 inches per second (at 24 frames/sec.) on a
9 x 12 inch picture. The duration of movement of the spot is
varied systematically, from 2 to 6 seconds. Details of the con-
struction of Form B are shown in the following table:

Triale Length Quadrants | Direetions _
Seconds
1-6 (practice) ......oocenvnnnes NE. NF, NE,SW,SF. SW..../ 2ea U, D. L. R. I8
............................ 6| 3ea NENW SE SW..oo0iio 2eall. D L, R 48
15-80 ............................ 8| 3ea NE. NW. SE. SW. .00 2eall, DL, R, 48
342, iiiiiiiniieeierernneanas 4] 3en NE.NW,SE SW......... [ 2eallD L, R, 43
L P 3| Sea NE, NW, SE, SW, ceee 2ea DI, R, 48
E5=880 0 eeuenencnssssasaansoasans 21 3ea NE.NW.SE.SW.o0o0 ) 2en il D 1L R, 48

The directions and quadrants are randomized thloughout cach
set of 12 trials. Four “straight” items are included in ecach set
of 12, along with two of cach other dircction. “Straight” items
are more difficult than items with an inclination “up’” or “down,”
“right” or “left,” as the case may be.

Test Characteristics
1. Administration and Scoring:

T Trem I T tioma [ Mo e | Seeving forriate
Minules

CRI0A, L uaseeeossaesessaronoonassosserssoss| SFsensreonssans % R

AR T S . ¥ soongpe ¥ 18050 s0gneno o 6 | __R
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2, Reliability:

Yorm Dute | Plece | Group | N_| r n — “Twpe *‘IoEw‘:r:’jhﬁ—

Arees 1AL | SANAR Unclonitel oreticht 18] 42 ] (8 DrhaTBane! TR
3. Distribution Constants:

Form Dete | Dlace |  Growp N |_ M | SO Remarks

Ao | EAAAR | it P 6] T [ | s paiten.

ALsinTs 1743 | SAAAR. .l .... 0. cvvverrnvnrone 164 | 39.92 | 5.20 | 66 items (3° drift only).

4. Validity:

No data are available owing to the absence of a satisfactory
criterion. The results of a validity study against bombing trainer
scores previously referred to could not be ob ained for inclusion
here. ‘

5. Intercorrelations:

N v

= CSrrTla-l}-l"l;ﬂh: I _p¢7:— j’lau Group
Minimal movement CP213B.. 2/44¢  SAAAB | Unclassified preflitht. 1R4 .21
Bombardier stanine......... ok 2/48 , SAAAB | do.....cvveeeieensn. 148 16
Pilot stanine (efr.exel)...... 2/44 0 SAAAB 1 do.........,... OO 5 148 .24

Attention may be called again to the fact that there is appar-
ently a low relationship (.21) between the ability to detect motion
of the spot relative to the crosshairs and the ability to detect the
inclination of the motion toward or away from the axis to which
it is approximately parallel.

Multiple Perception

Flexibility of Attention Test CP411E. This test was designed to
measure the ability of an aircrew candidate to distribute his at-
tention over a wide range of stimuli. The pilot must take account
of a number of different events occurring in different parts of the
perceptual ficld at the same time. He must do so without becom-
ing confused, and he must react appropriately to the different
events. Such an ability has no close parallel in any of the labora-
tory investigations of attention, and it is probably highly complex.
It was thought that it would be possible to test this aptitude by
means of a motiona picture test.

The test consists of five schematic instrument dials projected
on the scrcen having sim=le indicators or pointers moving con-
tinuoucly in an irregular manner. . The five dials, designated A to
E, are highly schematic analozues of cortain indicators on an
instrument panel (air speed, ball, horizoa, fuel-ratio, turn). For
cach indicator, a region is clearly marked o in black where the
reading is “wrong.” The reading not co'marked is “right.” The
task of the candidate is to scan the dials and to record 01 a work-
sheet which dials “go wrong,” even momentarily, in each trial,
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FIGURE 5.9.—Appearance of Screen During a Phase of the Flexibility of
Attention Test. At the moment illustrated Dial D has gone wrong.

It is illustrated in figure 5.9. This information he later tran-
scribes on a standard A-E answer sheet. The candidates are also
instructed to pay particular attention to Dial B, and are told if
they fail to record it when this dial goes wrong, or if it is recorded
when it did not go wrong, that the error will count triple. The
test was intended to arouse a considerable degree of “pressure,”
and the candidates are kept very busy taking note of the indica-
tors that “go wrong.” The test is subjectively difficult and demand-
ing. In order to eliminate variance due to a presumably clerical
type of skill in recording the dials neatly and exactly on the answer
sheet, immediate recording is not required. Instead, the test is
divided into 12-second “phases,” and at the end of cach phase the
student is allowed a brief interval in which to write the letters of
the appropriate indicators on a work sheet. The number of indi-
cators which “go wrong” may vary from zcro to five during a
single phase. This number increases, in general, throughout the
test. Several dials usually go wrong, and others threaten to do
so, with mounting demand on the students’ attention.

Details of Development. The test was photographed on 16 mm.
film at Ft. Worth, while the Perceptual Rescarch Unit was still
active, by constructing a large (6 x 8 foot) indicator pancl with
hand-operated controls behind the panel which enabled the five
indicators to be individually moved. The movements of cach indi-
citor were claborately planned and specified sccond by second
for each phase of the test, and five operators were rechearsed with
a metronome in performing their tasks. The “go wrongs” were
tried out and revised to give proper levels of difliculty, and finally
pliotographed. Several forms of the test, including different meth-
ods of scoring, were tried out. The mecthod of using work sheets
was devised.

A study was made of the errors occurring when the candidates
transeribe their responses from the york sheets to the answer
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sheets. The study showed the number of errors cccurring during
transcribing to be small. It was concluded that this somewhat
novel method was satisfactory. An invitation to the candidates to
criticize the test got few responses, indicating the test and condi.
tions of administration were reasonably satisfacfory from their
point of view. A study was also made on the effect upon tran.
scription errors of using ruled versus unruled work sheets. No
significant difference in number ef transcription errors made on
the different types of sheets was found.

In the instructions given the candidates preparatory to taking
the test, they are told to pay especial attention to Dial B, as it is a
critical dial and errors will be counted triple. However, since the
correlation between the number of errors made on Dial B and the
other dials was found to be high, it was decided that an actual
weighting of this dial in scoring the test was not necessary.

The scoring of this test presented a situation unique in psy-ho-
logical testing, since an error could consist of cither a response or
failure to make a response, and a correct answer could either be
a response or the proper omission of a response. Thus, a candidate
could err by failing to record a dial going “wrong” or by recording
a dial as having gone “wrong’” when it actually had not. It was
determined that the correct scoring formula was R-W, in which
“Rights"” and “Wrongs” are defined in terms of this double cate-
gory. The items of the test consist of both secing indicators go
wrong (rightly or wrongly) and seeing them not go wrong (rightly
or wrongly). There are therefore theoretically five items in each
phase. A simplified scoring formula could be derived, however,
from the above considerations in which “Rights” are indicators
correctly marked as “going wrong” and “Wrongs” are indicators
incorrectly marked as “going wrong.” The formula is still R-W.
The number of items in the test conceived in this way is fewer than
five per phase.

Test Characteristics

1. Administration and Scoring:

. Fo;yn Ru nning ¢ time 'No._ol*yh_cgu_‘_ S}orfnbr;'o;;qut
Sk . =, Minutes ) R -
........................................... 16 (38 items)..... | R (Feb. 1943)
Cl:lllﬂ ......................... IS .................. "6 (Y9 Items)...... R-W (Mar. 1947)
CPUIC. .. vivienianencnssancsoad VBiviereriennenrensed 2 385, ciops] oo oo iale e e elels R-W (Mar. 194%)
cp llID (Integration of attention IS .................. 26 (16 Itoma) , ..., R-W (Mar. 1947)
Cl'( IE....ouee. ceeesesvsoonenend Wiiiiiiiiiiiiiaa.s 36 (137 itemy).... | R-W (Mar. 1943)

2. Reliability:

— R e i ————
Form _Date IMace | Group PN e | re Type | Remarks

A T 2743 | M TRCED| Loeal personnel. .. .. i .73 | OdM-even. .| - -

A L 248 | Mg TRC.| Loenl personnel. ..., 2, A3 [ Odd-even, ] 20 Admin,

Avees, 2743 1 Mg THC,| Local personnd....., P22 ... ] 58| Tedteretest] Dial B weighted 3.
I 6748 | SAACC.| Unelasifiesd. ooy, | 217 24 Hoyt......

14120 12748 | SAAARL Clansificd pilgte 44-F | 101 50| .67 | Odd-even. .| )




3. Distribution Constants:

Form | Date | ece. Sraup N_|_M i §by Romarks
\_....| 2748 | Ha. TRC| Local personnd...... 33 "31 5 1 aa

R ..... 5/43 SAACC | Unclamified..... . ' st | aae | 0 Dial B weighted &
| PR 5 o nelansified. oo o000 vee .

&l 5748 | SAACE | Unelassified. o0 00000 121 208 | 359 | Preceded by form C.
R.....] 603 | SAACC | Unclauified........ . 503 | 90.14) 839

Boooeo: nelansified.......... 528 3 .

Fooaa112743 | SAAAR | Clamified pifots. "4i°Fl 137 JL101 851 L Preenied by form €.

4. Validity:

I ‘orm | Date_ s”:‘(:c - GYoup Type] Nt| Py |_3M, | \l. Sny ru. erni'tare
“6/43 | SA nelassified......0.... m 203/.808' "o Y |

| 6743 | SAACC |Unclassified. oonnennnes o | 38| Td0’ ayel u; R AL I'.f 3

.... 12743 | SAAAB | Clnssified pilots, 44-F. l\ll 11,097, .906 117. “ |IS 55 T. ‘l .23

The criterion used was graduation-elimination from clementary
pilot training.

5. Intercorrelations .:

. wrtlalcd with Date Place Group r
Tnter #tion of attn. CPALID. ......|” 6/48 | SAACC | Unclassified. ...0z0 oo Tar|T .4
Inte.ation of attn. CPAID. ... ... 12/48 | SAAAB | Classifiedd pilots 44-F.| 1,376 .26

The intercorrelations obtained in the June 1913 study are shown
ir. che following table. The upper figures in each row are for order
3D (form B given first), N = 477; the lower figures are for order
DR, N = 494. The cases were unclassified cadets, tested at San
Arntonio Aviation Cadet Center.

1 2 8 4 &

1, Flexibility of Attention CP411B.......... .. .40 .35 .23 .25
S1 .29 .23 .28

2. Integration of Attention CP411D........ .. 36 .25 .31
28 .23 22.

3. Bombardier Stanine...... 50080Qs RQQ00R 0G0 .. 179

65 79

4. Navigator Stanine......... e o4

39

5. PilotStanine........cocoeterervsevennnes %

6. Practice Effect:

In the June 1943 administration at San Antonio Aviation
Cadet Center half of the subjects were given Form B of the test
first, followed immediately by Form D (Integration of Attention),
while in the other half this procedure was reversed with Form
D being given first. By comparing the mean for Form B when
given first with the mean when given in second order, it was pos-
sible to determine the practice effect due to the prior administra-
tion of FForm D. The rcsults were as follows:

Form B (Flexibility of attention)

T = - -- N :___ N I M SD CR
Given bafore Dyt eeeeseneosnesssssoseses m 00,14 %13 1.18
[ l\on after Doouuss SARRSERRE ST ELRRRRLRY ) — 04 o 04.10 RO , e

703318 41--1 as
Y,



. Form D (Intey ration of atlention)

N M S0 CR
Given before Boorevieoroiieies e 94 39.53 9.73 13.35
Given after B.........0o il lllllllllls a1 47,62 9.1¢

In this case, taking Form D before taking Form B increased
the scores 3.96 score points or .47 of a sigma. Similar results were
obtained for Form D with plactlce on Form B increasing the
score 8.09 score points or .83 of a sigma. Practice was thus shown
to have a significant effect, with the scores of Form D showing
an appreciably larger gain.

Integration of Attention Test CP415A. This test was designed
to measure what might be called “integrative” attention. It was
felt that the pilot must not only be able to distribute his attention
over a complete field of events (as in Flexibility of Attention),
but he must be able to treat this field as an interconnected whole.
That is, he must see, and react to, patterns and combinations of
events and relations between events, rather than single events.
A particular set of events occurring at the same time (instrument
readings, external cues, or both) requires an xmmedlate response
appropriate to that combination.

This test employs the same content as Flexibility of Attention,
but requires the subject to look for and record simultanecous com-
binations of wrong dials. In addition to watching all the dials,
he must perceive them as a whole in order to note the combina-
tions which are formed, as illustrated in figure 5.10. Isolated
wrong dials do not count.

(| EDEL
o FAET

=]t y

FIGURE 5.10.—Appearance of Screen During a Phase of the Integration of
Attention Test. At the moment illustrated three dials have gone wrong
simultancously,

DDD

Details of Development. The first form of the test was made by
using the film of Form B, Flexibility of Attention, which showed
cnough simultancous combinations to use for a tryout. It was at
first called Form D. The new task proved to be dissimilar to the
carlicr one and constituted a new test. It was therefore given a
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new name, and a new film, specially designed to show combinations
of indicators, was photographed with the panel described. The
combinations become very complicated in later phases of the test.
The test has the quality of appearing to require, while undergoing
it, an ability which any alert person ought to possess and scems
to arouse strong ego feclings. Many candidates experience a sense
of inadequacy, whether or not they are performing well in a
statistical sense,

The test was constructed and is scored in a manner similar to
that already described for the Flexibility of Attention Test.

Test Characteristics
1. Administration and Scormg'

Form Running time Number of phases Seoring formule
Minutes =

CP41ID....ccvvens 185 . e st s 26 ( 76 items)..... 0UT00 STTUHeN R-W (June 1943).
.C_l'_’_ﬁSA ........... 18005 S8 fokoel oL 61 Wos0i014 36 (104 items).....cvvvvnennnn. R-W,

2. Reliability:

Form | Date | Place Group __N._ v _|_re_ Type
Poeeeeneenass T 6/43 | SAACC | Unclamified.......... veveeees] 27| M| T MMy
Acieverairas 12/43 | SAAAB Classified pllots “--F ......... 400 | .7 Oﬁll{“ﬂtl

3. Distribution Constants:

“Form |_Date Place _ Group N | N_|_sp_ Rum}!u_ _
D..... " 6/48 | SAACC | Unciassified. . 00 365 | 39.54 9.3
D..... 6/48 | SAACC | Unclassified.......... 29¢ | 48.34 8.29 | Preccded by CPULEIRL
A..... 11743 | SAAAB | Classificd pilots d4-F. |.091 T74.88 | 11.28
4, Validity:

Iorn_u Date| Place |  Group _ |Type N | Py Mg ' Mo | SDo| rose'ersie nul Rnnulo
D.... 6/43‘SAACC Um‘lauiﬁul e “365[.804 139,78 38. 64| 9.85) .07 .e
D....] 6/43|SAACC]| ...do...... Tule 206/.740/48.89'46.717] 8.28] .13 oo | 22 Preceded

I Cinssified | rare | Ly CP4lIB.
\._..n/nslgiun pilots. ...} 44-F '1,097(.908 75.07,73.00.11.28| .09 | .18 ] . =

The criterion used was graduation-elimination from clemcntary
pilot training. ‘

5. Intercorrelations:

i 7-‘(.,'6{;!'1111;37'[-!’0_ - 1 _Date | Place - (nuup ______ |_. N v
Hiexibility of nttention CP41IR.[ 12/43 | SAAAB | Claseificd pilote, 44- r'..l 1,376 ' .2¢
Vilot Manine...... eeeeiisesesss 12/43 | SAAAB_| Classificd_pilote, 4¢-F..0 10071 .18

Other intercorrelations are given in preceding sections, Flexi-
hility of Attention CP411E. It may be noted that the corrcla-
tions of this test with Flexibility of Attention is only .26 despite
the fact that the two tests have essentially the same content.

Sequentinl Perception

Pereeption of a continuous flow of events, to which an adjust-
it or response is made only by apprehending the sequence as
uch, is obviously not only important for complex locomotor be-
havior but also is a function uniquely adaptable to motion picture
presentation. A simple method of presenting sequential stimuli
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which have to be apprehended as a whole was suggested for use
in the AAF testing program by Dr. Victor Lowenfeld of Hampton
Institute. It consisted of moving a geometrical shape behind a slot
in a cardboard screen and testing for correct perception of the
shape. It was adapted for a motion picture test and another test
involving sequential perception of a pattern was also devised.
Successive Perception Test I CP509C-I. This is a test of the
ability to integrate successive partial impressions into a single
visual scheme or pattern. Aircrew members, particularly he pilot,
are often called upon to make appropriate responses to visually
perceived situations of considerable extent and complexity, which

T 3

CJ | ﬂ"'] D

PRl 4 4

o &F L C

oA

D e T D

\__ _J

Of O

J 7 ’7 ' )
e P

O

0
Y

a

/
o 5
\_S B

4
00

FIGURE 5.11.—Stagzes in a sample item of Successive Perception Test I. The
dotted lines are not scen in an actual test item.
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are not Subject to view in their entirety at any one time. In other
words the pilot or other aircrew member must be able to synthe.
size a clear total impression from brief successive glimpses of
various parts of a situation. It is believed *hat this test might
measure a ‘“visualization” ability, which factor analyses have
indicated to be important in predicting pilot success.

The test is composed of 43 motion picture items in which a
slot in an opaque screen moves over a black pattern on a gray
background, exposing it successively from top to bottom. These
stages are illustrated in figure 5.11. The pattern is different and
varies in complexity from item to item. After the pattern has
been presented in this manner, it is shown again on the screen
it its entirety along with four other similar patterns which act
as confusion figures. The five patterns are labeled A, B, C, D, and
E, as in figure 5.12. Candidates indicate rccognition of the one

O - O
XD
O I @O
O\ 20

FIGURE 5.12—The Five Alternative Responses Corresponding to the Sample
Item of Figure 5.11,

which was presented successively behind the moving slot by mark-
ing in the appropriate space on a standard answer blank.

Details of Development. This test was originally photographed
on 16 mm. film in the summer of 1913 at the Perceptual Research
Unit in Fort Worth. Production was of a preliminary nature, and
it was not intended that prints made therefrom should be a final
form of the test. During the first months of 1911 the test was
completely revised at the Psychological Test Film Unit all items
were redrawn, and many new items were added. The test was
photographed by animation on 35 mm. film at the First Motion
Picture Unit in Culver City. Two experimental administrations
were conducted while the test was in this form (Form B). Item

iyses indicated that its reliability could probably be improved
by elimination of a number of items. The final 16 mm. form
of the test contains 38 items, including three practice items,

While Form B of this test existed in workprint form, an experi-
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ment was undertaken to determine the effect of length of response-
interval on reliability of total score. Two experimental forms of
the test were made for this purpose: one in which the response
alternatives remained on the screen for five seconds, and another
in which they remained for 8 seconds. Reliabilities for the two
forms were found to be .555 and .561. The difference is' not sig-

nificant.

Test Characteristics
1. Administration and Scoring:

Form ‘'  Running time No. trials Scoring formuls.
e Minutes 5% R
JMA l ..............................................
5550‘08-1. ........................... B cele alnic sic e sieiolela o¥s 4 45 R.
CPIOC-1. . 0voeeevncuncccos vonavannss S &E terers eI e oL TeTeko ke, ] 38 R.
2. Reliability:
Form _Date_|_ Place Group Njr | re]l Type Remarkse
B..... T8/440 | SAAAB |Unelasaified | preﬂlzht 416 .34 | .60} Odd-even
B..... 8/44 | SAAAB |......... do. ....... 4161 .41 69| ...do.....Best 30 items.
B..... 8/44 | SAAAB |......... do. ....... 416] .66 Rulon S.sec. response period.
B..... 8/44 | SAAAB |......... do. ....... 448 .55 ...d0....8-se¢c. response period.
3. Distribution Constants:
Form Date | Place Group N M SD
B it S e s B A e R BLe 3 A Blals 8/44 | SAAAB | Unclassified preflight... 416 | 21.68 | 6.52

4. Validity:

No data available for inclusion in this report.

5. Intercorrelations:

Form Cornlatrd with _Date | Place Group. | N r

B.... ] Successive l‘crceptlon 11 CP509B-11 9/“ “SAAAB | Unclassified preflight] 76| .18
B....J Pilot stanine. ....cvcveieerivacscens 9/44 | SAAAB | ......... do. ...... 411 .04
B....{ Bombardier stanine....ccocvceeveee 9/44 | SAAAB | ......... do. ...... 416 .22
B....Jd Navigator stanine.........co00000. 9/44 | SAAAB | ......... [ 1 W 414 27

Successive Perception Test II CP509C-11 (Moving Spot Test).
This is another test intended to measure the ability to form an
integrated total impression of a visual experience which has been
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Ficvre 5.13.--Sample of Pattern Traced by Spot in Successive
Perception Test II.
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perceived in successive stages or parts. It was originally planned
as an alternative to Successive Perception I but had to be regarded
as a separate test of an independent function when it proved to
correlate with that test only to the extent of .13.

The test is composed of 53 items (including three practice
items) in which a black spot on a uniform light gray background
moves over a complex path, thereby tracing an imaginary pattern,
during an interval of ten seconds. A sample pattern is shown in
figure 5.13. Immediately following the presentation of an item
there are presented simultancously on the screen five complex

GFEFL

FIGURE 5.14.—The Five Alternative Responses Corresponding to the
Sample Item of Figure 6.13.

0000

|DODO

patterns, one of which is identical with the path described by the
moving spot, as in figure 5.14. The patterns are of three types:

a. Rectilinear (Part I in test; items 4-23).
b. Curvilinear (Part II in test; items 21-38).
c. Lincar (Part III in test; items 39-53).

The patterns are labeled A, B, C, D, and E, and the subject indi-
cates which pattern he believes to be the correct one by marking
in the appropriate space on a standard answer sheet.

Details of Development. Form A of this test was composed of
ten items on 16 mm. film, and was used only to make preliminary
determinations of constructional problems. Form B was con-
structed in 35 mm. form by the First Motion Picture Unit, Culver
City, California, and was administered to a group of unclassified
Preflight candidates at Santa Ana Army Air Base in January
1944. Correlations were obtained between the three parts of the
tost, and between the whole test and Successive Perception Test 1.
Tiiese are reported in subsequent pavagraphs. An item analysis
was performed, and the fifty items having the highest phi coefli-
cients with total test score were selected to be included in the
final form of the test (Form C).
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Test Characleristics
1. Administration and Scoring:

Form '___{té?;iug time No. trials | Scoring formule
- Minutes . o R:
CPLOA-1)....co0eevee 006 Jad00 T 0! 300630 .
CPI0B-M. .covvnvnnnee L e o oMo o™ a0 .. 38 90 R
CPIO¥C- Il o . reeesisrorerininasenss bises evrespain g s « 24 | s | R
2. Rchablhty $
}'orm ] Dctcr _ DPiace ' Group _ﬁ__ _r_ _g._l__.?‘ypc___ Remurks
B....... 6/44 | SAAABR | Unclansified preflight..| 381 52 .68 | Odd-even
B..ooves 6/44 SAAAB I......... do. ce.esnene 381 34 50| ...do....| Part L8
Boooenas 6/44 SAAAB |...... eve @0 coiiienne 381 .37 54 ..do....| Part ILS
B.......l 6/44 | SAAAB |....... 3o TAO 0o i o 381 32 18 . ...do....| Part 111}
3. Distribution Constants:
Form _Date | Tlace Group __N_|__M_|__SD |_Remarks
i ) €744 | SAAAD Uncln-nﬁ«l Tpreflight..|” 381 | 47.72 | 8.38
8/44 | SAAAB |........ do. ......... 381 16.12 3.52 | Part 1.t
6/44 | SAAAB L........ do. ......... 381 | 18.2¢ 8.60 | Part I1*
6/44 | SAAAB [........ do. ......... | 381 | 18.44 | 3.70 | Part II12

'Fart 1 was composed of curvilinear items; Part I of rectilinear items; and Part 111 of
linear itema.

4. Validity:
No data arve available for inclusion in this report.

5. Intercorrelations:

Correlated with __Dete |  Place _ Group N r
Suecessive perception 1 CPS0YB-1. . 9/44 SAAAB | Unclassified preflight. . 15 .18
Pllot stanine......coonveunnnss 3600 6/44 | SAAAB |........ do. ...... ot o 378 .08
Bombardier stanine........... X 8/44 | SAAAB |...... P . S 37¢ .38
Navigator stanine............ o0 8/44 SAAAB |........ [, 2 376 44
Part I va, Part I1%, .. .. ........ 6/44 | SAAAB |........ do. ..... 0000 381 .40
Part Il va. Part J11%. ... .......... 6/44 | SAAAB |........ do. ...0nnn 381 .41
Part T ve Part I11%.....0.0000nees 6/44 | SAAAB |........ 40 c.evinene 381 .32

1Part 1 was compond of curvilinenr items; Part 11, rectilinear; and Part 111, linear.

Quickness of Perception

Speeded tests of form perception in printed form and using
the method of recognition had proved to be predictive of pilot
aptitude. It was believed possible that a purer measure of per-
ceptual quickness could be obtained by a speeded presentation of
each single pattern of such a test, and requiring actual reproduc-
tion of the pattern.

Plane Formation Test CP805C. This test was designed to meas-
ure the ability to apprchend a visual pattern within a brief ex-
posure period and reproduce it accurately. Various considerations
indicated that quickness of perception was an important factor
in pilot success.

In order to isolate the factor of perceptual speed it was deemed
best to use the tachistoscopic method and a motion picture was
therefore prepared in which the number.of frames of film deter-
mined the length of time for which the material was exposed.
Material employed consisted of a grid of 25 squares upon which
appeared 5 small plane silhouettes, as illustrated in figure 5.16.
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FIGURE 5.15.—Sample Item of Plane Formation Test.
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The planes made a pattern or “formation.” The task of the subject
was to observe the screen and, immediately after the exposure, to
fill in spaces on the answer sheet corresponding to the sections
on the grid which included planes, i. e., to reproduce the pattern
made by the five planes. An example is shown in figure 5.18.
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=] = [EE3 KR! (159 ne f an

Ficure 5.16.—Illustration of Answer Sheet Showing Correct Responses
to the Sample Item Shown in Figure 5.15,

Details of Development. It was determined that the correctness
of the reproduced patterns, when scored as patterns, was almost
identical with the correctness of the reproductions when chrcd
mechanically in terms of the number of grid spaces corrcct'l): hﬂ(:.d
1. If & cubject got the pattern right he also got its position in
the grid corrcctly. This made it possible to machine-score the
answer sheets using the formula of “Rights” and counting cach
clement of each pattern as one item. The test is a measure of
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ability to reproduce a spot pattern, scored in terms of the correct
location of each spot.

A preliminary form (Form A) was shot on 16 mm. film and
tried out. Fifty patterns (150 items) were then photographed at
Wright Field and administered to 400 aviation students. This
was Form B. Item analysis was carried out, together with revision
of the instructions and procedure, and the final test, Form C, on
16 mm. sound film, was produced using the best 30 patterns.

Test Characteristics
1. Administration and Scoring:

Form | Running time | No. trials Scoring formula
M‘nuln
CPROSA..... tesnscnas . 38 (190 items) R (Feb. 1943).
CP:i058.... 23 50 (250 items) R.
Crsasc.... 18 30 (150 items) R.
2. Rcliability:
Fonu _Date_ ~ Place . Group I_N” | _Type
T T2/43°|_SAACC Unclassified 43-K...| 407 | .82 | Hoyt
3. Distribution Constants: .

Form _Date | Dlace Group _N |_ M | _ SD Remarks
B....... veeee| 2743 | SAACC™ | Unclnasified 43-K.. 407 107.1 13 0 Trials 1-30.
B...... eesess| 2/48 | SAACC Unclassified 43-K...| 407 70.5 Trials 8$1-50.
[Jaoopoanoosos 3/43 | SAAAB | Unclassified....... 460 | 173.89 2!.80 Contplete test.

4. Validity:
f‘orm‘ Datc Place Group _Type | Na l Po | My | Mo | SDe | rote |rate
B T2/43 | SAACC |Uncinssified 43-K....| re1e | 250 |.610 | 180.09 1 172.94 | 20.04 l 221 .84
C ..i /43| SBAAAB Unclassified......... .I rvie | 9561.783 {112.45 {10077 ] 1878 | .12 .26

The criterion used was graduation-elimination from elementary
pilot training.

5. Intercorrelations:

Correlated with _Date_ Ptaca Group | N | »
Fatimnation of velocity CI2058-1............ T8/48 | SAANAB | Unclasified....... 392 ] .05
Lientifiention of velocity CP205B I........ 3/43 | SAAAD ..., do, ...... eees] 392 | .08
Estimntion of relative velocity CP20iB-T11. . .ol 3/43 ) s,\,\.\n ..... do. L oooeiieen 92 | .10

Comprchension of Visual and Vocal Instruction

Motion Picture Comprehension Test C1625A. This test was
designed to measure the ability of aircrew candidates to compre-
hend and remember material which is presented in motion picture
form with visual demonstration and diagrams accompanied by
explanatory narration. Much of the instruction in flying training
is given orally or by means of training films. A relatively small
prdportion of flying training is obtained by independent reading
outside the classroom, especially in the advanced stages of flying
training. For these reasons it scems possible that a test of com-
prehension presented by means of motion pictures, in which the
material is presented both orally and visually, might yield a better
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prediction of success in flying training than does the Reading
Comprehension Test. There are some important differences be-
tween the Reading Comprehension Test and a Motion Picture
Comprehension Test. In reading comprehension, skill in reading
is an important factor in performance. This is not true in motion
picture comprehension, where the verbal material is given orally.
Second, in motion picture comprehension the subjects must answer
the questions on the basis of one presentation of the material.
They cannot refer back to the explanatory passages as they can
in a reading comprehension test. Third, in a motion picture com-
prehension test the ideas and concepts are not presented merely
as verbal symbols. It has been demonstrated that comprehension
of ideas presented solely in words has low pilot validity. It is
probable that some individuals who fail to grasp concepts ex-
plained verbally can adequately understaiid them when they are
presented with animated diagrams, pictures, and illustrations, and
that the two kinds of comprechensional ability are not highly cor-
related. The ability to comprehend relationships presented in this
less abstract way may be important in pilot training. The test was
originally suggested by Lt. A. F. Jenness of Medical and Psycho-
logical Examining Unit No. 7.

The test is made up of six technical sections or excc.pts taken
from training films, ranging in length from two to seven minutes.,
A passage is presented to the subjects, immediately followed by
a series of questions on the matcrial, similar to those used in the
Reading Comprehension Test. The test has an overall length of
about thirty minutes. Multiple choice questions for each of these
excerpts were written, edited, and tried out in preliminary fashion,
after which the satisfactory questions were sclected. The six
passages of the test are as follows:

-

= ' lt’unni;; ' -.\'n. o'-

Code No. " )
of film _ time  questions
T Minutes
TF. 1-290..00000re0niscccans Celestinl Nav.— Intro. and location of
points on the celesting sphere,  sece
tion Loieeeueieoinarorasosasaocnoinens 34 10
T.F. 1-290.....00000cnneeesse Celestinl Nav.—Intro. and locatlon of
points on the cclestinl sphere, scee
- tion Bliieeeeinrorisoscocesoscancnonnsns 3 17
T.F. 1-044..ccctvirenincancns Interpretstion of  benrings, lines of
position, and fixes, section Looooianen, 3 1
A, 2B, iiiiieennrranioce Sctting-up operations- C-1 Autopilt.. .., [
I T T T .\t.-m..l; of high level bombing, see- - .
O Lo ivreerisssscsossvorssossansnses '
TR, 1870, 0isivieniinnennns Norden Bombsixht princlples..ooeeeenes S LI

The test exists in the form of a script which includes a 90-second
passare on Nieht Bombing and three questions on this material
for piactice. The six passages above, specifi-{ inters of the com-
mentary accompanying the films, are writt 'n out and are accom-
panicd by the questions on the vocal-visual material presented,
The test can be administered in the form of a spliced set of the
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excerpts cut from 16 mm. prints of the 6 training films in ques-
tion, the questions being presented in the form of a booklet.

A version of the above test, the “Position Firing” Comprehen-
sion Test, utilizing a single 15-minute training film instead of
excerpts from different training films was tried out in connection
with another research project on the evaluation of motion picture
instructional techniques. The film involved is an instructional
picture for aerial gunners explaining the system of position firing
(TF 1-3366). A 25-item examination on the complex spatial ideas,
rules, and procedures to be learned by the flexible gunners in
firing at attacking fighter planes was constructed and revised. The
test measures comprehension of the film, as well as being a profi-
ciency measure, Its characteristics are given here as probably
being representative of the more general test described above.

Test Characteristics
1. Administration and Scoring:

Form Running time No. trials | Scoring formuls
w
Preliminary (Position Firing)..............] 35 minutes 25 ' R — -:-

2. Reliability:

= ams | e —Shae Il - Gveap [ Nl gt Lype

Preliminary...| 6/44¢ SAAAB | Uneclasnified Preflight.... 3382 46 .68 | Odd-even
3. Distribution Constants:

~_Group_ | Date_|_Place _ Group _ N[ M SD

Preliminary..... © eve] _10/44° | SAAAB [ Unciassified _preflight...| 328 | 18.41 3.54

4. Validity:
No data were obtainable for inclusion here.

5. Intercorrelations (Preliminary Form, “Position Firing’’)

“Correlated _.;';'_lh A Date I:"l;ff __Growp |_N_ r

Bowmbardier stanime........co00... | 10/48 | SAAAB | Unclassified preflight. . 328 .23

Navigntor stanine................. 10748 | SANAB | L. 000 euesenennnns 327 K11

Plot stanine. . ...coiviivnnnnnnneee 10/44 | SAAAB see @O0 oaarers o oa e uTo e e 328 .18

Rending comprehension |

__ABooklet 32, Part D....o.eoee.d 107481 SAAAB | ...dounnenen...... 328 A7
VALIDITY

No general statement can be made about the predictive validity
of motion picture aptitude tests for success or failure in flying
training. For a number of tests, the data necessary for computing
validities could not be obtained before the termination of large-
scale pilot training. This was due in part to the fact that the
Psychological Test Film Unit did not itself administer, score, and
keep records of tests given to aviation students on its own responsi-
bility. It therefore depended on the cooperation of other units,
having their own tests to administer, for the testing of very large
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samples of the sort reaired for validity studies. Such cooperation
was obtainable, but it necessarily involved administrative formali-
ties and delays. '

The first six tests completed (the three tests for estimation of
visual speed, the Plane Formation Test, and the Flexibility and
Integration of Attention Tests) were each given to one or more
samples for validation against graduation-climination from ele-
mentary pilot training. The biserial coeflicients of correlation do
not always agree from one sample to another. The highest cocfli-
cients obtained are, however, only moderate. They have been
reported separately for each test.

The next five tests produced (The Minimal Movement and Drift
Direction Tests, the two tests for Successive Perception, and in
particular the carefully thought out Landing Judgment Test)
were not given to large samples in time for the pass-fail data to
ma‘ure. The giving of these tests on a large scale was delayed in
th2 first place for some months because of the critical shortage of
flm with which to make extra prints in the summer of 1914, and
lo‘<r by administrative delay in the determination of validation
jlicy. Efforts to validate some of these and other tests against
¢ ecific criteria which the test was designed to predict, such as
:anding grades in primary pilot training, proficiency scores in
-ynchronizing a bombsight-trainer, and instrument flying grades,
‘id not meet with encouragement.

The last of the tests described (the Distance Estimation T:st,
the two orientation tests, and the Motion Picture Comprehensiin
‘Test) were completed too late for validation,

Nine of the above motion picture tests were finally administered
in a comprehensive battery of experimental aptitude tests at
Medical and Psychological Examining Unit No. 6, Keesler Field,
Mississippi, during the summer of 1915, for the purposec of study-
ing their intercorrelations with other tests, for various other sia.
tistical studies, and for further study of the effect of scating posa.
tion on scores. The best information about the characteristic: of
the above motion picture tests would be derived from the data ¢
this comprehensive study, but they are not available for inclusion
in this report.

From such evidence as is available, both the intercorrelations
of motion picture tests, and their correlations with other tests,
scem in general to be low. Some of these data are reported
separately for cach test. The low correlations with other aptitude
sty are consistent with the theory that motion pictures are

>f testiag functions not amenable to other forms of testing,

¢ penerally low intercorrelations between motion picture tests
thenelves, even when they were designed to measure theoretically
Similar functions such as speed estimation or scquential percep-
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tion, indicate uniqueness (if the reliabilities are taken as correct).
The fact that motion picture tests, as compared with printed tests,
do not require verbal ability or the vocabulary factor implies that
in this respect they have less in common than printed tests. The
effect would be to lower the intercorrelations of motion picture
tests. It is likely that there are types of human aptitude and
ability, only tcuched upon by the tests described, which cannot be
adequately measured by the relatively static problems and ques-
tions presented by ordinary test methcds but which can be de-
manded by setting up tasks arising from the continuous flow of
events portrayed on the motioa picture screen.
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(PTER SIX

Proﬁciency Tests®

Bxu:kground of Motion Picture Proficicncy Testing

In the latter part of 1943, at the time the Psychological Test
Film Unit was being established, the efforts of the AAF Aviation
Psychology Program began to turn from problems of selection
exclusively toward problems of training. The first formal request
for an experimental study of training methods by Headquarters
AAF to the Training Command was made in September 1943, It
concerned the procedures being used for training students in the
recognizing of hostile and friendly aircraft. It also suggested
that the best criterion of proficiency would be motion pictures of
the planes to be recognized rather than a series of still pictures
such as were currently being used for examinations. Motion pie-
tures showing the changing aspects of a plane in flight would
approximate the situation in which aircraft have to be recognized
in combat. The planning and execution of this study were assigned
to the Psychological Test Film Unit.

The series of experiments performed in carrying out this pro-
ject will be reported in the next chapter. The motion picture exam-
inations used to measure the effectiveness of the training, however,
will be described here. They consisted of a proficiency test at the
Preflight School level which was used in the training experiments;
a standard general examination for all levels, in two cquivalent
forms, which was derived from it; and a specialized examination
separating the aircraft of the European and Pacific theaters, also
in two forms, for gunners.

Research on measuring and training the visual skill of recogni-
tion absorbed much of the effort of the Film Unit during 1944.
At about the same time, training rescarch was being carried out
on a large scale in pilot training, navigation, bombardicring, gun-
nery, and finally in the training of radar observers. The measur-
ing of levels of proficiency was a first necessity in these fields, In
the case of several specialtics, it appeared that the motion picture
medium could be used to construct examinations which were more
similar to the actual performances for which students were being

*The tests to be described In this chapter were princlpally the work of R. M. Gagne la
cullaborution with the cditor. Two of the tests were joint projects with other aviation

Psyehologlsta
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trained than could the conventional written examinations. The
motion picture would, at the same time, present a standardized
situation capable of being given to a whole group at once, in con-
trast to individual performance checks.

Rescarch was pursued, therefore, on a number of motion picture
proficiency tests in collaboration with the Psychological Research
Projects for the specialties concerned. Two such tests were devel-
oped, one on practical aerial navigation, and another on the loca-
tion and identification of bombing targets from the air. Prelim-
inary plans for a proficiency test in radar navigation and radar
bombing were never carried into effect. '

In these proficiency tests, the effort was made to get away from
the purely academic type of examination which puts a premium
on verbal memory and to test the performance of the student in
a situation having the sequence, the tempo, and the continuous
change of the real situation with which he will have to deal.
Academic instruction is commonly criticized for giving students
the theory of a discipline but taking no interest in how it can be
put into practice. One method of bridging the gap is the use of
motion picture group testing. The five proficiency tests will be
described in the order in which they were constructed.

Recognition Testing
The Aircraft Recognition Proficiency Test (Preflight Level)

A preliminary test was constructed in the following way. The
35-mm. film library of the AAF Motion Picture Unit was searched
for shots of different airplanes in flight. A large accumulation of
such shots was available for use in the series of training films
being produced. Shots were chosen which showed the plane in
actual flight against a natural background of sky, clouds, land, or
distant horizon. Some were films taken from the ground and
others by acrial photography. Shots ware selected, whenever
possible, showing the plane in a continuously changing aspect,
i. e, in transitions between head-on, passing, =.nd plan views.

From thesc shots, by inspection in a movicola, items were cut
at the most advantageous part of the flight, from 2 to 5 seconds in
length. These items were spliced together, with 6-second intervals
of blank film between them to permit the recording of answers
by the students. This preliminary form of the test included 31
American and British aircraft, both Army and Navy, which were
at that time (Dccember 1943) being taught in AAF Preflight
Schools. ‘

There were 100 items in the pieliminary test, each plane being
represented by three or occasionally four items. Of these, one
was relatively easy to identify, another of medium difficulty, and
the third was diflicult. Some represented head-on views, which
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are the most difficult to recognize, in general, and some were dis-
tant views. The planes were distributed in a random order
throughout the test and the order of items ran from casy to difti
cult.! The test required 20 minutes to run off, with oral instruce
tions given by the test administrator. It was used with a mimeo-
graphed answer sheet having spaces for recording 100 answers,
Answers had to be written by the students (P-38, Spitfire, ete.)
since the ability to name the plane promptly was considered essen-
tial in recognition training. All aircraft recognition examinations
therefore had to be hand-scored. The method of response by selec-
tion from five alternatives, which would have permitted the use
of machine-scorable answer sheets was tried but abandoned when
it sue¢ with the opposition of recognition training authorities.

The preliminary form of the test was then revised by selecting
61 additional items representing enemy planes, both German and
Japanese. The total of 164 views was tried out with groups of
preflight students and recognition instructors at Santa Ana Army
Air Base, and an item difficulty analysis was made. Further
selection of items for proper type and level of difficulty reduced
them to 100. The range of difficulty was from 20 percent to 95 per-
cent correct—the items being distributed fairly evenly at all levels
rather than concentrated at any one level. The planes finally in-
cluded in the test were 46 percent American, 24 percent German,
19 percent British, and 11 percent Japanese. The interval for
recording answers was increased to seven seconds. Instructions,
by titles and sound track, were incorporated into the film and a
number of 16 mm. sound prints of the test were produced. They
were used as measures of achievement in experiments on different
methods of recognition training. The test was entitled the Aircraft
Recognition Proficiency Test (Preflight Level).

* Test Characteristics

1. Administration and Scoring:

Form Running time :Vo._l(_o'ch 3:0_7_1'5_' formule
Minutes
Pre/Iminaey..ccocveecvicacsoaeforencasnsonsnnnsns 20 | coivocenncninnan 100 [ ovevencnns Right
ARPT (Preflight Tevel)oeiuienol cooeeieieeereens L3 PR e 00 |y riess De...
2. Reliability:
Form "1 Date | [Place | Growp _ | N e | eo | Tepe
Preliminary...... 1744 | SAAAB | Pilot preflight...| M1 | -.90 Test-retest (3 days),
ARPT........... 8784 | SAAAB | ... do. ...e.oi 420] W11 29 ) Ouddeeven. .
3. Distribution Constants:
Form _Date |  Place_ | ii;iup____.__ L
Preliminary..cooiveeeeas 12743 | SANABR..... Preflicht 44-G........ 15.0
ARPT (preflight)...... 2744 | SAAAB..... Proflight.cocvveervaed 1.9
ARPT (prefiight)...... 3748 | SAAAB..... Prefliuht, oo eevneeesd 1193
ARDPT (preflight) oooses 4744 ] SAAAR. | Preflight. . ioviiennnns 12.2¢
ARPT (preflight)...... 6/44 | Primary.....| (6 schonlad.......... 13.70

_'In the sclection of shots for this and the following tests and In other ways asslstance was
given by Muajor G. Emanudd, alreinft recognition expeet of the Brithhh Army Ale Staff, Wash.

ington, and by Lt. (later Major) R. Ydldham, of the ANF Tialning Alds Divielon.
703313 —47--8
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4. Intercorrelations:

Corrrlated with— “Date | Place Group N it ’ =
Firal slide €XAMe,.eevroaeos 3/40 | TSAAAR.T| Preflight P, 44-1....

Final :li:le CXRMeccosoccoses 4740 ] SAAAB...| Preflight l’: 44-J.... f“ -;l
Airplane photo test......... 2/84 | SAAAB...| Preflight B & N.... 234 .24
Pilot sanine.....coceeeeenn. 8/44 | SAAAR,..| Class. Pilots........ 612 28
Bombardier stanine,........ 8/4¢ | SAAAB...] Class. Pilots........ 672 —.g:
Navigntor stanine.......... |_8/44] SAAAB... Class, Pilots........ 672 X
Results

The Aircraft Recognition Proficiency Test, although designed
primarily to serve as a criterion for experimental studies, turned
out to be in many ways a better examination for the 30-hour, 8-
week course in recognition in the Preflight School than the exam-
ination actually in use. The laiter was, by Training Command
regulation, a 40-item series of photographic slides which were
flashed on the screen showing views of the airplanes learned in
the course. Frequently they were the same slides that had been
used in training. Seventy percent of the slides had to be identiied
correctly to obtain a passing grade.

Because of this requirement that 70 percent was the passing
.grade, instructors obviously could not first construct a good exam-
ination and then set the grades appropriately by an examination
of the distribution of scores. Instead they had to juggle the selec-
tion of slides for the examination in such a way that all the
students who deserved to pass could identify 70 percent or more
of the slides. The consequence was that final examinations in air-
craft recognition had a restricted range of scores and an unneces-
sarily low reliability.

At the request of the Recognition Branch of AAF Training Aids
Division, a comparison was made of three types of examinations
for aircraft recognition courses, the slide examination prescribed
by Training Command Headquarters, the motion picture test, and
a printed test consisting of 100 photographs of the planes taught
which had been published experimentally by the Training Aids
Division. Six scctions (classroom groups) of aviation cadets at
Santa Ana Army Air Base, totaling 250, were given all three
tests at the conclusion of their 30-hour course. The distributions,
means and standard deviations of the scores are presented in table
6.1. For comparison the slide examination scores have been given
as percentages. The restricted spread of the scores on the slide
examination is evident. The discriminating power of the photo-
graphic test and of the motion picture test, on the other hand, is
satisfactory. 5

The corrected odd-even reliability of the photographic test was
90, and that of the motion picture test was .89. Both of these are
satisfactory, but the reliability of the slide examination, although
it was not computed, had to be lower because of the restricted
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TasLe 6.1.—Distribution of scores for three tests of recognition

a8 g Number of individuals hasi
{ nt : T o_Aaring sceres at cech leved
Scures (8 peves Slide eramination Airplane phote ARPT (mevie)
$09..cc0vcecccccveccsccacs t L BN P :
"?.?’.." ................ " '......‘....":::::' ..................... L ]
’0—'.“. oooooooooooooooooooo §¢ -o.-..'...'o..l.ltl:-:::::::::::::::::::::
$3-89.cc0vs0vescoccscnvcnd “ ? F
80-88..ccoccncccnccnccnnng 8¢ T H
P5-79.cc0ccccndccsescancod 1¢ 29 18
70-78c0cceccceccccnsnenned 12 FTy 29
65-69. 000000000 ccrcsccne . 3 50 4
R 4 9 3
$0-58.cccsessvcscccscense .....--..u....-....:.: 23 b7 ]
::-:: ............................................ 10 24
-2 St S e (R o T : 1
g-.l,; ...........................................  § {
R TR T s Sl S " Lo L g iy
Pereent Percent Percent

AVerage.ccccecccccrocnses 5.8 64.3 9.1

....................... 8.7 10.7 11.9

range of scores and the smaller number of items. The correlations
of the slide examination with the photo test and the motion picture
test were .50 and .56 respectively. These correlations are low
estimates of the true relationship between the tests because of the
restricted range of scores of the slide examination; nevertheless
they suggest that there is a difference between the type of profi-
ciency measured by flashing pictures briefly on a screen and by the
other two methods. The correlation between the motion picture
{est and the photo test was .74 which implies that these tests are
also not measuring quite the same kind of proficiency. Since the
motign picture test presents stimuli more similar to real planes
in a real sky it could be argued, on a priori grounds at least, that
the type of proficiency it measures should have a validity superior

to that of the others.®

Application to Training. As a part of the efforts to improve
recognition training originating at Headquarters, Army Air
Forces in Washington, during 1943 and 1944, consideration was
given to the use of standardized examinations at the various stages
of training for all AAF schools. The tradition of the 70 percent
passing mark proved to be highly resistant to change however, no
less in the Army than in civilian educational circles. Neither
standardized motion picture tests nor standardized printed photo-
graphic tests ever displaced the slide examinations as the final
determiners of grades in recognition courses. On the initiative of
AAF Headquarters, however, the motion picture test of aircraft
recognition was used for surveying proficiency at all levels of
tra’hing and in all schools in order to obtain information as to
the effectiveness of the courses being given. For this purpose,
another form of the test was constructed.

tEfforts were made at a later period to oblala some measure of pruficlency In recoganition
ne demonstrated In combat operations with which tests could be validated. No satlefactiicy

measure was obtalnable.
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The Aircraft Rccoynition Proficiency .Examinaiict (Forms A

and B).

A great deal of care had been taken to cnn.s.trt.lct t.he Airc.raft
Recognition Proficiency Test with such' a dlStl:lbUtlon of item
difficulty as to make the test discriminating at different le.vels. of
proficiency. It therefore proved to be adequate. as an examination
above the preflight level for which it was designed. It wes con-
cluded that a single proficiency test (in equivalent forms) could
be used at all levels of recognition training.

As a result of a conference in April 1944 with the officer in
charge of recognition training at AAF Headquarters in Washing-
ton and with a representative of the AAF Training Aids Division,
plans were made to revise the test for use as a standard universal
measure of recognition proficiency. The new test was to be named
the Aircraft Recognition Proficiency Examination. It was a 16
mm. sound film, like the previous form, full instructions being
given by sub-titles and by the voice of an unscen test adminis-

trator. Three practice trials were given before the test proper -

began. The sub-titles made it possible to administer the test with
a silent projector if necessary. Each item number appeared on the
screen and was announced by the voice just preceding the shot of
the aircraft to be identified.

The planes covered by the test, in one or more views, were as
follows:

United States_ 1 Britiah [T Japaness

PIs KU ... UNpitfire .. il iieeeinanes Mel0S .. ... .. .e..ens Zeke.

1°3y THF...oovvviiinennes Hurricane .......cc0000es Melld ...oiivecnnncncane Hamp.
140 CH€ covvevnnrannnnnns Typhoon .eveverveennenes FWIO0 ...cvvvencencens Val.

147 8T iiiveeninnnnnnns Moswuite ...ovvvverennes JURB ... .. iiietrnsenene Sally.

PLl Ci0eieieoniscscrnens Benufighter cooeeeenneee Helll ...ociiniivencccassflancncnnones
A20 BIT oinisiimcieneee] Wellington o..vvenenness JUBT Liiiiiiiiienninecn]sonccananes
B25 B2 ieisiiiirenec Laneanter o.oivvieiicees] verenreietcescnroascccsoclscosseanane
B26 MSE oemiamreioene ] HAlMAR ooeevriceninnen] civerineenannencnncasnnsdonneneanns

A two-minute rest period is provided between items 50 and 51.
The projector is switched off during this interval. The equivalent
form B of the test was constructed by making a new order of the
items in Form A and printing 11 of them in reverse; i. e., reversing
the picture photographically from right to left. Thus, Form B
contained exactly the same views as Form A, and scores on the
two forms should be exactly comparable. The use of these two
forms in testing different groups at the same school or on sue-
cessive hours or days prevented an artificial ircrease in score as a
result of specific “coaching” of one group by another. It also min-
imized an artificial increase in score, on retesting the same stu-
dents, caused by the students remembering the item numbers of
specific planes. The key for scoring the test was printed on the
film itself, both at the beginning and at the end. These lists did
not show when the film was projected.
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Test Characteristics
1. Administration and Scoring:

)'I_L'! Rlll‘l' time Neo. (riel

ARPE (Forms A & B)...... 24 mirtes.. ... ........ * .m Scering I;:::
2. Reliability: -

!.ur [ Dete F’l“__ Group N v o Yous

ARPE | 4/¢4 | BAAAB | Pilot preflight.......... 183 a8 80 | Odd-even.

3. Distribution Constants:

_}'o;t:: l:;:o. sfl:“ﬁ_ "ﬂ ::‘rou N N SD Remarke
AR ight P, 4¢-J...... 1041 36, 5

ARPE 7/44 | SAAAB | Preflight P, ¢5-B...... 1856 l'l.u :{.::

ARPE 8/44 WEFTC | Primary....c.coc0uuss.. 1501 26.60 13.73 | 11 schoola

4. Validity (as predictor of success in pilot training) :

_Date ] Place | Croup | Typs | Criteria| Ny | No | My | Mo | SDi| rots | ersis] rote
8/44 SAAAB Pr‘!‘ﬂ-lght ™e gr-el. 601 T71(67.25 [53.2¢ 1141 .8 .28 .28

It may be seen that, whatever the validity of this test for its
intended purpose, it has a somewhat surprising capacity to predict
success or failure in primary flving. The above tryout was given
to aviation cadets at the end of preflight training. The test was
presumably measuring, over and above proficiency in aircraft
recognition, interest in aviation and the ability to learn and re-
member visual forms. -

Survey of Proficiency in Aircraft Recognition. A large num-
ber of prints of the test described were manufactured, 75 of Form
A and 75 of Form B, and detailed instructions were written for a
booklet to accompany ecach film on procedures for administration
of the test. In accordance with a directive from Headquarterg.
Army Air Forces in Washington, a cross-sectional and long-
sectional survey of proficiency was conducted throughout the AAF
Training Command, in October 19:14, at all schools and at all stages
of training. A sample of 19,000 students were examined, dis-
tributed in 90 different schools.

The test was administered by recognition instructors in the
various schools to trainces who had completed the recognition
training prescribed for cach stage. In certain cases the amount of
time which elapsed between the final class period and the testing
period was great enough for the scores to be appreciably influenced
by forgetting; these instances were therefore omitted from the
results insofar as comparisons between stages of training were
concerned.

The average scores and standard deviations obtained at cach -

stage of training are shown in table 6.2, The rclationships are
shown graphically in figure 6.1, where the thickness of the
cross-hatched horizontal bars represents the concentration of air-
craft recognition training within each training period, and the
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Tamiy. 6.2.—Average score on aircraft recogr.u't.t'on proficiency '
examination at each stage of training

— verage

Dete || Growp ‘h:“ 4 ] c'l al‘:T'l
Nov, 1908 | Prefight (2 schonlad ooooiorraunansrereoioiineesd L4 i | ]
Nm: Y Pritnary (5 0 eROln) s cveveeoscorcssensessanenoned 2.510 69:71 ll.”
Nev, 1944 | Basie {9 ehONe) . coverecsscesnessssssssssssscene ’.la‘ 71.52 |",.
Nov. 1944 Adsanced (21 schools).iciieieacroraninoreeceny i s 16 "-u
Nov, 1044 | Teansition (3 schonls) cooeveinnococncasicrasecss 4 fe1e |2'92
Nov. 1948 i\‘.vi'gul:;.r ‘21":;;:;:)' .......................... 1'32’ o ".”

L) tomlardier (1 aMNOMNB) s ccenossoccccocscssocssrncy . v

New. 1014 Technical (6 8rhOIR) cennneeceseanuanneseeiesses 1 24011 s85.70 17.74

heights of the solid bars represents mean proficiency scores for
cach type of school. : .

All adjacent differences shown in the table between successive
stages of training and between different types of schools are statis-
tically significant. In general, the results show that proﬁ.clen.cy as
measured by the Aircraft Recognition Proficiency Examination is
closely related to the amount of aircraft recognition training which
the trainces have received. For example, the average score in
Technical Schools (55.70) where a 24-hour course is given, is
lower than that in Preflight Schools (57.43) where 30 hours of
aircraft rccognition training are given. This result, however, may
be due in part to superior aptitude of preflight students. Because
of such potential differences in aptitude, the safest comparisons
are those which run horizontally in figure 6.1 As more and more
training is given throughout pilot training, average proficiency
scores rise. The fact that the average drops a little in transition
training supports the conclusion that the amount of training per
unit time, rather than the amount itself, is of greater importance
for the maintenance of recognition proficiency. It will be seen that
proficiency mcasured at the end of transition training is some-
what lower than that in advanced training; this fall is associated
with a drop in amount of recognition training from 6 hours to
2 or 3 hours, distributed within a 10-weck period. Another com-
parison which may be made is the following: In advanced
bombardier schools, where the concentration of aircraft recogni-
tion training during the 18-weck course is a little less than that
in primary schools (.5 hours compared with .6 hours per week) the
average test score is comparable to, though lower than, that of
primary schools. In contrast to this, rccognition proficiency is
not entirely maintained in advanced navigator schools, where the
amount of instruction is approximately 7 hours spread over a
period of 20 weeks (.3 hours per week). This comparison is valid
only if the aptitude of bombardiers and navigators for recogni-
tion is cquivalent, which scems reasonable. The aptitude of pilots
may well be greater for the study of aircraft recognition.

In general the results indicate that a certain minimum concen-
tration of training per unit of time is necessary if the level of pro-
ficiency once reached is to be maintained at the same level. If the
amount of forgetting is not counteracted by a sufficient amount of
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relearning (or review) then a decrease in proficiency is the natural

result.

The Aircraft Recognition Proficiency Examination for Flexible
Gunners (Forms A and B).

Recognition training for acrial gunners was somewhat more
specific than that for other members of the aircrew or that for

fighter pilots. It was concentrated on the identification of pursuit

planes, friendly or hostile, which would be likely to appear in the
neighborhood of the bomber being defended. Moreover there was
no need to learn the planes which would not be encountered in the
theater of operations to which the gunner was assigned. A stand-
ard achievement test for gunners would therefore differ from the
ARPE already described. A test, in two equivalent forms, was
developed .at the request of Headquarters, AAF, 30 prints were
manufactured, and prints were distributed to the gunnery schools,
with instructions for their use prepared by the Psychological Test
Film Unit. The test was in other respects similar to those pre-
viously described.

The test was divided into two parts. Part I contained views of
planes encountered in the European Theater ; Part II had views of
planes of the Asiatic-Pacific Theater. The following is a list of

planes covercd by the test: 5
. LP';rT:lj}:umm-sn_!bﬁt_er) Part 11 (Asiatic-Pacific theater)
United States] Hritish GGerman __ United States Rritish Japaness
Pas.......... Spitfre....... Mel09......... Pas F4F....... Spitfire....oe00 4 Zeke.
Prs.......... Hurricane. .... Mello......... P39 FeF....... Hurricane...... | Hamp.
Peo.......... Typhoon,.....| Me210 (410)...] P40 F4U....... Typhoof..eeeuee Onsncar.
Pel.ovvvenn.. Mosguite. ... .. Jusd (188)....] P47 TBF...... Mosquito...cous Tony.
P8l.......... Beaufighter. .., ;}om AURORNN I £ PR Beaufighter..... *

(20 R

The test items were selected from an original set of 170 views.
These were given as a test to several groups of aircrew trainees
previous to their graduation from preflight training, and to a group
of rec: gnition instructors. Essentially the same criteria were used
for sclection of items as have been described for the Aircraft
Recognition Proficiency Examination. Interviews with combat
gunners, and a collection of opinions from officers of Psychological
Research Unit No. 11 who had made job analyses of combat gun-
nery, led to the conclusion that the views of planes most similar to
those seen in combat would conform to the following specifications:
(a) a high percentage of “medium distant” and “distant” views;
(b) approximately 10 percent plan views, 20 percent head-on
views, and 70 percent passing views: including three-quarter and
onc-quarter views. These specifications were fulfilled to as great
an extent as possible within the limits of the available material.
In addition the views which depicted the greatest amount of
movement and changing attitude were selected for the final test.

In the casc of German and Japanese planes particularly, some
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views of model planes and some taken with a gun camera were -
used because they were the only ones available. Form B was con-
structed by rearranging the order of items within each half of the
test, and reverse-printing a total of 39 items.

The use of this test as a proficiency measure was supervised
by the Reasearch Division of the Central School for Flexible Gun-
nery rather than by the Film Unit. The results of its use were not
reported to the Psychological Test Film Unit and cannot be sum-
marized here. The data below were obtained with aviztion cadets
cor.npleting pilot preflight training. .

Test Characteristics
1. Administration and Scoring:

Form Running time Neo. trials | Scoring formule_

T T T 23 minutes..............c0.. 100 Rights,
2. Reliability:

Form Date Plece | Group N |t | Tope _Remarks

B.... 7/44 | SAAAB 45-B 188 a8 37 | Odd-even Tent of 96 Items.
3. Distribution Constants: - .

Form Dele Iece Group N Mean _ D

| IR oHRA S 5 A R oM S O 7/44 | SAAAB | ¢45-B preflight 188 1.6 | 1018

Other Proficiency Tests

Navigation Proficiency Test (Map Reading and Dead Reckoning)

This test was constructed to provide a standard mcasure of
achievement in pilotage and dead-reckoning navigation. [t pre-
sents, in motion picture form, a practice navigation mission which
can be “flown” in a projection room by a group of navigator stu-
dents. It has the advantage of retaining the natural tempo of a
real navigation mission and the pace of the navigator's tasks when
actually flying over unfamiliar terrain, together with the advan-
tage of a standardized repeatable set of problems which may be
given as a group test. It was developed in cooperation with the
Psychological Research Project (Navigator), Ellington Ficld,
Texas, and was intended primarily for the use of that project. It
was administered to groups of navigation trainces at Ellington
Ficld and the scoring procedures were developed there. The use
of the test is described in the comprehensive report entitled Psy-
chological Rescarch on Navigator Training, chapter 5.

On the screen is shown a view of the moving terrain ahead from
12,000 feet, taken with the camera tilted downward about 45°, The
view is that which would appear from an airplane during a typical
two-leg navigation mission of 1%% hours’ duration, covering about
300 miles. Superimposed on the picture at the bottom of .thc'scrcen
are a compass and air speed indicator, and numbers indicating
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"temperature and altimeter readings, cach showing values which

correspond at all times to values appropriate for thg actual mission
floicn by the plane which pholoyraphed. t.he t.erram. Also super-,
imposed is a driftmeter grid whose position 1s .changed every 30
seconds, and underneath it the drift reading which cog‘responds to
cach sctting. The examinee obtains correct.informatlon concern-
ing heading, air speed, temperature, and altitude from the mst_ru.
ment readings shown. In the case of drift, however, the reading
and setting are incorrect approximately half the time, and the
examince must take several readings in order to determine the
actual drift during any portion of the mission. Two “double
drifts” are flown, to make possible the computing of the wind
veetor, one during each leg of the flight. Examinees, seated in the
testing room, are provided with stop watches, computers, and sec-
tional acronautical charts covering the route flown, and are re-
quired to keep a log of the mission. Scores obtained from this log
provide the desired measures of navigation proficiency.

The film is composed of two 16 mm. silent reels, each about 1,650
feet long, and requires 90 minutes for administration. The test is
run off on a standard sound projector at 24 frames per second
(sound speed). Watches are stopped briefly during the rest period
provided by the necessity of changing reels, and started again at
the beginning of the second reel. Examinees are expected to iden-
tify checkpoints by comparing the terrain shown with the sectional
maps provided. The strip of terrain appearing on the screen
within which landmarks are identifiable is approximately 5 miles
wide. At the bottom of the screen the terrain shown has a width
of three and a half miles. The route flown (central California cast
of San Francisco) was carefully chosen as having checkpoints
neither too difficult nor too easy for testing purposes. The kind of
navigation required is precision dead reckoning aided by map
reading.

The writing of exact specifications for this test, and the produc-
tion of the film, presented a number of problems in the technical or
scientific use of motion pictures. It required intimate collabora-
tion between a psychologist familiar with navigation, a psycholo-
gist familiar with motion picture technique, the film cutter, and the
producing studio, the AAF Motion Picture Unit. After the aerial
photography had been accomplished with a camera plane, the in-
struments were separately photographed and superposed on the
terrain film by optical printing. The instruments were syn-
chronized with the terrain by a set of cues, at 30-second intervals,
which correlated time and film-footage. Footage and time can be
correlated exactly, since 35 mm. cameras and all projectors (at
sound speed) are precision instruments. The instrument readings
were specified in part from a record kept during the actual flight
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of the camera plane, but chiefly by working backward from a
navigation log of the flight performed.

Target Identification Test for Bombardiers

This test was designed to measure the proficiency of bombar-
diers, either those in training or those having completed it, in the
identifying of bombing targets from the air at the time when the
bomber is beginning its approach run and while the target is
still a considerable distance away. The target for which the bom-
bardier has been briefed must be located early in the run in order
to allow time for the adjustment of the bombsight. Under certain
conditions this task is very difficult; nevertheless the success of a
bombing mission depends on it. Combat experiences indicated
that there were wide individual differences among bombardiers

in this skill, even after training, and that a test which would

select those who were superior in target identification would be
extremely valuable. .

The test was originally proposed by the Psychological Research
Project (Bombardier) and methods of reproducing the task of the
bombardier on the motion picture screen were studied at length,
Detailed plans of design and construction were worked out at a
conference in February 1945 attended by representatives of both
research organizations and of the Psychological Section in Train-
ing Command Headquarters. The plans were subsequently ap-
proved by Headquarters Army Air Forces.

The test consists of a number of approach runs at 20,000 feet
on strategic target areas, the screcen showing the bombardier’s
view ahead, and the task of the examinee is to locate as early
as possible in the run the target on which he has been briefed. The
run lasts about three minutes. Before each run the examinee is
allowed one minute in which to study a marked map of the target
region and a vertical acrial photograph of the spccific target area.
The course, the target, and all prominent reference points ave in-
dicated and are pointed out by voice recorded on the sound track.

Following this briefing period, the rua begins. At first the
target area is barely visible at the top of the screen, not far below
the horizon, at a distance of -ome 20 miles. Identification is very
difficult but general location may be noted if a reference point can
be picked up. After 30 scconds of approach the progress of the
run is stopped by the insertion of a “hold-frame” shot which re-
mains on the screen for 4 scconds. Superposed on this still view of
the terrain is a lettered grid, as shown in figure 6.2. The examince
now records on his answer sheet the space in which he believes t.he
target to lie. The run continues for another 30-second period with
another hold-frame shot which constitutes the next item. From
three to six successive trials are run off in this manner, the loca-
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tion of the target becoming progressively easicr and more certain,
When the target becomes identifiable by nearly all examinees, the
run ceases. A new bricfing period and a new target run on a
different area begin. 13

The test was produced, after exploration of the possibilities of
acrial photography, by photographing the large scale model of the
Japanese islands which had been constructed at the.AAF Motion
Picture Unit for the production of training films which were used
in the briefing of B-29 crews. The scale of this model (1 in, =
1,000 fcet) was such that roads, factories, and terrain features
were clearly visible and the scene approximated very closely to
the reality when the camera action, kept to scale, simulated the
course of a bomber over the terrain. The probiem of obtaining
“acrial” photographs and of describing landmarks exactly was
simplified by employing this model.

The plans for this test included the photographing of runs on
tactical targets taken from the air as well as its strategic indus-
trial targets taken with the model<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>