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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 Army 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 purposes having to do with the 
delection and training of men for the Army Air Forces. The re- 
ports originally submitted were written with those purposes 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 aerial 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 wore 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 clu.pter. Special acknowledg- 
ment should be made of the contribution to all phases of the 
research of Robert M. Gagne, Assistant Director of the Unit 

JAMES J. GIBSON, 

Lt. Col., Air Corps, 

Santa Ana, Calif., February 1949, 
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HI «TO 0\E. 

Historical Background of Motion 
Picture Testing and Research* 

i 
HISTORY AND ORGAM/ATION OF THE PSYCHOLOGICAL 

TEST FILM UNIT 
Eslabltahmenl 

The Psychological Test Film Unit was established in October 
1913 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 Q4 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 
mon 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. Ton enlisted men on dutfjllUUJ^he unit were also 
transferred to that command and were placed on detached 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 1915, 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 1913, the 
production of films for motion pictures had been carried out by 

*Thlt rhnptt-r ma M rilti n  by   the Mlitor. 



arrangement with the Motion Picture Branch of the Technical 
Data laboratory at Wright Field, Ohio. After that time films for 
all aptitude and achievement tests were produced by the AAF 
Motion Picture Unit, Culver City, California, the producing 
studio for training films in the Army Air Forces. The services of 
this agency for ihe specialized purpose of psychological testing 
were authorized by the OHice 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 
each test was given a training film production number. Other 
proficiency tests were produced individually as special film 
nrojecU. 

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 experimental 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 1914 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 
Research Unit at Forth Worth was transferred to Psychological 
Research Unit No. 3 and was carried out by that unit after October 
1913. 

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- 
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duction of mution picture testa. Preliminary experimentation to 
determine type and diflkulty of items was carried out on small 
groups of enlisted MM at StaUl Ana Amiy Air Base, but adminis- 
tration for statistical analysis had to be conducted at psycho- 
logical units located at centers of training activity. 

Personnel 
All members of the Psychological Test Film Unit were engaged 

primarily in research, although various members specialized to 
Lomo degree in film editing, still and motion-picture photography, 
art work and drafting, film projection, statistical analysis, test 
construction, training exporimonts, the writing of scripts, and the 
composing of research ifopoiis. TK<? fclbwi-ig individuals were 
the relatively permanent members of the organization: 

Rank . A'o»« Arm*   Stritt   N». 

Lt Col. Gilson, James J  0-901965 
Capt. Eisenleryr,  Ralph  M  0-562936 
1st Lt. Gagne, Robert M  0-563064 
T/Sfft. noinjineie.-, Rus3:ll \V  13076:83 
S/Sgt. Flnnay, Don C  39842343 
S/Sfft. Wiejand, E-warJ C  16077369 
Sst. Class.-,  Nathan LI  32931276 
Sst. Lanikln,  Hi'otard  35529040 
Sgt. Schäfer, Alfred H  3903455» 
Cpl. Rannerman, Edward M  39198852 
Cpl. Dorln, Leighton H  17098303 
Cpl. Slater, Gerald  M *  39552035 

The following individuals were members of the organization for 
shorter periods of tima: 

Rank Smm* Armv Serf«! <V«. 
Major Lehner, George F. J  0-1000257 
2d Lt Orvis, Clay H  17030003 (as E/M) 
2d Lt. Tice, Frederick G f  33528167 (as E/M) 
S/Sgt. Price,  Hubert  R ^  19200376 
Pfc. Hack! arth, Edward A  ;;6746950 

i Pfc. Luft,  Joseph  33537710 
Pfc. Marion, Arthur J  16111664 

Mission 
The mission of the unit may be summarized as follows: 
(1) The conttruelion of motion picture tests for classification 

and otl   r purposes. 
(2) Research on motion picture and photographic methods of 

psychological testing fl'-ifl on problems of administering and 
scoring motion picture tests. 

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

i 



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

AREAS OF RESEARCH 
Research Objectives 

The aim of research, 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- 

the research of the Psychological Test Film Unit: 
0) Tasks performed by military fliers and other members 

of the aircrew are to a large extent visual in nature, and, 
consequently, tests of visual and spatial perception are 
important for measuring aptitude for aircrew duties. 
The perceptual discriminations required in flying can 
usefully be studied by a combination 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. 
The methods of the psj chophysical  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- 

er 

(2) 

(3) 

-■-' 
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tiM'o medium for päychulotfiuil touting arc discussed In 
the following chapter). 

(5) The kind oi* behavior primarily involved in the task of 
Hying is locotnolion in s^arv and on that account is ex- 
teacfod in time. Hence, the performances required in fly- 
ing aro predominantly characlorfccd by motion, by being 
continuous, and by possessing tempo. Therefore, so far 
as g-o.'p teatiug is concerned, the motion picture medium 
uhould have a number of unique advaniages for measur- 
ing tho non-academic aptitudes and abilities peculiar to 
Hying o.er UM material reinoducible in printed tests. 

Areus of Research 

The Psychological Tc^t i^ilm Unit was a rccearch organization 
which consU-ucled teds but did not administer and score them for 
purposes of c'J:ction and classification of students. The areas of 

. research wilhin which tests could be constructed were theoretically 
unlimited. Ani test which could be presented on film, whether 
categorized as perceptual, inldlcclnal, or emotional, could have 
been attcmplcd if the tcsL were needed. Requests for tests, or the 
.filming of partially-completed tests, were accepted from other 
units of the AAV Aviation Psychology Program having specialized 
fields of research. Tests were devised or partially developed in 
such fields as comprehension, resistance to confusion, and per- 
formance under emotional stress, but the difficulty of such re- 
search, the problem of adaptation to a medium still being explored, 
and the limited experience of personnel in such fields of research, 
combined to make progress in these areas 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 field, and since the work of the unit was originally con- 
cerned exclusively with rnch tests. It was also concerned with a 
technique or method oT testing, the motion piclure. possessing its 
own characteristics and its own special opportunities for psy- 
chological investi^atiOii. In general, the research of the organiza- 
tion may be divided into general parts: Test Development, Train- 
ing Research, and Problems of Technique. 

Te»l Development 

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



ing to methods described more fully in a following chapter, in the 
t-(Tort to measure the desired ability. The experimental test was 
administered to a large group of aviation students either while 
they were taking the official classification tests or during an early 
phase of their training. From test scores thus obtaii.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 correlating the test scores with success 
or failure in later phases of aircrew training. If the intercormla- 
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 areas in which tests were 
constructed are as follows: 

1. Tests of ability to judge motion and locomotion. 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 mi iature 
photogranhy. 

2. Tests of ability to judge distance. One test was completed 
in this area, after considerable 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 witi. 
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 area 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 phae 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 abstracted from reality. 
They involved reactions to a schematic instrument 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 test« 
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- 
able to motion picture and photographic techniques." The two 
major projects in training research were, first, the construction of 
proficiency or achievement tests in motion picture form and, 
second, the evaluation of training procedures. 

Proficiency Tests. Two proficiency tests, in navigation and bom- 
bardicring, 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. These 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 
research on the evaluation of training procedures were, first, a 
comprehensive study of aircraft recognition training, and second, 
an evaluation of the clTcctivcness of Army Air Forces training 
films. 
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In boüi umlurtakuitcs the csscnlial piublom was that of dutcr- 
mining what methods or techniques of training (of the alternatives 
which were practicablt.; were the most clTective in producing 
learning by the trainees. Both studies necessitated the use of a 
criterion for learning, and therefore involved the construction of 
achievement or prolkiency 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 boiii' investigated), and one 
or more experimental groups who were trained by a diflferent 
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. 

Problem» of Technique 
In addition to the above fields of research, a more or less con- 

tinuous 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. 



ItffTEl TOO. 

Hie Use of Motion Pictures in the 
Design of Psychological Tests' 

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

In order to utilize film effectively in psychological testing, the 
characteristics of the motion picture medium must be understood. 
This medium maizes possible a novel way of presenting problems, 
events, situations, and stimuli. It enables 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 attempt to describe 
und exemplify the unique characteristics of the rrotion picture 
medium for psychological purposes. 

For use in the Aviation Psychology Procram, 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 
jnul in some cases as many as four experimental forms from which 
r lection of items for the final form was made. The experience 
.' 'lined in the design and construction of these tests by personnel 
"f the Psychological Test Film Unit, while incomplete in many 
respects, is sufllcient to permit a formulation and summary of the 
properties of motion picture testing which distinguish it from 
other forms of testing. 

ThU .hMi.Ur »u- |.i.|.;in-.| l.y  KoUit  M. Gntfnr. Ku"«ll W.  Smmillir »««1 lH« «litor. 
'h  ih«- »^ ; iiinn- of  l.t-itrhton  II.  liorin. 



INTRINSIC AND UNIQUE CHARACTERISTICS OP 
THE MOTION PICTURE MEDIUM 

For the purpose of test design, motion pictures may be con- 
sidered to ofTer 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 dilferent 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-I, CP205B-II. and CP205B-III, for example, the 
aspect of movement which is to be judged is velocity. In Speed 
Estimation Test II, 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 second and equally important type of movement 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 largo 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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ncss 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 CP50oE, 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 Following 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 
seen by an observer looking down from the plane; the Following 
Maneuvers Test provides the visual experience of being in a plane 
looking forward and viewing the gound 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 Maneuvers 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 Research 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 
maneuver. It is apparent that the situation presented by the 
printed form is one that requires the examinee to folerprtl these 
still pictures 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 effects 
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, including both natural and artificial locomo- 
tion of the observer. 

11 
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Srqamre 
A second type of unique material which may be presented by 

motion pictures consists of items within which a temporal sequence 
of event» must be perceived by the o.:ani::e2. The ce :uence may 
be discontinuous, in which case a tcrics of eüsereto elimuli are 
^hown in orderly succession, or it may be continuous, in which 
case the parts of the sequence change from the beginning 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 neqtttwe* is a test 
of immediate memory span for digits or verbal material, in which 
elements are presented in successive controlled exposures and in 
which the order of the elements 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 continuous sequence are 
particularly adaptable for motion picture presentation. Two ex- 
amnles of this kind of item are to be found in the Successive Per- 
ception Tests CP509C-I and CPS09C-IL In the former, a black 
and white pattern is seen, a small part at a time, through a slot 
which moves continuously from the lop 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 simultaneously presented. In Successive Per- 
ception Test II, a spot moves through an irregular path on the 
screen, and the pattern made by the total path must be visualized 
by the examinee 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 tost in which the attempt is 
made to reproduce the essential stimulus conditions of the job 
itself'. Many tasks performed by aircrew members include the 
element of sequence. 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. 

Paring 
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 bo applied to the 
stimulus-interval, to the response interval, or to both.   In some 
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cases it may be desimi lo have the teat duplicate as exactly as 
possible the pace or tempo of the job itself; In others it may b« 
necessary to abstract from the job situation some psychological 
function bcot measured by items which do not follow the temporal 
charactci istic.3 oi the job itself. An artificial pace can be set by 
the test designer. 

FacinO IVkieh Duplicates That of the Job. For the construction 
of proficiency 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 moans of still photographs, even in a time-limit test, fails 
to duplicate the paced nature of the navigator's task. The only 
accurate means 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" 
uf Uie usual sort in a test such as this without interrupting the 
stquenco and disturbing the natural pace of the navigator's task. 
Consequently, in the case of the test described, measurement is 
accomplished by requiring the examinee to keep a log just as he 
would in fiijht, which is later objectively scored by hand. 

Aitijicial Paclmj. Various degrees of departure from the exact 
duplication of the temporal aspects of the job may be employed in 
devising a tost. One possibility is exemplified by the Flexibility of 
Attention (CPUIE) and Integration of Attention (CP-llftA) 
tests, in which the pace is speeded by requiring 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 
tests, but the increased pace of the test makes possible a large 
number of responses within a limited period of time, and simulates 
the pace of the job itself m time* of cncrycncy. 
A second example of a test in which the natural pacing of the job 
is altered to permit greater scoring possibilities is the Target 
Identification Test. In this case the squencc of events in the 
approach of a bombardier to the target is interrupted by a num- 
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bvr of blop-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 the 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 suc- 
ciss 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 Held 
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, th'e 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 
Ihe 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 a 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 measure speed of reac- 
tion, or performance under pressure of speed. 

/. 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 
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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 seco.id 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 represented 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 sheets 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 item. 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 
aich as emotional confusion may be added to the situation to com- 
plicate the measurement of the desired function. 

This suggests, however, a second and perhaps more useful possi- 
bility of measurement which results from the shortening of the 
! ime allowed for responses, i. e., the function which may be termed 
"resistance to frustration" or "cfiiciency 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 diOiCulty of the items must be carefully undertaken, for if 

IS 

- 



Ihc-y arc iuo ahort Ihey will cause the subject to give up the task 
entirely. This result is not desirable, since it dwd not permit dis- 
criminative measurement of the desired function among the sub- 
jects (although it may be desirable to discriminate between those 
who do and those who do not "give up"). So far as possible, 
examinees should be maneuvered into an attitude of perseverance 
at the task throughout the entire test, so that any decrease in ciTi- 
ciency produced by discouragement or frustration will 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 dillicult that genuine discouragement or frustration is produced. 
It is necessary, moreover, to demonstrate that a low degree of 
correlation exists between the speeded and unspecded 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 one item to the nexc is not 
determined 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 CM7ülA. A 
motion picture test for testing groups of subjects 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 poijeses 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 exicrnally- 
imposcd pacing, whether this be the "natural" pacing of the task, 
or some "controlled" pacing imposed by the test constructor tc 
measure some particular function. 

ReuIIsm 

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 himself in the scene, i. e., locates himself in the environment 
and in the situation being portrayed. This attitude of "being there 
and seeing it happen" is compelling; it can only be overcome by 
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flelibcratcly attending to the frame of the screen image or to 
objects in the projection room. This tendency to adopt the atti- 
uide of reality is much more striking in motion pictures than in 
jriy other form of pictorial or photographic representation. 

Participation by the observer in the situation being portrayed 
can be enhanced by a number of camora 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 entei>- 
tainment films. 

This characteristic of the motion picture medium is probably o( 
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 necessity 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 
Tost CE211A, the emotion-inducing stimulus is given simultan- 
eously with the measurements. However, in both instances, there 
exists the possibility that the subject will be able 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 dilliculty, at least in large 
measure, is made possible by the use of motion pictures. The 
e?notion-inducing stimulus may be a complex scone in which at the 
fame time a high degree of participation is induced in the observer. 
JNIICC the presentation is relatively complex, the efliciency of a 
variety of types of performance, such as observation, distribution 
of attention, or memory, may bo tested by utilizing the content of 
the scene itself. This method, therefore, accomplishes two things: 
fa) it facilitates the participation of the examinee in the scene, 
Miice 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 tendency 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 perception. 

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 accompanied 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 approprit» 
intervals during the test itself. This can be done without serious., 
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. 

Trat Administration 
Since complete instructions for taking a motion picture test may 

be included in the film itself, the duties of the test administrator 
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arc maienany rcuutcu. ■ mic nmus arc auiomaiicaily standardized 
w ilhout use of a stop watch and without risk of crroi- 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 advantageous in administration, since it 
may vary with the particular test employed. 

Since the items of a motion picture test are projected 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 specific 
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 seated 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 selecting their own order of 
items, and from turning back to complete unfinished work. This 
typo of control may be desirable or undesirable in designing a test 

FUNCTIONS PARTICULAHLY AMENABLE TO 
MOTION PICTUKE 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 
stquence 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 realign. Some of the more elaborate synthetic 
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trainers in use actually do so. The advantage of motion pictures 
for the tost constructor, therefore, is chiefly that of group testing 
as against individual testing. In the discussion which follows, it 
should be understood that the principal contrast which is being 
made is between motion picture tests and printed testa. 

The functions which will be exemnlifiod arc directly or indirectly 
related to the chaiactcristics of motion picV.nos, as distinct from 
other modes of presentation, which have already been discussed, 
namely motion, sequence, pacing, and realism. These character- 
sties presumably have their psychological c r.: iterparts. Human 

behavior, and the capacities latent in i", also imulves motion, 
order, tempo, and the experience of rc?.lit;. It is reasonable to 
Hunpose, therefore, that the motion picture Rialret available to the 
test designer not only a special Dttthod of measuring known 
factors of human ability but aho gives him ?CC3M to new and un- 
named functions not accccoible to conventional methods of test 
construction. 

The functions which follow are listed in categories 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 locomotion; ability to learn a procedure; ability to 
react to a changing situation; ability to perform during emo- 
tional stress. 

t 

Discriniinulion of Visual Motion 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 subject instead of motion of 
objects is there termed retinal motion perspective. The phenom- 
enon 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 oxporimerts to 
measure the ability to judge any visual aspects of loeomo'.ion which 
may have to be judged in practice, such as velocity, 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. 

Judgmcntl 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 arc obtained 
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with the existing Speed Estimation Tests CP205B-I. CP205B-II, 
and CP205B-1II. The intercorrelations of these three tesU 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 unitary psychological function 
relating them. The fact that it can be given a name is misleading. 
The judging of moving objects is evidently *a complex 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. c., 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 it 
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 passes 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-I 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 animation photography, 
which simplifies the problem of presenting and controlling com- 
plex moving stimuli. 

Another aspect of motion, the estimation of which could be 
measured by means of a motion picture test, is acceleration or 
deceleration. The test could depict a model plane moving across 
the screen. The plane would move with a constant deceleration 
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 
bo highly related to judgments required in the other speed cstima« 
tion tests. 

In comparison with the motion discrimination tests described 
above, and with the three existing Speed Kslimation Tests, a test 
for estimation of subjective velocity would be interesting.    It 

703SI»-4T-I 
21 

v- 



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 
ahead 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-socond 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 
oi" miles per hour aiter 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 measures 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 Dislanee 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 arc used in the present still-photographic test can be taken 
with a motion picture camera moving at a right angle to the line 
of rcj.ud. 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 determinate 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 at 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- 
cry. 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 Orientation 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 seen through the 
open bomb bay doors of a plane in flight. The course which the 
"plane" follows consists of several short legs of equal length con- 
nected by turns of 90°. The examinee 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- 
sible 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 
scries 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 scries 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 realism, such a tost might become a work-sample aptitude 
test 

The Successive Perception Tests  CPoODC-I and CP509C-1I 
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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 React to a Changing Situation 
The cinematic characteristics of motion, sequence, and pacing 

make it possible to present either a single changing situation, i. e., 
a situation "flowing" or proceeding in time, or a number of such 
situations occurring simultaneously on the screen. 

The Flexibility of Attention Test CPU IE and the Integration 
of Attention Test CP115A, 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 speeded 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 continniny tasks of recording the 
readings of dials A and C e .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, arc 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 second hand which rotates once in a 
minute. Thus its movement must be followed, not continuously, 
but with a reasonable decree of care in order for reactions 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 examinee with a umnhcr of nclf-nuiitttained seta 
to make particular reactions at specijic 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, 11, 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, activities 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 half 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 seems 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 trainee. 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 efficiency of performance under con- 

ditions of stress or emotion are of two general types: that in 
which the stress is induced by the difliculty of the task and the 
coir jqucnt sense of failure and inferiority (e. g., by the pacing of 
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the test), and that in which the stress is imluced 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 
planned and studied in a preliminary way. 

The Reaction to Stress Test is an adaptation of the Plane For- 
mation Test CPSOSC, 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 examinees 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-hand combat with 
an enemy soldier, with the camera aimed in such a way that it 
has the "point of view" of the American 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 
emotional "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 fleeting events would require "cool 
observation." As the discussion in the earlier part of this chapter 
indicates, the advantages of this design are believed to reside 
in the fact that it is diflkult for the examinee to dissociate his 
experience of the emotional scene from the observational task 
itself, since he cannot look away from the screen, and since the 
elementa to be observed and remembered form a part of the scene 
itself. 
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CHAPTER TIIREt 

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-mra. 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. 

K was clear from the outset, therefore, that psychological test 
L 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 SS-mm. film, and then transformed 
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into 16-mm. film by "reduction printing." This pcrmiU 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 bo 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 scmitraincd amateur like the psychologist, 
this has advantages for the producing of experimental films such 
as tests, whore 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 c(Tects. At present, 
these accomplishments arc seldom possible except in studios with 
33-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 
equipment 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 established. 

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 synchronized 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. 

1. 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 seen that motion picture tests are somewhat cumber- 
some to revise. This difüculty 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 facilities necessary for a finished and professional- 
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appearing motion pictui-c test are at present only available com- 
mercially. 

CONSTRUCTION OF TEST ITEMS 
Answering and Scoring Procedure 

With one exception, all motion pictu. tests constructed by the 
Psychological Test Film Unit were designed to have response! 
made on standard or modified I.B.M. answer sheets 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 medium 
introduces no peculiar problems except that it is necessary to 
regulate the duration of the recording interval in such a waj 
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 B seconds. It may, ot 
course, be desirable to speed 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 feeling 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, answeru.'- procedures employed in the case 0/ 
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, 3, 5 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 nove\ 
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 examinee 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 spcnal spatial pattern is that 
used for Plane Formation Test CPSOöC. In this test, the ex- 
aminee is required to fill in spaces on the answer sheet correspond- 
ing to the sections of a grid appearing on the screen; the grid con- 
tains 25 cquarcs upon which appear five small airplane silhouettes. 
The examinee is required to reproduce the pattern made by the 
five planes. An illustration is given in Chapter B. It is interesting 
to note, therefore, that by proper arrangemont 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 aa 
U, D, and S for Up, Down and Straight, respectively, instead of 
A, B, and C or 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 6. 

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 Conslruction 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 photogiaphy 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 Comprehension 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. 
Tost instructiona and preliminary practice items were written and 
tout 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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tercd with a narrator substituting for the sound track. From thcs« 
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 CPU IE). The essential feature of 
the procedure is preliminary photography of the items so that 
they can be spliced together and administered for statistical 
analysis. 

The production of the Flexibility of Attention Test CPU IE it 
«a 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 wore 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 ai.alyses were performed and, finally, specifications were 
drawn up for animated motion picture photography at a studio. 

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

Production by a Combination of Sew Photography and Exten- 
sive hunting. In some cases the most eHyctive and convenient way 
to work is to draw up specilicatiüiis for a basic teat 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 elaborated 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. Specificat'ons 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, is 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, t. c, a 
"flijht" shown on the screen. Preliminary administration of the 
teat 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 set 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 secured 
us 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 
subje ts 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 fs 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 validities 
may be secured. 

By the use of the foregoing procedures and preliminary 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 editor'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 tost 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 

Main Title: Aviation Cadet Testing Program (Air 
Corps Symbol) 

Cut To: 

Smaller Letters 

Flying Orientation Test 

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

Title accompanying voice: 

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

At word "this," terrain begins a 
turn simulating plane turning 90* 
to the right 

riane   compK'U'S 
straight again. 

turn    and    flies 

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

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

This is the way the ground appear« 
as you make a 90* turn to the right 
(Pause) 

36 



I 
:   • 

II 

II 

!• 

At word "this** plane begins a 90* 
turn to th« 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 
over terrain faintly with heavier 
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 planes 
along path, in circle with arrow 
pointing toward start 

Cut to close-up of answer sheet. 
Hand marks space "D" of Item 
No. I. 

70Sm-4T-4 

This is how it looks whrn you torn 
90* to th« left R« member your 
j'lnne is turning to th« left 

In this test all the turns will be 90* 
turns and th« paths between turns 
will always be the same length. 

Your task is to remain orU-ntrd at an 
times during a maneuver so that 
when the flight ends you can visualis« 
the path you have flown and know th« 
direction you would have to go to 
return to the starting point 

Watch this practice flight Th« 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 th« 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 overall view of the path 
you traveled and the way in which you 
must visualize it. Your task is to 
choose the lettered 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 direc- 
tion of the start from your position In 
the plane. 

Mark the »pace under "l)'* as the 
•nswtr to iph <tion numWr on«. 
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Cut to Item No. 2 for 1 aec 

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

Plane turns right Arrow turns 
with terrain, pointing toward start 

Ready for practice flight number two. 

As   you   fly  straight your  start  is 
behind you. 

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

Plane  turns   right    Arrow 
pointing toward start 

keeps 

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." 

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. 

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 return 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 SPECIFICATIONS FOR 
PHOTOGRAPHY OF THE TEST 

Specifications should include all the technical data necessary for 
photojjrr r)hy of the test. The content will necessarily vary with 
each 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 pivctice trials, and a list of titles. 
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It must be kept in mind that the cameraman get« 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- 
sary 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 Scene«. The test is made up (primarily) of 85 shots 
which will be called "flights" including Ave 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 see 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 air* 
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 these drawings, a frame size of 1 inch by 1.33 inch ii 
assumed. The starting and stopping points are drawn so as to be tn 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 ia shown in 
chapter 5.) 

c. rerroin Photograph. For the purposes of writing specifications it 
is assumed that the terrain shown between bomb bay doors will be a portion 
of the aerial photograph which accompanies this description, taken from 
ar. altitude of 20,000 feet. If it is desirable to enlarge this photograph, 
tlv dimensions and distances, in terms of real space on the «round should 
r<»i.ain exactly the same. 

d. Specificationa for a "Flight." On the I inch by 1.33 Inch frame 
decribed above, the flight path should be photojeraphed so that the center 
of ihc frame will trace a path over the photograph having the following 
cLxiactciistics: The IcnKth of a leg from the finish of one turn to the 
b< winning of the next is 1.4 inch. The 99' turns are to truce a path which 
cfnipsponds to an arc of 90* having a radius of 0.9 Inch. 

The flights will be photographed at the following speeds, using the 
I inch by 1.33 Inch frame: 

Spcc4 1—3.5 sees, per inch (Example flight. Flight I). 
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SfK-rd 2—3.0 art», per Inch (FllgMa 2 through 6). 
Si>ccd 3—2.1 tven. per Inch (6 through 30). 
Sputl 4—1.7 «ccs. ix-'r inch (31 through 59). 
S|H.cd 5—1.3 sec«. i>er Inch (CO through 85). 

The pcrmissuble variation in speed Is 5 percent.   The speed on the 
turns should be exactly the same as that on the ICKS with the axis of the 
camera remaining vertical always.   The exact number of seconds requited 
for each flight is given on the drawing of each flight. 

e. Circle and Arrow. During the first 3 practice flights and following 
flights 4 and 5, a circle and arrow are superimposed over the terrain in 
the center of the frame. The appearance of the circle and arrow Is indicated 
in figure II. The outside diameter of the circle (in the 1 inch by 1.33 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 sufliciently 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" flies 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 flics 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 Shuwiny Entire Fliyht 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 
thf^ end point of the path, until the whole path flown and the present location 
of the starting point are visible on the screen. The stopping point of tht 
fliyht should retain its oncntofton ■ml remain in the center of the acreeii. 

When tht camera recedes, only the ground and the broken-line p;»th 
appear to «ct farther away. The circle and arrow as well as the bomb l«| 
doors recede with the camera, I, e., they retain their original size. 

h. Circle with Eiyht Lettered Arrow», The circle with the 8 letten* 
arrows is cut in at the end of each flight. The circle with its arrows ho 
the same diim-nsions and the same appearance as the circle with the airgl' 
arrow deicribcd in "e." The outside diameter of the circle is 0.25 inch an 
the length of each arrow, extending to the center of this circle, is 0.19 inch 
The Utters at the end of the arrows should be as large as possible withou 
Interfering with the perception of the diagram. 
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TECIIMCAL ASPCCn OF THE PRODCCTION OF ULM 
A stcp-by-stcp account will be given of the production of pay- 

cl.ological test films from the time the final specifications are 
tli awn up to the completing of the finished product in the form of 
IG 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 each 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 eflfectivencss. 
At this time, selection of "takes," or alternative shots, arc made, 
since usually more than one take has been made of each 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 
"l<oy 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 
»v print of any part of the original negative he can do so by order- 
ing the reprint from number to number. This eliminates the 
lucessity of reprinting a whole sequence when only a portion of 
it is needed. 

Using the list of specifications 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. ThU 
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 nmount of a given 
rhot 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 21 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 group 
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 automatical!) 
synchronized. This is, of course, necessary where dialogue acco:n 
panics action and the screen must show the actor speaking. Th< 
unseen narrator is, however, coming into increasing use, especiail) 
in instructional films, and in this case the action and the vole« 
need not bo synchronized literally but instead need only be coor 
dinatcd logically. The action explains or exemplifies what th* 
voice is talking about. Narration of this sort is recorded on * 
■eparat« 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 procedure employed for the psychological test films, ii1 

which the voice is simply that of a disembodied test administratof 
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explaining the task portrayed and giving directions'as to how tu 
oroceed. 

After the picture is spliced, the narration as written In the 
revised script is recorded at an average of three words to two feet 
at 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 l 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 eflfects photography such as 
dissolves, fades, supcrposures, or other "optical work," the cutter t 
"cues" the picture by writing on the film with a grease pencil, 
and orders the necessary special photographic treatment of those 
particular sequences of the film. This involves the making of new 
r-ositive, new negative, and positive again for those sequences. 
The sections of new negative are made on an optical printer which 
ii capable of producing a variety of special cfTccts on the original 
' ction filmed. After inspection of the new positive film, the cutter 
•ibstitutcs the special efTects for the cued parts of the film. At 

i lis stage of the project, the work print is in its tentative final 
form. It is now viewed by the psychologist and the cutter. If 
. pproved by the former, the test film is ready for negative cutting. 

The original negative, including the special effects negative, has 
rcarcely been handled duri- all this time. It has been labeled 
and filed in vaults, reel by rcSt. 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 syncluonizer 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 
35 mm. negative and the master positive are preserved in film 
storage vaults. 
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The Presentation of Motion 
Picture Tests and Other Films 
Requiring Activity by the Group0 

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 seen from 
a large number of viewing position» which are demonstrably 
equivalent. And, perhaps surprisingly to so^ne, 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 administering 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 seating position 
in the testing room, made any difference in (he success with wh^h 
the visual problems of the test were solved and, second, what cir- 
cumstances were advantageous for the presentation of motion pic- 
lure 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 a set of 
•»pinions on what a motion picture viewing room should be. 

THE PRESENTATION OF FILMS FOR PURPOSES 
OF INSTRUCTION OR TESTING 

It is obvious that a test film cannot be given without some 
method of illumination in the room by which the student can 

•Thli rhaptir wm |>iipiirr<l by Ik» C.  Klnmy «ml lh« «Mltor. 
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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 see the screen clearly. It is probably less obvious but 
equally true that an instructional film should be presented under 
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 seldom employed at present in showing educational films, 
the attitude of those who see them is too frequently the one which 
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 
trainees were tired. An attitude of passive relaxation was only to 
be expected. The training films themselves were in many cases 
conducive to elTcctive 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 viewingr such films can be combattcd by setting up a view- 
iüg situation appropriate for active learning—a situation similar 
U- that existing in a good classroom, and to that sot up for motion 
p-aure tests. It is an even more obvious hypothesis that only in 
sich 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 pic- 
ture testing or teaching is to occur are: proper illumination in 
which to take notes and to see the instructor, and proper seating 
and projector arrangements which will permit perception of th*» 
screen without effort 

Desirable Features of a Classroom in Which Motion 
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 screeu ibove 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 tesfs was a set 
of low-wattage ceiling lights controlled by a separate 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 shielded in such a way that they do 
not throw light directly on the screen. Shields of black cardboard 
are satisfactory for temporary purposes. The ceiling should be 
high enough so that the lights do not fall within the normal field of 
vision of the students. Windows, of course, should be covered with 
ihadw. If ventilation is dependent on the opening of windows, a 
gimpl« type of louver covering the upper half of the window area 
ray be used as a light-trap which will at the same time permit the 
i iper 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 .\ssroom 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 setup for illuminating the 
rooms which required it. Temporary arrangements are, of course, 
pMssible 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. 
blc. The projection rooms of professional Hollywood studios, 
where studying of a certain type is required, arc sometimes fitted 
out with desks having indirect illumination of their writing sur- 
faces. A certain amount of glare is almost unavoidable, however, 
pven from the shielded lamp fixtures used. A better system is 
focussed pencils of light from ceiling fixtures which shine on the 
individual desk surfaces. This method would be expensive for a 
large flassroom. The simpler method described above is believed 
best 

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 hand 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 

'A memorandum recommending the above arranarment may b« quoted here at havini 
hlitorlcal interest! 

"1 April 1944. SANTA ANA ARMY AIS BASE. 

"SUDJECT: Illumlnntlon  of  Aircraft  Recoimition Classroom«  . 

"TO: Department Chairman,  Aircraft  Reroirnition, Prcflight School. 

"1. The present iltuminntion of rinx.irnom« used for Aircrnft Recognition has often 
proved a hindrance to effective inxtruction. The Psyrhologicnl Test Film Unit, in connection 
with 1U own program, hn« develnpt-d un Ideal illumination »ituatloa which it recommends to 
the  Aircraft  Recognition   Department«  for  their  use   in   ciaxsrooms. 

"2. The recommcndiition» arc made with the knowledge that classroom» are often used bj 
other depnrtments retjuiring fuller illumination than is desirable for Aircraft Recognitlo» 
needs. 

"S.   These  are  the  recommendation»; 
a. Complete   "biackout"*   for   windows   which   are  now   only   "grayed-out"   or   partiidl» 

obscured;   continued  us«  of ventilator  louvers as  in  the  pant. 
b. Substitution  of  15.wait  globe«  in one circuit of light«  for  the  present ones of hi«k 

wattage:  continued us« of globe« of high light intensity in other circuit. 
e. Us« one  circuit  with   the   l.'i-wutt globe»   for  Aircraft  Recognition  instruction:   urf 

b<ith circuit«  for other claHse«  roiuiring  fuller  illumination.   . 
"4. The ulove plan fur Aircraft Recognition clas-room illumination should result in uni- 

form lighting In r«-«<)giiition classriom«, ndi-«iuate light to take notes and record written 
response« to tests and drill« without detnuling from sharp projection of images on th« 
»crevn, and ilimlnntlon of eompluinU of 'too mu< h I ,bt,' 'not enough light to writ« by.* etc-' 
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trivcn from two tenths to eight tenths of a foot-candle of illumina- 
tion to write by without seriously affecting the visibility of the 
screen« 

Setup of the Projector and Screen. The visibility of the screen 
image Is affected 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 
clfect of these variables. However, application of certain optical 
principles together with information from other studies makes 
possible some generalization concerning the setup of the projec- 
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 
smaller 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 bcreen image can only be considered in relation to the size of 
the projection room and the seating distances from the screen of 
the students in it. The question of how much variation in sealing 
position is possible without handicap to some students will be 
discussed in the next section. The size of tne screen image, in 
general, should be as large as the screen will permit, taking ac- 
count of the desired brightness of the image. 

Since, in a partially-illuminated room, 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 given ibfl 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 loss 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 
•n identical one, of the pictures shown if their test scores are to be 
fair measures of ability, the equivalence of different seats in a 
t sting room must be demonstrated. Viewing positions too near or 
far from the screen or too far toward the side must be eliminated, 
<y-' else 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 
Tost 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 
wore for each seat or block of seats was computed.  In addition, 
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the students in the presumably less favorable positions were of ton 
asked individually whether their view of the screen was satis- 
factory. • . ♦ i> i 

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 subjects; 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- 
ceeded 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. 

Proctoring of Tests and Examinations. It might be assumed 
that, in somi-darknoss, the subject« 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 same 
time, and are seated side by side, the pace of the test is such that 
there is insufficient 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- 
toring 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 
u'til all do at once at the beginning of the answer period. Other* 
wise social cues might Influence the choice of an Individual's 
re »ponse among the sequence of alternatives. 

F.XPERIMENTAL EVIDENCE OS TIKE 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 tMHng 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 
seated 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 
s:tuations were of two types: (a) studies in which all individual 
t ing tested had a "favorable" view of the screen (no seat nearer 
t^an two picture-widths nor farther than six picture-widths from 
tl:e screen, and no scat at a greater viewing angle than 30° from 
tl c 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 
ol view, cniciency of perception would begin to decrease in a 
motion picture room.   In the former studies the illumination of 
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the room was at an estimated optimum; in the latter studies the 
illumination was sometimes varied, with different groups, fronj 
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 nunu 
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 cnapter. 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 
an example, and the results of the others will be tabulated. With 
almost no exception they lead to the same general conclusion, 
namely that most 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 Effect of Viewing Position on Scores of the Estimation of 
Relative Velocities Test, CP205B-III 

The experiment to be described is one in which the viewing 
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 rov 
of scats was less than four feet from the screen. The size of the 
room was 19 by 57 feet, with seats extending to the walls on all 
sides and nearly all the way to the front wall. A loss favorabl 
situation for viewing motion pictures could scarcely be set up. Tii 
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lest was given at Nashville Army Air Center to 1,101 unclassifled 
students, in groups of about 20ö, in November 1D-I3. 

Effect of Angle of View. The viewing positions were divided 
•nto 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*. 
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FIGLRE 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 
doctors. In addition, comparisons wore made' for the group of 
students seated 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 seating plot. The seats were from 12 to 40 feet from the screen 
and at angles 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.—Ttat »core» in relation to anglo of viow 
Sfctor w M ■ 

MS'LtohO'D'  
<3),Lto45,L>  

64 
235 

27.91 
29.9« 
S0.44 
29.74 
S0.lt 
10.49 
31.00 
so.to 

».Ok 
4.64 

M.'.M, to 30*1.1  
(U'Lto U'R»«  5.19 
IM*| toSO'R»  4 97 
(30*R to4S*R)  5.55 
(45*11 to 80*RI  5.94 
Optimal  Center  K.X7 

Stetor C.R.      | 1                           Sector dJL 
1 v«. Optimal • 
7 r«. Optimal r 
1-+-7...4  

rntrr  3.70 
1.19 
0.60 
0.90 1 

t  mm. i              1.20 
Filter  l4-7ra. 6-f 

1-1-7 »J.t+ 
1 6-1-6-1-7 »». 

|  1.27 
(  1.49 

t+ttri.4      l+2-ft.... 1.47 

'L—L«-ft »M   of room facing «crcen;  R»Rlght tide facing ■ercen. 

The diflferences 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 peripheral seats in general, and 
scores 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 J(1» 2, 
and 3 vs. 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 feet 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 scats, 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 tn relation to distance 

Block N M SO 
I (1" 9" to 12")  211 

234 
23« 
201 
191 

29.21 
30.21 
«0.^0 
29 81 
29.08 

5.87 
11  M2't/>2I')  4.96 

HI  fit' to 33')  5.81 
IV   Mt'  In 40' t               5.50 
V   (40" to 60)  5.08 

Work C.R.           i |                             Work C.Ä. 
I r«.   11                            .... A... 2.03 

0.19 
0.B2 
0.29 1 

l 

I v*.   V  0.90 
11 tl«   III                                                  Iff».   V  1.08 

Ill v.. IV  
»Vw.   V  

Hi».   V  1.23 

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 seats 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 
kltered 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 4.8.—Effect of distance from center of screen 
Stetion N _.*    . so 

A (i»" toir»  
n 11 fi' to tft )  SIS 

Hi 
».SS 
jo.ai 
29.SS 
29.€T 

LM 

Mi 
r < "S" to 41' >  
DM«'to»«')  

S*eUom C.R. Steliom CJt 
Ara.ll  1.08 

0.77 
•.«I 

A 
A 
B 

fij, Q  • M 
D r«. C  rtD  .♦•SI 

1.«« CrfcD  P..D  

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 
effect 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 front to back, were 
combined.. The results are given in table 4.4. The difference is 
not significant 

TABLE A.A.—Effect of right or left fide of room 

1       * 
Uight Md«                IM 
UitlMi   !          ir.« 

SVil 
2!».70 

SO 

«»7 
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The results of the above experiment represent the usual outcome 
of seating studies made with tests which do not require fine visual 
discriminations of an absolute type, such as visual acuity. 

Summary of Scaling Studies on Distance anil Angle 
A tabular summary of 20 seating studies is presented in table 

l.r». The effect of distanc3 and the effect of angle are listed as "sig- 
nificant" or "not sigiiificant," depending on whether the critical 
ratios (or F-ratios) met the criterion of Glatislical significance 
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(1^> 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 is ordinarily 
supposed. 

The columns headed "Effect of Distance" present a different 
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 noncxtreme 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: ge becomes smaller. 

These tests are those, out of all tests constracted, 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 non-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 
y!eH?d a significant decrease in scores with increasing viewing 
citltance. 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 ForAiation 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 Illuminution 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 motion 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 
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pojwible. In order to verify this conclusion, two cxperimenU were 
carried out 

The first of these compared the mean scores obtained for two 
groups of student« on the Estimation of Relative Velocities Test, 
using a group testing room, under ordinary dim lighting 
{S=UtO) and under "blackout" conditions (N«S4S). 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 theater lights at their 
highest brightness, at a level of approximately 1.1 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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Aptitude Tests 

BACKGROUND OF TEST RESEARCH 

A number of arsumptions 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 repeated judgments are useful 
in settinßf 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 involves trials 
rather than items. In sucK 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 

•Thl» chapter was drafted by Hibbnrd Lnmkln. Alfred If. Shafer, and Kobert M. Cairn'- 
Th« tciti thinj-clves wore con.itructcd Inrgi-ly by cooperative elTort and It would be difficult 
to at ii;n Individual credit ond responsibility for the retearch. All the Individualt listed In 
Chapter 1 shared In the InslKht», cxpodionK ond prolonged labors which went Int« the 
miking of thcr« tcsM, with th« addition of R. H. Ilonncman and S. R. Wallace, of tb« 
Perceptual Research Unit. 
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analysis of other performances—thoie 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, each type 
being 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 agencies 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 1912, at the Metro-Goldwyn-Mayer 
studios in California.   The tests were subsequently 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- 
bination 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, therefore, spoke an un- 
familiar language. Motion picture production had to be super- 
vised at all stages by the psychologist in the .-naking 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 each 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 sufficie itly 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. 

APTITUDE TESTS CONSTRUCTED 
Ability to Judge Motion and Locomotion 

Estimation of Velocity Test CP205B-1. 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," "ahead") which is recorded on Ji 
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 th« 
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, the^ 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 velocities per- 
ceived by the observers are those of the objective picture rather 
than those of their retinal image0. An observer seated anywhere 
in an ordinary projection room sets 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 Characteristic*, 

1. Administration and Scoring: 
Form 

CP:OSA-I. 
C>'20SB-I. 

RumMing lime 

10. 
it. 

MtMMlrt 
S». Irimlt 

•4 
4S 

Storing  formuU 

R-W (March lt4t) 
R W IjUtS jtaj 

2. Reliability: 
fonn 
A.... 
A.... 
f.... 
B... 
B... 

Ptat* 
2/4S SAACC... 
2/43' SAACC... 
S/43 SAAAB.. 

12/431 MPKUn». 
12/4Si MPEUr». 

O'rom» 

Unrlaiaincd.. 
Unrln«iiifle4 43 K. 
Unctauifled4.'i A. 
Unclamifled I.V A 

S 
Unrlaiuiincd |  407 

407 
1323 
1000 
100« 

.3* 

.38 

r« 
.«0 

.."lO 

M 

Tup« Hrmmrk» 
iioyt.... 
Iloyt.... 
Iloyt.... 
O.M-»vrn 
Ut half.. 
24l Half.. 

64  llrma:   •rorwl  rlatkU 

R-W. 
R-W. 
R W. 

3. Distribution Constants: • 

Form Pat» 
2/43 
9/43 
S/48 

U/iS 

Placo Group S Jtf 50 Rtmork* 
A.... 
A.... 
B.... 
B.... 

SAACC  
SAAAB  
SAAAB  urwom  

Unrlauifled  
Unrlnisifled  
UnrlaMiflMl 43-K. 
Unrlaonifled 4S-A. 

407 
vn 

1323 
1190 

42.3 
20. IS 
IS.07 
4.1S 

1.1 
io.m 
7.St 
».41 

R 
R-W. 
R-W-flt. 
R-W. 

4. Validity: 
Form DaU Plat«   1 
A.... 
H... 

2/43 
S/43 

SAACC. 
SAAAB 

Group 
UndaiislAed 43-K. 
UnrIn»-ifi,..MJ  K. 

ir»p* 

rkii 

S, 
2.-.0 
760 

.«40 

.72« 

JSMAJSL 
22.73 21.8« 
2V08l2:>.03 

5/> [rtii 
11.17     .04 
7.47|   .0« 

M 
.02 

Rtmmrtm 
R-W. 
RldhU. 

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

5. Intel-correlations: 
 Corrrtatett «ritA—  
Mentiflcntlon of velocity CP20SB-II  
Mtntificntion of velocity CP205B-II  
Kstimntion of relative velocity Cl'l'O'.H III 
FNtlmation of relative velocity CP.'O'.II III 
I'lnne  fnrmntion   CPSOöB  

Mr 
' 3/43' 
12/43 
3/43 

12/43 
3/43 

I'larr Group V r 
SAAAB  Unrlan-iAcd.. 3»S .     .It 
MPKU#»... ...A»  1190 --.«3 
SAAAB  ...lo  392 .»» 
MPKV4M... ...do  1190 .01 
SAAAB  ...A»  392 .0» 

Identification of Velocities Test CPJOtB-II. 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 cm- 
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 
Hold (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 toreen. 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 perception, 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 ability to learn and identify different rates of speed. 
You will see a plane moving: against a tcck^round of clouds, like th!s: 
(Speed C for 3 sees.). Five different velocities will be shown varying: from 
a slow rate to a fast rate. The slowest rate will be 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. T-y to associate each scene with a definite feeling 
of its rate of speed so that you can recognize it later on. This is the slowest 
speed, A. (Speed A for 6 sees.) This is the feitest speed, E. (Speed E 
for 6 sees.) This is the middle speed, C. (Speed C for 6 sees.) You will 
see all five scenes, from the slowest to the fastest, shown in that order. 
(Scenes are shown.) These five scenes will- now be shown to you in • 
mixed-up order, without nay identifying letter. Each scene will be one 
trial, and trials will be numbered consecutively. At the end of each trial 
you will be allowed six seconds in which to identify the rate of speed. Mark 
the appropriate space on. your answer sheet for the namber of the trial. 
When you arc 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 
acain be shown Speed 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 e<iual frequency.  Now ,& r^jy for the ^ iptuamxt  u      , 
Trial One.   (Test begini.)— 

Test Characteristics: 
1. Administration and Scoring: 

For.» 

CP208A-II. 
CP20SB-II. 

liomninffT,-,,   .V«. tr.W« 
Minute»     I 

IT •,■> 
 IT I                50 

Seorimg Formtl» 

K (Marrk 1*41). 
K (Marrb 1911). 

2. Reliability: 
Form Oat« 

\  2/41 
B  S/4t 
H  12/41 
R  12/41 

//Of. 

SAACC  
SAAAB  
MPEU No.'.' 
MPEU No. 9. 

tlraup 
UnrUutnifirl 
Un<-laiHJfir<| 4S K 
UnrU^IOvd 4S-A 
••.do  

40« 
r r* 

.ft* 
112» M 
10)3 .14 .<i 
1000 .21 .44 

- r»p* 
Hoyt. 
Iloyt. 

l-th«lf 
2<iiMir. 

3. Distribution Constanta: 
Form DtU Group rtoto N M 

11.90 
11.70 
10 84 
29.1« 

sn 
X  2/41 

1/4 S 
S/4S 

12/41 

SAACC.. UnrliKiiiflnl 41-K.. 
UnrUfiflrl  
UnrU«<iAp<l41-K.. 
nnrUvlflH4B-A.. 

40« 
192 

ti:s 
1190 

A  SAAAB  4.4 
4.9 
4.9 
4.91 

B  SAAAB  
B  MPEU No. f 1 

4. Validity: • 

Form D*U Ptac» 
SAACC.. 
SAAAB.. 

Group             Twi* 
^so' 
7«7 

P, 
.«<0 
.T24 

12.22 
11.12 

11.09 
irsi 

SD, 
"4.21 
4.93 

r»i* 
.1« 
.07 

rtM 
A  
B .... 

2/41 
S/41 

Uncl«Min*<l41-K  n,„ 
UnrU<'iflrl41-K   n.i. 

.09 

.it 

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

5. Intercorrelations: 
Correlated teitk— 

: .timatIon of velocity CP20SA-l  
J-MimnfIon of velocity CP203A-1  
FNtimiitlon of relative velocity CP20SA-III 
K timntion of relntlve velocity CP205A III 
Plane  formation CPfiO'.B  

_DoU 
1/41 

12/43 
1/41 

I2/'1 
S/41 

_PI«c« 
SAAAB." 
MI'KUNo.9 
SAAAB  
MI'KIINo. t 
fAAAl  

|      Group M 
UnclMit-ifle.1 r.»t 
 fci.... 1191 
 lo.... a»! 
.....!«.... 1I!>0 
....*».... 19t 

■It 
-.01 
.11 
.11 
.01 

Estimation of Relative Velocities Test CPJ05B-III. This test 
was the third of the "Speed Estimation" tests and was designed 
to require a complex judgment of the relation between two 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 relative 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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Details of Development. The slower plane was animated at 
2i/t inches per second and the faster plane at 3 inches per second 
in terms of the picture photographed. Five scenes wert made 
showing the overtaking occurring nt each of the five points on 
the scale and, since their level of difficulty was fairly satisfactory. 
the items of the test were made up from these five scenes only. 
The duplicate films representing these scenes were cut so that tht 
beginning of the different items came at difTerent points In the 
scenes as originally filmed, and the subjects were therefore una- 
ware that some trials duplicated others. Because of the seal« on 
which judgments of overtaking occurred, this test could be scored 
differentially instead of cUegorically by right or wrong judg- 
ments. The scoring formula can give part credit for judgments 
only one step remo ed from correct. This method was adopted. 
A statistical study showed that the weighted formula which maxi- 
mizes validity is Rights (R) plus .85 of the adjacent, or one-step, 
Wrongs (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." 

I 

i 

Test Characteristics, 
1. Administration and Scoring: 

■ • 
form Running li'm« So trxaU Storing formulm 

CP205A-in  
Minutm 

19  8« 
M 

R (Mar. 19«). 
R4-.8SW, (No*. 191». CP205B-III  19 ] 

2. Reliability: 
Form 

A. 
B. 
B. 
B. 
B. 
B 

&/4S 
6/43 

12/43 
12/43 
12/43 

 Ptaei 
SAACC.. 
SAAAB. 
SAAAB« ■ • ■ • 
SAAAB  
MPEU No. 9. 
MPKU No. 9. 

 Croup  
Unclavtiflej 

.do. 
. .do  
.do  

, .do  
..do  

1   N r r.     1 
407 .60 
454 .21 .34 
IM .SO .67 
603 .27 .43 

1.000 .Si .it 
1   1.000 .50 .«7 I 

 Ttt*  
lloyt 
I*th«lf.2<|h»lf 
♦Md-rven 
l.t half-2d half 
Ut h.ilf-J.I hn'f 
Odd-rvrn 

Remmrk» 
R. 
R. 
R. 
R f .85 W, 
H4- .HlW, 
R4- .SSWI 

3. Distribution Constants: 
Form 

A. 
n 
B 
B 
B 
B 
B 

J>ot#_ 
2/43 
3/43 
S/43 
12/43 
12/43 
12/43 
12/43 

Plae»     
"SAACC 
SAAAB 
SAAAB 
SAACC 
.«AAfC 
NAAC 
MPKUÄ9 

Uroup 
Unrlm-ificd  
....do  
Unrla^inrd 45  K 
t'nrla*«iflrd 44 G. 

....do  
Unfln^lflfd  
L'nrla.-ifU-il 45 A. . 

II. I. J 

'    .V M SO 1 
1   40« 28.1 t.l 

4C0 29. li 4.(1 
\sr> IM) V2S 

> 1017 44.71 IS« 
1017 :8.7* 1111 
10- s 29.92 (.!• 

1 1190 28.83 1.481 

Rtmarht 
R. E 
R. 
R f .UWi. 
R. 
E 
R-       • i! 

4. Validity: 
Fijrm* Oaf«|   I'lae* I Group 
A...r2/4S SAACC Unclns.ific.1 
I1....I .-./t.-» RAAAB I'nrla-irr.1 4S  K 
I».... li'JSSAAAH Unclat-incd  41-K 
l}....l2/4n|;SAACCiUncInin(i'vl44C,K 
R. .. .lUVUlSAACC lUnrln^mrd 

Tvp* s,  r,   M,    M, sn, m. 
ma ) Z.'.O .tun 2,.'.-,7 ^7.47 i.y .31 
n.i t 7r« .718  J9.51 2*.2* 5.32 .14 . 
r'.i • SO« ..'.0'; i4.*t;4M9 2.0 .03 .03 
n.ii |0I7| .S.Oj 44 S-V 14.22 l.lf .13 .U 
rvu 10171 >9HI 1 1 .... .18 

,rn,   r.im Rfmor'k» 
.07 RIKM« 
M UIKM« 
.01 K h .85W, 
.05 liiKhla 
.05 K »- .84W, 

The criterion used was grndnation-olimination from elementary 
Pilot training. 
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5. Intercorrelations: 
_CorrHmlrd rith— 

Ert- of vrlofitW« CP20-.B I.. i 
Kit. of vrloritir« CP.'OJH I  
M. nt. of vrloritir« CI'.'O »H  II  
I.Ur,!.  of vrloritk« CPL'OOB  II  
TUne fomuitlon CPMOV  
Hu'l-Ur rontrol CM120A  
Kln«rr  <J<^itrrity CMIKA  
Rotnry   puriuit   CM80SA  
Complrx  coonlination  CM70IA... 
Dl <-r.   rrart.  time CPSIID  
T»o.han4 roord. CMIOIA  

OmU     | 
8/11 

I-VIS 
3/4S 

12/43 
S/41 
1/44 
1/44 
1/44 
1/44 
1/44 
1/44 

SAAAU. 
MPKU No.». 
SAAAB  
MPKU No.». 
SAAAB  
SAAAB  
SAAAB  
SAAAB  
SAAAB  
SAAAB  
SAAAB  

 Group  
UnrUuinH. 
.. .<lo  
...do  
.. .do  
...do  
...do  
...do  
...do , 
.. .do  
...dA  
...do , 

N 
8'.t2 .02 

1,190 .OS 
392 .IS 

l.l»0 .18 
3it2 .10 
4SI —.05 

• • • • —.02 
• ■ • • —.01 
• • • • .00 
• • • • .OS 
• • • • .04 

Landing Judgment Test CP505E. This test was designed 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 ordnr 
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 perceptual 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 corresponding scenes of an approach glide, each 
taken at three different speeds of approach.   In order that the 
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RIides could ha made in a perfectly straight line with stable 
motion, a model airfield was employed (scale 1 to 18) 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 
•it each of the five spots. The camera was moved at a constant 
jpeed 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 
I 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 speeds 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 imdincatior\s 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 instructions 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 
effsetting 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-centered scenes reported that they had 
attempted 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 
g-lide. 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. The 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 "pot never appeared in the center of the 
screen. The length of each item is 10 seconds, tjiis 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 camera 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 Rttnning tim« 1 No.   tr,al. Scoring formula 

CP60&D 
MinuU* 

8  .]                 11 
J              «0 

R. 
CPioriE.   28  R + .5Wi  (one-iUp wronri). 

2. Reliability: • 

form put»    \     I'lare 
'  4/44 | SAAAB 

Group 
UnclaMifled prvflight. 

N r 
.f-8 

Tvp*             Remark$ 

—«n M .84 Tent-rcteit 
r< for 60 Itrma (repeated 

ImmHIately). 

3. Distribution Constants: 
Forminafa   I   /,l«e«_ 

D 6/44 1 SAAAB 
Croup 

Unclas.Mfled priflUht. 
N M SO 
300 9.49 2.21 1 

Remarki 
Korm D  (15  Item»). 

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

Ability to Judge Distance 
Dijtance Estbnation 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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testa 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, 
n-ith 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 d 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 selected as one in which good 
cues for distance perception were present and could be adequately 
represented in a photograph. Four difTorcnt heights of ihe 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 tost itself is preceded by instructions 
which emphasize that the natural judgment of real size is desired 
rpther than size on the photograph, and two example items aid in 
e-tablishing this attitude on the part of the candidate. 

An experiment was performed to determine the degree of cor- 
reipondence between judgments made using the photographs and 
judgments obtained in the actual field situation represented by 
tin photographs. The results are reported in detail in chapter 9. 
It may be briefly stated here that a comparison of the judgments 
of thirteen cubjects In the two situations reveals a high degree 
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of relationship between them. Photographs can be used to repre- 
sent distances as far as 1/4 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 examples, individually to 50 subjects. As the data pre- 
sented in a later paragraph indicate, scoring this test by the 
formula "Rights" yielded 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 crediti 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 tried on this 
test and found to be satisfactory. :. ~ 

Test Characteristic» 
1. Administration and Scoring: • ^ 

Form /Idininittration (im« 
18  mln    . 

No.  trial 1 Scoring formula 
rp*i9A 40 3K1-2\V,4-W,   (Wi^one- 

.  itop wronzi: Wj'—two- 
rtet)  wronm). 

2. Reliability: 
Data 
6/46 

6/4S 

_rjaf«_|       _ Croup 
SAAAB .Rrturnc« air crew 

fAAAB ....do. 

H IM« l//>  ifpä' SP»|  r 
DO I   3.04 

60   24.24 

3.20 

25.08 

2.03    2.04 

rg) 8.08 

.43 

.66 

r« 

.67 

.79 

Typa _ 
1st half- 

2H hr.lf 
M »»»»If. 

21 half 

lit ma k§ 
R. 

3R-»-2Wi + Wi 

3. Distribution Constants t • 
« . 

Pat* Plaf* 
SAAAB 
SAAAB 

 Croup 
Riiurnrf air er»w.., 
....do  

N 
60 
SO 1 

M 
6.42 

49.28 

SO 
3.42 

IM 

Re mark» 
•/48 
6/45 

Scored R. 
fcort-l SR f-2W,4-Wi. 

4. Validity: 
No data are available as the test was never administered to a 

sample of aircrew candidates. •' •   ••'■ iy 
•  .  . 

5. Intorcorrclations: ■■:.    .v ..• . • *;, 
None are available. '•*•-    • *• ••• 
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Ability to Maintain Orientation In Spi 

The ability to maintain orientation in the air Is obviously even 
more important than it is on the ground. Strong Individual differ- 
ences 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 vWNl 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, 
together 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 seen 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 orientation 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, simil ir 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, etc.  Hence eight directions arc pos- 
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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 eight lettered arrov/s 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 real 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 tc wanj 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 given the examinee were pre- 
sented fully in chapter 3.   .• 

Details of Development. Experimental work with preliminary 
apparatus to determine items and their levels of difficulty was 
carried out. Suitable aerial photographs were obtained, accessory 
apparatus necsspry 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 emphasis as 
they appear. 

Administration and Scoring: 
 Form ] - .    Runnfng Um* I   No. trtol«   I        Storinp formulm  

cnoTA....7r.. .^ Ui„ •-•_■-•  I 21 mlnutfi.... 7. I 'jt±  | 
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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 lest was 
to measure the ability to discriminate, learn, and remember the 
features of the ground that serve as cues for spatial orientation 
in the traffic pattern. In flying the traffic pattern preparatory 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 modiflcatioh 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 
are?» 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 second ruil being a repetition of the first. In the first 
run the subjects are 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 selected point 
after the run begins, the narrator's voice says, "Ready" (pause) 
"Now!". A few seconds 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, "Ready" (pause) 
"A—B—C—D—E—Stop" giving the letters at two-second inter- 
vals. The subjects, as directed in the preparatory instructions, 
v.ill 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 was chosen for the 
construction of a preliminary form of the test. This section, taken 
from a blimp over an air field at about 800 feet at GO-70 m.p.h., 
shows a wide wheeling turn along the side and end of the runway, 
fourteen copies of this section were secured to use in constructing 
an experimental form of the test. A method of marking the film 
•<o that an operator can watch it going throttgh 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 'ull set of items necessrry for a completed 
lest. 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 
centercl 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 difTerences among observers exist in just notice- 
able movement; likewise the ability to perceive drift undoubtedly 
difTers among bombardier students. Two tests of this ability were 
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 each 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 
direction of motion. The items vary in respect to the speed of mo- 
tion of the : pot and the length of time dunng which the movement 
appeals on the screen (2-3 sees.). 
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FIGURE 5.7.—Appearance of Sample Item of Minimal Movement Test 

I 

'■ 

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 easy task. Form C of the 
test was designed to overcoma this difficulty and to be run at 
sound speed (24 frames/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: 

rrioi« Sptfd 

1/760 
l/7.'.0 
1/7.-.0 
1/1000 
1/1000 
1/12.-.0 
i/ir.o 
l/ISM 
t/isu 

l.rnutk 
Sreond» 

8 
8 
2 
8 
2 
8 
2 
3 
2 

Quadianti DireclUtu 

1-S (practice) :  
«IS  

NE SW.SE  
SNW.SSE  
5NE.8SW  
5 NW. SSE  
.'. NE. SSW  

V.KtL 
2r% t'DRLS. 

M-28  Ir» I'lMMJ*. 
24-81  2f« I'UKIJt. 
S4-4J  t«i rixuji. 
M-8S  S NW. SSE  

5NW. S.«W  
i NW. SSE  
INK.ISW  

-••» ritinjt. 
fl-«8  2ra IhUI-S. 
f|-78  2ra 1 KHI.H. 
'«-88  2r»VUmA 

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

Test Characteristics 

1. Administration and Scoring: 
Form 

rpjun      IS. 
<r2j:c  I 20. 

/litrxninj (I'IM* 

Miniil*$ 

.V#.    (nils    Srvunif form»!* 

«8 
•8 

R. 
K. 
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2. HcUability: 
Fmrn 0»t4 | nor« | Grvup I AT 
B    1/44 SAAAH UncUMiftH prrflighl, US 
B....! 1/41 SAAAB|....«te 1*4 
B....1 «/44 SAAAB ....«k» 122 

«/44 SA AABl... .do I 222   .i2 I .M> 

r 
n u 
M 

ft 

.70 

.77 

Tn* 
Odd-even  
Int hair-2d half. 
Oild-evcn  
Odd-even.  

Htmarlti 
Slow projection.  
Flow projection.  
S »ec Items only (20». 
1 ice. Itemionly (20). 

3. Distribution Constanta: 
Form 

B 
B 

Dalt 
11/48 
1/41 

SÄAAn'l' 
SAAAB 1 

Group 
Unrlftitiflrd preflisht 
...do  

N 
S70 
1(S 

63.94 
47.44 

SO 
6.7« 
6.8S 

Rtmarkt 
Teat too easy. 
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 trainer. The data were not available for inclusion 
here. 

5. Intercorrelations: 
Corrrlalrd irt'lfc— Dal« 

2/44' 
2/44 
2/44 

PUte* 
SAAAB 
SAAAB 
SAAAB 

Group N r 
Drift .11 r.-. lion   (Form 1)1   . 
Pilot utanln«  

UnelaulAcd preflight. 
....do  
....do  

1C4 
148 
148 

.21 

.19 
Bomb, «tanlne   .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 22IB. 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 ilijht deviation from the correct setting of the drift- 
knob, i. e., any tendency of the target to drift to one side of the 
crosshairs. 

A black spot appears against a gray background in one of the 
four quadrants of a circle with perpendicular crosslines, like the 
field 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 
movement 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 detect this drift, if it exists, and 
also its direction, and respond occordtnsly hi 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 6.8.—Types of Movement of the Spot in the Drift Direction Tert. 
The slant of the paths represented is exaggerated. The spot shown is 
in the NE quadrant; therefore the Judgments might be L, R or S. 

I 

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 ^x 12 inch pic- 
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 eliminated 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 1/61 inches 
per frame or .375 inches per second (at 21 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: 

Trial» Jftngtk 
Sreondt 

4 

Quadrant» Oirrrlon» 

1-«   (prnctlc»)  NK. NF. NK. SW. SE. SW.... 
Sra NE. NW. SE. SW  
S i« NK. NW. UK,SW  
tin NK. NW. SK. SW  
3 .» NK. NW. SE. SW  

i t» V. D. L. R. 48 
2»!'. D. L. R.48 

I9-S0  1 2 raT. P. 1,. K. 48 
M-«  1 2rsir. 1)  U R. 48 
•.1-6<  1 itnV, I> 1* R.48 
r5-««  3m NK. NW.SE.8W  ! 2 vn V. II. U R. 48 

The directions and quadrants arc randomized throughout each 
-ct of 12 trials. Four "straight" items are included in each set 
of 12, along with two of each other direction. "Straight" items 
arc more difficult than items with an inclination "up" or "down," 
"right" or "left," as the case may be. 

Teat Characteristic» 
1. Administration and Scoring: 

Form 

CP??1A.. 
fPa-'Jis.. 

/.' I   1 run 7 fl"l« 

Minutt» 

I»  

Vo.JWii'f 

•« 
R. E 
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2. Reliability: 

A.... 1/44 
A....  1/44 

I'Uf    I               Croup            J_W.Lr 

.^AAAB    UnrUi-ifl^l prrflidM,   IM |  .«2 
^AAAB    ....*»    '*«     dS 

r.    I _T»Pf I Krmorkf 
.5»     OM vnm             Slow projection 
.«2     I t hulf-ZH tmtf    do-  

3. Distribution Constanta: 
Form      tiott   '       Vl»t4 Gronp 

rnc'i i  ifi.-l    prrfl «ht 
(to  

N 
22* 
64 

164 

M 
f5.54 
H 16 
39.92 

SO 
8.07 
«.71 
5.20 

Rtmarlf 

A    II/4S |   SAAAB.. 
A j   I/4J     SAAAB.. 
A 1   1/43 1   SAAAB.. 

T«;t too «v. 
Slow ptojcrllon. 

....do  66itrm« (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 obtained for inclusion 
here. 

5. Intercorrelations: 
Cerrdatfd tcitk- 

Minimal movrment 
llnmbanlirr «tanln«. 
Pilot   ttanlnr    IT. t 

■ Dot» 
" 2/44 

2/44 
2/44 

Pttet 
SAAAB 
rAA-»B 
SAAAB 

Group 
Undansined prrdi :ht 
do  

s r 
CP2UB.. 164 

148 
148 

.21 

.1« 
cl.)  do  .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 CPUllE. This test was desig led 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 diftcrent parts of the 
perceptual field at the same time. lie 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 motion picture test 

The test consists of five schematic instrument dials projected 
on the screen having simple indicators or pointers moving con- 
tinuously in an irregular manner. The five dials, designated A to 
E, are highly schematic analogues of certain indicators on an 
Instrument panel (air speed, ball, horiro.i, fuel-ratio, turn). For 
each indicator, a region is clearly marked off in blac'c where the 
reading is "wrong." The reading not EO'markcd is "rig'at." The 
task of the candidate is to rcan the dintJ and to record o i 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 each 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 zero 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 Research Unit was still 
active, by constructing a large (6 x 8 foot) indicator panel with 
hand-operated controls behind the panel which enabled the five 
indicators to be individually moved. The movements of each indi- 
cator were elaborately planned and specified second by second 
for each phase of the test, and five operators were rehearsed with 
a metronome in performing their tasks. The "go wrongs" were 
tried out and revised to give proper levels of difllculty, and finally 
photographed. Several forms of the test, including dilTerent meth- 
ods of scoring, were tried out. The method of using work sheets 
u as devised. 

A study was made of the errors occurring when the candidates 
transcribe their rciponses from the \vork sheets to the answer 
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sheets. The study showed the number of errors recurring 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 satisfactory 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 of 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 psycho- 
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 seeing 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. 

Tent Characteristics 

1. Administration and Scoring: 

Form Itmmning (t'ra« 
»Knut*» 

 No. of phair» 

1« (38 Hmwl  
26 |M Item»)  
20.... 

Storing Formula 

mn A  R <K,h. 1'JIS) 
R-W (Mar. mr» 
R-W |M«r.lMM 
R-W (Mi»r. 194-» 
R-W (M«r. 194 0 

CPI1IB  
CIMIIC  
(I'll 11) (In), nmt Ion   of   nltcnlion 
CP41IK  

2« mithin)  
S« (IST ItrmO.... 

2. Reliability: 

A . 
* . 
A... 
n.. 
K... 

" 'UK* 
2/«S 
2/IS 
•t/n 

I2'4S 

84 

I1«f 
ir.|. TKC. 
H.|. TKO. 
Il.|. TKC. 
KAACC, 

(>ritup .V 
I .    .1 p. i      nn.l  ft 
I . .    I I > .     'iml  f% 
l<ui ;il lu'r-nnnrl ' 21 
rnrls    ifM I 277 

SXAAll..'  Clni-in. I pBatiH-rl #»l 

".7S 
.si 
.-.S 
.01 
.67 

Twrm 
0'M-ov»n 
(>(l<l<vfn 
TV-t-rH^t. 
Moyt  
OIHJW.J 

Hr ma ritt 

M A.lmln. 
Diiil B v., luhl.-«l S. 



3. Distribution Constanta: 

A.....    2/« 
B. 
II. c. 
II. 
II. 
E. 

5/4S 
5/4» 
S/43 
fi/4S 
6/43 
12/43 

Hq. TRC 
SAACC 
SAACC 
SAACC 
SAACC 
SAACC 
SAAAB 

Group 
IxM-al    prr»onnH.... 
ITnrlmioinrfl  
ÜnrlmfiiflH  
Unrlasxiflrd  
Urulii^ififd  
llnrlii«»ifi»^|  
ClamifleJ   piM«.   ««-F 

22 
»02 in 
60S 
hin 

1.37« 

«7.1 
RR.t 
I'D.« 
54.7» 
90.14 
»4.10 

llft.M 

SO | 
H.J 
UM 

MI 
i.s» 
».?4 
7.3« 

Mal   B   »ri(lilH   1 

Pl»r*»l««l bjr form C 

rr»r»<l««i| ky form C 

1. Validity: • 

form 1 Dat« riof« CVOMP Tupf]  MIT»)   34t   1   .W.   fit»'tu. tr%t,'f,f 
■"....     «/" 
B....     6/43 
E....I 12/43 

SAACC 
SAACC 
SAAAB 

UnrlnHftlAeil • • • • • nn     20S "JOH    «»4.:.1   M.l»3 ».7; .»i   ... | .» 
r»i.     219.740    9I.S6   t.7.«l  9.0  .2«: ...    .2« 
IMl   10971.906 117.60  I1S.SS7.|| .ISl  .20 1 .21 

UnrlnmilAed  
Clniinifled   pilot,.   44-F. 

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

5. Intercorrelations : 
Cirrelated with Pat« 

6/48 
12/43 

Pit« 
SAACC 
SAAAB 

f:romp 
m" 

1.176 

r 
Inl«;-'»'»»> of «ttn. CP411D  
Intf/.ation of altn. rP411D  

UnrlaKniAml  "   .« 
ClaiiHifltNl piU.t. 44-P. .1« 

Tfie intercorrelations obtained in the June 1913 study arc shown 
in ehe following table. The upper figures in each row arc for order 
liD (form B given first), N = 477; the lower figures arc for order 
DP, N = 494. The cases were unclassified cadets, tested at San 
Antonio Aviation Cadet Center. 

12      3      4 5 
1. Flexibility of Attention CP411B 40   .35   .23 .25 

.31    .29    .23 .23 
2. Integration of Attention CP411D            ..    .36   .25 .31 

.28   .23 .22 
3. Bombardier  Stanine                  ..    .71 .79 

.65 .79 
4. Navigator   Stanine                             .. .44 

.39 
5. Pilot Stanine  

6. Practice Effect: 
In the June 1913 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 ravened 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 ndministra- 
lion of Form D. The results were as follows: 

Form B (Flexibility of attention) 

Rlvm I- (ore D  
I.IM n nflir D , 

7U3311    47—7 

.SO 
177 ;'0.14 1 

'.•4.10 | 

■1 

« v» 
».•Jt 

CM 
7.11 
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^orm D (Inteu -ation of attention) 

r,\tVn hrfon B. 
Glvrn «flrr  B. . 

491 
477 

M 
J9.S» 
47.«t 

SO 
9.7« 
».1« 

_CR 
1S.SS 

In this case, taking Form D before taking Form B increased 
the scores 3.9G score points or .47 of a sigma. Similar results were 
obtained for Form D with practice 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. 

Intcuration of Attention Test CPUS A. 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 immediate response 
appropriate to that combination. 

This test employs the same content as Flexibility of Attention, 
but requires the subject to look for and record simultaneous 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 foi-med, as illustrated in figure 5.10. Isolated 
wrong dials do not count 

KICIRK r>.10.—Apponrance of Screen During a Phase of the Integration of 
Atti'ntion Tost. At the moment illustrated three dials have gone wrong 
simultaneously. 

Details of Development. The first form of the test was made by 
using the film of Form R, Flexibility of Attention, which showed 
enough simultaneous combinations to use for a tryout. It was at 
first called Form D. The new task proved to be dissimilar to the 
earlier 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 seems 
to arouse strong ego feelings. 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 Characteristic* 
1. Administration and Scoring: 

Form 

rP4IlD. 
Cr4l5A. 

18. 
1« 

Jtmiiiiiig li w 
Minute» 

Numbrr of pkmttt 

U ( 7« Item.» . 
8« (104 items), 

_ Srorimg formttm 

R W (Jan* I9il). 
R W. 

2. Reliability: 
Form Oatt Ptoe« 

SAACC 
SAAAB 

Group 
277' 
400 

r 
.88 
.71 .88 

TWP* 
t> «/4S 

12/48 
Unrlamilflfd  llnrC 

O.M rven. A.'.  Cla«xiA«Hl piloU 44 F  

3. Distribution Constants: 
Form Datt Plaeo 

SAACC 
SAACC 
SAAAB 

Group N 

48.8« 
74.88 

so 

11.28 

Rrmnrkt 
I) 8/48 

fi/4S 
11/48 

sss 
29« 

1.097 
n UnrlnKflflrd  Pn«!>ir4 hr crniB. 
A  CliuMflc«!  pilot! 44-F. 

4. Validity: 
Form 
i)'.... 
D.... 

A.... 

Datt 1 Flare 
'«/43 SAACC 
6/4J.SAACC 

ll/43'sAAAB 

Group  
UnetawiiöS 
....lo  
Climxiflrd 

pilot»  

nil« 
n.i« 
n.i. 
44.K 

P, 1 Mt 1 M, 
.801/39.7} 18.A4 
.7S0.48.89.4t.77 

JO« 75.07,7S100 

5/)t 
9.88 
Ml 

n.25 

no 
.07 
.IS 

M 

<r»ti 
• • 

rti«      Krmmrlt» 
.81 
.22  Prrc»^«l 

by CnilB. 
.11 

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

5. Intcrcorrelations: 
Corrilalrd ivith 

I Icxiliillty of nttintion  Cr4lin.. 
I 1 lot   stnninr  

Dole I    Pia ft 
12/18     SAAAIi 
12/48 I  SAAAB 

•V    I Group _)_ 
CIMMIM  pilot«.  «I'K..    1.37« 
ctii«oiri<<i pilot«. ««-r..l MW 

.24 

.18 

Other intcrcorrelations are given in preceding sections, Flexi- 
Mlity of Attention CP411E« It may be noted that the correla- 
tions of this test with Flexibility of Attention is only .2G despite 
the fact that the two tests have essentially the same content. 

Srqucnlial Perception 

Perception of a continuous (low of events, to which an adjust- 
.t or response is made only by apprehending the .sequence as 

wch, is obviously not only important for complex locomotor bo« 
liavior 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 CP.WOC-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 

a 
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a 
a 
a 
a 
a 
o 
a 

^   JJ; 

i r 5f    L   i 

or / 

^.1*^ a 

T 

■< 

< 

i 

a 
a 

a 
a 
a 
a 

FIGIKK 5.11.—Sta>:<'9 in a sample item of Successive Perception Test I.  The 
dotted lines are not seen in UM actual test item. 
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arc 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 45 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 difTcrent and 
varies in complexity from item to item. After the pattern has 
been presented in this manner, it is shown again on the screen 
!ii 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 recognition of the one 

FIGURE 5,12.—The Five Alternative Responses Corrcsixiniling 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 1943 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 1944 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 

ses indicated that its reliability could probably be improved 
by elimination of a number of items. The final 16 mm. form 
(»f the test contains :W 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 Characteristic* 
1. Administration and Scoring: 

Form Hunning lim* 
Minutn 

It  

So. trial* Seorino   formulm. 

rp'iO^A i      22 
46 
18 

R. 
mo'^B-i .  It  E 
CPiO!»C-1  14  E 

2. Reliability: 
Form Dal« 

8/44' 
8/44 
8/44 
8/44 

mac» 
SAAAB 
SAAAB 
SAAAB 
SAAAB 

Group S r 
.84 
.41 
.66 
.66 

r« 
.60 
.69 

Typ«                     Remark« 
B  
B.. 

Unclasninvd prvfliglit. 
   do.     

416 
416 
41« 
448 

Odd -even 
...do.   ..'Beit SO Items. 

B .    do.    Rulon        S-sec. responso period. 
B     do  .. .do.... 8-iec. response period. 

S. Distribution Constants: 
Form 

B   
_pal« 

8/44 
/'/or. 

SAAAB 
Group 

416 
M 

21 fiS 
so 
S 6t 

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

5. I ntercor relations: 
Form 
B  
B  

_ Corrrlalrd u,tk 
"Successive  Perception  II  CPS09B-1I 
Pilot stnnine , 

Dal« 
9/44 
9/44 
9/44 
9/44 

riaf 
SAAAB 
SAAAB 
SAAAB 
SAAAB 

Group. 
UncUssifled  preflight. 

do. 

S 
75 

411 
416 
414 

r 
At 
01 

B     Ho.   . 22 
B....] Nnvluator   stanlnc      do.   ......] .27 

Successive Perception Test II CP509C-II (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 

FICI UK f). 13.—Sample of Pattern Traced by Spot In Successiv« 
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 simultaneously on the screen five complex 

FiCUUE 5.14.—The Five Alternative Responses CorrespomlinK to the 
Sample Item of Figure 5.13. 

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 1-23). 
b. Curvilinear (Part II in test; items 21-38). 
c. Linear (Part III in test; items 39-53). 

The patterns are labeled A, B, C, D, and B, 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. 

Dctnils 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 II 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 Hase in January 
1911. Correlations were obtained between the three parts of tho 
test, And between the whole test and Successive Perception Test I. 

-use are reported in subsequent paragraphs. An item analysis 
Aas performed, and the fifty items having tho highest phi coefll- 

- ionts with total test score were selected to be included in the 
linnl form of the test (Form C). 
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Tent Characterhtict 
1. Administration and Scoring: 

Form Running lim« 
MiNHte« 
     I 

No.lri*lt 

10 
Ü 
M 

Scoring formuU 

i i>-i. i » ii R. 
rp'.i,-i%t it          _       U E 
CPMVC II. ::::::::::::::::::.;:;:     24 E 

2. Reliability: 
Forim Pal« 

6/44 
6/4 4 
6/44 
6/44 

Plot* 
SAAAR 
SAAAR 
SAAAB 
SAAAB 

Group 
ÜnrlauxifliKl  prrflight.. 
    do.     

S 
381 
381 
381 
381 

r 
.52 
.34 
.37 
.32 

r. 
.68 
.SO 
.54 
.48 

Tm* Rtmurk» 
B  
R     

Odd «ven 
...do.... 
...do.... 
...do..,. 

Part 1.« 
R  .     do.     Part II.« 
B      do.     Part III," 

3. Distribution Constants: 
Form Oott 

6/44 
6/44 
6/44 
6/44 

llact 

SAAAU 
SAAAR 
SAAAB 
SAAAB 

Group S M 
47.72 
16.12 
18.26 
13.44 

SD 
8.38 
3.52 
9.60 
3.70 

Remark» 
B  UnrlaHxifivd  prvfliirht.. 

    do.     
381 
381 
381 
381 

B  Part I,1 

B      do.     Part II,1 

B     do.     Part Hi,« 

■Part  I  wai rompoM-d of curvllint-Br  itrmi;   Part  II  of  n-rtilinrar  itemi;   and  Part   III  of 
linear Item». 

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

5. Intercorrelations: 
CurrrlalrH   wilk Dal« 

9/44 
6/44 
6/44 
6/44 
6/44 
6/44 

Plato Croup N r 
SurrexNivr prrnption I CPSOUB-l.. 
Pilot   »tanlnf  

SAAAB 
SAAAB 
SAAAB 
SAAAB 
SAAAB 
SAAAB 
SAAAB 

Unctauifled prvflight. 
  do.  , 

n 
87S 
376 
S76 
381 
381 
381 

,18 
,08 

 do.    .88 
  do.    ,44 

Part  I  va.  Part  IM  [    Jo.    , ,40 
Part II Vfc Part III«  [    do.     ,41 
Part I v.. Part III'    do,    ,8t 

'Part I wa« compoM-O of curviiinrar Itema; Part II, rvctllinear; and Part III. linear, 

Quirkncfls 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 reprodue- 
tion of the pattern. 

Plane Formation Test CP805C. This test was designed to mea^" 
ure the ability to apprehend 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 20 squares upon which 
appeared 5 small plane silhouettes, as illustrated in figure 5.15. 
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FlClTlE 5.15.—Sample Item of Plane Formation Test 

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 }!j{urc 5.16. 

r** ̂
 

Hr i* 
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a 
a 
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MMf. 

1 a JiJ 
— - 1 ■• Mi 
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- N, — -;■. »i ■•- 
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m — r- 

■- •'  ■* i '« iti . / 
1      r — in HV 

'"'\ / 

1       " - -:: - :.- ... ... 
■■■■ / 

< 7 

1    ' ..-. -■ 
... .i-V 

Jjj^ 
1   - :■.- ... « s /"" 
1   .■: ;: _ uu .-:: im M / 
1   MI mi 

•-•■ L—' L-^ 

Fid UK 5.1C.—Illustration of Answer Sheet Showing Correct K«  jninses 
to the Sample Item Shown in FiRurc 5.15. 

Details of Development. It was determined that the correctuosa 
of the reproduced patterns, when scored as patterns, was almost 
identical with the correctness of the reproductions when scored 
mechanically in terms of the number of grid spaces correctly ßfled 
in. If a subject got the pattern right he also got it.i position in 
the grid correctly. This made it possible to machine-score the 
answer sheets using the formula of "Rights" and counting each 
element 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 Scoring1: 

Form Running Um» No. trial« Scoring formtilm 

ITDOIA 
Minut— 

18 
23 
16 

38 (100 itrmi)  R  (Feb. 1943). 
cr.<o:.B  
CP805C  

r»0  (2.»0 items)  
30 (150 Item»)  R. 

2. Reliability: ' 
Form Oat« 

2/43' 
PlM« 

SAACC 
. Group 

Unria«»ified  4S-K... 
N 

407 
r 

.82 
Tup» 

B  Hoyt. 

3. Distribution Constants: 
Form Dai» Plae» 

SAACC 
SAACC 
SAAAB 

Group 
Unrlnimifled 43-K... 
Ur,rla.-ifl,-<l   43-K   .. 
Unclaiüifled  

N 
407 
407 
460 

M 
107.1 
70.S 

173.89 

SO 
13.0 
9.6 

21.8« 

Remark« 
B  2/43 

2/43 
3/48 

Trials    1-30. 
B  Trials S1-S0. 
B  Complete tent. 

4. Validity: 
Form' Oof« 
H   .;.    2/43 
C     .1   b/43 

Plat» 
SAACC 
SAAAB 

Group 
I'm-la-ifi.-.l   48.K.. 
Unclassified  

. 1 Fkls 
.. .1   n.i. 

N, |  P, 
250   .610 
956 1.785 

M,   |    M, 
180.09'; 172.94 
112.45 ! 109.77 

SOi 
20.04 
13.78 

r» , 
.22' 
.12 

r«i« 
.84 
.26 

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

5. I ntercor relations: 
CorrrlalrH NI(K I   Oat« 

I   3/tS 
3/43 

I   3/43 

I'lar« 
SAAAB' 
SAAAB 
SAAAB 

Croup N 
392 
892 
392 

r 
KMlmntinn of vtlority Crior.B-l  
Iilintinnition  of  vriocity   I I'JOMl  II  

Unrla^iflcd  
 lo.  

.06 
08 

Kklimntion of nlntive v«locity Cr205U-ll|.  do  .10 

Comprrlu-iiMon of Visual und Vorul Instruction 

Motion Picture Comprehension Test Ci625A, This test was 
designed to measure the ability of aircrew candidates to compre- 
hend and remember material which is presented in mution 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 
prftportion of flying training is obtained by independent reading 
outside the classroom, especially in the advanced stages of flying 
training. For these reasons it seems 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 docs the Reading 
Comprehension Test.  There are some important difTcrcnces be- 
tween the Reading Comprehension Tost and a Motion Picture 
Comprohension 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 understa.id them when they are 
presented with animated diagrams, pictures, and illustrations, and 
that the two kinds of comprehensional 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 exc^. pts taken 
from training films, ranging in length from two to teven minutes. 
A passage is presented to the subjects, immediately followed by 
a series of questions on the maurial, similar to those used in the 
Reading Comprehension Test. The tost 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 selected. The six 
passages of the test are as follows: 

Co<ir No. 
 of film 

T.F.   1-290 

T.F.   1-290 

T.F.   I S4I 

A.F.   2I2R. 
T.F.   i-m 

T.F.   1871. 

(VU^tinl N«v. Intro. nn<J l<M«lliin of 
imint« on the crlotiiil mihrr», •«-*• 
tion   I • 

C<l<">tinl Nil».- Intro, iin'l l^orntlon of 
point« on the nlfalM »lihrrf, «f» 
tion   11 • ••• 

Inlrrpri-ttttlon of l-.umii«. Iln«» of 
pOMtion,  »ii'l   llxc«, M-rllon I  

<. um,- up   opt-rnllon»    <M   Autopilot..., 
MithixU of hitch U-vrl bombing. •«•«• 

tion   I •• 
Nonbn   »nmb-lnht   prlnrlplr«.  .j 

i Km»il»0 I So.   at 
Hint j i.«fi. n, 

Mimulrt 

J'i 

I 
I 

19 

The tost exists in the form of a script which includes a Do-Second 
passnsQ on Nlsht Bombing and throe quetHona on this material 
for piactice. The six passages above, spocilV .' in lerrn ; of the com- 
mentary accompanying the films, are wrill 'n out and RM accom- 
panied by the questions on the vocal-visual material presented. 
The test can be administered in the form of a spliced sot 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 l.Vminute 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: 

rorm Rnnning   lime No. trial» Srorinff formulm 

Preliminary   (Position  Firing)  8S   minute« U 
W 

R  
4 

2.   Reliability: 
form               Pate          /tar« Group N 

832 
r r« Typ« 

Prrilminary...    «/44      SAAAB UnrlaMiAr«!   Prrfliicht  .44 .63 Odd-«ven 

3.   Distribution Constants: 
Croup                                Pol«         /tar« Group 

t'nrlnH.ifird   pn-flight.. . 
N    1 

328  1 
M so 

Prriiminarjr      10/44      SAAAB 18.41 3.54 

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

6. Intercorrelations (Preliminary Form, "Position Firing") 
CorttlatrA   Mil*                                      I Ihilr 

/lumfxiriliVr    «laniH« i 10/41 
Navltfiilnr   -lunln»  10/44 
IMol   •Innin« ' 10/44 
Krnillnif   rmnpn-hrniilan 
_Jnimkli-t 3.'. Part IJ I 10/44 

1     /tar« (t'rOMp S r 
SAAAH 
SAAAB 
SAAAB 

Unrlattini*]    |ir< flight.. 
....do  
 do  

328 
327 
328 

328 

.23 

.31 

.18 

I  SAAAB ....d«  .47 

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 required 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-elimination from ele- 
mentary pilot training. The biserial cooflkicnts of correlation do 
not always agree from one sample to another. The highest coeffi- 
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) 
wen- not given to large samples in time for the pass-fail data to 
matire. The giving of these tests on a large scale was delayed in 
tv.j first place for some months because of the critical shortage of 
Tilm with which to make extra prints in the summer of 1944, and 
Ir/cr by administrative delay in the determination of validation 
j licy. Efforts to validate some of these and other tests against 
,'Vecific criteria which the test was designed to predict, such as 
landing grades in primary pilot training, proficiency scores In 
r /nchronizing a bombsight-trainer, and instrument flying grades, 

id not meet with encouragement 
The last of the tests described (the Distance Kstimation T.st, 

fie two orientation tests, and the Motion Picture Comprehensi..n 
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 Xo. G, Keesler Field, 
Mississippi, during the summer of 1915, for the purpose of smdy- 
ing their interconelations with other tests, for various other i,w 
tistical studies, and for further study of the cflfact of seatincr posi- 
tion on scores. The best information about the characteristio: of 
the above motion picture tests would be derived from the data >f 

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, 
seem in general to be low. Some of these data are reported 
separately for each test. The low correlations with other aptitude 
lesli are consistent with the theory that motion pictures are 

of test» li,' functions not amenable to other forms of testing. 
. generally low intercorrelations between motion picture tv:As 

thcmsolve«, even when they wave designed to measure theoretically 
similar functions such as speed estimation or sequential 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 testa, 
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 touched upon by the tests described, which cannot be 
adequately measured by the relatively static problems and ques- 
tions presented by ordinary test methods but which can be de- 
manded by setting up tasks arising from the continuous flow of 
events portrayed on the motion picture screen. 
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(lUPTER SIX. 

Proficiency Tests* 

Background of Motion Picture Proficiency 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 1913. 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 pic- 
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- 
jeet 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 equivalent 
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 1911. 
At about the same time, training research was being carried out 
on a large scale in pilot training, navigation, bombardiering, 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 specialties, 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 

•Th« tr.U to b« dvMrlbrd In thlt chapUr wrr« principally UM work of K. M. Caen« la 
o.lluborution with th« c<lilor. Two of tli« tr«U wrr* Joint projrru wllk oth.r »vlatlM 
piyrkuloyUla. 
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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. 

Research 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 Recoynition 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 diftcrent 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 aerial photography. Shots wore selected, whenever 
possible, showing the plane in a continuously changing aspect, 
i. e., in transitions between head-on, passing, v.nd plan views. 

From these shots, by inspection in a movieola, 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 (December 1913) being taught in AAF Preflight 
Schools. 

There were 100 items in the preliminary 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 difficult.  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 easy to diffl- 
culf The test required 20 minutes to run off, with oral Instruc- 
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, etc.) 
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 met 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 Anally in- 
cluded in the test were 46 percent American, 21 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 (Prellight Level). 
Test Characteristics 

1.   Administration and Scoring: 
Form 

Pre imlnnry  
AKPT  (Pr.fliKht l.v.l). 

Jtunning lim« 
Minutti 

.20 
.24 

.Vo. ttM» 

.100 
to« 

Srorint fur mult 

UIKM«. 

2.   Reliability: 
Form I>at4 

1/4 « 
S/44 

Plat« 
SAAAi 
SAAAB 

Oruup 
"Pilot pnllischl.". 
    ilo.    .. 

N 
HI 

4M 

t   1 
. «0 

uJsu 

rt   | 
Prrliminiiry  
AKPT  

Tr.l-rrt 
T»i* 

3.  Distribution Constants: 
Form 
Pr.liminHry  
AKPT (prifliuhU, 
A KIT (im-fliKhU. 
AKPT (prHlixhO. 
AKPT  «prelllichU. 

Jlaf 
12/43 
2/14 
3/14 
4/44 
«/44 

SAAAH.7 
SAAAB.. 
SAAAB.. 
SAAAB.. 
Prinmry.. 

itroap 
PrVrtiKht 1*0.' 
I't.tiiuhi , 
rrvdiwht , 
Prtnitchl  
(( ..h.-.U«. .. . 

_.V 

ton 

.w jfO 
',::• lt.* 
V.M« \u5? 
••-MJ li.»t 
if.ol 1%M 
:. i u I1.70 

'In th« M-lrrtlon of »hoU for thl« «IKI th« fulluwlnic XmU »i»! In olhvr «ray« axl.tanr« WM 

Kivvn \>y Major C. Krnimui'l. nlrcmft rrrottnlllon riptrt of ihr Brlll.h Army Air Staff. Waak* 
in^ton, «nil ty  LU   (laUr Major)   It-  YtMhuin, uf the AAK Tialnlnn AM, DivUlun. 



4.   Inlcrcorrelationa: 
Corrrlmtr4 in'ffc--  
Kiml -iMlr rxjim.... 
Kinnl »Inlr rxam.... 
Airiilnnr photo tost. 
Pilot   iitanin*  
liombartlirr nUnln». 
NiiviKHtor »tmili».. 

I it lr 

1/4« 
4/44 
2/44 
0/44 
8/44 
8/44 

Plmf 
SAAAH. 
SAAAH. 
SAAAH. 
SAAAH. 
SAAAB. 
SAAAB. 

  Group  
Pnflitfht'P. 4 4-1 
Pn-flitcht P. 4«-J 
Prrflight B 4 N 
ausi. PiloU  
a».», riioti  
Omm Pilot«  

If 
S87 
60S m 
tit 
672 
67Z 

.61 

.74 

.28 
—.0« 

.06 

RttiiKi 
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- 
wcek course in recognition in the Preflight School than the exam- 
ination actually in use. The latter was, by Training Command 
regulation, a 40-itcm 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 identliied 
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 sections (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. 

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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TABLE 6.l.—Di*tribution of $cort$ for three teat» of rteognithn 

S<urti *• ptre«mt 

fi-?». 
»♦-•.•«. 
»i-f9. 
go SI. 
B-t». 
«i-«9. 
««-«I. 
»S-S». 
10 54. 
«S-l». 
«014. 
li-S». 
SO S4. 
15-29.. 
20 24., 

»••••••••• 

^"J!Lfc/JL?L!;*L£^"^«..*«r«"» •<*»»« at r«r* UrW 

Avcrag*. 
SD  

Slid* ettmimlioa 
Ü 
it 
M 
M 
I« 
10 
It 
s 
s 

Ptretnt 

«.T 

Airptmm» |«fcol»_ 

■■•■■>.. 

I 
II 
» 
M 
M 
4« 
SI 
tt 
10 

T 
a 
t 

Prretnt 
«4.1 
10.T 

AWT ImmwUt 

t 

1 

pT*rnt 
St.l 
II.» 

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 
lest and the photo test was .74 which implies that these tests are 
also not measuring quite the same kind of proficiency. Since the 
motion picture test presents stimuli more similar to real planes 
in a real sky it could be argued, on a prion 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 1913 and 1911, 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 
tit! ling 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.* 

'EITorta wer« mad« at • Uter period to olUla «om« meaiur« of pruflrUnry U rrrutfnltlon 
in ilvrnoiutratvd In comUt operation« with which tr»U couM b« valMaUd. Nu t»\Utmtu,irf 
miaiur« was oblalnabl«. 
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The Aircraft RicoynHion Proficiency ExaminaticT. (Forms A 
and B). 

A jfreat deal of care had been taken to construct the Aircraft 
Recotfnition Proficiency Test with such a distribution of item 
difficulty as to make the test discriminating at different levels of 
proficiency. It therefore proved to be adequate as an examination 
above the preffight level for which it was designed. It W&8 con- 
eluded 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 1911 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 unseen 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: 

Vntlrd SUlf I Brititk 
|>3* 

n« 
rn 
A-'O 
IMS 
H.« 

HI».. 
TIlK... 
t'K ... 
07 ... 
CH ... 
HIT.... 
H.'l.-... 
list  

spiifir» rrr. 
Hurnmnr . 

Tviihoon ... 
Mn<u|uitO   .. 
Il.iiufii/hlrr 
Wrllinicton 

Ilnlif»    ... 

German Japane»4 
Mvl09  Zcke. 
MrllO  Hump. 

Vil. KWl'.'O 
Jufl«   . . Sally. 
Hrlll     
Ju87     

A two-minute rest period is provided between items 50 and 51. 
The projector is switched off during this interval. The equivalent 
form 11 of the test was constructed by making a new order of the 
items in Form A and printing II 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 suc- 
cessive hours or days prevented an artificial increase in score as a 
result of tpecifie "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 
sjK'cific 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 Characteristic» 
1.  Administration and Scoring: 

Form  
AKPE < Femii A A B). 

Rmnnime tim0 
24 m- tuu«. 

.V». Irml, 
IM  Kl.fcUL 

2.  Reliability: 
form 
ARPE 

DmU 
4/«4 

Ptmem 
8AAÄB 
   Grtmp 
Pilot   prrillirht.. 1*% .71 

_£• | Ttp« 
.SI I   (M^Wrn. 

3.  Distribution Constants: 
Form D»U Plme* Cronp N ■ SO R*m*rkt 

"ARPE 
ARPE 
ARPE 

4/4« 
7/44 
»/44 

8AAAB 
8AAAB 

WFTC 

Prrfllsht P. 44-J  
Prtfllght P.  4S B  
Prlmmry  

1041 
US« 
1501 

S4.07 
IT.M 
it.«« 

lt.2« 
11.71 
IS.7S It arlMMl«. 

4.  Validity (as predictor of success in pilot training): 
D«(« Flmt* Group Tup* Criltrim 

Ml 
AT.     Jtf,     M.    SO, 

71  S7.2S SS.24 11.41 at 
«MM r,tm 

•/44 SAAAB pKfllfht 
44-4   . 

m« KT.M. M 

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 flying. 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 each film on procedures for administration 
of the test. In accordance with a directive from Headquarters, 
Army Air Forces in Washington, a cross-sectional and long- 
sectional survey of proficiency was conducted throughout the AAF 
Training Command, in October 1914, at all schools and at all stages 
of training. A sample of 19,000 students wore examined, dis- 
tributed in 90 different schools. 

The test was administered by recognition instructors in the 
various schools to trainees who had completed the recognition 
training prescribed for each 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 each 
stage of training are shown in table 6.2. The relationships 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 

105 



ABir, 6.2.—>l»<Tay« »core on aircraft recognition proficieneif 
examination at each »tage of training ' 

Nmr, i»rr 
Nn». I»M 
N> v. i ■•! 
Mm, r«u 
N'>«. |»M 
No». |»«| 
N.>». I?«l 
No», r-li 

'l'frrAtfM «» 
rrmmry  (S 

■^ K.«J« >  
tr h"-(>)  

Ilmir (» wbonl«»  
A»!»»«'"! t.'l whool«>.. 
Tmrnilioii (1 K-hool»).. 
Naviimtor <l n-hool«)... 
HomUnlirr <7 whool»).. 
Trrhniml  I* •/•hool»». 

AT 
1.442 
1.33« 
2.670 
3.18« 

1.588 
1.329 
2.401 i 

Avermg« 
57.43 
«7.4S 
«9.77 
71.52 
S8.10 
56.1« 
•1.87 
6S.70 

SO 
12.37 
11.VI 
11.39 
11.11 
11.7$ 
1292 
IMS 
17.74 

heights of the solid bars represents mean proficiency scores for 
each 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 proficiency as 
measured by the Aircraft Recognition Proficiency Examination is 
closely related to the amount of aircraft recognition training which 
the trainees have received.   For example, the average score in 
Technical Schools (55.70)  where a 2'1-hour course is given, is 
lower than that in Preflight Schools (57.43) where 30 hours of 
aircraft recognition 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 measured 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-\voek 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-week course is a little less than that 
in primary schools (.5 hours compared with .6 hours P9r week) the 
average test score is comparable to, though lower than, that of 
primary schools.   In contrast to this, recognition 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 equivalent, which scorns 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 suflicient amount of 
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rctorning (or review) then a decrease in proficiency is the natural 
result 
The Aircraft Rccoynition Proficiency Examination for Flexible 

Gunners  (Forms A and B). 
RccogniUon training for aerial 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 covered by the test: 

Part  1   (Kump4'*n thratcrt Part II   (Aftintir-Paclfle theater) 
VmilfA Stair* Hrititk German Unilrii Statt» 

P38    K4K  
PS9    KSK  
P40    K4U  
P47    TBK  
PM 

Hrithh Japanrte 
P«  Spltflr»  

Ilurrirane  
T>|>h<Hin  
M<>*<iuito  
ll< Hufiuhtrr. ... 

Mrl09  Siiltflrc  Zeke. 
PJ»  MillO  .. Hurricane  

Tyiihoon  
MoMiult«  
Boauflghtcr  

Ilamp. 
Oncar. 
Tony. 

P4»  Mr.'IO 1410)... 
Ju*ft (1K8).... 
Mil  
Ilrlll  

P4t  
PH  

The test items wore 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 prellight training, and to a group 
of rec jnltlon instructors. Essentially the same criteria were used 
for selection of items as have been described for the Aircraft 
Recognition Proficiency Examination. Interviews with combat 
gunners, and a collection of opinions from oflicers of Psychological 
Research Unit No. II 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 portent passing views; including three-quarter and 
one-quarter views. Those specifications wore 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 wore selected for the final test 
In the case of German and Japanese planes particularly, some" 
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views of model planes and some taken with a gun camera wer« 
used because they were the only ones available. Form B was con- 
structed by rearranging the order of items within each half of the 
tost, 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 aviation cadets 
completing pilot preflight training. 

Test Characteristic» 
1.  Administration and Scoring: 

Form Hunning Urn* No. trUU Sroring formml» 
A. B  tt minotM  IM KilfcU 

2. Reliability: • 
Form Oat« Ptae* Group *       1 r    . f« Twp* 

Od.i-rvra 
ff« 

B .... T/44 8AAAB 4S-B IM .T( JT Tr»lo 

3.  Distribution Constants: 
Farm Dot*   1      Plmeo    1         Group m 

IM 
MM« SO 

B   7/44 1  SAAAB 1 41-8 pn-fl.ght ■ u.n 

Other Proficiency Tests 
Navigation Proficiency Test (Map Reading and Dead Reckoning) 

This test was constructed to provide a standard measure of 
achievement in pilotage and dead-reckoning navigation. It 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 repcatable set of problems which may be 
given as a group test. It was developed in cooperation with the 
Psychological Research Project (Navigator), Ellington Field, 
Texas, and was intended primarily for the use of that project. It 
was administered to groups of navigation trainees at Ellington 
Field and the scoring procedures were developed there. The use 
of the test is described in the comprehensive report entitled Psy- 
chological Research 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 15°. The 
view is that which would appear from an airplane during a typical 
two-leg navigation mission of I'/s hours' duration, covering about 
300 miles. Superimposed on the picture at the bottom of the screen 
are a compass and air speed indicator, and numbers indicating 
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temperature and altimeter readings, each showing valua which 
cornspond at all times to values appropriate for the achiai mission 
floun by the plane which photoyraphed the terrain. Also super-, 
imposed is a driftmeter grid whose position is changed every 30 
iccoads, and underneath it the drift reading which corresponds to 
each setting. The examinee obtains correct information concern- 
injf heading, air speed, temperature, and altitude from the instru- 
ment readings shown. In the case of drift, however, the reading 
and setting are incorrect approximately half the time, and the 
examinee 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 
vector, one during each leg of the flight. Examinees, seated in the 
testing room, are provided with stop watches, computers, and sec- 
tional aeronautical 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 21 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 east 
of San Francisco) was carefully chosen as having checkpoints 
neither too diflicult 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 tost, 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 AAK Motion Picture Unit. After the aerial 
photography had been accomplished wiih a camera plane, the in- 
stiunv.nts 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-sccond intervals, 
which correlated time and film-footage. Footage and time can be 
correlated exactly, since 35 mm. cameras and all projectors (at 
sound spcod) 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 Teat for Bombardier» 

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 Force». 

The test consists of a number of approach runs at 20,000 feet 
on strategic target areas, the screen 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 aerial photograph of the specific target area. 
The course, the target, and all prominent reference points are in- 
dicated and are pointed out by voice recorded on the sound track. 

Following this briefing period, the ru » begins. At first the 
target area is barely visible at the top of the screen, not far below 
the horizon, at a distance of ^me 20 miles. Identification is very 
«lifficult but general location .ray be noted if a reference point can 
be picked up. After 30 seconds 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 seconds. Superposed on this still view of 
the terrain is a lettered grid, as shown in figure 6.2. The examine« 
now records on his answer sheet the space in which he believes the 
target to lie. The run continues for another 30-second period with 
mother hold-frame shot which constitutes the next item. From 

three to six successive trials are run oflf in this manner, the loca- 
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tion of the target becoming progressively easier and more certain. 
When the target becomes identifiable by nearly all examinees, the 
run ceases.  A new briefmg period and a new target run on a 
different area begin. 

The test was produced, after exploration of the possibilities of 
aerial 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 briefmg of B-29 crews. The scale of this model (1 in. = 
1,000 feet) 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 problem of obtaining 
"aerial" 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. A section on the identification 
of ordinary checkpoints by map reading was also planned. Produc- 
tion of the test ceased, however, after the end of the war with 
Japan. Only a highly curtailed form of the test was completed, 
consisting of seven runs on the strategic targets which yielded 25 
items. A few 16-mm. prints were manufactured, on silent film. 
The directions and the briefing periods were written in the form 
of a script to be read by the test administrator. Briefing is done 
with aerial photographs but without maps. The level of difficulty 
is judged to be satisfactory on the basis of informal tryouts. No 
data are available, however, from a formal administration of the 
test 

Adn.inistration and Scoring: 

Form                                         Hunninu   (im« So. Idrprfj      No. ilemi 
1 I                    25 

So. Bcortng 
chanert 

Scoring 
formul* 

A  ...    1  25  mlnutra  60 Right«. 

Conclusions 
It would often be desirable in testing achievement or proficiency 

to present students with tasks which have the pace, movement, and 
continuity in time of the real tasks toward which their training is 
directed. This end can often be reached by using motion pictures. 
Five tests have been described which, in different ways, served this 
Diirpose. They suggest that examinations need not always be 
••academic" in character; they can be designed to measure know- 
ledge or information as it is put into practice. 
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IKPTER SEVER. 
■ 

Research on the Recognition 
of Aircraft' 

INTRODUCTION 
Background of the Research Project 

Training in the recognition of aircraft was a part of the cur- 
riculum in all AAF schools and was therefore given to substan- 
tially all personnel connected with aviation, both the combat crew 
and the ground crew. In addition, officers were attached to the 
units of the continental and overseas Air Forces who were respon- 
sible for the continued training in aircraft recognition of flying 
personnel engaged in operations. This type of training in the 
Eighth Air Force, for example, occupied at one time four hours 
per week. Since it was a universal subject, included in all special- 
ties, it was carried out on a vast scale during the period when 
thousands of men per month were graduating from one school 
and going on to the next stage, and it occupied the time of a very 
large number of instructors. 

In the latter part of 1943, stimulated by a number of dramatic 
instances of failure to recognize aircraft correctly in combat 
theaters, AAF Headquarters in Washington took steps to improve 
training in recognition. A monthly journal was published, having 
a wide distribution, and efforts were made to supplement and dis- 
tribute training materials and training films through the AAF 
Training Aids Division. Moreover, the methods of instruction 
currently in use were called into question, especially the so-called 
"flash system," and the need was recognized of determining em- 
pirically the most effective methods of teaching the identification 
of aircraft 

A letter from the office of the Assistant Chief of Air Staff for 
Training to the Air Surgeon in August 1913, requested the services 
of aviation psychologists in determining the most effective 
methods. In accordance with this letter and a commendatory one 
which followed in February 1911, the Psychological Test Film 

•Th« cxperlmenUl rencarch rrportrd in thU chapter WM rhlrtly ih. work of R. M. Cin«. 
Tht rxperlmvnU wer« d<r«l|{nnl by him In rollaboratUn wJlh Ih« c«IU»r. Th« nrnprralloa 
M4 ■ufalawf« of many ln>.lniclor» ami olhrr ollWr« In rhaut« uf tralnlnK In aiiriaft rr.-«*. 
nition U •rknowtaltftiL   Th« «nul Jraft of IhU «haplrr *"• *riUrn It «h« HUor. 
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Unit was directed to Initiate, and subsequently to continue, a pro- 
gram of experimental research on training in aircraft recognition. 
Some 10 or more studies were carried out, the results of which will 
be reported in this chapter. The principal measure of proficiency 
used for evaluation of training in the experimental and control 
groups, the motion picture test, has already been described in 
chapter 6. 

Prartircs Employed in Teaching the Idcnlificalion of Aircraft 

History. Aircraft recognition as a subject for formal study 
was first systematically pursued in England in 1940, at the time 
when an air invasion was imminent. It aroused great popular 
interest and led to the training of a great body of civilian "spot- 
tors," in addition to being adopted as a subject for training in the 
Royal Air Force. As conceived by the British, the study of air- 
craft recognition included instruction about the nature and char- 
acteristics of different military planes over ant above simple visual 
training In identifying them by shape and size. It thus reflected, 
in some degree, the general interest in aviation as such. Instruc- 
tors in aircraft recognition needed to know a good deal about air- 
plane design and about the most recent developments in aviation 
if they were to keep ahead of their students, whether military or 
civilian. The first school for training instructors in aircraft recog- 
nition was set up eirly in 1910 by the British Anti-Aircraft Com- 
mand, and various types of training materials were developed, in- 
cluding manuals with photographic views of airplanes and the 
packs of self-study cards which later became familiar in this coun- 
try. The prompt identification of an airplane as a friendly or 
enemy craft was a matter of vital importance to Britons in 1940, 
whether in or out of the military service. 

When aviation training began its rapid expansion in the United 
States, more than a year later, aircraft recognition began to be 
taught as it had begun in England and went through a somewhat 
similar development. The fact to be noted is that the principal 
method of learning airplanes in these early days, so far as the 
visual aspects were concerned, was simply that of looking at pic- 
tures or silhouette-views (plan view, passing view, and head-on 
view) and attempting to memorize their appearance in connec- 
tion with the name of the plane. The repetition of pictures and 
names in pairs with frequent attempts to identify, rightly or 
wrongly, and the correction of wrong responses—a method similar 
to the learning of paired associates by "prompting" in the psycho- 
logical laboratory—was not at first utilized. The appearance of 
planes had to be committed to memory and it was easy to assume 
that this had to be done in somewhat the same way that a student 
would memorize a poem. Since all aircraft look more or less alike 
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and many look very much alike, they had to be memorized in con- 
sidcrable detail. A terminology, therefore, arose for the shape- 
characteristics of planes, borrowed in part from the designers, arid 
there came Into use an arbitrary order of memorizing these char- 
acteristics by wings, engines, fuselage, and tail. The letters W, E. 
F, and T represented this elementary attempt at systematization, 
and the method of learning came to be known as the "WEFT sys- 
tem." It was primarily an aid to memorization rather than a 
system of instruction. A student could study alone by this method 
without the help of an instructor or the use of special training 
procedures. It had the defect of over-emphasizing those aspects 
of the shapes of aircraft which could be given names ("swept 
back," "dihedral," "taper," etc.) to the neglect of other aspects not 
easily nameable. Furthermore, the aspects memorized were fre- 
quently not those by which the similar shapes could be discrimi- 
nated from one another. The learning tended to be verbal In 
character—a list of characteristics which might or might not 
arouse an adequate visual image of the actual shape. Much of the 
learning tended to be wasteful since the verbal analysis was often 
arbitrary and unsystematic. Above all, the material available 
could not be conveniently used to give the students practice In 
repeated acts of recognition. 

This was the training situation in 1942, when Dr. Samuel Ren- 
shaw of Ohio State University opened a school for spotters and 
navy instructors in aircraft recognition. Renshaw emphasized the 
necessity of learning plane shapes visually and conducted classes 
by repeatedly showing projected images on a screen, and requiring 
them to be identified. He added the feature of tachistoscopic 
exposure, or flash presentation, for which he had a great enthu- 
siasm as a method of promoting visual learning. His procedures 
were widely publicized and were oflicially adopted by the Navy for 
training. They became known as the "Renshaw System," which 
was contrasted with the "WEFT System." The AAF adopted these 
methods, with some modifications, in early 1913 under the name 
«f the "Flash System of Instant Recognition." Nearly all the Navy 
instructors and a great part of the AAF instructor^ were indoc- 
trinated in it. 

The basic assumptions and aims of this type of training were 
as follows: 

a. That the principle aim of training was to develop instant 
recognition, i. e., an immediate identification of the stimulus object. 

b. That this could be accomplished by increasingly more rapid 
exposure speeds during the course of training. It was assumed 
that the shorter were the exposure intervals at which pictures 
lould be identified, the greater was the level of proficiency. Stu- 
ilonts were trained by the flash method until they could recognize 
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pictures at one seventy-fifth or even one one-hundredth of a second. 
This achievement was very impressive, and the demonstration that 
it could be attained by nearly anyone, with proper training, was 
primarily the fact which led to the adoption of the method officially. 

c. That the method of flash-exposure forces the student to 
perceive the total form of the planes, and that they should be 
learned by "total form" rather than by "analysis of ftatures" such 
as characterized the WEFT System. 

d. That training in the perceiving of flash exposures, with 
material of the sort used by psychologists in span of attention ex- 
periments, improves the general efficiency of vision. More partic- 
ularly, that the perceiving of increasing series of digits flashed or, 
the screen widened the effective form field, i. e., increased the area 
of the retina over which form could be perceived. 

According to the manual. Instruction for the AAF Method of 
Recognition Training, published by the AAF Training Aids Divi- 
sion on 15 September 1913, the level of proficiency to be striven for 
is the identification of planes at one seventy-fifth of a second. This 
proficiency can be attained by requiring instant recognition, by 
forcing the learning of total forms instead of features, and by 
improving the general effectiveness of visual perception. The 
improving of vision was said to be the basis of the entire course. 
Training in reading numbers with flash exposures, starting with 
lour digits and gradually increasing to eight digits, was important 
for this purpose, since it would force the student to use portions of 
the eye that he would not use in everyday life and would increase 
the angle of the visual field over which he could distinguish form. 

Equipment and Classroom Procedure. The materials employed 
in the flash system were primarily a film-slide projector and a slide 
kit containing as many different 2x2 inch photographic slides of 
the airplanes to be learned as were issued with the kit or as it 
was possible to procure. The projector, or "flash meter" as it came 
to be called, had a photographic shutter attachment which permit- 
ted variation in the exposure interval between one one-hundredth 
of a second on the one extreme and «.ime exposures under the con- 
trol of the instructor at the other. The slide kits were issued by 
the AAF Training Aids Divisions. They Jid not at the outset in- 
clude many views of each of the planes to be taught, although it 
was recojrnizcd that the effectiveness of the training would be 
increased if a large number of slide views of each plane could be 
used. 

The first course in aircraft recognition usually included about 
•10 different aircraft. This was the case in the Preflight School for 
aviation cadets at Santa Ana Army Air Base, where the experi- 
ments to be described were carried out. The course consisted of 
:\0 one-hour sessions over a period of nine weeks. The classroom 
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procedure was to present two new planes each hour, showing pic- 
tures and standard silhouettes and discussing their characteristics, 
and then to conduct a slide review or corrccleti test, at flash speeds, 
of the planes already studied. This daily airplane review, as 
emphasized in the Instructors Guide for aircraft recognition, is- 
sued by the Training Command, was an important feature of the 
course. Ten to twenty planes were flashed serially and identified 
in writing by the class. After each flash exposure, the identifica- 
tions were usually either confirmed or corrected immediately, the 
slide being shown again with a long exposure to permit the student 
to look at the picture while correcting his identification. This 
procedure had the advantages of providing frequent repetition, 
immediate correction or confirmation of the identifications made, 
and the maintenance of attention on the part of the students. 
Classes conducted in this way were usually interesting and the 
students were well motivated.  • •   . 

The use of digit slides for improving perception was also pre- 
scribed for each classroom hour, together with the use of "counter" 
slides, consisting of varying numbers of airplanes pictured at a 
distance, the requirement being to report the number of planes 
seen. The purpose of counter training, according to the proponent« 
of the Renshaw System, was to accustom the student to the task 
of approximating the number of planes in a distant formation 
within the short time interval which combat conditions permitted 
him. It will be recognized as an adaptation of one type of the span 
of attention experiment. The utility of counter and digit training 
was regarded with suspicion by some recognition instructors, and 
they were unofficially omitted from classroom instruction in many 
schools well before they were officially eliminated from the pre- 
scribed course. Certain other procedures originally recommended, 
such as the use of a fix£*-ion point on the screen, the blurring of the 
image by off-focusing the projectcr or the culling down of the 
brightness of the image to simulate "unfavorable conditions," and 
others, never were widely employed because of suspicion regarding 
their correspondence to real situations. 

The practices described, and the measuring of proficiency in 
terms of the rapidity of the flashes which could be perceived, were 
the subject of much discussion and some controversy by specialists 
in aircraft recognition. They were believed by some to constitute 
a type of progressive teaching contrasting favorably with the rote- 
memorization methods too frequently characteristic of Army 
training schools, and by others to constitute something approxi- 
mating the practices of a cult. The experiments to be described 
wore performed against the background of this dilTerenct of 
opinion. 
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The HfuiMni» for Training In Alrcrofl Recognition 
The aim of training in aircraft recognition within the AAF was 

to make possible the identification of friendly and hostile planes 
during combat. Identification was necessary primarily because 
decisions ha^ to be made to fire or to withhold fire at other planes. 
Tragic mistakes in this decision were sometimes made in the excite- 
ment and confusion of air combat and of air-ground or air-sea 
operations. A secondary reason for identification was that in air 
combat the size of an airplane which is to be fired upon must be 
known in order to determine its range. The wingspan of the plane 
in relation to its projected angular size in the gunsight will give its 
range. In the case of the computing sight, this is done automatic- 
ally. Wingspans have been memorized by aerial gunners, but in 
order to remember the wingspan and adjust for range the plane 
must first be identified. 

I-ite in the war, the point was made that the gunners in a 
combat crew do not in actual fact fire or withhold fire on the basis 
of a visual identification of the shape of a plane, but on the basis 
of whether or not it attacks, i. e., its behavior. In the last analysis 
it is perfectly true that the final criterion of an enemy is whether 
he attacks you. This was particularly true for flexible gunners 
whose job is defense. Their practice was to shoot at any fighter 
plane which "pointed its nose" at the gunners plane, i. e., at any 
plane which entered upon an attack no matter what it looked like. 
It might, even if its shape were friendly, be a captured plane which 
was being used by the enemy. And in any case it is no better to be 
shot down by a friend in error than by an enemy. The gunners 
could hardly be blamed for such a practice. When a fighter plane 
docs commit itself to an attack, it remains as a target and as a 
menace only a few seconds, during which time the gunner must 
continually adjust his aim and fire; it is only reasonable that dur- 
IIIR this brief interval he will have neither the time nor the inclina- 
tion for recognition. 

This practice of combat gunners did not, however, demonstrate 
the uselessncss of learning to identify aircraft by shape, as was 
rather widely concluded. It demonstrated only the uselessness of 
recognizing aircraft with hairtrigger promptness after they were 
committed to an attack. The time for recognition is not during an 
attack, when it is already too late, but before the attack begins 
when the airplane in question is still out of range, i. e., at more 
than 1,000 yards. Recognition at that time permits the gunner to 
make preparations and plan his firq beforehand. If the plane is 
friendly in shape he can at least assume that attack is improbable 
and can direct his attention to scanning other regions of the sky. 
The kind of recognition that was required was early recognition 
rather than instant recognition. 
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The method of training which stressed instantaneous recogni- 
tion was set up without knowledge of the actual military situations 
which fliers would have to face. No practical experience, it is trat, 
was availahle since the situations had never before existed. It was 
assumed that only the briefest interval would intervene between 
seeing an enemy airplane and having to Are at it. But the assump- 
tion was not in accordance with the facts. The usual situation was 
the appearance of one or several aircraft in the sky at great dis- 
tances. If the sky were being systematically scanned, they would 
be observed. They could be identified as soon as they got within 
recognition range. There was some discussion of what recognition 
range was, but it was unquestionably greater than the firing range. 
The emphasis in recognition training, consequently, should have 
been placed on accuracy of recognition at maximum distances 
rather than on speed of recognition. The kind of training which 
required the motionless fixating of the eyes on the center of a pro- 
jection screen so as to see a flashed image was also not appropriate 
to the kind of observation required in searching the sky for enemy 
aircraft. 

Aircraft Recognition as a Form of Perceptual Learning 

There were in operation during World War II between 10 and 
60 types of aircraft which might be encountered in combat opera- 
tions of the AAF. The identification of all these planes in* flight 
was the aim of recognition training. The number might have been 
cut in half by training for only those planes existing in a single 
theater of operations except for the fact that a flier had to be 
trained, at least for many months, for whatever theater he might 
be needed in. Military airplanes are relatively similar to one 
another in general shape and appeara ice. The same plane, more- 
over, has a very different shape when si^n from the side, the front, 
and from below. The task of discriminating all of them at a dis-. 
lance and at any angle of view so that they can be identified and 
named is therefore a difficult visual performance. It has been sug- 
gested that learning planes is like learning faces. 

A somewhat similar learning situation would be that encoun- 
lerad by a teacher faced with a new class of strange pupils. They 
look very much alike, yet there are differences. In the course of 
time these differences are discriminated; the features and out- 
standing peculiarities stand out as distinctive and the teacher 
I'-arns to call each pupil by name, i. e., he learns to recognize them. 
The method by which he does so is repeated association of the 
visual appearances with names. When students who look alike are 
misnamed they are quick to correct him. 

Another similar learning situation is that of learning to asso- 
date nonsense syllables with unfamiliar visual forms, an abstract 
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expcrimont performed in the psychological laboratory. It is known 
that the more similar the forms, the more difficult is the learning. 
It is also known that confusions occur, i. e., the misnaming of 
forms which look alike. These may be called generalized responses. 
As these errors are corrected and the correct responses are rein- 
forced, the errors drop out and the responses become differentiated. 
The latency of the responses will decrease with practice. Condi- 
tioned response theory explains this process as one of differential 
reinrorccment.' Presumably such a process of differential rein- 
forcement of right and wrong naming responses would also be 
required to discriminate and identify such mutually similar shapes 
as military planes. 

As (lifTerentiation of the naming responses progresses, it must 
be supposed that visual memory images develop of the forms (or 
of the students) and also become differentiated from one another. 
In the process, they become organized and acquire meaning. 
Studies of drawings made by subjects required to learn visual 
nonsense forms suggest that the insignificant features of these 
images tend to be eliminated, while the significant features tend 
to be exaggerated.2 If it can be assumed that the development of 
differentiated memory images goes hand-in hand with the develop- 
ment of differential naming responses, then the method of draw- 
ing aircraft should be a useful supplement, in training, to the 
method of naming them. This assumption can be verified experi- 
mentally. % ' 

As a basis for the experiments, it was therefore assumed that 
recognition training is essentially a kind of perceptual learning in 
which visual shapes not at the outset distinctive become capable 
of producing differential reactions. As repetition mounts the right 
reactions are progressively .reinforced and the confusions drop 
out. The responses should become more immediate and more cer- 
tain with practice, and it is this factor which should be expected 
to produce prompt or "instant" recognition. With regard to what 
the student experiences, his per options may be assumed to acquire 
moaning and the shapes will become differentiated, fully organized 
or precise. They are also, surely, unitary perceptions, i. e., planes, 
and in that sense are seen and learned as "total forma." 

'HIP IVOMCIII of Mulrrialü for riangroom IiiMlrurllon 
The problem of what kind of materials should be used to present 

to the students the airplanes they were required to recognize was 
an important aspect of the effort to irpprove recognition training. 
Advantages were claimed for a number of methods of reproducing 
the aircraft  (photo^.aphs, slides, models, motion pictures) and 

•Oil.v.n,  R   J,    A   qMrmali«  Hpflirati.m of ihr  nmtwfta  of  Krnrrnlltntlon an<l difTrrcn- 
linlinn t» titlml Umtnitu    f'*vHM,  /i"> r.,  I'.MO, IT,  |M -ii*. 

»W.-^lwoMh. K. H.    A'/*..   .».oituJ  /'«yrfcu/utfir, N«w  York.  Hull.  193»», Ch.  4. 
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many methods of setting up the task of recognition (moving 
models, miniature theaters, booklets, packs of cards, posters, dis- 
plays, projected shadows, projected pictures). A variety of 
"trainers" purporting to imitate the requirements of the real sit- 
uation had to be evaluated by the AAF Training Aids Division 
in this field as in nearly all other fields of training. The problem 
was one aspect of the general problem of "synthetic training", 
i. e., training which is artificially reproduced instead of naturally 
encountered. Although no formal experiments were undertaken 
by the Film Unit on this problem, it was involved, directly or in- 
directly, in a number of the research reports submitted. 

Under actual combat conditions, planes had to be recognized at 
various distances, under a variety of haze and lighting conditions, 
and in any of a theoretically infinite number of attitudes. Planes 
would seldom appear in one of the standard silhouette attitudes, 
and frequently were so far away that only the most outstanding 
details of their shapes were discriminable. As a first criterion, 
therefore, if training is intended to produce proficiency in recog- 
nition under such conditions, the type of material chosen for train- 
ing should be capable of representing planes in a variety of 
attitudes and distances. It was maintained by some, also, that 
representation should be of three-dimensional forms, using stereo- 
scopic slides and polarizing eyeglasses. However, at the usual 
distances at which planes are recognized, the cues to the percep- 
tion of solidity are absent. The advantage of three-dimensional 
forms such as models seems to reside in the possibilities they offer 
for the presentation of a large number of difTcrcnt attitudes for 
each plane, rather than in the fact that they are solid. 

A second criterion, proposed for presentation materials, was 
convenience for the instructor. They should he of such a nature 
as to make constant review an integral part of the course. To 
some extent this was a matter of number, rather than type of 
materials. For example, if photographs were used, it was essen- 
tial that the instructor be provided with enough photographs of 
the same plane to enable him to review frequently without teach- 
ing the recognition of a particular photograph. 

The four main types of materials met these criteria as follows: 
a. Photographs. Rea! plane photographs made possible the pre- 

sentation of a variety of attitudes, distances, and lighting condi- 
tions. Their usefulness depended upon the number of photographs 
of each plane. Projection of photographs on a streon was the most 
convenient method of presentation to a group, but involved the 
use of a projector which is relatively cumbersome. 

b. Slide Photographs. These were the most widely-used mater- 
ials in training for aircraft recognition. It was ultimately found 
possible to provide a large number of slide views of each plane 
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taught. The possession of these slides and a convenient apparatus 
for exposing them on a screen, the slide-projector or "flashmeter." 
undoubtedly made possible the frequent reviews which were such 
a large portion of the aircraft recognition course. 

c. Afafefr. Models could be used most efficiently only when some 
method was provided for repeated presentations in various atti- 
tudes. One such method was the "shadowgraph" technique, in 
which the shadow of a model, manipulated into various positions 
by the instructor, was thrown on a translucent screen and viewed 
by the students. Although reviews were more troublesome to con- 
duct under these conditions, in the hands of a skilled instructor 
the method provided a means of showing planes in a great variety 
of changing attitudes, with contours as they would naturally ap- 
pear at great distances. Other methods of using models were use- 
ful, particularly one which displayed a group of planes together 
on numbered hooks, thus permitting a quiz or examination with 
reference to the numbers. The mere passive displaying of models 
cither in or out of the classroom should not produce effective learn- 
ing unless it was required that they be actively identified. The 
same rule applied to the displaying of posters. 

d. Motion Pictures. Motion picture shots of real planes in flight 
made possible representation of planes in a great variety of atti- 
tudes, distances, and lighting and background conditions. Above 
all, they would yield an impression of a single object with different 
appearances in different attitudes, and would thus assist in the 
process of combining different views into a single perception—a 
process which was difficult.when isolated slide views were the only 
mode of presentation. They were relatively easy to project in class. 
Films of the "testcraft" type guaranteed a convenient and effective 
review; the more so if the principle of reinforcement of learning 
had been considered in constructing the films. Since the list of 
planes to be taught was altered frequently, motion pictures suf- 
fered somewhat from the fact that they became out of date. How- 
ever, fdms of this type could in theory be kept up to date by 
splicing. The chief drawback of training films as a medium of 
instruction is the loss of relationship between the student and his 
instructor. Since a response is not demanded of the student by 
the usual type of training film produced for use in the aircraft 
recognition classroom, and since his questions necessarily go un- 
answered, he may actually make no response, in which event learn- 
ing will suffer. 

Any of these methods could be effective, provided that certain 
conditions were met. It was chiefly necessary to provide a suffi- 
cu ut number and variety of views and to make possible a conven- 
ient method of repeated review.  The demonstrated convenience 
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of slide pictures, their flexibility, small bulk, and ease of handling, 
was the consideration most in their favor. 

Drawing the Aircraft. The reactions which the students were 
required to make to any of these types of presentation (when they 
were required) were usually acts of identification, i. e., naming. 
The name or designation of the plane and its memorized wingspan 
had to be written or spoken. Other information was sometimes 
required but not often. Another type of response, however, was 
enthusiastically advocated by some instructors, namely that of 
drawing the aircraft from memory, in a specified view, or copy- 
its outline freehand from a picture or silhouette. This response 
is clearly not like that required in combat recognition. Neverthe- 
less, the ability to draw a shape should be indication that it has 
been learned and differentiated from other shapes. Whether pro- 
ficiency in drawing planes is correlated with proficiency in identi- 
fying them was a question which required an empirical answer. 

The Questions for Experimental Investigation 

The following questions appeared to be the ones on which experi- 
mental evidence was required if the most effective methods for 
recognition training were to be objectively determined. The first 
three listed, concerning methods in use under the orthodox flash 
system, were asked in the original letter from the Assistant Chief 
of Air Staff for Training to the Air Surgeon requesting experi- 
mental evidence. 

1. Are rapid-flash speeds of practical value in the learning of 
aircraft recognition? 

2. Is instruction emphasizing the total form of the aircraft more 
effective than instruction which emphasizes an analysis of the fea- 
tures of the shape to be identified? 

3. Does training in reading digits at flash exposures, or in esti- 
mating the number of spots in a flashed presentation (counter 
training) improve proficiency in aircraft recognition? Does such 
training improve the general efficiency of vision? 

4. What are the characteristics of the visual memory images 
of aircraft as shown by drawings, and is the ability to thaw the 
shapes of aircraft indicative of the ability to identify them by 
name? 

5. How significant is the method of difTerential reinforcement 
of responses, as practiced in plane reviews, for the learning of 
aircraft, 

6. In view of the tendency to confuse similar planes, should 
similar planes be introduced together for contrast or separately 
to minimize initial interference? 

7. What features of each plane are significant for recognition, 
i. o., what are the identifying or characteristic features which 
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aistlnguish it from others?   Can a conceptual organization of 
the variou« shapes be constructed so as to promote differential 
learning? 

8. Can the range of aircraft be represented in pictures and 
what is the relation of apparent range to the distance at which 
the picture is viewed? 

9. What is the recognition range of different airplanes against 
the sky in relation to the firing range? 

An experiment was devoted to each of these nine questions. They 
will be reported in the order listed. All results were obtained with 
aviation cadets in the Preflight Schools at Santa Ana Army Air 
Rase between December 1913 and January 1945. 

THE EFFECTIVENESS OF CERTAIN ASPECTS 
OF THE FLASH SYSTEM OF INSTRUCTION 

Tlir EffirVncy of Rupld Flash Speed» 

Introduction. Once recognition training had been set up in the 
AAF with slide projectors, slide kits, and the practice of daily 
reviews, the practical question remained whether the fenture of 
flash training actually facilitated the learning. The projectors 
could be used for tachistoscopic exposures, but they could also be 
conveniently used for exposures of any desired duration. 

Among a number of advantages claimed for the flash method 
by instructors trained by Dr. Renshaw only two were actually 
relevant to whether flash exposures were necessary for efficient 
learning of the planes: that flash presentation produces superior 
learning because it forces the student to learn "total fcrms," and 
that flash presentation facilitates learning because it mobilizes 
attention in the classroom and provides a high degree of motiva- 
tion and interest. The second of these arguments was fairly con- 
vincing, especially to anyone who had seen the method in use; 
the first argument was a theoretical one and was at least debata- 
ble. An experiment comparing the effectiveness o* split-second 
expotttm and slow exposures in training could, however, settle 
the question without resort to arguments. 

It should be pointed out that the arguments stated above were 
formulated to contrast the flash method with a procedure which 
consisted chiefly of looking at and memorizing pictures—the so- 
talled "WEFT System." The experiment on rapid vs. slow ex- 
posures, retaining in both cases the feature of systematic drill in 
the identification of slides, had not been tried. The method of 
tachistoscopic viewing, at exposures too rapid to permit the mov- 
ing of the eyes over the picture, was onfy one feature of the flash 
system in practice; the other was systematic drill. The potential 
benefit for learning of the latter feature was lost sight of, how- 
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ever, by enthusiasts for the former. In the experiment to be des- 
cribed, flash presentation was compared with presentation at one- 
second exposures. The frequency of exposures ami the amount of 
drill was the same in both cases. 

Two other advantages were claimed for the flash method of 
training, having to do primarily with its appropriateness for com- 
bat conditions. The first of these was the assumption that flash 
exposures represent the kind of perception in glimpses required 
of fliers in aerial warfare. The actual facts, as we have seen in 
an earlier section of this chapter, showed the assumption to be 
in error. The second was the assumption that split-second pre- 
sentations promote prompt identification, i. e.. instant recognition. 
The earlier discussion concluded that to put a premium on an 
immediate or instant reaction in combat identification was a mis- 
take. If this conclusion is correct, the advantage claimed for in- 
stant recognition fails to be valid. But the proposition may be 
challenged as such. On purely psychological grounds, the infer- 
ence that instantaneous exposures are necessarily connected with 
or produce instant responses is unjustified by any known experi- 
mental facts. It has, to be sure, a certain common sense plausi- 
bility, but it is contradicted by the evidence from experiments on 
reaction-time which show that the latency of a response is not 
appreciably affected by the duration of a visual stimulus. In the 
case of very brief, and therefore "improverished," stimuli the ten-*, 
dency is for the reaction to be, if anything, slower.» 

The Method of the Experiment. Three groups of four classes 
each were used in the experiment, each group consisting of about 
160 students of aircraft recognition. Four instructors carried out 
the teaching in the experimental classes, each instructor having 
one class in each of the three experimental groups. Hence difTer- 
ences in the quality of instruction were distributed in an equal 
fashion throughout the three groups. 

In one experimental group, training on all slides was carried 
out at an exposure speed of one second throughout the course. 
In the second experimental group, training was carried out at 
a moderate flash speed of one-tenth second throughout, except 
for the first few hours of instruction in which one-fifth second ex- 
posures were employed. The third experimental group was trained 
at an exposure speed of one-fiftieth second, reaching this speed 
during a two-week period in which the exposures were gradually 
increased from one-fifth to one-fiftieth of a second. These three 
groups will be referred to as Slow-Trained, Intermediate-Trained, 
and Fast-Trained, for the remainder of this report. Ttw Slow- 
Trained Group never saw slides presented at split-second inter- 
vals; a one-second exposure is not a "flash speed." The same num- 
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bcr of slides and the same type of slides were used in each of the 
experimental groups. The instructors devoted the same amount 
of time to "airplane review" in all cases. 

The Criterion of Proficiency, The proficiency of the three groups 
was measured by the preliminary form of the motion picture test 
described in chapter 6, the Aircraft Recognition Proficiency Test. 
This criterion was not dependent on skill in perceiving flash ex- 
posures, which was a question at issue. This criterion was assumed 
to be the most realistic one. In order to compare the learning of 
the three groups by all possible criteria, however, a three-part 
final slide examination was also made up especially for the use 
of the experimental classes, consisting of 60 slides. The examina- 
tion consisted of three sets of 20 slides labeled A, B and C, each 
set being of approximately equal average difficulty. One-third of 
each group of students viewed the slides of set A at one-second 
exposures, the slides of set B at one-tenth second exposures, and 
the slides of set C at one-fiftieth second exposures. Another third 
viewed set A at one-fiftieth second, set B at one second and set 
C at one-tenth second. The final third viewed set A at one-tenth 
second, set B at one-fiftieth second and set C at one second. Differ- 
ences in difficulty between the three sets of slides making up the 
examination were therefore counterbalanced. This procedure in- 
sured that any differences which might appear between the three 
parts of the examination could be attributed solely to differences 
in exposure speed rather than to possible differences in the diffi- 
culty of slides themselves. 

Results. The results obtained make possible a comparision of 
the proficiency exhibited between the Fast-Trained Group, the 
Intermediate Group, and the Slow-Trained Group at the end of 
the standard 30.hour course in aircraft recognition. The mean 
score made by each group on the motion picture test together with 
its standard deviation was as follows: 

'«j.i is.« 

Inlrrmiiliatr-lrainr4 
M 

«1.» 
SO 

12.2 

Fant-lrainrd 

«2.2 
SD 

IS« 

The differences between mean scores are small and the critical 
ratios of these difTerenccs are not significant. They were: between 
Slow-Trained and Intermediate-Trained, 1.06; between Slow- 
Trained and Fast-Trained, 0.85; and between Intermediate- 
Trained and Fast-Trained, 0.17. There is evidently no advantage 
so far as the motion picture test shows, in training with rapid- 
flash speeds. Although the motion picture test showed i:o advan- 
tage from the use of flash training, it might be expected that an 
examination carried out at flash exposures would show such an 
advantage. The results from the three-part slide examination are 
given in table 7.1.  The mean scores represent number of slides 
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TABLE t.l.—Proficiency, in airernft rteognition of three experimentnl group* 
an t»ien*Mr«d by slide examinationa at different expoiure »peed» 

.^ln» -t rmlnH     
|iitvrm««IUie-tr»lnc4 
fu *i-tn\nti  

m m m 

correctly identified out of 20. Running down the columns of the 
table, it may be seen that the one-second test and the one-tenth 
second test do not show any evidence of superior proficiency for 
any experimental group. None of the differences between mean 
scores in the first two columns of the table are significant. The 
critical ratios vary between 0.2 and 1.4. The only significant dif- 
ference is betv/een the Slow-Trained Group and the Fast-Trained 
Group when both are tested at one-fiftieth second, the critical ratio 
here being 3.27. It is probable that this difference may be attri- 
buted to the fact that the Slow-Trained Group had no opportunity 
of learning the specific viewing habits required for seeing slides 
at one-fiftieth second. By all other criteria the proficiency of the 
Slow-Trained Group was not inferior to that of the Fast-Trained 
Group. In general, proficiency was equivalent whether training 
was conducted at one second, one-tenth second, or one-fiftieth. 

The data of table 7.1 indicate that the highest scores were 
obtained by all three groups on the test at one second, regardless 
of the speed at which training was conducted. The differences 
reading across the table are all statistically significant with the 
exception of those between the Intermediate and Fast-Trained 
Groups at one-tenth second as compared with one-fiftieth second. 
It is evidently easier to recognize slides at an exposure speed of 
one second than it is at split-second intervals. This result is of 
some interest in view of the claim sometimes made by the pro- 
ponents of flash training that for properly-trained students it is 
actually easier to identify slides at split-second intervals than at 
longer intervals.   . 

Conclusions. No differences in recognition proficiency were dis- 
covered when training with flash slides was conducted at exposures 
of one second, one-tenth second, and one-fiftieth second. 

The evidence obtained indicates that slides shown for one second 
are easier to see than those shown for either one-tenth or one- 
fiftieth second, in that fewer errors are made in a slide test of 
recognition given at one-second exposure speed, regardless of the 
type of training of the individuals tested. 

It is concluded that there is no practical value in training indi- 
viduals to recognize slides of aircraft at rapid flash speed». The 
use of exposure speeds as long as one second ta probably to be 
preferred when the slide content is dillkult. According to the 
evidence obtained, ellkiency of training with one-second expo- 
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sures is equal to that which is attained with split-second inter- 
vals. Loafer exposures than one second were not further inves- 
tigated. It was reasoned that exposure intervals considerably 
greater than a second would have the effect of decreasing the num- 
ber of slides which could be reviewed in a single class period. The 
possibility of a slight but significant superiority of two- or three- 
second exposures exists. 

The Rflullve Imporlanrc of Emplia^izing llic Tola! Forms or the 
Frulurr* of lite Airplunm to he Identified 

Introduction. One of the reasons given for the employment of 
rapid-flash speeds in the presentation of aircraft slides was that 
these rapid exposures were said to discourage the analysis of the 
features of airplanes by the student, and thus to bring about more 
rapid identification. It was assumed that in making such an anal- 
ysis of features as was called for in the so-called WEFT system, 
the student failed to learn the appearance of the overall form of 
the plane, which he must know in order to recognize it rapidly. 
The flash method of training aimed to produce perceptions of the 
"total forms" of aircraft. The "learning of total forms" became 
something approaching a slogan among instructors in the recog- 
nition course and its implications were widely discussed. By some 
it was interpreted to mean that analysis of the features or char- 
acteristics of aircraft shapes in the classroom was "wefting" and 
was something to be avoided. It was said to lead to "disjunctive 
seeing" and inefflcient perception. When, however, it became a 
matter of actually discussing the airplanes with students, the in- 
structors found it difficult to do so except in terms of these fea- 
tures. Other instructors, probably in the majority, argued that 
the distinguishing characteristics of the shapes to be learned were 
an important aid to learning and therefore analyzed them freely, 
using for the purpose a more-or-less unsystematic repertory of 
terms, such as "squared wing tips," "barrel-shaped fuselage," 
"bubble canopy," und "high, faired vertical." 

The Film Unit did net participate in this controversy, believ- 
ing that the issue being debated was abstract and often confused. 
Tlv most reasonable psychological position seemed to be that there 
could be good or bad analysis of the characteristics of a plane, 
and that visual-form perception was "total" by its very nature. 
The hypothesis that there could be two types of form perception, 
"disjunctive" on the one hand and "total" on the other, was re- 
garded as unproved. 

In view of the possibility of such types of perception and of 
the actual difference of opinion on how to conduct classes, an 
experiment was designed to test the effectiveness of two methods 
of classroom presentation of aircraft.  One involved emphasis on 
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learning the total forms without reference to their features. In 
the other a pre-standardized set of distinctive features was em- 
phasized. 

Method. Six classes in aircraft recognition in the Preflight 
School (Pilot), Santa Ana Army Air Base, were employed in the 
experiment. These classes, containing about 30 men each, were 
divided into two groups which were equalized for recognition 
proficiency on the basis of scores on a pretest of 20 slides of rela- 
tively familiar American aircraft. Three instructors taught these 
classes, each instructor having one class in each group, so that 
differences in teaching ability could not affect the results. 

Both groups of classes were taught the same planes in the same 
order, by the usual flash-slide method. Equal numbers of slides 
and equal amounts of time were used in the reviews of each 
group. Slides were reviewed at flash speeds of one-tenth second. 
However, during the presentation of each plane, the method of 
instruction differed in the two groups. In one group, instruction 
was given on only the total form of each plane, and no mention 
whatever was made of features such as shapes of wings, nose, 
or tail. The students were encouraged to become acquainted with 
the plane as a total configuration, and to learn to recognize it by 
its overall form. In the second group, a standard set of distinc- 
tive features, agreed upon by the instructors, was emphasized in 
the case of each plane presented. The students in this group were 
encouraged to learn these features for each plane, and to identity 
the plane by means of them. At the end of the thirty-hour train- 
ing period, both groups of classes were tested by means of a slid« 
examination composed of 45 slides showing the 10 planes pre- 
sented during the course. In addition, they were tested with a 
copy of the Aircraft Recognition Proficiency Test, Prellight Ix'vel, 
a motion picture test covering the planes-which had been taught. 
The pretest on which the groups were matched correlated .17 with 
the Slide Examination, and .68 with the Motion Picture Test 

It should be understood that the control of formal classroom 
instruction in the manner described does not make possible com- 
plete control of experimental conditions. In the present case, for 
example, the students could not be prevented from reading and 
studying training manuals and spotters' guides outside of class. 
Therefore, the students of the "total form" classes had the oppor- 
tunity of studying the features of planes if they so desired, even 
though these were not emphasized in class. The actual differ- 
once in method of learning in the two groups of classes may have 
been a relatively small one. The results provide an answer only 
to the practical problem of whether to recommend the changing 
of certain aspects of formal instruction in the classroom. It would 
be a mistake to suppose that they provide a conclusive answer 
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to the theoretical problem of how the learning of perceptual form« 
takes place. 

Results. The average number of planes correctly identified out 
of 15 on the final slide examination was 40.0 (SD of 3.96; N of 
87) for the group which had been instructed by emphasis on 
total form of airplanes. For the group which was instructed by 
giving emphasis to features, the average score on the same ex- 
amination was 11.2 (SD of 3.57; N of 98). The critical ratio of 
the dilTerence between these two averiges, corrected to allow for 
the reduction in differences arising by sampling, is 2.44. This fig- 
ure indicates that a difference of this size could be expected to 
occur by chance between 1 and 2 times out of 100. A probability 
of chance occurrence as high as this indicates a difference which 
is considered on the borderline of statistical significance. Since 
the group instructed by the "total form" method did have some 
opportunity to learn plane features outside the classroom, this 
extra study may have had the effect of reducing the obtained 
difference in score. The results suggest that there is a slight 
disadvantage in effectiveness for recognition training for the ex- 
clusive emphasis on "total form" when proficiency is measured 
by means of the final slide examination. 

The group of men who had been taught recognition by total 
form made an average score of 61.03 (SD of 11.4; N of 87) on 
the Aircraft Recognition Proficiency Test. The group whose in- 
struction had emphasized features obtained an average score of 
62.0 (SD of 12.0; N of 93). The difference between these aver- 
age scores has a critical ratio of 1.49, indicating that such a 
difference might occur by change 14 times out of every 100 sim- 
ilar experiments. Here again the advantage of feature-emphasis 
appears to be slight, but may be interpreted in the manner indi- 
cated in the previous paragraph. 

Two principal observations made by the instructors who took 
part in the experiment are of some bearing on the question of 
the effectiveness of the two methods under consideration. The 
impression was obtained by all three of the instructors, at about 
the time the course was two-thvds completed, that the group 
taught by emphasis on total form was definitely "slipping" in 
comparison with the other group. The second observation was 
that a single question was insistently and repeatedly asked by 
the cadets in the group taught by the method which emphasized 
total form. This question was "How can I distinguish between 
this plane and the one which resembles it closely (e. g., the C-46 
and C-17) ?" The students in this group apparently felt no need 
for emphasis on features, except insofar as these features serve 
to (lixlinyuish one plane from another. Showing the two confus- 
able pianos on the screen at the same time was not a satisfactory 
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answer; the students wanted to know in descriptive terms what 
the differentiating features of the two planes were. 

Conclusions. The results have shown that the method of in- 
struction which emphasizes the "total form" of airplanes with- 
out mention of features is, if anything, slightly less efficient in 
training for aircraft recognition than a method which emphasizes 
features. The group trained by the former method made lower 
scores on both the final slide examinations and the Aircraft Rec- 
ognition Proficiency Test, Preflight Level, than did the group 
trained by the method which emphasized airplane features. Al- 
though differences between the average scores made by these 
groups on both these tests are not significant, they indicate a 
probability of the relative ineffectiveness of an exclusive emphasis 
on "total form." This result is in contradiction to some claims 
made in connection wit' •.!.-"flash system." T!.. experiment fails 
to verify the existence of two kinds of visual perception, a supe- 
rior total type and an inferior disjunctive type. 

The reactions of the students to the method of instruction which 
emphasized "total form" indicated that they felt a need to know 
those features which distinguish one plane from other similar, 
and therefore confusable, planes. These reactions suggest that 
it is desirable for effective training in aircraft recognition to 
emphasize the features of planes, particularly those which dis- 
tinguish similar planes from each other. Features which were 
being emphasized were not necessarily chosen with this idea in 
mind. In all probability, much time which was devoted to em- 
phasis on unimportant features during the presentation of planes, 
could more profitably have been devoted to a discussion of dis- 
tinguishing features of confusable planes. 

The Value of Supplementary Training in Reading Digit» and 
Counting Spots with Flash Prmenlatlon 

Introduction. One of the techniques employed in the flash sys- 
tem was the use of slides showing scries of from 1 to 10 digits 
(digit slides) and slides showing groups of from 3 to 30 planes 
(counter slides), which were presented at increasingly rapid ex- 
posure speeds. The students were required to reproduce the series 
of digits and to estimate the number of planes shown in the coun- 
ter slides, the interval being too short for actual counting. Digit 
training was claimed by its proponents to increase the general 
efliciency of perception, and to "widen the angle of vision." Coun- 
ter training was valuable in developing the "perception of numcr- 
ousness." Both made it possible for the student eventually to see 
and recognize planes exposed for as short as one seventy-fifth 
second. Experience with these materials by instructors of air- 
craft recognition left little doubt that improvement does occur 
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r in roadinir digits and in estimating numbers. The question was 
whether such training transferred to the recognition of aircraft. 

Except for the fact that both involved the use of rapid flash 
speed*. Ihorc was, after all, little resemblance between the activi- 
ties involved in counter and digit training and those involved in 
recognizing airplanes- I' counter and digit training developed 
specific habits related to these activities alone, there was nc rea- 
son to suppose that recognition proficiency would be influenced 
by such training. If, on the other hand, counter and digit train- 
ing led to an increase in general perceptual efficiency, this train- 
ing might be expected to influence recognition proficiency insofar 
us the latter is affected by perceptual factors. 

An experiment was therefore undertaken to determine, in the 
actual classroom situation, the effect of training with counter 
iind digit slides on, first, proficiency in aircraft recognition, and, 
second, on the efficiency of a different kind of perception requir- 
ing what might be considered a wide span of attention. 

Method. Six classes of cadets in the AAF Preflight School 
(Pilot) at Santa Ana Army Air Base, were used in the experi- 
ment. These were divided into two groups of approximately 100 
cadets each. The two groups were equated for initial knowledge 
of airplanes on the basis of scores on a pretest containing 20 
slides of United States airplanes shown at an exposure speed of 
one second. 

During the first twelve minutes of each of 10 class hours, one 
group of cadets was given digit and counter training. Twelve 
digit-slides and six counter-slides were given each day. The range 
of digit series shown was gradually increased during the training 
period from I to 9, and the range of plane groups on the counter 
slides from 2 to 11. The speed of exposure of these slides was 
also gradually increased from one-fifth second to one twenty-fifth 
second. Each instructor used the same digit and counter slides, 
and introduced the gradual increases of numbers and flash speeds 
at the same points in training. The cadets in those classes were 
instructed as to the importance of this training and its influence 
on proficiency in aircraft recognition, in order that motivation 
might be maintained at a high level. The instructors made a 
genuine attempt to have their classes roach as high a level of 
proficiency as possible in tl.is kind of performance by the end of 
the lO-hour training period. The second group of trainees received 
no counter and digit training during this 10-hour period. The 
first twelve minutes of each class hour were occupied by lectures 
and discussions of such topics as Organization of the AAF, 
Rranches and Functions of Military Aviation, etc. Thus this 
second group received the same amount of instruction in actual 
plane recognition as did the counter- and digit-trained group. 
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Uoth groups were instructed on the same planes, ami spent the 
same length of time on review of these planes. 

The fact should be emphasized that the time devoted to counter 
and digit training in the experimental classes was one-quarter 
of the total available class time for the duration of the experi- 
ment. This amount was three times greater than that recom- 
mended in oflicial instructors' guides, and was about as much as 
could be given practically without seriously intcrferring with 
plane-recognition instruction. It was not as much training as was 
recommended by Pr. Renshaw. 

Proficiency in Reading Digits and Counters. At the conclu- 
sion of the 10-hour training period, the two groups were tested 
by means of an examination containing 12 digit slides with num- 
ber series ranging from 5 to 9. and 8 counter slides with the 
number of planes shown ranging from 3 to 12. The slides were 
exposed at a speed of one-tenth second. The score on the digit 
test was the total number of digits contained in all the series 
which were reproduced with complete accuracy.. The score on 
the counter test was the total number of objects on all the slides 
for which the numbers of objects were correctly reported. Since 
the counter and digit training was supposed to develop the ability 
♦o perceive slides correctly at rapid exposure speeds, as well as 
a greater number of both digits and objects, it was believed that 
these scores would represent the required proficiency better than 
the more conventional measures of digit span or "span of appre- 
hension." The correlation between the digit test and the pretest 
for initial knowledge of airplanes (by means of which the groups 
were matched) was .03; that between the counter test and the 
pretest was .23. 

Proficiency in Aircraft Recognition. Both groups were tested 
at the end of the 10-hour training period by means of a slide 
examination containing 30 slides of the United States planes which 
had been covered in the course. The slides of this examination 
were shown at an exposure speed of one-tenth second. The corre- 
lation between this test and the recognition pretest was .57. 

The proficiency of these two groups was also tested at the con- 
clusion of the training period by means of a motion picture test 
composed of views of airplanes in flight, the Aircraft RecognitiM 
Proficiency Test, Preliminary Form. The cadets were tested only 
on the views of the United States planes taught in the course. 
There were 62 of these views. The correlation between this test 
and the pretest of recognition was M, 

Increase in General Ability to Pcircive or Attmd.   The two 
groups were tested at the beginning and again at the end of the 
training period with the Flexibility of Attenlion Test (CPUIK), 
a motion picture test which measures a certain type of perceptual 
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cflklcncy. It was described in detail in chapter 5. This film shows 
a set of 5 dials, lettered A, B, C, D, and E, the indicators of which 
vary continuously in a random fashion throughout each trial. The 
individual is required to record the letters of all the needles which 
reach certain blackened portions on the dials during each trial. 
The test demands constant attention on the part of the individual 
being tested, and samples the ability to perceive a number of 
events taking place in different portions of the screen at the same 
time, i. e., dispersed attention. It may therefore be considered 
as one of several possible measures of perceptual efficiency. More- 
over, this test presents to the student a perceptual task which 
could be supposed to have elements similar to those of counter 
and digit training; i. e., the material is projected on a screen, 
it is spread out across the screen, and the whole of the projected 
material must be attended to. It appeared to be the sort of per- 
ceptual task to which transfer of counter and digit training would 
most easily take place, if such transfer occurred at all. 

Some increase in score on the Flexibility of Attention Test when 
administered a second time was, of course, to be expected. The 
effect of counter and digit training on the performance tested by 
this film Was measured by comparing the amount of improvement 
in scores of the trained and untrained groups. The initial scores 
of the two groups on this test were closely similar. The correla- 
tion between this "improvement score" and the recognition pre- 
test was -.02. 

Results of Training on Counter and Digit Proficiency. The aver- 
age scores made by the trained and untrained groups on the digit 
test of 12 slides and on the counter test of 8 slides are given' in 
table 7.2. 

TAIII>: 7.2.—Avernye «cores on digit and counter teat» 

Trainrd group (S       lot) Vntrainrd group (N       IOJ) 
m so m SO 

IHtfil tr»l  
l*<>unlrr trtt , 

31.40 
30.44 

I2.C2 
«.si 

24.20 
28.8« 

10.7« 
9.0« 

These results show that the trained group made higher average 
scores on both these tests than did the untrained group. On the 
digit test, the critical ratio of the difference between these aver- 
ages, corrected for the use of matched groups, is 6.17. The differ- 
ence is a highly significant one. In the case of the counter test, the 
critical ratio of the difference between the averages of matched 
groups is 2JS0, which indicates that a difference of this size could 
occur by chance 1.2 times in 100. The training may be said to 
have clearly improved the performance 9f the trained group over 
that of the untrained group with respect to digit lists and, to a 
lesser degree, with respect to counter material. For the purposes 
of the experiment it is sufficient to note that these results estab- 
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Hshed the fact that practice on the digit and counter slide« oro- 
duced an improvement in performance. 

Results of Training on Recognition ProficicneV. The average 
scores made by the trained group and by the untrained group on 
the slide examination and on the motion picture test are given in 
table 7.3.  These results show that both groups made approxl- 

TABLE l.&.~Avtrage score» for recognition proficitnev 

Sliilr examination .. 
Motion picture tort 

SO 
2«.2» 
38.7S 

».02 
«.U 

L'Htraimtd   iiruHjt    f.V m l'ijf 

SI.TT 

SO 
Ml 

mately the same scores on both these measures of recognition. The 
differences between the means are not significant ones, the critical 
ratios (corrected to allow for the use of matched groups) being 
.31 and .10. In interpreting these results» it should be kept in 
mind that the motion picture test, particularly, provides a sensi- 
tive measure of proficiency. The range of scores obtained was 
from 17 to 52, so that the test might be expected to discriminate 
successfully any differences in proficiency between the two groups. 
The proficiency scores of the trained and untrained groups indicate 
clearly that the digit and counter training did not improve pro- 
ficiency in aircraft recognition. Since the special training given 
during the experiment occupied about one fourth of the effective 
teaching time, it may be concluded that more aircraft recognition 
could have been learned if the time had been utilized in the identi- 
fying of aircraft instead of in the perceiving of digits and 
counters. 

Results of Training on Ferceptunl Efficiency. TVe amount of 
improvement in score on the Flexibility of Attention Test made 
by both groups is given in table 7.4. 

TABU: 7.4,—Improvement on flexilnlity of attention tent 

Traintd group  (S      »11 Unlram, 4 „,.,„,■  f.V       Ptl 

m SO M                                    SO 
7.21 1.41 M*| _ » •» 

As this table indicates, the average amount of improvement 
was not different for the two groups. The critical ratio of the 
difference between these two improvement scores of matched 
groups is .21, indicating that the difference is not significant. 
These results demonstrate that the training produced by practice 
on counter and digit slides did not generalize to the extent of 
improving performance on this particular test of perceptual 
eflkiency. This fact casts considerable doubt upon the hypothesis 
that digit and counter training is capable of improving "general 
perceptual eflicicncy." 

Conclusion*. The ability to reproduce digit-series and to appre- 
hend the number of planes in a group (counters)* was found to be 
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efficiency. It was descnoed in detail in chapter 5. This film shows 
a set of 5 dials, lettered A, B, C, D, and E, the indicators of which 
vary continuously in a random fashion throughout each trial. The 
individual is required to record the letters of all the needles which 
reach certain blackened portions on the dials during each trial. 
The tost demands constant attention on the part of the individual 
being tested, and samples the ability to perceive a number of 
events taking place in different portions of the screen at the same 
time, i. e., dispersed attention. It may therefore be considered 
as one of several possible measures of perceptual efficiency. More- 
over, this test presents to the student a perceptual task which 
could be supposed to have elements similar to those of counter 
and digit training; i. e., the material is projected on a screen, 
it is spread out across the screen, and the whole of the projected 
material must be attended to. It appeared to be the sort of per- 
ceptual task to which transfer of counter and digit training would 
most easily take place, if such transfer occurred at all. 

Some increase in score on the Flexibility of Attention Test when 
administered a second time was, of course, to be expected. The 
effect of counter and digit training on the performance tested by 
this film \Vas measured by comparing the amount of improvement 
in scores of the trained and untrained groups. The initial scores 
of the two groups on this t^st were closely similar. The correla- 
tion between this "improvement score" and the recognition pre- 
test was -.02. 

Results of Training on Counter and Digit Proficiency. The aver- 
age scores made by the trained and untrained groups on the digit 
test of 12 slides and on the counter test of 8 slides are given' in 
table 7.2. 

TABU: 7.2.—Avernye .eorea on digit and counter test« 

Trained group (S      Wit Untrainrä group (N       IOJ} 
m so m SO 

l>l«lt lr«t  31.40 
30.44 

12.(2 
8.32 

24.20 
28.88 

10.72 
9.02 Oiuntrr tnt  

Those results show that the trained group made higher average 
scores on both these tests than did the untrained group. On the 
digit tost, the critical ratio of the difference between these aver- 
Bget, corrected for the use of matched groups, is 6.17. The differ- 
ence is a highly significant one. In the case of the counter test, the 
critical ratio of the difTorence between the averages of matched 
groups is 2.50, which indicates that a difTercnce of this size could 
occur by chance 1.2 times in 100. The training may be said to 
have clearly improved the performance 9f the trained group over 
that of the untrained group with respect to digit lists and, to a 
lesser degree, with respect to counter material. For the purposes 
of the experiment it is sufficient to note that these results estab- 
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Hshed the fact that practice on the digit and counter slides pro- 
duced an improvement in performance. 

Results of Training on Recognition Proficiency. The average 
scores made by the trained group and by the untrained group on 
the slide examination and on the motion picture test are given in 
table 7.3.  These results show that both groups made approxl- 

TABLE 7.3.—4 if ray« More« for recognition proficient 
Traimrä group  (.\ - i„tl i'afraiiinl   group   f.V •• |<IJ| 

M SO M           |          SO 
Sliile »smmlnmtion  
Motion picturr teat  

2« 2» 
3(7« 

Ml 
«.u 

rtz*                ist 
s« n I              %Sk 

mately the same scores on both these measures of Recognition. The 
differences between the means are not significant ones, the critical 
ratios (corrected to allow for the use of matched groups) being 
.31 and .10. In interpreting these results, it should be kept in 
mind that the motion picture test, particularly, provides a sensi- 
tive measure of proficiency. The range of scores obtained was 
from 17 to 52, so that the test might be expected to discriminate 
successfully any differences in proficiency between the two groups. 
The proficiency scores of the trained and untrained groups indicate 
clearly that the digit and counter training did not improve pro- 
ficiency in aircraft recognition. Since the special training given 
during the experiment occupied about one fourth of the effective 
teaching time, it may be concluded that more aircraft recognition 
could have been learned if the time had been utilized in the identi- 
fying of aircraft instead of in the perceiving of digits and 
counters. 

Results of Training on Perceptual Efficiency. The amount of 
improvement in score on the Flexibility of Attention Test made 
by both groups is given in table 7.4. 

TABU: 7.4.—Improvement on fleiihility of attention te*t 

Trainfj group (N »W I'nlrainid yroui>  f.V Ptl 

M SO M                 1 
«»S 1 

sn 
7.21 S.4S V« 

As this table indicates, the average amount of improvement 
was not different for the two groups. The critical ratio of the 
difference between these two improvement scores of matched 
groups is .21, indicating that the difference is not significant. 
These results demonstrate that the training produced by practice 
on counter and digit slides did not generalize to the extent of 
improving performance on this particular test of perceptual 
efliciency. This fact casts considerable doubt upon the hypothesis 
that digit and counter training is capable of improving "general 
perceptual efTiciency." 

Conclusions. The ability to reproduce digit-series and to appre- 
hend the number of planes In a group (counters)' was found to be 
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improved in the jcroüp which recclvod training in these activities, 
rrofitu'iicy in aircraft recoKiiition, as measured both by a slide 
examination and by the Aircraft Recognition Proficiency Test, ma 
found to be no uralter in the group 0"'™ counter and digit train- 
ing than in an equivalent untrained group. No significant differ- 
ence in amount of improvement in score on a perceptual test, 
Flexibility of Attention, was found between the group given 
counter and digit training and the untrained group. This result 
calls into question the hypothesis that such training "improves 
the general clTicicncy of perception." 

THE MOST EFFECTIVE METHODS OF LEARNING 

The first questions put to experiment by the Psychological Test 
Film Unit concerned the debatable value of methods derived from 
the Renshaw system. They have been treated in the preceding 
section. Other experiments could be formulated which might be 
expected to lead to positive rather than merely negative recom- 
mendations, and these are reported next. 

A Study of the Renieiiil>orcd Shapes of Aircraft as Revealed by 
Drawings and by Composites Constructed From Them 

Introduction. A theory of learning to identify aircraft could 
be formulated primarily in terms of differential responses or 
primarily in terms of differential images or perceptions. An ex- 
perimenter in this field might well be inclined to reject one formu- 
lation in favor of the other, his choice depending on his theoretical 
bias. The relation of learning to perceptual experience on the one 
hand and overt behavior on the other is a matter of controversy 
in present day psychology. There is a possibility, however, that 
the acquiring of differential responses and the acquiring of differ- 
ential images arc only two aspects of the same process. If so, they 
should be correlated. The aircraft recognition course provided 
an opportunity to measure this coi relation. 

The theory of the development of differential responses to 
stimuli has been worked out in some detail. A corresponding theory 
of the development of differential memory images is much less 
clear. Gestalt psychologists have attempted such ■ theory4, but 
the experimental evidence on which to base it is relatively difficult 
to obtain. The best evidence comes from experiments on the 
learning of visual forms as evidenced by drawings, which are 
not easy to deal with experimentally and quantitatively. Never- 
theless, both a theory of this type and the method of drawing visual 
forms are applicable to the aircraft recognition problem. The 
assumption that students trained to make differential naming 

•Ki.ffk». K..   artUUt nitfKutugw. N»w  York:    lUrruurt-Bnr«.  Ii»JJ. CK  1« and  It. 
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responses acquire differential memory images car be veriAed by 
requiring them to make drawings of the aircraft at the end of 
their training. An image may be defined as a visual process which 
mediates drawing from memory. Predictions regarding the nature 
of these differential images, as revealed by the drawings, can 
then be checked. 

The practical value of studying the remombercd shapes of air- 
craft as represented in drawings by students would be, above all, 
to see what these shapes are like. The learning of "total forms" 
or the learning of "features" are vague phrases which do not 
specify what has been learned. It would be desirable to know 
how students trained to identify aircraft actually do visualize 
them (if they can) and what the characteristics of these images 
are. Do the drawings show the same features of shape which 
the students were taught? Are there consistent differences be- 
tween the drawings of a given airplane and its correct shape? Can 
such differences be interpreted as exaggerations of certain features 
and elimination of others? Are the drawings unique and clearly 
differentiated from one another, as would be predicted in theory? 
Would the exercise of drawing aircraft be of potential value tor 
training? In order to answer these questions, an experiment was 
undertaken involving freehand drawings of a number of the air- 
craft learned in the recognition course. 

Assumptions. It was assumed as a basis for this experiment 
that the drawing of an object from memory is indicative of the 
memory image itself, i. e., represents the ability to visualize the 
object. There was no way of checking this hypothesis directly. 
It was also assumed that the drawings could be scored or rated 
for the adequacy with which they represented the aircraft. The 
consistency of this measure, at least, could be checked by compar- 
ing the values assigned by independent raters. As a part of this 
assumption, it was supposed that the "adequacy" of the drawings 
could be distinguished from the skill or technique which they 
exhibited. The objection has been raised that freehand drawings 
will sometimes fail to be adequate representations of the original 
objects because of a failure in draftsmanship rather than a failure 
in visualizing. The drawings of this experiment were therefore 
also rated by independent judges for draftsmanship in order to 
see with what success this could be done, and in order to compare 
both the draftsmanship and the adequacy ratings with an external 
criterion of proficiency in aircraft recognition. One final assump- 
tion was made, namely, that the method of constructing a com- 
posite drawing from the single drawing! of individuals yielded 
a picture showing the trend of the images of all the individuals. 

Method. The individuals used in this study were live classes 
in aircraft recognition, totaling 1% students, who had just com- 
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plclcd the 30-hour course in Prcflight School. The method em- 
ployed required them to make freehand drawings from memory of 
8 airplanes selected from those they had learned. No practice In 
drawing of any sort had been given them during the course. 
Three views, plan, passing, and head-on, were drawn of each plane. 
The 1,700 drawings which resulted constituted the data of this 
experiment 

Three instructors cooperated in the experiment. From the be- 
ginning of the course they had employed in introducing new planes 
a standard set of phrases and terms to describe the characteristic 
shape of each. This list of what were believed to be the important 
features of each plane had been agreed upon beforehand, after 
discussion in conference with the experimenter. Except for this 
standardization of descriptive terminology, the course was taught 
by the usual training methods prescribed. The characteristics or 
features of these shapes were pointed out merely as cues or tips 
for accurate recognition. They consisted of such phrases as "beer- 
bottle fuselage," "oval cowling," "semi-elliptical wing shape/* 
"short nose," "low midwing with delayed dihedral," and other 
terms descriptive of shape or structure. Terms of this sort had 
been evolved by instructors in the course of many hours of teach- 
ing, but had not been standardized. From six to eight phrases were 
agreed upon for each plane which were believed to be the signifi- 
cant or important characteristics of that plane. They are listed 
in table 7.5. It should be especially noted that this standardization 
of terminology did not involve any emphasis on learning the fea- 
tures of the planes. The purpose of the experiment was not to 
test the value of using them in teaching. The features were agreed 
upon in advance so as to provide a basis for subsequently grading 
the drawings of the students, and to increase uniformity of 
leaching in all five of the classes. If there should be evidence that 
these features affected the drawings ultimately made, it would be 
because the students had perceived them when they were pointed 
out and incorporated them into their visual images spontaneously. 
The major part of the work of the course consisted of the repeated 
prosontation of projected slides and their identification by the 
"review" technique. 

At the end of the 30 hours of instruction each student was 
given a booklet of eight sheets of paper on which to draw three 
views of each of 8 planes. A single sheet was divided horizontally 
t Uo three parts labelled "Plan View," "Passing View," and "Head- 
on View." The size of each drawing was kept constant by marks 
which fixed the length or wingspan, but not the proportion or 
shape. All drawings faced the same way. These requirements 
were necessary in order to make composites. The 8 planes were 
.selected from the 10 taught with consideration for their familiar- 
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TABLC 7.5.—The aignificnnt vimtal fenturea of the nirernft'a thnpe» ami 

their incltmon in the drawinge of atuitent» 

n««« 

u 2« 

Spitflr 

TrVt 

Hf III 

P-47 

Typhoon .... 

P 51 

KW 190 

Slgntfrmnt frmlmm 

Tapered win«»  
Long no«« and  narrllr«  
Tapered UllpUn«  
Clicar fimelaira  
Illxh rounded vertical  
Kound fuM-Ug« and nareltei. 
Stmlxht win«  
Dihedral of tallplane  

Klliptlral wlnt  
Round Uilplane  
Mat arrow fuielact  
Rounded vertical  
Low wine with dihedral  
Kectangular radiator* below wins*. 

Broad chord, even taper. 
Tapered Uilplane  
Bubble canopy  
Triansular vertical  
Hat beltjr line  
Round cowling  
Low wing with dihedral. 

Now and engines lined up. 
Notched wing«  
Eliiptical Uilplane  
Kiiiptical  vertical  
Round   back  
Bathtub in belly  
In-line engines  
Dihedral of win« ;  

Semi-elliptleal wing. 
BirdUil lUbillscr... 
Beer-bottle fmelage. 
llRlf-dlamond Uli... 
Round belly line  
Low midwtnc  
Oval  cowling  

Short note  
Kvrn-Uper,  round tip wings. 
Still.iliur shaped like wing... 
Bullet  nose  
Lance airseoop  
Bubble canopy. /  
Itnund vertical  
Delayed dihedral  

Rven-Upercd wing  
C'li|)p<i| wing and  Mahillier. 
riipiK-.! vertical  
Bullit no*«  
Dit^l» nirncoop  
Ha«, oval cowling..'  
Low wing with dihedral.... 

Short riKlinl no«e  
S<iui>rv tip »in«,  even taper. 
Ut'itunirular »tubiliser  
Mat Uliy line  
Diamond cockpit..»  
Round vertical  
Round   fuM'lage  
Low dihedral wing  

tnHuiiun   or 
aktenr» •! frmlmr» 

in fvmpont* 
Wremap 

Freoent .... 
Alwent .... 
Prewnt .... 
Pretent .... 
Prr»rnt .... 
Km|ihn<lted 
Prrxnt ... 
KmphHtiied 

PrcM-nl  
Ab«ent .... 
Kmphaiiied 
KmphaiiiMd 
Present ..... 
Prenent .... 

Present .... 
Abwnt .... 
Kmphaslted 
Present .... 
Prenent .... 
Kmphs.lied 
Present .... 

Absent .... 
Kmphaslted 
Absent .... 
Preoent .... 
Present .... 
Kmphaaitcd 
Abwnt .... 
Present   ... 

Present ... 
Absent .... 
Emphasised 
Prnu-nt ... 
Present ... 
Present ... 
Kmphaslted 

Present .... 
Pre«ent .... 
Absent .... 
Present   ... 
Kmphs'lted 
Kmph«-li«l 
Kniphs-ltH 
Absent  ....' 

Present .... 
Present .... 
Present .... 
Pn'M-nt .... 
Kinj'hn'i'ed 
PriMiit .... 
Prenent .... 

Present .... 
Pres4-nt .... 
Present .... 
Present .... 
Absent .... 
Pre«-nt .... 
Kmphaslted 
Fieimt.«»« 

im4iridmj 
Jratnmu» 

Whifk   imriU* 
Ik«  /ralar« 
I.V — IM) 

ity and with regard to their being adequately ****%*^*? 
set of named features aseribed to them. The>- were 'he B-2«. Sp.t- 
fire Zcke Ile-lll.P-n. Typhoon, P-..1. and hW-190. 
A o/D™«:'»</» »r Mcmc. The drawings »«« analyr^d 

in two »ays. first by rating the adequacy with whkh they rep«, 
sented the characteristics of the shape of the J-« »Jaj «** 
second by constructing compos»« drawmgs for each Me» of each 
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plane. A M-mi-objective method of obtaining the MadequacyM rat- 
IHK was a»l<»i)te<l. This consisted of counting the number of char- 
acterizing feature» which were shown on the drawings, taking 
all thrt'e views together. The rater looked at silhouettes of the 
rial planes while deciding whether a given characteristic was pres- 
Mt or absent in the drawings. This score for each plane was 
tutaled for all 8 planes and the resulting number was called an 
"adequacy" score for each student. If the terms agreed upon by 
the instructors can be assumed actually to characterize the shapes, 
this score is in fact a measure of the adequacy of the drawings. 
The objectivity of this method of rating is indicated by a relia- 
bility of .78 between the scores assigned by two raters, working 
independently, on the drawings of the B-26 by 100 subjects. 

In addition to this rating a separate rating was made on a 
10-point scale, by each of three judges, of the draftsmanship 
exhibited in each set of drawings, irrespective of the correctness 
of the shapes. The rating was based on whether the drawing was 
a skillful reproduction of a plane in the abstract rather than of 
the particular plane it was intended to represent. The raters did 
not look at real silhouettes and were unfamiliar with the real 
planes. The reliability of these ratings is indicated by correla- 
tions of .89, .87, and .85 between the ratings of the three judges, 
on all 196 students. A rating on draftsmanship was then obtained 
for each student 

Relation Between Ability to Draw the Airplanes and Ability to 
Identify Them. In addition to the "adequacy" score described 
above, the final course grades were obtained for each student. 
This grade was a measure of the ability to identify aircraft from 
slide photographs as determined by the final slide examination 
and other tests given previously. For administrative reasons, 
unfortunately, the motion picture proficiency test could not be 
administered to this group of students. 

The product moment correlation between the "adequacy" score 
and the final grade for the group of 196 students was found to be 
.61. The reliability of the "adequacy" score was found to be .78, 
between two independent raters. The reliability of the final grades 
in the aircraft recognition course at the time of this experiment 
was estimated to be in the neighborhood of .85, from previous 
computations. Taking reliability into account, the coefllcicnt of 
.61 between such Siiperfkially disparate achievements is striking. 
It is a correlation between ability to visualize aircraft and ability 
to identify them overtly. As such, it has interesting theoretical 
implications. It implies that there is a fairly close connection be- 
tween the development of differentiated experiences or images of 
airplanes and the development of discriminative responses to 
them. 
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The objection is sometimes raised to the mothwl of requiring 
free-hand drawings from unskilled persons that they cannot be 
judged for adequacy of representation because they will be so 
largely reflections merely of drawing technique or "artistic 
ability." The raters in this experiment did not find it diflicult it 
judge "adequacy" in terms of a specific set of characteristics or 
features of the original shape. They also did not find it diflicult 
to make ratings of draftsmanship. But in order to obtain further 
ovidencc on this question, the "adequacy" ratings were correlated 
with the draftsmanship ratings and their corrolations with the 
final grades were compared. The relationship between the two 
ratings is M, but whereas the former correlates .61 with grades 
the latter is correlated with them only to the extent of .37. More- 
over, this relationship of draftsmanship to grades drops to In- 
significance (.07) when the influence of the "adequacy" score is 
partialled out. It may be concluded that, although draftsmanship 
is related to the adequacy of the drawings, as indeed it would be 
expected to be, the two may reasonably be distinguished, and that 
only the latter is related to recognition proficiency independently 
of the other. 

The Composite Drawings. Composite drawings were con- 
structed by a.technique of tracing the original drawings on trans- 
lucent paper, five at a time, and then averaging the five lines by 
eye on another piece of translucent paper. It was discovered, and 
repeatedly confirmed, that a sample of as few as 28 papers was 
sufficient to yield a composite which was representative of the full 
population of 196 papers. Composites obtained from groups of 
25 papers were practically identical with one another. Two indi- 
viduals performed this visual tracing and averaging and the 
method was checked frequently by comparing the composites ob- 
tained by the two individuals working separately. Agreement 
was very high. There resulted from "this procedure three views 
of each of the 8 airplanes, or 21 composites. These outlines were 
then superposed over the outlines of the real airplane silhouettes, 
using a photographic enlarger to bring one outline to the same 
size as the other. The shape of the composite could then be ivadily 
compared with the shape of the real object. The tuperpoied 
composites are shown in figure 7.1. The correct outlines are shown 
In solid lines and the composite drawings in dotted lines. Table 
7.5 gives for each plane the list of terms which characterize it, 
and whether each feature is present, absent, or emphasized in 
the composite drawings. Also listed for each feature la the peretM 
of the individual drawings in which it was counted as present 

Differentiation of Memory Imaijes. An inspection of the draw- 
ings of the eight planes, and especially a compnrison of the dilfer- 
ent composites, made it evident that the students had learned to 
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visualiz-e the airplanes as unique and clearly diflfercntiated from 
one another. The composites, and the great majority of the origi- 
nal drawings, had the main visual characteristics of the planes 
they represented, although in many cases they were crude and 
unskillful as drawings. There was no tendency for the composites 
to degenerate into representations of a generalized airplane or to 
"converge" toward a single type. They were in fact specific. It 
may be inferred that differential visual images of the airplanes 
had been acquired by the students. 

Differences Between Drawingg and Planes. There were, how- 
ever, as evidenced by the composites, consistent differences be- 
tween the drawing of a plane and its actual shape. The composites 
were by no means copies of the silhouettes. This was true, in 
greater or lesser degree, for all views of all planes. There are 
clear indications in the composites of "constant errors" in the 
typical visualizations of each aircraft, but in general they were 
not errors of a sort that would lead to mis-identification of the 
plane. The fact to be especially noted is that the errors of the 
individual students, when averaged in the composites, did not 
cancel one another out but showed a consistent trend. 

Kxaaucratlon of Characteristic Features, The differences be- 
tween the composites and the real shapes suggest a number of 
hypotheses which arc significant for the theory of perception and 
memory but are not relevant to this report. The fact of impor- 
tance to aircraft recognition learning is that in many instances the 
differences can be accounted for as cnlaryements or exaggerations 
of those features of the shapes believed by the instructors to be 
characteristic and described by them in class. Some of the com- 
posites are even suggestive of caricatures of the planes. If these 
characteristics have modified the images in these ways despite the 
contrary influence of the stimulus patterns, then it may be sup- 
posed that these features have played an important part in differ- 
entiating the various memory-images from one another and in 
giving them significance or meaning. The importance of these 
descriptive features for learning to visualize, and presumably also 
to identify, airplanes is clearly implied. Since it is also true that 
the "organization" of the images involves or is determined by 
these features, the fallacy of advocating that aircraft be taught 
only as "total forms" without reference to their unique, specific, 
and determining characteristics is evident. 

The use of caricatures of planes for instructional purposes in 
aircraft recognition had often been suggested and had been 
adopted by some schools and stations. A number of them were 
examined in connection with the present study but proved to be 
disappointing as caricatures. The results described suggested that 
Mime features are more amenable than other to pictorial emphasis. 
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that some arc more dominant than others in the mental pictures 
of students, and that those features which appeared in emphasized 
form in the composite drawings were ones which could most efTec- 
tivcly be emphasized in caricatures and posters. 

The Potential Value of Drawing Exerthti. In view of the evi- 
dence presented it was suggested that training in the drawing 
from memory of the airplanes to be learned in a recognition course 
would be a useful method of training supplementary to the usual 
practice in identifying the airplanes from photographic slides or 
other presentations. Since it seemed likely that the shapes of air- 
craft become identifiable by a process which lias not only the aspect 
of learning discriminative responses but also the aspect of acquir- 
ing differentiated images, the use of methods appropriate to this 
latter aspect of perceptual learning should not be overlooked. 

The Effectivencsa of Diffcrrntial Rrinforrrmrnt in Learning 
to Identify Aircraft 

Introduction. Emphasis on the flash method of training in AAF 
schools and in particular on the progressive speeding up of the 
exposure interval had been reduced by the early part of 1911 by 
direction of Headquarters, AAF, in Washington. Supplementary 
devices for training were coming into increasing use, such as 
training films, photographs, models and "shadowgraph" presen- 
tation of models. It seemed likely that, although flash training as 
such was ineffective, there was one feature of training with 
film-slide projectors and slide-kits which was highly elTective, 
namely the practice of daily slide reviews or tests. This practice 
had the virtues of frequent repetition, knowledge of the progrecs 
of one's learning, competitive attitudes among the students, and 
above all the advantage of providing Immediate confinnalion of 
right responses and correction of wrong responses. Persistent 
errors and confusions between airplanes which were dillicult 
to discriminate could in this way, and mily in this way, be elim- 
inated. 

Experiments In the psychological laboratory had shown that 
the discrimination of mutually similar stimulus objects could 
be achieved through differential reinforcement of right ami wrong 
responses to these objects. In theory, reinforcement was positive 
in the case of a confirmed response and negative in the case of 
an unconfirmed response. The final result of the learning was a 
sot of difterential responses. It was the hypothesis of the Film 
Unit that learning to identify aircraft by shape was, in one of 
its aspects, a process of this sort 

The practice of immediate confirmation or correction of re- 
sponses could be contrasted with a practice which consisted of 
presenting the stimulus objects and their responses (names) for 

113 



association. It might be assumed that the learning of visual 
shapes occurred simply by a process of perceiving them repeatedly. 
If this were true, it would be sufficient to look at airplanes and 
think of their names, or to present the learner with a repeated 
series of visual impressions in conneci5on with the names. This 
latter assumption underlay the so-called WEFT system of study, 
and was also characteristic of training films on aircraft recogni- 
tion. The procedure was also very easy to adopt in using photo- 
graphs or models for training. In order to verify the hypothesis 
that it was ineffective in comparison to the former practice, an 
experiment was performed. The procedure of providing imme- 
diate differential reinforcement of responses was compared with 
a procedure in which the slide-pictures were presented for the 
name amount of time but without confirmation or correction of 
responses. 

Method. The individuals used in this experiment were 280 
aviation trainees in the Classification Center, Santa Ana Army 
Air Base, prior to their entry into the Preflight School. They were 
divided for testing purposes into sections of approximately thirty 
men each. All of these sections learned 20 slides of 20 unfamiliar 
foreign aircraft, half of them learning by one method of presenta- 
tion and half by the other method. Since the experiment was 
designed to measure amount of learning rather than recognition 
proficiency, those individuals who were found in advance of the 
experiment to be familiar with as many as two of the foreign 
planes shown were eliminated from the experiment. 

The twenty slides, representing various foreign planes, were 
selected on the basis of their unfamiliarity. They were largely 
obscure, nonopcrational, foreign types. An attempt was made 
to select slides that had no distinguishing background features, 
so as to prevent the recognition of slides rather than planes. The 
planes represented had, with two exceptions, names (c. g., Arado, 
Fulmar, Cant Z) rather than numbered designations. 

Roth groups of trainees were required to learn the names of 
the 20 planes during three presentations in a prearranged random 
order. The fourth presentation of the slides served as a test of 
the amount of learning which had taken place. In detail, the 
training methods employed were as follows: 

I'ltfiMl impression without reinforced responses. During each 
of the three presentations, each of the 20 slides was shown for 
five wcoiids. The name of each plane was announced just before 
it appeared on the screen and was repeated while the name was 
on the screen. On the fourth presentation, each slide was exposed 
for only 2.5 seconds, and the trainees were instructed to write 
down the name of each plane on appropriately numbered answer 
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sheets. Guessing was encouraged. The score on the test was 
simply the number of planes correctly identified. 

Visual impression with reinforced responses. The first time 
the 20 slides were shown, each was exposed for 5 seconds and 
the name of each plane was announced before and during the 
exposure. On the second and third presentations, however, the 
slides were exposed for 2.5 seconds, after which the trainees 
u ere required to identify each in writing on a numbered answer 
sheet'. Guessing was encouraged. In case no identification could be 
made, a line had to be drawn through the appropriate answer 
space. Immediately thereafter the same slide was exposed again 
for 2.5 seconds and its name was announced. Individuals who 
had made a correct response placed a check mark beside it; those 
who had made either an incorrect response or none at all were 
required to write down the correct name in the appropriate blank. 
The fourth presentation, constituting the test, was conducted in a 
manner exactly similar to that described above. It should be noted 
that the intention to learn was equally strong in the two groups. 

The plan of the experiment is shown in the following diagram: 

Results. The average number of planes correctly identified by 
each group, together with its standard deviation, is given in table 
7.6.   After three trials, the group which learned by the unrein- 

TABLE 7.6.—Amount of hamtrng l>y tuo mrthwl» 

I'nrcinforfiil  nuth.xl. 
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forced method identified an average of 10.10 planes out of 20 cor- 
rcctly, while the group which learned by the reinforced method 
averaged 11.56. The latter group, therefore, reached a proficiency 
which was more than 10 percent superior to that of the former 
group. The critical ratio of the difference between these aveiages 
is 7.69, indicating that the difference is highly signilkant. Only 
a small proportion of each group learned all 20 of ihe planes in 
the short training period given. But the last column of figures 
shows that the number of trainees in the reinforced group who 
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learned all the planes was over B times as great as the number 
who accompiished this in the unreinforced group. 

Disnifislon. The experiment reported showed clearly that the 
principle of •rrrl response with reinforcement, the effectiveness of 
which had been demonstrated many times in learning studies, was 
applicable to the special form of visual learning required for the 
successful recognizing of aircraft. There was little novelty in this 
principle as a commonsense rule for teaching and training. It 
implied that active recitation or reaction was a good thing when 
students were required to check their answers, since it allowed 
them to perceive their mistakes while the latter were still clearly 
in mind, and also to confirm the successful answers immediately. 
The danger was that this principle would not be fully utilized 
in a new field of training and teaching—a field in which methods 
of instruction were being vigorously debated and rejected. 

The results of the experiment were interpreted as a demonstra- 
tion of the superior effectiveness of any classroom procedure which 
required active identifying of responses and permitted the confirm- 
ing or correcting of these responses. The "Flash System of Instant 
Identification" had in actual practice made use of this procedure 
without acknowledging its importance. The studying of aircraft 
by the so-called WEFT system had, as a rule, not done so. The 
practice of looking at aircraft shapes or visually impressing them 
on the learner was not enough; learning was more effective if 
differential responses were required. The implication was that 
the showing of models, motion pictures, posters, "planes-of-the- 
day," and in fact any other type of material would be of little 
value if they were presented merely as exhibitions. The great 
volume of visual training aids being produced could not be ex- 
pected to yield the most effective result unless they were employed 
as positive instruments of instruction rather than for display. 

The application of the rule to posters of aircraft suggested 
that they be designed without the name of the plane being prom- 
inently shown but with the caption, "Do You Know This Plane?" 
and with the answer printed in small type at the bottom or under 
a small flap which would have to be raised. The application to the 
display of models suggested the plan of suspending them from 
the ceiling on numbered hooks which could be changed from day 
to «lay and requiring students to identify the airplanes by succes- 
sive numbers. 

The application to the showing of training films on aircraft 
recognition suggested an even more radical departure from com- 
mon practice. Motion pictures were, and are, primarily exhibi- 
tions or displays. The learner remains passive during the showing 
of an ordinary film and, however vivid his visual impressions, 
cannot practice what he is learning.   The motion picture pro- 
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ficiency tests already produced required active responses but did 
not permit immediate reinforcement of the responses. They were 
therefore not suitable for reviews. The film could, of course, be 
jshown a second time after the test proper and the students could 
then correct their own answers. The most effective type of train- 
ing film, however, would be one constructed in the following sc- 
(liience: item number, view of the airplane to be identified, interval 
for response, another view of the airplane (possibly a "stop- 
irame") with announcement of its name and possibly mention of 
a visible identifying feature, during which interval the preceding 
response is checked or marked wrong; second item number, view of 
another airplane, etc. Such a film would be similar to slide reviews 
except that the planes would be presented in motion and in chang- 
ing attitudes. It could be stopped at any point for discussion or 
for the answering of questions. The semi-illuminated classrooms 
utilized in recognition teaching would be adequate for showing it. 
The Film Unit therefore recommended that this type of training 
film be produced. In view of its complexity and unconventional 
form, however, only the type constituting a test proper (incor- 
porating only the first three elements of the sequence recom- 
mended) was actually produced for review purposes in the class- 
room. They were called "Testcraft" films. 

Conclusions. Learning to identify aircraft by shape is markedly 
facilitated by differential reinforcement of right and wrong nam- 
ing responses. Methods of training which rest on the assumption 
that such learning is a matter of visual impression and the spon- 
taneous acquiring of memory images without any necessity for 
overt reinforced responses are, by implication, relatively ineffec- 
tive for this kind of performance. 

The Rclutive Effoctiveiu'** of Tcarlnng Similar or DiMtiimilur 
I'lam-s Together 

Introduction. The organization of the course in aircraft recog- 
nition was a matter of considerable importance to those whose 
responsibility it was to plan the most economical use of classroom 
time. Since the material to be learned consisted of forty planes, 
in some respects much alike and in some respects different, one 
of the problems of organization was that of the order in which 
the planes were to be learned. Four nationalities, American, Brit- 
ish, German, and Japanese, and three main classes, four-engine, 
twin-engine, and single-engine, were represented. There were 
three major alternative orders of presentation for this group of 
forty planes: 

Presenting Dissimilar Planes Tof/ether.   The practice in pre- 
fiight school was to Introduce two dissimilar planes of the same 
nationality each day. Thus, the F6F, a single-engine fighter, was 
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prcsenlod along with a Iwin-motorod bomber, the B-25; the B-31 
was introduced during the same class hour as the P-47, etc. The 
justification made for this procedure was that it prevented con- 
fusion. It did not, of course, do so permanently. The effect of 
this procedure was only to minimize confusion in the early stage 
of harniny the list of airplanes, or in other words, to defer it 

Pretenttng Similar Plane* Together. The minimizing of con- 
fusion between similar planes was a very desirable goal for recog- 
nition training. In a preuous experiment it was pointed out that 
one of the most commonly-expressed questions by students was 
"How can I tell one airplane from another which looks like it?" 
Confusable airplanes, although not of the same nationality, prac- 
tically always belonged to the same general class of airplanes 
(four, two, or one-engined). Some instructors believed that the 
best way to prevent such confusion was to present similar planes 
in pairs, regardless of nationality, and to point out clearly those 
features of the aircraft by which they could be distinguished 
from one another. In practice this would be accomplished by 
introducing pairs of similar airplanes during the same class 
period. Whether emphasis on the differences of these similar 
pairs would be the more efficient method of teaching recognition, 
or whether it would interfere with the learning of the total list 
of forty planes, was a question which could be answered by an 
experimental study. 

Prexenting Planes According to a Systematic Classification. It 
would have been theoretically possible to arrange the planes to 
be taught in a systematic order which emphasized both similari- 
ties and differences. This method would require that planes be 
divided first into a number of classes on the basis of common 
features. Within each of these classes the discriminating charac- 
teristics of the planes could be emphasized by division into sub- 
classes. For example, in the class of four-engine planes, a certain 
subclass would contain planes which are similar in that they have 
twin tails, while another subclass would have single tails in com- 
mon. The planes in each of these subclasses would be dissimilar 
in some respects (e. g., shape of verticals), which would serve to 
distinguish one from another. This type of presentation will be 
taken up in the next section. It could not, however, bo incor- 
porated into the present experiment for various reasons, chief 
of which was a resistance by the authorities to introducing more 
than two new airplanes in each class period. 

The experiment to be reported was designed to show which of 
two sequences of the airplanes constituting a course in aircraft 
recognition was the more ellicient for training. In one sequence, 
two planes of the same nationality which were very dissimilar 
were introduced during each class period; in the other sequence, 
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Iwo planes which were confufinhU, irrespective of nationality, 
were presented during each class period. 

Method. Six classes in aircraft recognition at the AAF PreHight 
School (Pilot), Santa Ana Army Air Base, were employed in the 
experiment. These classes, containing about 30 men each, were 
divided into two groups which were matched for initial knowledge 
of airplanes on the basis of scores on a pretest of 30 slides of 
American aircraft. Three instructors taught these classes, each 
instructor having one class in each group, so that differences in 
teaching ability could not affect the results. 

Both groups of classes were taught the same forty planes by the 
usual method. Equal numbers of slides and equal amounts of time 
were used in the reviews for each group. Slides were reviewed at 
an interval of one-tenth second. One group of classes was taught 
the planes in an order which required the presentation of two 
dissimilar planes of the same nationality each day, (e. g., P-47 and 
B-34, Spitfire and Mosquito, etc.). American planes were taught 
first, then German, then Japanese, and finally British. In the sec- 
ond group, two similar and confusable planes were presented dur- 
ing each class hour (e. g., P-51 and MelOO, Spitfire and Hurricane, 
etc.), without regard to their nationalities. The training period 
for both of these groups was 26 hours. At the end of this period 
both groups of classes were tested by means of a slide examination 
composed of 45 slides showing the 40 planes presented during the 
course. In addition, they were tested with the Aircraft Recogni- 
tion Proficiency Test (Preflight Level). The pretest on which the 
groups were matched correlated 0.52 with the final slide examina- 
tion and 0.62 with the motion picture test. 

It should be pointed out that it was impossible to prevent the 
students who were taught planes in the "dissimilar" order from 
studying recognition manuals outside of class, and thus making 
comparisons between confusable pairs. However, neither could 
the group to whom similar planes were presented be prevented 
from studying them outside of class in some grouping different 
from that given in class. 

Results. The average number of planes correctly identified out 
of 45 on the final slide examination was 1*6.21 {SD = 3.23 ;N 93) 
for the group to which similar planes had been taught. For the 
group which had been presented dissimilar pianos together, the 
average score on the same examination was 35.79 (SD - 3.84; 
N saa 90). The critical ration of the difference between these two 
averages, corrected to allow for the reduction of difterences which 
results from using matched groups, is 1.01. This value indicates 
that a difference of this size, in favor of either group, could be 
expected to occur by chance as many as 31 times out of 100. Con- 
scqiluntly, the differenco which appears is not a significant one. 
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The group to which similar ph TIPS had been taught together 
obtained an average score of 63.09 {SD = 12.00; N = 92) on the 
motion picture test, which was assumed to be the more trustworthy 
measure of proficiency. The average score of the second group, 
to which dissimilar planes had been presented together during 
each class period, was 61.38 (SD = 12.16; N » 80). Allowing for 
the reduction of differences produced by matching the two groups, 
the difference between these average scores has a critical ratio of 
1.17. A difference of this size might occur by chance 21 times 
out of every 100 similar experiments. In the case of this criterion 
of proficiency also, it may be concluded that no real difference 
had been demonstrated between the groups as a result of their 
differential training. However, it was suggestive for future re- 
search that the slight advantage obtained with both tests was in 
favor of the group for which similar planes were presented 
together. 

Conclusion». The prevalent belief that confusion should be mini- 
mized by separating the similar aircraft in time and presenting 
dissimilar pairs together was not confirmed by the experiment. 

The opposite hypothesis that confusion could be minimized by 
pairing and contrasting similar aircraft was also not confirmed, 
except by a slight trend in the results. 

A more fundamental thesis, to which the latter was only a 
partial approach, would predict that confusion could best be 
minimized by organizing aircraft in classes and subclasses of 
visual similarity. This hypothesis was not tested in the experi- 
ment. Since the mere pairing of similar aircraft (leaving many 
others unpaired which are also similar) is hardly a test of the 
value of organizing and classifying aircraft by the visual fea- 
tures which are similar and those which are unique, the experiment 
suggests that had the latter procedure been tried out the results 
might have been positive. 

Hit' Organi/ation of llu» Airrrafl Rrrcpnition Course 

The experiment last reported, together with the evidence from 
the experiment on "total form" vs. "features," suggested that the 
persistent difficulty of discriminating between similar shapes 
might be met by a reorganization of the aircraft recognition 
course. Several steps would be necessary for such a reorganiza- 
tion. First, an analysis should be made of the identifying features 
of Die list of aircraft to be learned—not simply of the deseriptive 
features which had characterized the WEFT analysis. The charac- 
teristics which were distinguishing should bo isolated. Second, 
tlnse distinguishing features should be used to make a classifica- 
tion of the aircraft by shapes, such as would permit a conceptual 
organi/ation of their similarities and differences.' Conceptualiza- 
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tion of material should promote differential learning. Third, the 
classes and subclasses of aircraft should be made the basis of 
organization of an experimental course, all the aircraft being 
systematically presented in the early part of the course (at a 
much faster rate than two per day) and the remainder of the 
course being devoted to diflferentiating and reviewing them. 

The first two steps of this project were carried out. A beginning 
had been made on the problem of isolating the distinguishing fea- 
tures of aircraft which were most significant for learning during 
the "features" experiment and the "drawing" experiment. A 
group of instructors in recognition had conferred with the experi- 
menter and had come to an agreement on a standard terminology 
of descriptive features. Those which were identifying were then 
analyzed by the experimenter in the course of constructing a 
large chart. The chart was constructed in the following way. 

As a start, it could be stated with some degree of assurance 
that the members of a group of four-engined planes are more 
similar to each other than they are to any other planes of the 
total list. Among this group of four-engined planes some members 
are more apt to be confused than others. The B-17 is more like the 
C-54, which has a single tail, than it is like the B-21, which has 
twin tails. Thus two subgroups may be distinguished within the 
total group. The features of each member of the subgroup which 
distinguish it from each other member can then be clearly pointed 
out. The remaining groups and subgroups to be outlined were 
arrived at in a similar manner. It would of course have been 
desirable to have had exact quantitative measures of the degree 
of confusability (generalization) between the planes, but these 
were not considered essential. The resulting groups were divided 
into seven, In order to make the number of planes in oach group 
small enough to be capable of presentation within an ordinary 
class period. These groups were as follow?, with the distinguish- 
ing features underlined for each plane: 

FOUU ENGINKS 
(I-KSSON   1) 

I. SIHBIC Tail— 
B-17:   Lanji- Fuintl Vvrticnl, Round Fusclatce 
C-&1: Small Sarroiv Vcrticul, I.onjf Nose 

II. Twin Tails— 
Lancaster:   ridr-xhnpeil Wrticnl, low-horizontal 
Halifax:    Trininjulnr Vtrticul, hi^h-lmrizontal 
B-24:   Ovul Vertical, long narrow wing 

TWO K^GINES 
(I-KSSON  2) 

I. Twin Tails— 
Squared Vertical» 

R-SS:   Mmlifitil (lull W'imj, slah-sidcil nose 
|)|>2I7:   //i<//« Stniiijht Wimj, dtoji bulhuui: none 

133 

\ 

: 

.   . " 



Kgg Shajitd Verticata 
H-34:   Pfep fiuelage, pointed winjf tip« 
Mel 10:   Slim f.mrlnye with long cockpit, square wing tips 
P-38:   Twin boom$ 

(LESSON 3) 
II. Single Tail— 

A. Long Not«— 
1. Slab-sided Fuselage 

A-20:   High Sloping vertical 
Wellington:   Narrow triangular vertical 

2. Cyi'ndrical Fuselage 
C—16: Curved none without step, rounded vertical 
C-47: One ntep in nose, straight-edged vertical 
B-26: One step aft of nose, U-shaped vertical 
Sally: Two cockpit a, narrow angular vertical 
Betty: Short blister cockpit, wide triangular vertical 

(LESSON 4) 
B. Short Note— 

1. Nacelles Even with Nose 
He—111:   Elliptical vertical and horizontal, notched 

wing iriot« 
Ju-88:   Vertical beyond tail, bulbous cockpit 
Mosquito:   High-pointed vertical, long curved hori- 

zontal 
2. Nacelles Project Ahead 

Reaufightcr:   Triangular Vertical, straight top with 
blister 

Me-210:   Tall "U" Vertical, high arched cockpit 

SINGLE ENGINE 
(LESSON 5) 

I. Pointed Nose— 
A. Long Nose— 

1. Square-Top Vertical 
Ju87:   Inverted Gull Wing, fixed landing gear 
P-M:   Square Wing TV/a, shallow belly scoop 

2. Round-Top Vertical 
P-39:   Clean Belly Line, blister cockpit 
P-10:   Deep nose scoop, straight leading edge 

(LESSON 6) 
B. Short Afo««— 

1. Blister Cockpit 
Typhoon:   Large scoop under nose, dihedral In outer 

wing 
2. Humpback Cockpit 

Hurricane:   Scoop under cockpit,  rounded fin and 
rudder 

3. Stieamlincd Cockpit 
Spitfire:   Underslung nose, elliptical wings 
Me-109:   TTriVAr bullet nose, high horizontal 
Tony:   Tkfa round nose, scoop under cockpit 
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(LESSON 7) 
II. Blunt Nose— 

A. Mid-Wing— 
1. Square Win^-Tipi 

TBF:   Long Coekpit, prominent belly step 
FCF:   Short Cockpit. roumUd horizontal, oval fuse* 

lag« 
F4F:   Short   Cockpit,  Hqunre-tip  horizontal,  round 

fuselage 
2. Semi-Elliptical Wing 

P-47:    Triangulnr Wrlical, oval fuselage 
B. Inverted Gull Wing— 

F4U:   Inverted "U" Vertical 
C. Low Wing— 

1. Tunnel Cockpit 
Val:   Elliptical wing, fixed landing gear 

2. Blister Cockpit 
Oscar:   Straight lending edge, faired vertical 
Zcke:   Tapered leatling  edge,  triangular  round-top 

vertical 
3. Low Angular Cockpit 

FW-190:   Narrow NilWIIfMlf horizontal, short nose 

This outline is not to be construed as a "system" for the identi- 
fication of airplanes. It could not practically be used for that pur- 
pose, since under actual conditions of recognition, there was no 
guarantee that the particular distinguishing feature chosen Nvould 
be evident (e. g., a rectangular horizontal cannot be scon in a 
head-on view). Neither should it be objected that a student who 
has learned this particular organization would have to stop and 
run through it verbally in order to recognize a particular plane 
which he sees in the sky. It is obvious that only a good deal of 
reinforced practice of the specific discrimination habits them- 
selves would lead eventually to rapid and accurate recognition. 
No verbal system could accomplish this by itself; the course had 
to be taught by a method which made the student see and recog- 
nize as many views of each plane as large a number of times as 
was practically possible. 

The outline did represent a proposed organization for the pres- 
entation of planes, based upon an analysis of similarities and dif- 
ferences between them. It was conceived to be an aid to the learn- 
ing of a set of planes, particularly in the initial stauen of training. 
If discriminations between the planes to be taught were established 
more rapidly by means of verbal rules such as ti.« 3e, there was 
reason to believe that training would be more eÜicicnt, and that 
a greater degree of proficiency would be the result. 

This proposal to emphasize in training a number of distinguish- 
ing features of aircraft suggested to some instructors the WEFT 
system.  It was pointed out that the features given in the outline 
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were not intended to replace practice In recognition of aircraft, 
but merely to act as aids in the initial establishment of discrimina- 
tions between similar planes. These features were about the mini- 
mum number which could serve to distinguish confusable plane 
shapes. They were to be contrasted with the features of the 
WEFT system, most of which did not perform this function and 
could on this account be said to waste time. If utilized at the begin- 
ning of training in the manner proposed, the present set of 
features would, it was sugge *ed, permit more time to be spent in 
practicing recognition of "total forms" of planes. 

An experiment to compare the proposed type of course with the 
regular course was not possible to arrange, for administrative 
reasons. Instead, the experimenter had to be content with a tryout 
of the method in a small informal course given to a mixed group 
of subjects ignorant of aircraft recognition, acting himself as the 
instructor. Although no statistical comparisons were possible, the 
procedure appeared to be practicable and in fact very successful. 
The method unfortunately could not be pursued further because of 
the pressure of other research and the termination of the entire 
project when training in the AAF was sharply cut. 

EXPERIMEiVTAL STUDIES CONNECTED WITH THE 
PERCEPTION OF AIRCRAFT AT A DISTANCE 

The fact that aircraft in combat normally had to be identified at 
distances upward of half a mile was one of the difficulties in the 
training program. Instruction had to be carried out in a miniature 
situation, using pictures, projected images, or models. The minia- 
ture situation should, if possible, reproduce the impression of an 
airplane at a distance, but this requirement presented a problem 
in the psychology of distance perception. The problem was com- 
plicated by the fact that estimating the range of an airplane seen 
against a background of sky is a vague and difficult matter at best 
—a fact which is discussed in greater detail in Chapter 9. The size 
of an airplane likewise could not be accurately represented in a 
a picture having only sky or clouds as-a background. Perception of 
size under natural conditions in the air is as difficult as perception 
of distance; on this account the sizes, or wingspans, of aircraft 
had to be memorized by students. The problem of the portrayal of 
distance in relation to size, so far as it was possible at all, was a 
problem in need of experimental study. 

Another question in need of evidence was at what distances air- 
craft could be identified. How far away could the shapes be dis- 
criminated? The maximum range for effective fire was known, but 
opinions varied as to the maximum range at which visual identifi- 
cation was possible.   Experimental evidence would be difficult to 
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obtain but oven an appi-oyimate answer would be useful both prac- 
tically and theoretically. The experiments to be reported in this 
section were devoted primarily to these two questions. 

Factors Determining the Perceived Runge of Airplunes Shown 
in Projected Slides 

Introduction. A number of methods had been proposed for in- 
creasing the realism of training in tltc aircraft recognition course 
with respect to the impression of distance or range. The slides 
available at the beginning were very largely photographic "close- 
ups" of the various aircraft. Since identifying backgrounds had 
to be eliminated, they eventually came to have no background at 
all except clear film representing sky or clouds. The first of these 
methods was the progressive decreasing of the size of the picturr 
flashed on the projection screen—a matter easily accomplished by 
moving the projector closer to the screen. This practice was at first 
recommended but later generally abandoned in AAF schools. The 
fact was that in this situation the students did not see the airplane 
in the picture as more distant, but saw jnercly a smaller picture. 
A second method was that of producing the slides so as to decrease 
the size of the airplane itself within the picture, i. e., in relation to 
the surrounding clear area representing sky or clouds. A new 
series of "distant view" slides were made by a photographic reduc- 
tion process and distributed by the AAF Training Aids Division 
which were intended to represent aircraft seen at 1,000 yards. 
Aircraft were represented at this distance in the sense that they 
subtended the same visual angle as would a real plane at 1,000 
yards. These slides were generally considered superior to the 
"near-view" slides previously available. A third method was to 
increase the distance at which students viewed the screen, or to 
mark out on the floor of the classroom the seating distances which 
would correspond to the theoretically greater apparent ranges of 
the aircraft pictured on the screen. A fourth method was the 
proposal to use projected stereoscopic images in order to give an 
impression of depth to the picture. 

There were several pitfr.lls in the way of using these methods for 
their intended purpose. In the first place it was important to know 
how realistically the 1,000-yard series of slides when projected in 
the classroom did represent or simulate the range of real aircraft. 
It was specified in the original directions accompanying them that 
these 1,000-yard slides would represent the appearance of planes 
at 1,000 yards only if the rectangular projected imago were 28 
inches in width (the standard condition) and if students were 
seated at a fixed distance from the screen. It was a question 
whether these specifications were necessary. The third method, 
like the first, and like the .specifications for using the distant-view 
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slhle«, rested on the assumption that the perceived distance of an 
object is dependeilt on the size of the retinal image in the eye of 
the obsorver, defined in terms of the visual angle cf intercept. 
This assumption was not in accordance with the facts of percep- 
tual size constancy (cf, chapter 9). Although it is true that as an 
object moves away from the observer its retinal size diminishes 
proportionally and its perceived distance increases, it does not 
follow that as the retinal size of a picture diminishes, for whatever 
cause, the represented distance of aii object in the picture in- 
creases. Ordinary photographic experience indicates that a pic- 
ture may be enlarged or reduced and held close to or far from the 
eyes without an appreciable effect on the distance simulated in 
the picture. 

In order to clarify these conceptions, an experiment was per- 
formed to discover whether in fact the size of the airplane in the 
screen picture, or the size of the retinal image as it diminishes with 
viewing distance, determines apparent range, or whether both do. 
Another purpose was to discover how determinate the appearance 
of range in a picture actually is, or at least how definite estimates 
of this range are. 

Method. Twelve standard slides showing unfamiliar foreign 
aircraft were used in the experiment selected from a large number 
available. All were identical in picture size and were projected so 
that the rectangular area thrown on the screen was 28 inches 
wide. All backgrounds were clear, and nothing was visible but the 
photographic image of an airplane. There was nothing but a 
figure within a frame. In four of the slides the airplane was 
large, occupying most of the frame (L-slides); in four others the 
airplane was medium in size (M-slides) ; and in the remaining four 
the airplane was small (S-slides). If the L-slides are considered 
the unit of size, the M-slides averaged five-eighths of this size and 
the S-slides one-half of it. Attitudes of the airplane were equiva- 
lent in the three types of picture. The twelve slides were presented 
for judgment in the order M, L, S, S, L, M, M, L, S, S, L, M. They 
were viewed at three distances from the screen, 10 feet, 20 feet, and 
10 feet. If it is assumed that the 'Maw of the visual angle" deter- 
mines the apparent range of pictured aircraft, the range at these 
viewing distances will vary in the ratio 1:2:4. This was the 
assumption which had been tentatively made for the use of the 
new series of distant view slides. 

Approximately 180 unclassified students awaiting entry into 
Prellight School served as subjects. They were divided into three 
groups of 60, one group judging the illdei at each distance. They 
were taken 12 at a time and seated in a nearly dark classroom at 
the specified distance from the screen. They were instructed to 
make the In'st estimate of which they were capable of the probable 
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range or distance, in yards, of each of the aircraft shown. They 
were to guess if they were not sure. No other instruction wa» 
{jiven. No practice slides were shown, and no standard of refer- 
ence which might serve to stabilize the judgments was presented. 
They were untrained in the use of sighting devices, such as a ring- 
sight, for estimating range by means of the visual angle, and in 
any case no such devices were provided them or suggested. Esti- 
mates were recorded in writing. A total of 210 judgments were 
obtained for each of the three sizes of airplane at each of the three 
distances. 

Results.   The mean estimates of range in yards, with their 
standard deviation, are given in table 7.7.  The variation in the 

TABLE 7.7.—3/ean eatimatea of rang« in yarda na u function of viewing 
distance and size in the picture 

Vietcing dUtanr» 
Uüiät» Mttidet S-WMIM 

if SO m SO M SO 
•j fert  2U6.2 

201.« 
234.5 

2IS.4 
196.S 
214.S 

S1S.B 
SSS.S 
407.2 

224.2 
254.4 
265.7 

4IS.S 
46«.S 
65«.0 

2*».1 
20 tttt  274.1r 
iO fwt  274.9 

estimates for each size of airplane at each distance is high, as is 
shown by the size of the standard deviations. The impression of 
distance produced by the pictures, insofar as the estimates are a 
measure of this impression, was evidently not a definite and clear 
one. The estimates tend to be guesses. The perception of distance 
in a picture without a differentiated background or reference 
points for depth might well be expected to be indeterminate. This 
interpretation was borne out by the experience of the experi- 
menters. Nevertheless, the impression of distance was not wholly 
indeterminate. Reading the table horizontally, the mean estimates 
of range may be seen to rise »"» a consistent fashion. Evidently the 
impression of distance increases as the size of the plane, within the 
picture-frame, decreases. This fact also 's in accordance with 
ordinary observation. As the measured size of the "large," 
"medium," and "small" airplanes decreased from unity to five- 
eighths to one-half the distance would be expected to rise in the 
proportion of 1:1.6:2 if there were a perfect inverse relationship. 
The mean estimates of range in table 7.7 actually rise (combining 
all three viewing distances) in the ratio of I: 1.7: 2.2. There is, 
therefore, an approximately inverse relationship in aircraft recog- 
nition slides between the size of the figure within a fixed picture 
frame and the impression of distance. 

Reading table 7.7 vertically, it is evident that apparent range did 
not increase in proportion as the viewing distance increased. If the 
range were determined by the visual angle principle and nothing 
else, it would be expected to increase in the ration 1:2: 4. The 
obtained increases do not even approximate this. For I.-sHdes 
the increase is approximately in the proportion I: 1:2.   For M- 
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flnUs ami S-il|det the increase is in the proportion 1:1.1:1.3. 
These results Imllcate a tendency for the estimated ringe to re- 
main constant regardleu of the distance of the observer from the 
■erven. The constancy is by no means perfect but it is at least clear 
that as the retinal size of a pictured airplane diminishes with view- 
ing distance, its apparent range does not increase proportionally. 

Conclusions. These results carry the suggestion that the use of 
pictures in instruction, when the pictures have to stand for real 
objects or situations, is subject to definite psychological conditions 
and limitations which are not always fully understood. The per- 
ception of distance in pictures is an especially complicated prob- 
lem. The size of an airplane within a blank frame was shown to 
nffect its apparent distance but the distance at which the picture 
is viewed did so only slightly. The impression of distance pro- 
duced by such a picture, however, appeared to be subjectively 
indefinite and estimates of this distance varied widely. The impli- 
cations of these results for training in aircraft recognition seemed 
to be as follows: 

1. Students should not be expected to learn range-estimation 
of aircraft from pictorial material since the distance is more or 
less indefinite and is variable from one student to another. The 
1,000-yard slides may look distant, but they will not necessarily 
look like aircraft at 1,000 yards. 

2. Especially, students should not be instructed that the range 
represented on the screen will be greater as the distance of their 
scats from the screen increases. 

3. The impression of an airplane at a distance can be produced 
by photographically reducing the size of the airplane within the 
frame of the picture. 

A recommendation was added to these conclusions bearing on 
the question of whether it was desirable to produce special slides 
for training in aircraft recognition suitable for stereoscopic view- 
ing in the classroom. Stereoscopic equipment could undoubtedly 
give an illusion of depth to the pictures shown on the screen so that 
the airplane would appear to be behind the plane of the screen, 
i. e., not at the same distance as the frame of the picture. It could 
also give an impression of three dimensionality to the airplane 
itself in a close-up view. The opinion of the experimenters was, 
however, that neither of these effects would be of any real value in 
training students for range estimation. 

Tin« Mriiiifiiil»ilily of Airrrufl at Exlendrd Rnngrs 

Infrotlurtion. In view of the efforts to represent airplanes, In 
both still and motion pictures, at long range, it became a matter 
of some importance to know the smallest visual angle at which an 
airplane, in a given attitude, could be identified. The problem was 
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: imilar to that of mensuring the so-called acuity of vision except 
that the stimulus object was an airplane. 

This problem was obviously related to a broader one, a question 
of considerable practical importance to flexible gunners and to 
lighter pilots. What is the actual maximum range at which a given 
tighter or bomber can be positively identified in the air? How far 
away can one expect to be able to recognize a certain plane, and 
how is this related to the direction from which the plane is 
viewed? How does this maximum recognition range compare with 
the maximum firing range? 

Actual measurement of this recognition range in the air, for 
all planes, and all attitudes of each plane, was obviously imprac- 
ticable. A miniature experiment was possible, however, employing 
model planes and distances on the same scale as the models. It was 
at least possible to assume that the identifiability of a model seen 
against a background of sky at a considerable distance was ap- 
proximately the same as the identifiability of a real plane seen 
against the same sky at a proportionately greater distance. The 
model and the roal plane would intercept the same visual angle on 
the retina of the eye; both would be approximately silhouettes; 
and the details of both images would be equally just barely 
noticeable. 

This assumption, however, was by no means certain. It will be 
'examined in detail in a later section of this report, together with 
the factors which might modify it in one direction or the other. 
A safer assumption was that the relative identifiability of different 
planes, and of different attitudes of the same plane, when they are 
seen at long range, would be the same for models as for the real 
planes themselves. Therefore, using standard models of known 
scale, an experiment was undertaken to dctermilM their identifia- 
bility at increasing ranges and in different attitudes. A discussion 
of the applicability of the results to the estimation of the absolute 
recognition range of real aircraft follows the experiment. 

Method. In order to obtain data on the above questions, the 
identifiability of 6 model aircraft in each of 1 attitudes, scon 
against the sky, was determined at each of 6 distances varying 
from 12 to 98 yards. "Identifiability" was defined as the per- 
centage of trained observers who could name the plane in the 
given attitude at the given distance. In order to insure that these 
percentages represented the actual reeogni/.ability of the models 
rather than the proficiency of the observers Li«ed in the experi- 
ment, planes were selected which should bo k^ovm by 100 percent 
of the observers when the model was displayed at the nearest dis- 
tance and in the most favorable view. This expectation was borne 
out by the results. A further check on the possible influence of pro-- 
ficiency on the results was made after the data had been tabulated. 
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Those observers who made any errors at all at the nearest distance 
wtn thrown out, and the results were recomputed. No appreciable 
diflVrcnces were found in the values for the remaining distances. 

The individuals used in the experiment were 307 aircrew 
trainees who had just completed a 30-hour course in Aircraft 
RccofRiUoB in the Preflight School (Pilot), Santa Ana Army Air 
Base. The aircraft models employed were the standard black 
plastic variety used in recognition classes. They were constructed 
on a scale of 1 to 72. Six planes were selected which were believed 
to be very familiar to preflight school graduates. Two heavy 
bombers (B-17, B-21) were used, two medium bombers (B-25, 
A-20) and two fighters (P-IO, P-39). The models were mounted 
on the end of a wire holder about 10 inches long which was at- 
tached to a long pole. The pole was clamped upright to one edge 
of a large wooden platform. In this position the models were at 
a height of 13 feet from the ground, and were always seen against 
»ho sky at some distance above the horizon. The sky was a nor- 
thern morning sky, neither brilliant nor dull, since the sun was 
approximately 90° away. The wire holder was fitted to a univer- 
sal joint at the end of the pole, so that any desired attitude of the 
models could be obtained. The six planes were presented one at 
a time in each of the four standard attitudes: passing, plan, head- 
on, and "Vi front below'.' (i. e., halfway between head-on and 
passing, with the nose of the plane tilted upward 22°). * 

Each of four groups of about 75 cadets observed the models, one 
group for each ^f the four attitudes. These groups were divided 
into files of r->t more than 12 men. Each file began attempts to 
identify the models at a distance of 98 yards, and moved up to 
successively closer distances. At each distance the six models were 
displayed. This expedient helped to prevent earlier judgments 
from influencing later ones. It should be noted that the students 
were not aware that only six planes were being presented. The 
distances on the ground which served as observation points for 
each file of men were as follows: 98 yards, 73 yards, 19 yards, 37 
yards, 21 yards, and 12 yards. On a scale of 1 to 72, these distances 
corresponded to 1, 3, 2, V,'*, 1, and yä miles respectively. 

Each individual was provided with six cards on which to record 
his answers, one card for each of the six distances. He was given 
no knowledge of the stimuli except that U. S. Army aircraft only 
were to be presented. Since at least 18 responses were possible at 
each presentation, it can be assumed that a correct response in- 
volved a fairly positive identification of the plane represented. The 
instruction emphasized that wild guesses were not to be made! The 
pianos were exposed for 15 seconds each in a prearranged order 
which was different at each distance. After responses had been 
recorded for all six stimuli at any one distance, each man in the 
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file handed in his card containing these answers. Comparing an- 
swers and talking were strictly forbidden during the course of the 
experiment, and enough proctors were provided for the enforce- 
ment of this condition. 

Results. The percentages of correct judgments for each group 
on the six planes, and at the six observation distances employed, 
are given in table 7.8. 

TABLE 7.8.—Percentages of correct uhntifiaitiona of six aircraft in four 
attitudes at each of six rffataiMM 

CROUP I   {N =* 71)-UUARTKU.KKONT UELOW 

/'(an* It  yard* «4 yard. 3< rani«     19 i/iirrf« 
99 
94 
28 
44 
41 
11 

M  iwrd« 
Ji-'H  100 

97 
100 
100 
87 
87 

100 
00 
9t 
■99 
62 
M 

99 

25 
100 
99 
82 
99 
61 
27 

98 
B 17     88 
\.'>Q  12 
B-2S     17 
p.S9     17 
P-40     8 

GKOUP II (N " 79)—HEAD-ON VIEW 

B-24     

27 

100 
96 
66 

100 
48 
It 

99 
96 
44 
89 
2» 
i 

68 
B-17     46 
A-20    28 
B-25     28 
p_S9     1| 
P-40     4 

GKOUP III  {N - 71)—PLAN VIEW 

B-24     99. 
97 
00 
99 
72 
66 

100 
89 
99 

100 
68 
81 

99 
90 
92 
83 
48 
S9 

100 
8S 
92 
«8 
24 
24 

»7 
99 
68 
86 
18 
8 

B-17     
A-20    
B-25     
p-a«»     
P-40     

GKOUP IV  iS = 86) —PASSING VIEW 

B-24     99 
100 
100 
100 
99 

too 

98 
98 
90 
91 
98 
98 

91 
98 
78 
67 
83 
81 

91 
99 
58 
41 
66 
62 

7t 
98 
SO 
IS 
18 
19 

41 
B-17     81 
A-20  ,  80 
B-2S     is 
P-S9     10 
P-40     10 

The cfTcct of distance is clearly indicated for the passing view 
of the P—10 (Group IV, bottom line). Though recognized by all 
86 observers at 12 yards (scale equivalent of »ö mile), at 19 yards 
it is recognized by only 52 percent of the observers, and at 98 
yards, the maximum distance, by only 10 percent. At this distance 
(scale equivalent of I miles) the plan view of the P-10 (Group III) 
is recognized by only 1 percent of the observers, whereas the plan 
view of the B-21, with a three times greater wing span, is recog- 
nized by 92 percent of the observers in that group. The head-on 
view of the P-10 is so readily confused with that of other airplanes 
(P-39 or P-öl) that even at 12 yards it is recognized by only 27 
percent of the observers. Many other similar comparisons can be 
made. In general the values for the percentage of correct responses 
resemble those found for most psychophysieal measurements of 
perceptual functions. 

In figure 7.2 these values have been plotted for each plane In 
each attitude. These graphs may be read to determine the maxi- 
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mum «listanccs at which the models can be recognized with near- 
perfed atturacy. For example, at a distance of 21 yards, the B-21 
is ivcotfuized in any of the four attitudes by over 97 percent of 
the observers. At 73 yards, however, though recognition of the 
plan ami quarter-front-below views remains about as good, the 
no.se view is recognized by only 81 percent, and the passing view 

B-24 B-17 

T.rd« 

A-20 

loo ?*t—^r-x 

v:^: \ 
t ••2^ 

^ *^ ^^t- 

ii U        Ul        Ji      4» 73              9 

B-25 

TiM. 
»4     M     49 

Tar4« 

P-39 P-40 

in« 

7^ 

IM 

4^ 

100 

1/4 fno%J ttiß» vi i» —^—— 
most: VIE" •••••• 
PL»« »it» —— « — 
lASSlSC   »11» — — ^« 

Kir.i KK 7.2.—Mentiflnbility of Aircruft Models in Four Attitudes 
at Variable Distance« 

by only 72 percent. In the case of the P-10 and P-39, the passing 
view is the only one which is recognized by over 97 percent of the 
obscrvcra at 12 yards. 

Other ivlationships in these data may be emphasized by com- 
paring the distance at which the various attitudes of each plane are 
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locognized by an arbitrarily chosen porcontagc of the observers. 
The diagrams in figure 7.:t have been constnicted by indicating 
the distance at which each attitude is recognized by 80 percent of 
the observers. The distance values were obtained by finding the 
intersection of each of the graphs in the previous figure with a 
horizontal line drawn from the 80 percent point, multiplying by 
72, and converting yards to miles. 
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F'IGIKK 7.3.—Inferred RccoKnltioa UnnKO, I>eAned as 80 Percent 
UicoKnition, for Six Aiicmft in Four Attitudes 

A number of conclusions may be drawn from the data depicted 
in those diagrams. Some of them are as follows: 

a. The rccognizability of a particular aircraft depends to a very 
striking extent upon the attitude in which it is seen. 

/».   For the small sample of plaiu'.s studu-d, the most dilhcult of 
TMSIl   ll—II 
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the four attiliulos omploycMl would seem to be the head-on position. 
That this is not always true U shown by results on the B-25, whose 
twin tails and slab-sided fuselage are easily seen from directly in 
front, 

c. In general the attitude (of the four employed) which makes 
recognition at a distance easiest is the quarter-front-below view. 
if not the most recognizable, it is at least the second most recog:- 
nizable view of each of the six planes studied. The B-21 is about 
as recognizable in plau view, the B-17 in passing view, and the 
B-2T} hoad-on. The A-20 may be somewhat more recognizable in 
plan view. The P-39 and P-10 are decidedly more recognizable in 
passing view. It may be surmised that the reason for this lies in 
the necessity for distinguishing between the belly shapes of these 
two planes, a discrimination which can best be made from the side. 

»I. The identifiability of an airplane at a distance is seen to 
depend on its size. The two largest airplanes (heavy bombers) are 
the most identifiable at a given distance, the two smaller (light 
bombers) are next in order, and the two smallest (fighters) are 
least identifiable. The wingspans of these three types of aircraft 
aic approximately in the ratio 3:2: 1. This result is to be ex- 
pected if identifiabHity, like acuity, is a function of the visual 
angle subtended by the object. 

e. These data provide an explanation for many of the difficul- 
ties encountered by students in the recognition course employing 
slide views of aircraft. Illuminating comparisons are possible for 
instructors familiar with these difficulties. 

A]>])licnbilitij of these Results to the Absolute Recognition Range 
of Real Aircrnft. The validity of the distances given in figure 7.3 
for combat recognition depends on whether the identifiability of a 
model seen at a distance is the same as that of a real plane at a 
proportionate distance. If the model is more identifiable, the 
ranges given in figure 7.3 are too great; if it should be less, the 
ranges are too small. No direct experimental evidence is available 
on this question. Indirect evidence, based on visual acuity research 
using various types of just-discriminable patterns would lead to 
the hypothesis that, under most circumstances, the identifiability 
of an object is about the same when it is small and near as when 
it is proportionately large and far. A i-foot Snellon chart at a 
given distance is approximately as easy to read as a four-foot 
Snellcn chart at four times the distance. But experiments of this 
sort have never been carried out at a distance (and size) which 
is 72 times the distance of the near object. It is not known whether 
the hypothesis would have to be modified at such long ranges. 
Moreover, the test objects used in these experiments (letters, 
broken rings, squares, gratings, etc.) are not the same as the shape 
of an airplane. 
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Acuity itself is not always an exact function of the visual angle 
of the test object. Under certain circumstances the Aubert-Forster 
phenomenon is reported which consists of a slight reduction 
in acuity for the large-far object. Under other circumstances, 
however, the phenomenon is reversed and acuity is slightly 
greater for the large-far object. But the distances employed in 
these experiments were not comparable to those with which we 
are concerned, and hence it would be hazardous to generalize from 
one situation to the other. 

There is one factor, however, not present in the acuity experi- 
raonts, which will operate unequivocally and in only one direction 
in the open air with real airplanes. This is the factor of atmos- 
pheric haze and the resulting diffraction of light waves. It will 
tend to reduce the identifiability of a real plane as compared with 
that of a model since, although the objects subtend the same visual 
angle, the rays from the real plane will have been diffracted by 72 
times as great an amount of atmosphere. This will be true even 
on a clear day; and, of course, as atmospheric conditions of visi- 
bility worsen, the recognition range of real aircraft will decrease 
very markedly. Glare and the likelihood of a non-optimnl bright- 
ness difference between plane and sky (the models were black 
whereas planes are silvered), are additional factors to consider. 
Taken together they make it very unlikely that the recognition 
range of real aircraft under ordinary conditions is greater than 
the recognition range as determined with models. Since conditions 
of visibility in combat are seldom ideal for recognition, the range 
figures given in figure 7.3 based on short distances and near-ideal 
visibility, will most probably be generally too high. Frequent 
conditions will operate to reduce these estimates; only rare or 
questionable factors will operate to increase them. 

Conclusions. The question of what the recognition range of 
aircraft against the sky actually is has been shown to bo a much 
more complicated question than discussions of it had assumed. 
In favorable attitudes of large planes it is very gvoat; with un- 
favorable attitudes of small planes it is very smali. The distance 
at one extreme may be at least 10 times the distance at the other 
extreme, if the data of figure '..3 can be trusted. The importance 
of perceptible identifying features is again emplnsized by these 
results. The suggestion is that* these features become indistin- 
guishable at varying distances. If the inferences of the last section 
are correct, however, it may be concluded that Hnder favorable 
circumstances aircraft in general may be identified at distances 
greatly exceeding the firing range. 

It is an interesting fact that the values obtained for identifia- 
bility of shape are related to distance in a similar way to those 
shown by other perceptual functions.   There exist presumably 
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many typt'» of visual acuity, of which this might be considered a 
>|hiial form. 

SUMMARY 

1. The use of rapid flash exposures did not prove to be of any 
practical value in learning to identify aircraft if the same pictures 
were shown with equal frequency for intervals of one second. 

2. There was some evidence that verbal description of the visual 
iHapcf to be identified was a help rather than a hindrance to 
learning. 

3. Training in reading digits or in estimating the number of 
■poti presented in split-second exposures did not foster proficiency 
in identifying aircraft, nor did it improve the general efficiency 
of vision in terms of the criterion employed. 

I. The abilitv to visualize the shapes of aircraft is related to 
the ability to identify them correctly. It may be concluded thrt 
the acquiring of differential responses is correlative with the 
acquiring of differential memory images. There was a tendency 
for these remembered shapes to be caricatures rather than copies 
of the objects. 

5. Evidence was obtained that learning to identify these shapes 
was facilitated when differential reinforcement of the responses 
was provided. 

6. The process by which the similar shapes of aircraft become 
distinctive probably involves, and would bo aided by, a conceptual 
organization of the various shapes according to their significant 
features. 

7. The size-distance relationship in viewing pictures or models 
of aircraft is complex. Plausible assumptions regarding it are not 
always correct 
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rilll'TER EIGHT. 

i 

Pictures As Substitutes for 
Visual Realities0 

In the tests devised by the Film Unit and in most of the research 
on identification of aircraft, an underlying problem was repeatedly 
encountered, the problem of the appropriate use of pictures. The 
majority of these pictures were photographic—a category which 
includes both still pictures and motion pictures—but some were 
artificial in the sense that they consisted of nonsense shapes or 
highly schematic objects. These also could be either still or mov- 
ing. Whether they were viewed on a projection screen or were 
seen in the form of photographic prints or drawings, they all had 
in common the characteristic of possessing a rectangular frame 
which filled only a small rt of the observers' total visual field. 
They also were characterized by the fact that the screen or the 
paper on which the picture appeared was inevitably flat, and could 
be seen as such by the observers. These two characteristics may be 
taken as a preliminary definition of what is meant by a picture. 

Pictures in general afford one method of setting up a "miniature 
reality." For teaching, training, general communication and 
entertainment they rival language in importance. They are easier 
to apprehend than language and presumably are perceived more 
directly. Dut the apprehension of pictures has its own rules which 
are different from those which apply to the understanding of 
language. And likewise the perceiving of pictures is governed by 
a different set of psychological conditions than is the perceiving 
of the situations represented by them. The visual situation repre- 
sented in a picture, whether still or moving, is not only shown "in 
miniature," i. e., ordinarily reduced in size, but is subject to other 
differences and limitations. These differences become important 
when pictures are employed for exact purposes in psychological 
tests or for controlled types of training. 

A^ described in the foregoing chapters of this report, a variety 
of scenes have been represented by pictures in the course of test 
construction and research. The following examples may be listed: 
the scene of distant airplanes flying through the sky at different 

•ThU «-hnpltr «in wrltlrN J>y thv i-litur. 
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velocities; a schematic instrument panel; the shapes of aircraft 
against the sky, both moving and motionless; the scene showing 
locomotion of the observer during a landing; the scene showing 
flight over the ground during a scries of changes of direction. In 
the chapters to follow, even more complex scenes arc required to 
be represented, such as the distances of objects in the third dimen- 
sion, and the task of sighting a hand-held machine gun on an 
attacking enemy pursuit plane. A number of principles were found 
to operate in the presenting of these pictures to observers for 
testing or training purposes, which may be brought together 
briefly In the present chapter. They fall under two main head- 
ings, the equivalence of a picture viewed at difTcront angles and at 
different distances, and the limiting difTorences between a picture 
and the scene represented by the picture. With respect to view- 
ing conditions, there appear to be fewer limitations on the use of 
pictures than optical principles would lead one to suppose. With 
respect to pictures as substitutes for natural vision, however, there 
are more limitations than are often recognized. 

THE EQUIVALENCE OF A PICTURE VIEWED AT DIFFERENT 
ANGI.ES AND AT DIFFERENT DISTANCES 

The data presented in Chapter 4 demonstrated that within 
limits, the performance of an observer taking a motion picture test 
was independent of the angle at which he viewed the picture and 
the distance at which he viewed it. No direct evidence was avail- 
able in these experiments with regard to the appearance of the 
picture. The most likely interpretation was that it had an equiva- 
lent appearance despite changes in the- retinal image produced by 
different viewing angles and distances. The question of practical 
importance is this: does the scene represented in the picture be- 
come modified when the picture is viewed at an acute angle or at 
an "unnatural" distance? 

Constancy of Representation at Different Angles of View. 
Ordinary experience in viewing photographs or pictures suggests 
that there is a considerable degree of latitude in the angle which 
the line of sight can make with the picture without distortion. It 
is known that the shape of an object seen in a straight-front posi- 
tion is preserved when the object is tilted or turned; this fact is 
given the name of "shape constancy." Presumably a picture, and 
the scene within the frame of the picture, are governed by an 
extension of the same fact of perception. 

In order to study this principle, a simple experiment was per- 
formed and repeated on various occasions with different observers, 
employing a projector, a screen, and slides showing several types 
of scenes. The setup is diagrammed in figure 8.1. The normal 
arrangement of projector and screen is shown on the left.  An 
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FlGfRE 8.1.—The Effect of Oblique-View Compensation in Viewing 
Projected Pictures:   Perceptual Shape-Constancy 

observer viewing this screen picture at an angle reports that the 
picture frame is rectangular, and the scene represented is not dis- 
torted, although his retinal image is non-rectangular and fore- 
shortened. The explanation of this fact must lie in the simul- 
taneous perception of the screen as oblique. The theory suggested 
is that there exists an automatic compensation in visual perception 
for viewing at an oblique angle. 

As a partial test of this theory the arrangement shown on the 
right was tried out, the proji ;tor throwing an oblique imago. In a 
head-on view, the picture projected on the screen now appears 
foreshortened and distorted (the retinal image being distorted in 
the same way as before). But it also looks distorted when the eye 
is moved over to the same oblique point of view taken by the pro- 
jector, the retinal image in this position being completely rec- 
tangular. When both projector and eye are on the same line of 
projection, optical distortion disappears. The critical variable in 
these different situations is apparently the perception of the 
screen as an oblique surface. The oblique-view compensation seems 
to be able to preserve the "constancy" not only of a normal picture 
but also of a distorted picture. This interpretation is consistent 
with the observation that when one looks at the arrangement 
shown on the right with half-closed eyes, or tries to see the picture 
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m an limg« <Ii.s.sfK:iate(l from the screen, the distortion diminishes 
nn<I ita «ppetniliee comes close to bein« rectangular. 

Thy imiilicati(»ns of those results, although incomplete as a for- 
mal experiment, suggest that the viewing of pictures is governed 
not by the laws of optics taken by themselves but only as they are 
modified by principles of space perception. The principle of spatial 
constancy seems to bo applicable. 

Constnnnj of Rt presentation at Different Distances. The scene 
represented in a snapshot or picture appears to the ordinary ob- 
scrver to be relatively unaffected by the distance at which it is held 
or viewed, likewise a photograph may be enlarged or reduced in 
size without any obvious change in its capacity to represent a 
scene. There are probably limits to both of these generalizations, 
but the limits have apparently not been determined. People un- 
questionably have preferences in the viewing distances they select 
voluntarily for looking at photographs, musum pictures, and 
motion pictures. The Film Unit was unable to discover any em- 
pirical study of the basis of such preferences, or whether they are 
consistent. There is, however, an assumption V'hich is accepted by 
photographers and is emphasized in the literature of photography 
that there exists only one proper distance at which a photographic 
picture should be viewed. This distance is that at which the visual 
angle snbtendrd by the picture at the eye of the observer is just 
equal to the x'isual antjle subtended at the camera lens by the scene 
registered,* In other words, the viewer must take such a distance 
that the proportion of the picture to his total field of view is the 
same as the proportion of the scene registered by the camera to 
the total field; the eye must be at a viewpoint equivalent to where 
the camera was. This requirement is said to be necessary if the 
distance and the relative positions and dimensions in the three- 
dimensional scene photographed are to be correctly represented 
and if they are to appear natural. It should be noted that, accord- 
ing to this rule, if a picture has been increased in size by photo- 
graphic enlargement or by projection on a screen, the unique view- 
ing distance must be increased in proportion to the degree of en- 
largement. This rule is not observed in practice, as indeed it could 
not be, in the viewing of motion pictures and in the showing of 
slides by projection to an audience. All members of the group 
cannot be seated at the "natural" viewing distance. The question 
is troublesome, and the problem arises as to whether the rule 
oitfiht to be observed in the interests of correct representation. 

The evidence accumulated by the Psychological Test Film Unit 
on this question has already been presented in Chapter 1 and in 
the experiment on the apparent range of represented aircraft in 

Ml.ni.o.   K.   »(«I Pu.lliy.   P.    („I.»,  //aN.Uuok of Vhuloyrat'hv.  N«w  Yorks   McCraw-llill. 
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Chapter 7. In the latter experiment there was a tendency for the 
apparent distance from the observer to the airplane pictured, 
indefinite as it was, to be the same whether the picture was viewed 
at 10 feet, 20 feet, or 10 feet. This result was in contradiction to 
the rule of the unique viewing distance. In these pictures, however, 
there were few cues to the perception of distance apart from the 
nlationship of the object to the frame. Other pictures possessing 
perspective and representing three-dimensional scenes were sub- 
sequently observed under similar circumstances. The perspective, 
distance, and relative dimensions of these scenes did not appear to 
be distorted even though very considerable departures were made 
from the rule of the natural viewing distance. 

The rule states that the observer of a picture must duplicate the 
visual angle of the camera that took the picture. Otherwise, it im- 
plies, his retinal image will not be a projected copy of the image 
which a spectator of the original seen? would have had. Cut there 
is no proof that his retinal image needs to be sjch a copy. The 
visual surroundings of the picture-viewer consist of the room in 
which the picture is shown; the visual surroundings of the orig- 
inal spectator consist of the unrepresented parts of the total scene. 
These are quite different surroundings, and it is not legitimate 
to apply the optics of one situation to the optics of the other. 

The evidence on the effect of viewing distance, together with 
other observations, suggested a perceptual rather than an optical 
theory of viewing pictures. In the case of photographs of three- 
dimensional scenes the standpoint of the observer is itself repre- 
sented in the scene. The location of the observer in the space por- 
trayed may not be exact, but it is never wholly indefinite. It 
depends, for one thing, on the amount of foreground visible (cf. 
chapter 9). The location of the observer in this space is something 
entirely distinct from his location in the space in which the pic- 
ture is shown—the classroom, theater, or photographic salon. The 
location of the observer in the represented space, so long as he 
"loses himself" in it (or more accurately, sees himself in it) seems 
to bo little affected by his location in the room-space which con- 
tains the picture. The picture itself is perceived in a substantially 
equivalent way whether its retinal image be relatively small or 
relatively large. This result may be explained on the basis of per- 
ceptual constancy. It is presumably for the above reason that the 
space represented in the picture is substantially equivalent whether 
its retinal image be relatively small or relatively large. • 

In all probability, too great a strain can be put upon this com- 
pensating ability of visual perception at extreme departures from 
the "natural" visual angle subtended by a picture. The appearance 
of photographs or motion pictures taken with telescopic lenses 
and the appearance of pictures taken with extremely wide-angle 

173 



lenses indicate that distortions of representation in the third 
dimension do occur. The limits at which these distortions begin 
to assert themselves are not known; the conclusion for present 
purposes is simply that the tolerance in allowable viewing dis- 
tances for pictures is considerable. 

TIIK SGOPE AND LIMITS OF PHOTOGRAPHIC 
REPRESENTATION 

The attempt to represent complex spatial scenes for purposes of 
testing or instruction encounters both opportunities and difficul- 
ties. Photography is undoubtedly the most powerful method of 
accomplishing such representation, especially if one includes 
motion picture photography and the animation of drawings. Many 
striking and realistic effects can be achieved. But the differences 
between photographic representations and the process of seeing 
directly are nevertheless considerable. The visual and other 
mechanisms of man which yield his perception of a spatial world 
are, although subject to defects, superior to the mechanisms of 
representation by camera and picture at its best. In the course of 
the Film Unit's research, a tentative set of generalizations was 
gradually developed concerning the differences between the view 
yielded by the human visual mechanism and that yielded by photo- 
graphic representation. In constructing tests for perceptual func- 
tions, it became evident that certain aspects of perception could, 
and others could not, be represented by pictures. Motion pictures 
added enormously to the possibilities but certain basic limitations 
were still present. A camera is capable of a good many kinds of 
"seeing," and a motion picture camera is capable of even more 
kinds. Dut no camera is capable of seeing as the eye sees. Inas- 
much as some of the capacities of natural vision are not as obvious 
as universal possession of them might suggest, the differences and 
similarities are worth pointing out. 

Angle of View 

The field of view of the eyes is very much wider than that of 
the usual type of camera. Photographic representation has a nar- 
row lidd of view, seldom exceeding •15° to TiO0 laterally. It there- 
fore lacks the feature of peripheral vision, and consequently a 
picture is necessarily seen with surroundings which are extraneous 
to it. The only exception to this rule is panoramic projection of 
images, which may be passed over. What the observer of a screen 
of a photograph sees "out of the corner of his eye" is not the scene 
of the picture but the room in which it is shown. This rule becomes 
significant when it is desired to represent, for example, the view of 
a flier over terrain in which he must locate landmarks. The narrow 
held of the camera is a handicap which has to bo taken into account. 
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The Effects of the Picture Margins 

It follows from the above considerations that a picture must 
necessarily have margins. It cannot exist simply as a field of 
view; it is always an object within the field of view and therefore 
has a contour, which is conventionally a rectangular frame. The 
frame of a picture exercises a profound influence on the scene 
represented. Since the frame is always aligned with the vertical 
and horizontal directions of the room in which the picture is 
viewed, it becomes (or tends to become) the "frame of reference" 
with respect to which the orientation of the scene is judged. In 
the case of still pictures, if an object is not aligned with the frame, 
the object appears tilted, even though in actual fact it may have 
been the camera that was tilted. Even a scene showing terrain, 
horizon, or buildings tends to look like a tilted world in such cir- 
cumstances, or like a hillside if that interpretation is possible, 
because of the strong tendency for the frame of the picture to 
determine the vertical and horizontal axes of the space repre- 
sented. For this reason the camera in ordinary photographic work 
must be held in strict horizontal alignment and pointed hori- 
zontally forward. Under certain circumstances the camera may 
be successfully pointed up" or down, as in aerial photographs, 
but only if there are cues in the scene to the unusual orientation 
of the viewer and his line of regard. 

In the case of motion pictures showing locomotion of the observer 
over the yround, during flight for example, the frame of the pic- 
ture may also, within limits, be shifted from the straight-front 
posture. It may be represented as applicable to the airplane and 
not to the ground. The experience of diving and turning can be 
shown with some success; the ground docs not tilt up or rotate 
but instead the observer dives or turns. Banking is more diflicult 
to represent; since the picture frame tends to be horizontal, the 
horizon itself tends to rotate and the observer then becomes dis- 
oriented. All efforts to show the observer himself in space by 
means of motion pictures must take account of the fact that the 
picture frame is an artificial frame of reference which comes be- 
tween the observer and the spatial world depicted. 

The Weak SCIIBC of Oricnlation in Picture« 
If one contrasts the facts just described with the kind of vL'W- 

ing of which natural human vision is capable, the differences are 
striking. The eyes, unlike the camera, need not be aimed straight 
ahead and held upright. One can lean over, look up, or lie on one's 
side without the slightest tendency for the visual world to tilt or 
swing. The explanation presumably lies in the fact that our retinal 
images, unlike motion picture images, are accompanied by and 
compensated by a postural sense of the orientation of the head 
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and the eyct. The perceiver of a photograph or screen picture is 
not netetMrUg w«"''*' «mir« ''!/ W of the orientation of the camera 
that tool: the pieture. In ordinary vision the perceiver is auto- 
matically and immediately adjusted to the orientation of his eyes 
by the existence of another sense. 

This is not to say that the camera, and especially the motion 
picture camera, cannot represent orientation at the point of view 
of the observer and the direction in which he is looking, but only 
that there are definite limitations on this capacity. The only cues 
available for it arc those which arc present in the visual scene 
itsolf, and they are frequently not wholly ndequnto. The amateur 
who attempts to photograph a skyscraper by pointing his camera 
up at it gets a picture which is an adequate reproduction of his 
own retinal imago but which looks unnatural. The explanation 
is not that the perspective is exaggerated, as sometimes is sug- 
gested, but more probably that the sense of looking up is missing 
from the picture. The spatial frame of reference for the scene is 
no clearly indicated, and the building may seem to lean away from 
the vertical or otherwise look "queer." 

Tlu* Inrupurily of Motion Pirturrs to "Look Around** 

Karly motion pictures were made with a motionless camera 
which registered a scene analogous to a theatrical stage or a still 
photograph. The motion was confined to the action shown and did 
not extend to the camera itself. "Pan" shots and "dolly" shots 
were a later development. Although modern motion picture tech- 
nique employs a camera which moves with some freedom from one 
character to another and from one part of a scene to another, the 
shift in the "view" of the camera is usually slow and of no con- 
siderable degree. If it is desired to represent an object*or «vent 
outside the field of view of the camera, a cut is normally employed 
rather than a moving camera. 

This is not the state of afTairs with natural vision. The eyes per- 
ceive a visual scene by a process of scanning it, i. e., they move 
from one fixation point to another, sometimes over a wide angle, 
by saccadic eye movements. A peculiar feature of these eye move- 
nu'iits Is that they are extremely rapid and that, for reasons only 
partially understood, the scene does not blur or even appear to 
move ns the eyes sweep across it. The changed orientation of the 
eyt's is automatically sensed. If a motion picture camera is turned 
rapidly from one line of regard to another, the picture blurs. Its 
capacity to shift direction is therefore limited, and the process of 
scanning or looking around has no real counterpart on the screen. 

When the motion picture camera is used to portray subjective 
experiences, as it is on rare occasions in commercial films and as 
it was employed to good effect in a few wartime training films, the 
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limits on the kinds of "seeing" possible for It become a matter of 
imporUnee. Conceivably they could be extended by novel tech- 
niqiies. The use of a "fast pan" instead of a cut under special cir- 
cumstances to approximate the experience of scanning a scene 
might provide such an extension. 

The Al>i«eiiri* of a Focu« «if Altrntiun in Pirturrs 

The natural visual field has the characteristic of possessing a 
center at which vision is clearest. This center corresponds to the 
fovea of the eye—the part of the retina best equipped anatomically 
for exact perception. The periphery of the visual field becomes 
progressively less clear and vision fades or ceases at extreme 
angles. The margins of the visual field are not abrupt, as is the 
frame of a picture, and they are little noticed. 

In contrast to this a picture lacks a central focus. The viewer 
may concentrate on any portion of it at will, and it is organized 
not by a gradient of clarity from center to periphery but by prin- 
ciples of what the artist calls composition. The camera cannot 
fixate on a scene in the strict meaning of the term; it cannot nar- 
row the attention to a single object or a single portion of an object. 
The only means which the motion picture medium has of simu- 
lating the effect of concentrating attention is the conventional 
sequence of a long shot, followed by a medium shot, followed by a 
closeup. The part of a scene to be examined is, in effect, pro- 
gressively enlarged until it fills most of the screen. 

Absence of Binoculur Parallax in Pielures 

A picture, although it represents a three-dimensional space and 
may do so very adequately, is always at the same time seen as a 
two-dimensional object. The fiat appearance of a still picture may 
be minimized and perhaps oven destroyed by methods such as 
viewing a photographic print or transparency through an enlarg- 
ing lens. The effect is to enhance the apparent depth of the picture 
to a marked degree. But a single photographic picture, unlike 
natural vision, presents the same stimulus to both eyes and conse- 
quently lacks the type of depth perception attributable to stereo- 
scopic vision. The significance of this fact will be discussed In 
greater detail in chapter 9. Stereoscopic pictures add the cue of 
binocular parallax to othe;' depth stimuli already represented in 
the individual single phc' ^ip'18. hut they still retain some of 
the characteristics of a picture by virtue of having only a limited 
field of view and possessing a rectangular marginal frame. 

The Point of View of the Caineru and the I^oration of the Obnerver 

Most pictures which show a terrain or which have perspective 
give some indication of the location of the observer in the space 
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represented, and sonic give a definite indication. The position of 
"here" can always be made out, i. e., the point at which the 
ovscrver is standing. This point is not actually in the picture, but 
it is in the space represented by the picture. It is usually, but not 
necessarily, at approximately the point where the camera was 
located. The focal length of the lens employed, however, has an 
elfect on this apparent standpoint, the result of a telescopic lens 
being to move it forward into the scene and the result of a wide 
angle lens being to move it backward from the scene. 

Change of locatir n of the observer, or locomotion, is represented 
by motion pictures with a considerable degree of success. The 
visual stimuli which make this possible are discussed in detiil 
In chapter 9. 
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Perception and Judgment of 
Aerial Space and Distance As 

Potential Factors in Pilot 
Selection and Training* 

KVIDEiNCE THAT SPACE PERCEPTION IS IMPORTANT IN 
THE SELECTION AND TRAINING OF PILOTS 

Aerial space may be defined as the visual surroundings extend- 
ing away from the observer and bounded in any direction by the 
horizon, the surface of the earth and the sky. It may be distin- 
guished from local space primarily by its voluminousncss and long 
range of distances. Local space is the kind to which we are accus- 
tomed; it is inclosed by walls and restricted in range by them. 
Even out of doors in a civilized environment the spatial scene is 
cut up and confined to localized areas by buildings and other ob- 
jects which obliterate the horizon. It is aerial space which consti- 
tutes the environment of the flier. 

Persons who are adapted to going about and making the ordi- 
nary judgments of distance in the city are usually misled by the 
extent of distances in the desert, mountains, on water, or from a 
plane. Generally, aerial distances are poorly estimated by such 
persons because they are unfamiliar with the visual cues present 
in the situation for space perception. The spatial adjustments 
which are adequate in local or room-sized space are not adequate 
for flying a plane. It may be assumed that the pilot must possess 
or acquire the ability to perceive aerial space accurately. 

Although indirect evidence and tradition in aviation medicine 
provide a basis for believing that aircrew personnel, particularly 
the pilot, must have accurate aerial space perception, semi- 
empirical evidence is also available. There are three sources of 
such evidence in the research carried out by aviation psychologists 
in the AAF: (1) Job analyses, which have been carried out to 
determine the essential abilities needed by the aviation student in 
order to learn successfully to pilot a plane in a short period of 
time;  (2) Statistical or factorial treatment of instructors' grades 
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on various flight maneuvers, which has yielded the primary fac- 
tors which dHernrflM these grades; (3) Study of the causes for 
accidents during training, which has revealed areas of low 
aptitude. 

A study of the reasons for the elimination of over 1,000 students 
in primary (light training was one of the first efforts to determine 
Ihe abilities needed by the pilot. The Faculty-Board proceedings 
for these eliminces were reviewed and from them a list of the 20 
traits most frequently mentioned was compiled. In 30 percent of 
the failures reported by the board at the primary-school level; 
faulty estimation of speed and dutance was mentioned as a con- 
tributing factor. A rating scale of the 20 traits was constructed 
and another sample of 1,305 students eliminated from elementary 
pilot training were rated by their instructors.' The inability to 
estimate distances and velocities in tridimensional space was 
checkod as a cause for elimination in 31 percent of the eliminated 
students. 

The maneuver of landing a plane is considered an outstanding 
example in which accurate perceptual judgment is needed by the 
pilot. One analysis of the problem of landing2 concluded that the 
principal difficulties encountered by primary student pilots were* 
stalling-out correctly, placing the gliding turn correctly, maintain- 
ing a straight approach leg, and breaking the glide at the correct 
height. More specifically, learning to land a plane depended on 
the ability to learn and use visual cues for height, distance, direc- 
tion, and velocity of motion in space. 

The results of factor analyses provide quahtitative evidence 
that spatial skills are present in operating an airplane. An 
analysis1 of the intercorrelations between daily grades on various 
manouvcrs yielded three rotated factors named: (1) Perceptual 
Judgment: (2) Headwork; (3) Motor Technique. Perceptual 
judgnu-nt had the highest loadings for spins, landings, traffic, and 
forced landings. It is defined as "the ability to make rapid and 
accurate judgments of distance, speed, and altitude.'' 

Probably the strongest incentive for the construction of tests 
of space perception came from the reports of accidents in pilot 
training. One of these reports by the Field Studies Unit, Office 
of the Surgeon, in the Headquarters of the Training Command, 
tabulated the results of ISO accidents that occurred during ele- 
mentary training and J)7 accidents that occurred during basic and 
advanced training.1  It was found that 20 percent of all accidents 
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in primary schools, and 23.8 percent of those in basic schools were 
connected with landing maneuvers. The investigation concludes: 
"The primary factor involved in this type of accident apj-oars to 
be a lack of ability in the perceptual field, especially the ability to 
estimate rates of speed, and distances, and spatial orientation." 

If the perception of aerial space and distance are of such im- 
portance for the selection and training of fliers, it is obvious that 
psycnulogical tests and training methods need to be devised with 
which to select and train them. This cannot be done effectively 
until the nature of space and distance perception is understood. 
At the present time, most psychologists would probably agree that 
it is not adequately understood. It is the purpose of this chapter to 
provide a theory for a clearer understanding of space perception 
and to describe the experiments and tests involved in the theory. 
A systematic analysis of aerial space and distance should, if cor- 
rect, have many practical applications to the problems of pilot 
selection and training. 

THE TRADITIONAL PSYCHOLOGICAL PROBLEM OF DEPTH 
PERCEPTION AND THE EMPHASIS ON OCULAR CUES 

The Assumption of the Binocular Basis of Depth Perception 
If it can be taken as proved that the pilot has to be able to judge 

tridimensional space in order to fly successfully, what is the sen- 
sory basis for the perception of such space? This question is, of 
course, the ancient problem of how we see a world which appears 
to extend away from us rather than a flat world, analogous to a 
picture, corresponding to the image formed on the retina of the 
eye. The accepted answer to this question^—the answer given in 
the literature of aviation medicine and also by most of the text- 
books in psychology and physiological optics—is that depth per- 
ception has its basis primarily in the existence of two eyes. The 
fact of binocular parallax, or stereoscopic vision, is commonly re- 
ferred to as the main explanation of depth perception. It is usu- 
ally stated that the binocular cue is supplemented by "monocular" 
cues for the perception of distance, but these tan usually thought 
of as secondary. It is supposed that these latter signs or indicators 
of depth are not innate but are learned in the course of experience 
and therefore have little to do with the pilot's intrinsic or essential 
ability to see depth. These monocular cues are usually listed as 
including such factors as linear perspective, transposition of ob- 
jects, shadows and shading, aerial perspective, and occasionally a 
few others. They will be discussed in the next section. The ques- 
tion which arises here is whether the accepted emphasis on binocu- 
lar vision is correct insofar as it concerns flying. 

A good deal of evidence can be adduced to show that visual cues 
which are Hol dependent on the spatial separation of the two eyes 
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arc of much greater significance for the kind of distance percep- 
tion which fliers need than has been realized in the past. The evi- 
dence will be listed in the following paragraphs. 

The Perception of Distance by Persona with Only One Eye. 
There has been a sufficient number of monocular pilots who flew 
successfully to suggest that binocular vision is at least not abso- 
lutely essential for adequate flying performance. The most famous 
of these was Wiley Pest, who was admittedly an excellent flier. If 
space can be judged successfully with the use of only one eye, then 
the monocular cros of the normal pilot with two eyes must also be 
capable of producing space perception. Probably the normal pilot 
h.ns even better capacity for such perception because of the fact 
lhat each eye supplements the monocular vision of the other eye, 
quite apart from the binocular disparity of the two images, and 
because two eyes yield a wider field of vision than one eye alone. 
Training or experience may or may not be necessary for monocu- 
lar space perception; the point is simply that the capacity is 
present 

The Perception of Depth in Photographs and Pictures. It is 
a familiar fact that depth perception can be produced artificially 
in the stereoscope, i. e. by presenting separately to each eye the 
picture which it alone would see in the corresponding real three- 
dimensional scene and superposing the two different pictures by 
prismatic lenses. The vivid perception of depth which results is 
taken to be a proof of the effectiveness of binocular or stereoscopic 
vision. What is less familiar is the fact that a striking depth effect 
can be seen if two identical photographs arer substituted in the 
stereoscope for the two pictures taken from slightly different 
points of view. The depth effect in this case is frequently compar- 
able to that obtained with genuine stereoscopic viewing. Similar- 
ly, if a single photograph of a three-dimensional scene is viewed 
in such a way as not to emphasize the flatness and the frame of 
the picture, the observer frequently gets as much effect as if he 
were looking through a stereoscope. As Schlosberg1 and others 
have shown, the explanation is apparently that one sees depth in 
thf.se single pictures because they are viewed through a lens which 
minimizes the surface quality of the picture and which hides its 
frame. This is the method by which stereoscopic photographs are 
viewed. The conclusion must be that a considerable part of the 
depth effect obtained with the stereoscope itself is not a genuine 
binocular effect at all but instead is dependent on the monocular 
stimuli for depth present in the single photographs but ordinarily 
inhibited by the circumstances under which they are viewed. These 
cues lose much of their effectiveness under the customary condi- 
tions for looking at photographs because they are contradicted by 
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the cues which make the picture a flat rectangular surface. If the 
conclusion is valid for stereoscopic photographs it must also be 
valid for ordinary binocular seeing, i. e. it is implied thct a con- 
siderable part of the depth effect in ordinary vision is not binocular 
but monocular in origin. 

The Diminishing of the Binocular Cues with Distance, It is a 
possibility that aerial distance perception at long range is mediated 
somewhat differently from distance perception at short range and 
that while binocular cues arc important in the latter situation, they 
are less important in the former. It is likely that the depth effect 
produced by binocular parallax becomes ineffective beyond a cer- 
tain distance from the observer. The eyes are about two and One- 
half inches apart. For objects in near space, this is enough to 
produce parallax; or otherwise stated, there will be a disparity 
between the images in the right and the left eye, which serves as 
one kind of stimulus for the perception of depth. But for objects 
in far space, the retinal disparity in the two eyes presumably be- 
comes so minute as no longer to be an adequate stimulus for seeing 
depth and, for all practical purposes, the two eyes have identical 
images. At just what distance from the observer this occurs does 
not seem to be agreed upon; the range of stereoscopic vision is 
sometimes given as undor a hundred feet and by others is estimated 
at a distance of as much as a thousand yards. All such estimates 
seem to be based on calculations rather than on empirical measure- 
ment of the effect of disparate retinal vision la real space. They 
assume that the just-noticeable retinal angle of disparity as de- 
termined with a stereoscopic apparatus is the determining factor 
for the maximum distance at which one can still sec binocular 
depth in the open air. The actual range of stereoscopic vision, 
therefore, is not known. It is fairly certain, however, that the 
other binocular cue of the degree of convergence (with correlative 
accommodation) of the eyes has a fairly short range. At longer 
ranges, both convergence and accommodation disappear. They are, 
of course, essential for normal vision but as criteria of distance 
they are limited to what has been called room-sized space and are 
ineffective for the perception of aerial space. The only conclusion 
that can safely be drawn is that since the effectiveness of the binoc- 
ular cues decreases with distance, the monoculuf cues are probably 
increasingly significant at large distances, and may even be the 
only cues available at such distances. Presumably it is this long- 
range distance perception which is important to fliers. 

The evidence above all points to the conclusion that the visual 
stimuli for depth not depeiulunt on the spatial separation of the 
two eyes—the so-called monocular cues—need to be taken into 
account in selecting and training fliers for effective space percep- 
tion. 
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The Monocular Cue« for Deplh Pcrrrpllon 
The list of accepted cues for the perception of depth has very 

largely remained unchanged since the discovery of the stereoscope. 
The non-binocular cues are sometimes called signs or indicators or 
criteria of depth to imply that they have not the same status of 
elementary sensations as has the fact of binocuUr retinal dispar- 
ity. They are conventionally thought of as having to be interpreted 
rather than being sensed and they are assumed to be learned rather 
than innate. The list usually includes some or all of the following 
factors: linear perspective (such as converging railroad tracks), 
the apparent .size of objects of known size (which decreases with 
distance from the observer), the changes due to atmospheric con- 
ditions such as haze (aerial perspective ^nd blurring of outlines), 
monocular parallax (change of appearance with change of the 
observer's position), interposition (the superposing of near ob- 
jects on far objects), shadow patterns (the light-and-shade rela- 
tions yielding relief) and sometimes the angular location of the 
object on the ground (position of the object on the retinal dimen- 
sion beginning with the observer and ending with the skyline). 
Accommodation is also sometimes given as a monocular cue lor 
near depth. It is evident that all of these cues are not on the same 
explanatory level. Some of them will explain not how the distance 
of an object is visible but only how one object can be seen at a 
greater distance than another. For example, interposition anO 
shadow patterns give the relative location of objects but do not 
produce the impression of a space which is continuous in the third 
dimension. Although all these cues have been described by many 
observers, they have in general not been experimentally isolated 
or systematically varied in relation to the perception of distance. 
They are described somewhat differently by different writers and 
have not been brought together into a consistent theory explaining 
how they can function. Nevertheless, if they are as significant for 
the perception of distance by fliers as seems likely, it is important 
that such a theory bo formulated. If they are to be used as a basis 
for tests of the ability to judge dislance or if they are to be de- 
scribed with suflicient exactness so tha; they can be used in train- 
ing, they must be redefined. An attempt to define them and to 
formulate a theory will be made. Before doing so, however, it 
would be well to look into the question of the kind of space which 
they are required to explain. 

The Kind of Diitlunre Porrrplion Required for Flying 
When one describes the cues for the perception of distance in 

the terms above, the perception referred to is the distance of a 
particular object rather than the impression of continuous dis- 
tance.   Conceiving the problem in the traditional way, distance 
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perception in general consists of the ability to judge the distances 
of a number of specific objects. This, however, is not the space in 
which the pilot flies. What he perceives is a continuous space. It 
is almost never a single distance which he needs to judge, but a 
dimension of distance. There is invariably beneath him a con- 
tinuous terrain, and what he discriminates is the location of all 
points on this terrain rather than specific distances to given points. 
Objects on or above this terrain may be momentarily of great im- 
portance, it is true, but they are judged in terms of a continuum 
of distance or, in other words, a background of three-dimensional 
space. 

Traditionally conceived tests for the perception of distance have 
concentrated on the problem of how well an observer can judge 
the relative distance of two objects, or how accurately he can 
equate the distance of two objects. But the judgments a flier 
makes are in terms of appropriate changes of speed and direction 
of flight in relation to the distance of the ground. Such distance 
judgments always involve the "here" position of the observer at 
one end of the distance to be judged. It might be suggested that 
the practical value of depth or distance perception is that it makes 
possible locomotion through a continuous space which includes 
obstacles, and that both the obstacles and the locomotion itself 
involve the absolute distance from here to there. 

Tests for depth perception, therefore, should aim to set up a 
kind of judgment similar to this. And the theory behind it should 
be a theory of a continuous space with an underlying terrain in 
which the observer is himself located and in which he can move. 

THE STIMULUS VARIABLES FOR THE PERCEPTION OF 
DISTANCE AND CONTINUOUS SPACE IN THE OPEN AIR 

The problem of threc-dimensionarvision, or distance percep- 
tion, is basically a problem of the perception of a continuous «ur- 
face which is seen to extend away from the observer. All spaces 
in which wo can live include at least one surface, the ground or 
terrain. If there were no surface, there would bo no visual world, 
strictly speaking. Whether we stand on it or fly over it, the ground 
is the basis of visual space perception both literally and figura- 
tively. It is obvious enough that we could not stand or walk with- 
out the ground, but it is equally true that a pilot cannot fly pur- 
posefully without the ground and its horizon to guide and orient 
him. If by reason of fog or darkness the ground is invisible, an 
instrument must be provided to give him a substitute for it, an 
artificial horizon. The terrain, of course, is not all there is to the 
visual world. Objects stand out against the ground and they are 
usually what demand our attention. But an array of objects by 
themselves does not make up visual space; it is constitulod instead 

185 



■ 

by the ground or surface against which these shapes and figures 
appear. The visual world consists of object-surfaces on a back- 
ground of an extended ground surface. This Is what is implied by 
the "figure-ground" distinction in perceptual psychology. If we 
ask how the distances of these objects are seen and discriminated, 
it would be a mistake to disregard the surface of the background 
which connects and lies behind them. This mistake has regularly 
been made in most theories of depth perception. We need to ex- 
plain not the "cues" or "indicators" to the distance of specific 
objects but Instead the dimension or sensory continuum of dis- 
tance, as such, which, once visible, determines how distant all the 
objects within it are. 

This view of the problem Is in contrast to the classical formu- 
lation which asks how the retina of the eye can see a third dimen- 
sion in the sense of a theoretical line extending outward from the 
eye. Points on this line at different distances must all be identical 
so far as the retina is concerned. Nevertheless* we do see depth. 
How can this be? The solution to this dilemma IS to recognize that 
visible distance does not consist of a line extending outward from 
the eye. The question to ask is not how do we see such a line but 
how do we see the substratum—the surface which extends away 
from us in the third dimension? The image of this surface is ob- 
viously spread out across the retina. 

Figure 9.1 illustrates the two formulations of the problem. 
The points A, B, C, and D cannot be discriminated by the retina. 
Distance along this line Is a fact of geometry but not one of optics 
or of visual perception. But the points W, X, Y and Z at corre- 
sponding distances can be discriminated by the retina. They repre- 
sent the retinal image which corresponds to an extended sub- 
stratum. It may be noted that the retinal points become progress- 
ively closer together as the*distance increases. 

If this view Is correct, It is necessary to see a continuous sur- 
face In order to have an accurate sense of continuous distance. 
The sky may be a background but is not a surface. Distance ap- 
pears to end at the skyline and the sky Itself does not have a deter- 
minate distance. Single aircraft or clouds in the sky are of course 
objects having a surface, but since there is no background surface 
behind them, their distances ought in theory to be difficult to esti- 
mate, and in actual fact they are.   • 

The stimulus variables which make possible the perception of 
such a continuous surface must necessarily consist of continuous 
difTerential stimulation on the retina. The retinal image of the 
surfaco must differ significantly at different points corresponding 
to those which arc farther or nearer. There must. In other words, 
be retinal gradient* of stimulation. The present use of the term 
"gradient" may bo explained by the following Illustration.  It is 
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sometimes sUilcA that.one of the monocular indicator» for the 
perception of the distance of a point in space is its retinal location 
on the up-and-down dimension which begins with the lower margin 
of the visual field and ends with the horizon. Usually the lower 
margin of the visual field includes an image of the observer's feet 
ami body—it always includes at least a faint marginal image of 
his checks and nose. The observer himself and the skyline are 
two points of reference on the retina and the distance of the object 
from the observer may thus be estimated on the basis of its visible 
up-and-down relationship to these two points of reference. Ixit us 
consider this statement. It is very doubtful if this retinal dimen- 
sion should be thought of as a sensory variable as SMCä for the 
perception of distance. It would be a stimulus only if there were 
difTcicntial stimulation yielding an extended surface in perception. 
The up-and-down location of a retinal point has a distance value 
only when it is located in relation to a gradient of retinal stimula- 
tion. The retinal limits of the skyline on the one extreme and the 
"bottom" of the field (the body) at the other are limits within 
which gradients of stimulation may lie, and, as we have already 
implied, a gradient of stimulation must exist if a continuous dis- 
tance is to be perceived extending into the third dimension. 

The sensory variables which underlie the perception of distance 
as defined above can now be described. The list will be found to 
differ considerably from the familiar list of cues for depth percep- 
tion. The variables proposed are intended to be genuine dimen- 
sions of the stimuli affecting the retina, like the stimuli for color 
and brightness, and to differ from them chiefly in that the dimen- 
sion is spread across the retin? in the form of a gradient and that 
it is of a more complex order. To what extent they are learned or 
innate need not be discussed at this stage. They are all systematic- 
ally related to the perception of a continuum of distance embodied 
in a substratum extending out to the horizon. 

Tin* H.jlnal Crudicnt of Texture 

The difforence between the perception of a surface, such as a 
flat wall, and the perception or nn area without surface, such as 
the sky, has been investigated in the psychological laboratory. 
Accordim to Metzger^ and also KofTka« fhe difference lies in the 
fact that the surface corresponds to a retinal image having minute 
irregularities, spots, or difTerences in stimulation from point to 
point, whereas the area without surface corresponds to a retinal 
image which is in effect completely homogeneous. The area is dif- 
ferentiated in the former situation and undifferentiated in the 
latter. The term which Metzger and KofTka use for this sensory 
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quality is microstnicture. When an area of the visual field has 
microstructure,*a surface is visible at a determinate distance; 
when the area has no microstructure, nothing is seen but "fllm- 
color" and no determinate distance is visible. 

It is possible to go a step farther and to point out that the retinal 
image may vary between extremely coarse and extremely fine dif- 
ferentiation. In ovder to include the extremes of this stimulus 
variable, it will here be called not microstructure but "texture." 
As a first approximation to a definition, it may be suggested that 
retinal texture is the size of the "spots" and of the gaps between 
them in a differentiated visual image. 

Any surface, such as the ground, obviously possesses texture. 
If it extends away from he observer, the retinal texture becomes 
finer as the distance of the corresponding points of the surface 
becomes greater. Figure 9.1, already discussed, indicates the way 
in which the retinal image becomes more "de..so" as one passes 
from point W to point Z. There will exist a continuous gradient 
of texture from coarse to fine with increasing distance of the sur- 
face. A retinal gradient of Urs sort is in fact an adequate stimulus 
for the perception of continuous distance whether or not it is pro- 
duced by an actual surface extending into the third dimension. The 
effectiveness of this stimulus-variable may be illustrated by three 
examples. In figure 9.2, there is a gradient of texture from coarse 
to fine running from the bottom to the top of the picture and, cor- 
respondingly, a continuous increase in the visible distance of the 
surface. In Figure 9.3 the same effect may be seen but with a tex- 
ture of different character, i.e., a texture having elements of differ- 
ent shape and different mean size. The gradient* in both pictures 
are, however, similar. It is an incidental fact that those texture- 
gradients were produced by photographing a ploughed field in 
the first illustration and a stubble field in the second; it is never- 
theless true that the only effective stimulus for distance perception 
in the pictures is the variable of texture. Figure 9.1 may appear 
to bo an even more convincing demonstration o« the stimulus vari- 
able, since the gradient of texture was here constructed artificially. 
The line segments in this illustration were drawn increasingly 
smaller from the bottom to the top of the picture and so likewise 
were the vertical and horizontal spaces between them. The im- 
pression of a level terrain extending away from the observer is 
compelling. 

It may be noted that the stimulus-correlate of distance in these 
illustrations is not the gross retinal size of the texture-elements 
but their relative size within the gradient. For example, the size 
of the line-segments in Figure 9.1, i.e. the elements of the texture, 
could have been twice as large at the bottom of the picture and 
would then have been twice as large all the way up the picture to 
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FitJiRK 9.4.—Distance as Produced by an Artiflriiiiy-Constructed Gradient 
of Texture. 

the horizon; the resulting impression of distance, would, however, 
have remained the same. This implies that in perceiving distance 
over real terrain, it is a matter of indifTerence to the observer 
whether the over-all texture of the terrain is made up of large or 
»mall elements — whether for example it is produced by sand, 
grass, brush, or trees. 

It should also be noted that the line elements of Figure 9.4 were 
so drawn as not to fall one behind the other in straight lines con- 
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verging to the horizon. This would have introduced the factor of 
linear perspective, which ought to be considered separately. The 
.stimulus variable in that illustration was intended to be one of 
"pure" texture. The texture gradient is, however, a kind of per- 
spective in the broad sense of that term and it is related to linear 
perspective inasmuch as in the case of both variables retinal size 
decreases with distance and vanishes at the horizon. All the retinal 
gradients to be described as stimulus variables for distance percep- 
tion are analogous to perspective at least in respect to being ex- 
tended on the surface of the retina. The variable just described, 
therefore, might well be given the name of texture-pertpective. 

The Retinal Gradient of Size-of-Similar-Ohjccls 

in almost every kind of terrain which the flier is likely to meet, 
and in most of the spaces of everyday life, objects are present in 
addition to the substratum itself. Commonly there are classes or 
types of similar objects scattered about or linod up in the environ- 
ment. Houses, fence posts, telegraph poles, fields, and even hills 
tend to be of similar physical size and shape, as do chairs, tables, 
and people. If there are more than a few of these similar objects in 
the visual field, there can exist a gradient of decreasing retinal size 
corresponding to their distance from the observer. The principle 
involved is the familiar one of size perspective. If more than one 
homogeneous type of object is present, there will be more than 
one gradient, and it may be assumed that different gradients may 
exist at the same time such as, for example, one for trees and an- 
other for houses. Gradients of size and gradients of texture are 
obviously analogous and the one merges into the other when the 
objects in the visual field become sufficiently numerous. 

If the objects on a terrain are lined up in rows, or if extended 
objects like roads and fields having linear contours are present, 
the size perspective becomes linear perspective. This stimulus for 
distance is more familiar than the others, but it is merely a special 
case of the principle that retinal size decreases with distance until 
it vanishes, or becomes infinitesimal, on the horizon. 

It should be pointed out that size perspective and linear per- 
spective, when considered as retinal gradients, are stimulus-cor- 
relates of continuous physical distance. They are to be disting- 
uished from the traditional "cue" for distance-perception of the 
apparent size of familiar objects, i.e., of objects whose real size is 
remembered from past experience. The comparison of an absolute 
retinal size and a remembered size and the inferring of the dis- 
tance, assuming it to occur, is not an adequate explanation for the 
perception of a continuum of distance. The explanation proposed 
here does not assume the perceiving of absolute sizes as such but 
only the ability to react to a continuous gradient of retinal sizes. 
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The facta of texture perspective and size perspective as described 
refer to the retinal image of the terrain in two dimensions. The 
resulting perception of an extended terrain in three dimensions is 
characterized by objects and terrain features which do not shrink 
in size toward the horizon. Instead, they appear to maintain a 
substantially constant size and are perceived at a distance. The 
relation between this constancy of perceived size and the percep- 
tion of distance will be discussed later. 

The Rc-linal Gradient of Vclocily During Movement of the Observer 
• 

A third stimulus variable for the perception of distance is one 
which is particularly applicable to the flying situation since it 
occurs during movement of the observer. It bears some relation 
to the cue of monocular motion parallax. When an observer moves, 
and particularly when he is flying or driving, the visual world is 
represented by images which also move across the retina of the 
eye. The simplest form of this retinal motion may be described by 
the statement that the image of the world expands radially out- 
ward on the retina as one moves straight forward. The expanding 
optical picture ahead as one drives a car is the most familiar ex- 
amp!»?, and it h.s probably been noticed by nearly everyone. If, 
instead, one looks backward, the world (considered is a flat 
image) contracts inward on the retina as one moves away from it. 
The center of this expansion, the point from which it radiates, is 
that point toward which the observer is moving. There is a center 
of contraction at the opposite pole, i. e., the point he is moving 
away from. During ordinary locomotion, the center of expansion 
is on the horizon. 

Kow under such circumstances the retinal motion of the image 
corresponding to the terrain is subject to the principle of perspec- 
tive. There exists, in other words, still another type which will be 
called retinal motion perspective. The rate of expansion of the 
image of any point or object is inversely proportional to the dis- 
tiitice of that point or object from the observer. There is, in other 
wo.-ds, M continuous gradient of the velocity of the ground as it 
"goes by;" the gradient begins with a maximum at the points of 
the terrain nearest the observer and ends with zero movement at 
the horizon. This rule holds no matter in what direction one looks. 
Such a gradient of velocities is capable of determining a continuum 
of distance and, within this dimension, the distance of any point 
or object is determinate from its retinal velocity. 

When a retinal gradient of velocity exists in the way described, 
the perception which results is not that of a visual environment 
which moves but of a stationary world in which the observer him- 
self moves. If the observer is not moving but is, let us say, sitting 
at a desk, it is nevertheless true that his head will move from 

192 

« 



time to time and that the image of his visual world moves on the 
retina. Optically speaking, the world is "alive" with retinal motion 
produced by only the ordinary slight.displacements of the head 
and body, and the gradients of motion which result are ever present 
stimuli for the visible continuum of distance. 

The description above leaves out of account a number of the 
characteristics of motion perspective, and makes no icntion of 
several complicating factors. When the motion of the observer is 
not parallel to the terrain, as when a pilot lands an airplane, the 
formulation given must be modified. The effect of eye movements 
on motion perspective also needs to be considered. These matters 
will be discussed in a later section. For the present purpose of 
listing the sensory bases for distance perception, the description 
above will suffice. 

The Retinal Gradients Arising from  Atmospheric Tranitniission 
of Light 

The cue of aerial perspective as ordinarily described provides 
another kind of retinal gradient which is a continuous correlate of 
distance. The retinal image of a terrain stretching away to the 
horizon is constituted by light which at one extreme has passed 
through only a few feet of air and at the other extreme has passed 
through many miles of air. The character of the light stimulus 
varies with the amount of atmosphere through which it has been 
transmitted. The resulting color quality becomes less saturated 
and bluer with increasing atmospheric distance. The color is also 
described as being increasingly blurred or film-like in appearance 
with increasing lengths of aerial transmission, and the outlines 
within the image become less sharp. It is possible that these latter 
variations should be considered in relation to the texture variable. 
The exact stimulus-variations involved have not been worked out 
in detail. They are effectively employed by painters but they have 
not been fully described in terms of physiological optics. 

The Retinul Gradient of Binocnlur Dhpurity 

A number of visual stimulus dimensions have just been defined 
which are concomitants of distance and which arc presumably 
stimuli for the perception of space as the Hier sees it. They are all 
based on gradients of stimulation in a single retina; that is to say, 
they do not depend on differences in stimulation between the two 
eyes. There is, in addition, however, the fact of binocular retinal 
disparity, or stereopsis, which has received most of the attention 
devoted to the problem of distance perception in the p:i..t. This 
variable can be defined, like the others, in terms of a gradient of 
stimulation, with only the addition of the fact that the stimulation 
referred to is a binocular rather than a monocular effect. 
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Assuming for the moment that the observer's eyes are fixated 
on the horizon, the retinal image of the terrain in the right eye 
will differ from that in the left eye. This difference at any given 
point is called retinal disparity, and is due to the different positions 
of the two eyes in relation to the terrain. Near points and objects 
on the terrain are displaced horizontally in the image of one eye 
relative to the other. This relative displacement decreases with 
increasing distance and becomes zero at the horizon itself. There 
is, in short, a gradient of disparity in the combined retinal field. 
It is, like the others already described, a vertical gradient, running 
up the field from the observer's body at one extreme to the horizon 
at the other. Any point on the terrain corresponds to a disparity 
which is inversely proportional to the distance of that point from 
the observer. It must be supposed that this variable is a stimulus- 
correlate of perceived distance. 

This description holds true when the eyes are fixated on the 
horizon. If instead, the eyes are fixated on a near point, the dis- 
parity is zero at that point and reaches a maximum at the horizon. 
But this disparity is opposite in kind to that existing in the former 
situation; it is "uncrossed" rather than "crossed," or positive 
where the former was" negative. The gradient of disparity with 
respect to its sign is therefore the same when the eyes are fixated 
on a near point as when they are fixated on a far point, or for that 
matter when they are fixated at any point. An increase in positive 
disparity being equivalent to a decrease in negative disparity, the 
gradient may run from minus to zero or from zero to plus and 
still be the same gradient. The stimuli's which is concomitant 
with distance, therefore, is not simply disparity as such but dis- 
parity relative to a gradient which may lie anywhere on a scale 
of negative to positive. 

Tbc Kolutitm of Other So-Culled Cues for Depth 
lo the Vnriuhles Above 

All of the traditional cues for depth perception have been in- 
corporated or reinterpreted in the variables listed, except for 
interception or superposition of contours and the distribution of 
shadows and shading. Interception is capable of determining the 
relative distance of two 01 more objects but, by its very nature, it 
is not a variable which can establish a continuum of distance. It 
has to do with the establishing of the figure-ground relationship 
and the relation of "behind" or "in front of" rather than with 
distance perception as such. The distribution of shadows pro- 
duced by objects and the gradients of shading appearing on three- 
dimensional shapes are determiners of what is properly called re- 
lief or relative depth, but this is not the same thing as the sensory 
continuum of distance.  They will not be discussed further, nor 
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will any analysis be given of the retinal gradient associated with 
accommodation—a kind of "blur" gradient. 

Methods of Reproducing the Stimulus Variables for Distance 

* In order to construct tests or carry out research on the percep- 
tion of distance, the stimuli must be controlled and systematically 
varied. Of the variables listed, only that of retinal disparity, to- 
gether with accommodation and convergence, has been systematic- 
ally utilized in experiments or tests. The variables of texture, 
size perspective, linear perspective and aerial perspective are, 
within limits, capable of being reproduced by photographic and 
pictorial means but this has not been done by psychologists. A 
great deal of attention has been paid to these factors by painters 
and photographers but only for their own limited purposes. 
Retinal motion perspective has received no study whatever, pos- 
sibly because a motion-picture technique is the only feasible way 
to reproduce it, and because tho use of motion pictures for experi- 
mental purposes is still almost wholly undeveloped. 

Tests for aerial distance perception are limited to a small num- 
ber of possibilities. The subjects may be taken into the open air 
and presented with a real spatial situation. All the sensory vari- 
ables are then present if the situation has been properly selected 
or arranged. But this method is hardly feasible for group testing 
on a large scale. Or the subjects may be presented with still photo- 
graphs or motion pictures of a selected or arranged spatial situa- 
tion. If the limitations imposed by the method are complied with, 
all the sensory variables except the binocular ones can be repre- 
sented. Once the nature of the variables is understood, they can 
be specified both in the spatial situation and in the photographic 
reproduction. The variable of retinal disparity could be included 
in the test situation by presenting stereoscopic photographs. Indi- 
vidual stereoscopes would, however, be required and the subjects 
would have to be trained to use them. There is a third alternative, 
which is the one adopted in nearly all the existing tests, namely 
the setting up of a "room-sized" spatial situation by means of an 
apparatus. But such a situation does not represent aerial space. 
AH the tests of this type, moreover, have excluded the monocular 
sensory variables on the grounds that they were not intrinsic or 
innate factors in depth perception. 

The method adopted for reproducing the distance variables in 
the research to he reported was tho second of these alternatives. 
Still and motion picture photographs were employed, both of arti- 

"ficial and of natural situations, under controlled conditions. Evi- 
dence will be presented that the photographic representations 
actually do reproduce the dimension of distance, ami that they 
make possible discriminations only somewhat less accurate than 
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those which are majlc in «luivalcnt "rear situatior.a in the open 
air. 

TIIK PROBUEM OF TESTING—TYPES OF JUDGMENT 
INDICATIVE OF THE AHILITY TO PERCEIVE DISTANCE • 

A?iy perceptual test or psychophysical experiment involves judg- 
ments or discriminations scorable as correct or incorrect. Although 
distance is perceived as a continuous dimension, judgments of dis- 
tance must be made with respect to specific objects at specific dis- 
tances. The kind of distance perception required for flying is not 
easily represented by judgments which can be set up under con- 
trolled conditions. Several kinds of judgments are possible for use 
in devising tests. They will be described and reasons given for 
rejecting some in favor of others. 

Jmlgnu'tits of the Relative Diatance of Two Ohjects Side by Side 
The familiar pin test and its variants, including the Army Air 

Forces form named the Howard-Dolman Test, require the subject 
to discriminate the relative distance of two pins or sticks. The 
pins are seen through a window which excludes any view of their 
ends and of the surrounding environment. The distance of the 
pins from the subject in the AAF test is 20 feet. No continuous 
gradient of stimulation is present in the situation. It is at least a 
question whether such a judgment of relative distance is analogous 
to the judgments required in Hying. Other criticisms of the test 
have already been made on the grounds that it reproduces mainly 
the cue of binocular parallax and that the absolute distance in- 
volved is limited to "room-size" space. 

Tests of stereoscopic acuity, employing either stereoscopes or a 
polarized light-and-goggles system, are subject to the same objec- 
tions in a more acute form. All of them require judgments of the 
relative distance of a standard and a comparison object. This 
typo of judgment can be used only when the two objects are seen 
in "empty" space, i. e., one without a visible substratum extending 
from the observer to the objects. If a floor or ground is visible, 
the point of contact of the objects with the ground "gives away" 
the judgment of relative distance. The point of contact with the 
fround which is uppermost in the field, considered as a picture, 
determines which object is behind the other. The relative distance 
of two objects on the ground sidp by side is so easy to discriminate 
that it becomes valueless for a test of distance perception. 

JiiilginnitH of llie AI»(»olulr Dinlanre of a Single Ohjecl 

It would be desirable to set up a situation in which the observer 
had to judge or estimate the absolute distance of a test object in 
terms of an arbitrary scale. The only scale which appears to be 
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useful, however, is the conventional scale of yards, feet, or meters. 
Efforts to utilize this type of judgment were made in the early 
stages of this study, but the judgments proved to be highly un- 
reliable. The average observer does not have a consistent idea 
of one hundred or two hundred or even ten yards. The method 
seemed to be impracticable for testing, although if time were 
available to train the observers it might prove valuable for re- 
search purposes. 

In an open-air situation it is possible to require the observer 
to judge the distance of an object relative to the distance of an- 
other object, or series of objects, in a different direction on the 
ground, and therefore not seen in the same field of view. Since 
the objects discriminated are not side by side the cue described 
above would not give the judgments away. A study was carried 
out by this method in the early stages of this investigation and it 
proved to be successful. For a number of reasons, however, this 
situation cannot be reproduced by photographs without introduc- 
ing artifactual cues to distance, and the method was therefore 
given up as a possibility for use in group testing. 

Judgments of the Size of a Far Object in Relation to That of a 
Near Object (Size-Constancy Method) 

It is much easier to set up comparisons %)f sizes than compari- 
sons of distances. If a subject is able to judge the true size of a 
distant unfamiliar object, he does ?o only because he sees the true 
distance of the object. Its true size cannot be judged from the 
retinal size of its image alone; it must be judged in relation to 
a gradient of sizes (and other stimuli) which constitute its dis- 
tance. The ability to estimate the sizes of distant objects or, 
specifically, to match them accurately with the corresponding 
sizes of near-by objects is therefore indicative of the ability to 
estimate their distance. 

Judgments of size-at-a-distance, employing arbitrary tost ob- 
jects of unfamiliar size, can readily be set up in both artificial and 
natural environments, and the situations can be represented by 
photographs. A considerable amount of preliminary research was 
carried out on both this type of judgment and on the spatial situa- 
tions in which it can be required. If ihe size of the distant tost 
object, for example, is given in terms of linear perspective (as 
the width of railroad tracks is given) the judgment becomes too 
easy to be of value. If this and other artifactual cues are elimi- 
nated, however, judgments of the true size of distant test objects 
can be shown to be piaclituble and reliable in distance perception 
research. This type of judgments was therefore adopted for the 
construction of a photographic test of distance perception 
(CP212A) a report of which is given in the next section. 
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Judgmrnlii of Almolulr DlflMMd During Locomolloa 

A fourth kiiul of AftMCi judgment is possible which would 
appt-ar to be even more similar to the judgments demanded in fly- 
ing than those listed. By moans of motion picture presentation the 
view of the terrain during the landing glide of an airplane can be 
reproduced on a screen. All the stimuli for distance perception 
except binocular stimuli are present. A judgment of distance from 
the ground ahead can be required in terms of a temporal scale. The 
subject need not be asked to estimate altitude in feet; he can be 
shown .a trial run during which a certain "critical" altitude is 
designated by the voice accompanying the film. In a subsequent 
run the critical distance must be judged in terms of a series of 
temi)oral intervals also designated by the voice. 

A motion picture test of this type was planned, but not com- 
pleted. Inasmuch as judgments of the direction of the glide in such 
a scene are more easily scored and are probably as important as 
judgments of distance, the former were utilized in a test which , 
was pushed to completion, the Landing Judgment Test CP505E. 
The background of this test will be described in a later section. 

A PHOTOGRAPHIC TEST FOR DISTWCE PERCEPTION 

Ihr Rrlulion Rclwcen Size Conelancy and Distance Perception 

A problem which has not been considered in sufficient detail is 
the relationship between size constancy and the perception of dis- 
tance. Since the most practical method of constructing a distance 
perception test is based upon the use of photographs and the 
method employed in experiments on size constancy, it becomes very 
important to point out the relationship between size constancy 
and distance perception. For example, it might be argued that 
there is little connection between judgments of the real size of 
objects and perception of the continuous space between the ob- 
server and object. If 00, there is, of course, no justification for 
basing a distance perception tost upon the accuracy with which 
thr sizes of objects at a distance are judged. 

Size constancy is the term used in psychology to refer to the 
fad that the seen size of objects docs not diminish as they become 
more distant, as do the retinal images corresponding to these ob- 
jects. Instead, objects appear to maintain an approximately con- 
stant size. The limitations and explanation of this fact have been 
the subject of a great deal of experimental research in the psycho- 
logical laboratory, although very little of this research has been 
carried out at large distances in the open air. The experiments 
consist essentially of comparing the size of a far object with the 
size of a near object. 
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One may conclude from these experiment« that to speak of the 
visible size of an unfamiliar object is meaningless apart from its 
visible distance. If the distance for some reason is not perceived, 
the size becomes indeterminate. The size of the moon in the sky 
is a good example. Its size is vague and indefinite, appearing to 
one individual to be that of a dime, to another that of a dinner 
plate, and to still another it may appear as obviously miles in 
diameter. The explanation is that the distance of the moon is 
indefinite, since there are no gradients of retinal stimulation in 
the sky to produce a definite impression of distance. 

The stimulus for the perception of the size of an object is there- 
fore not simply the size of the retinal image; it is this in combina- 
tion with the stimuli for distance. Both retinal size and distance 
have to be sensed in order to perceive real size. A percepdon of 
size therefore always involves a sensed distance. 

The way in which retinal size and distance combine physiologi- 
cally to give a reasonably constant perception of objective size is 
not understood. It need not be discussed in this chapter, except to 
suggest that the physiological process corresponding to seen dis- 
tance is reciprocal to the physiological process corresponding to 
retinal size. More of one process would compensate for less of 
the other, and hence a small distance and a large retinal image 
would yield the same perceived size as a large distance and a small 
retinal image. 

There is ample experimental evidence that size constancy is 
brought about by distance perception. The results of these experi- 
ments are usually giver in terms of the amount of constancy which 
the size estimates show, varying from zero constancy if the size is 
perceived in accordance with the retinal image to 100^ if the 
size is perceived objectively. The amount of constancy is usually 
high in such experiments, but it is lowered if the conditions for 
viewing the distance are poor. For example, size constancy is much 
reduced if the objects are seen monoculaily in very dim illumina- 
tion. Presumably the stimuli for distance are weakened in the 
dark. In viewing luminous objects in total darkness, when all 
stimulus gradients for distance are eliminated, the situation would 
be like that of Uie moon in the sky, and there should be no size 
constancy whatever/ 

Constancy of Size Perception vs. Accuracy of Size Perception. 
The method of judging sizc-at-a-distance employed in the con- 
stancy experiments may be used for the practical purpose of test- 
ing distance perception. But the measure of the amount of con- 
stancy employed in these experiments (the index of constancy, or 
percent of constancy from zero to 100) is not a useful one for a test 

'llolwiiy,   A.   II.   mi'l   IluiInK,   K.   G.    betvnninant«   of   nMHtrrnt   vl.unl   all«   with  UMimc« 
variant.   Amtt, J. l'»vrhol., 1UU. 51.  21-9/. 
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of distance perception. What is needed for such a test Is a measure 
of the objectivity or accuracy of the judgments of size-at-a-dis- 
trnce. Indmduals rnay overestimate as well as underestimate the 
size of a distant object. In either case there is, from a practical 
point of view, an error in perception. But from the theoretical 
point of view an overestimation represents more than perfect con- 
stancy, and the index is over 100. The effect is sometimes called 
"over-constancy," and it is troublesome to the theorists. Since 
overconstancy obviously does not produce a better or more objec- 
tive perception than underronstancy, this measure is inappropriate 
for a test. Accuracy of size perception, on the other hand, is both 
appropriate and simpler to compute. It is simply the closeness of 
the subject's estimate of the size of a distant object to its actual 
size, irresjwetive of the direction of the error. 

An Kxpcrnmiil lo Vulidalc the Photographic Method of 
Reprcttcnling Distance 

Before a photographic test of distance perception can be con- 
structed it is necessary to "validate" the photographic method of 
representing space. The question to be answered is the extent to 
whicii tridimensional space can be duplicated in a photograph 
which is itself a flat surface. It is implied by the theory of retinal 
gradients already stated that photographs can represent distance 
in a properly chosen scene much more adequately than is usually 
supposed; and conceivably can portray the distance about as well 
as the eye can see it. This hypothesis, upon which a photographic 
teat for distance estimation is based, requires experimental veri- 
fication. 

The research to be reported here is a study of the nature of 
photographic space as well as being one step leading to the con- 
struction of a psychological test. There has apparently been no 
comparable experimental attempt to determine quantitatively the 
power of single photographs to portray tridimensional space, and 
this seems to be the first investigation of the subject. Ames8 has 
studied the portrayal of depth in paintings. By means of a cylin- 
drical lens he reduced the surface quality of the canvas and en- 
hanced the depth effect. In this way he was able to find errors in 
the paintings and analyze certain factors of techfiique producing 
depth. Schlosberg, as already mentioned», has also demonstrated 
that the depth represented in photographs could be made visible 
by using optical devices. Neither of these studies, however, has 
determined, in an experimental and quantitative manner, the ef- 
fectiveness of photographically represented distance in compari- 
son to that of real distance. 

•AMM, A.. Jr.   rvpih In pMarW "rt-   Th* Art Buttttin, 1928. *, S-21. 
•S. hl...»»r*.   II.     iirrriMx-uiiie  ilrpth   from   »Inut«  plrturm.    Amtr.  J.   Piyrhot.,   1941,   li, 
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The experiment was set up to answer the following quosllon«: 
With what degree of accuracy can subjects judge the size of un- 
familiar objects, never seen at close range, which are shown him 
at various distances up to half a mile on a terrain carefully selected 
as being favorable for judging distance? With the subjects still 
kept in ignorance of the objects and their success in judging them, 
how accurately can they make the same judgments (in a ditTerent 
order) from photographs of the same terrain and the same ob- 
jects? The significant difference between the two tests was the 
dilTerencc between seeing the situation directly and seeing it photo- 
graphically. 

The judgments of sizc-at-a-distance were made in term« of a 
standard scale of sizes in the foreground, the distant object being 
matched with the standard object judged to be of the same size. 
The situation is shown in Figure 9.5, which represents one of the 
test objects (75 inches high) at one of the distances (112 yards). 
Precautions were taken to prevent the subjects from assuming 
that the distant objects were probably about as high as the middle 
objects of the scale. They were told that the distant objects might 
be off the scale in height and that they should so estimate when- 
ever the object so appeared. In order to reinforce this attitude, 
shorter and taller objects were actually presented at irregular 
intervals. It can be assumed that the subjects knew or inferred 
nothing about the size of the objects except for what they could 
see immediately as a result of the perceived distance. 

The Experlmenl 
Subjects. A group of 15 subjects was used in this research, 

consisting of 14 enlisted male personnel and I femata at Santa 
Ana Army Air Base. Thirteen of the same subjects were observers 
in the photographic duplication of the outdoor experiment. All 
results given refer to the 13 subjects common to both experiments, 
except when specifically noted. 

The Spatiul Situation. In order to obtain judgments of the size 
of objects in a realistic situation, it was finally decided after con- 
siderable experimentation that a natural scene would provide 
better tridimensionality than any of a number of types of artificial 
scenes. It was necessary, therefore, to go outdoors for the re- 
search. There had to be found a long stretch uf level ground which 
possessed adequate stimuli for distance perception. After con- 
siderable exploration and experimental photography, a large open 
field adjoining a river bed near Santa Ana Army Air Hase was 
selected as satisfactory for the experiment. The field consisted of 
cultivated land; it was almost perfectly Hat and level and had a 
fairly coarse but evenly-structured surface providing good "tex- 
ture-perspective" for distance. The lieid was bounded on the left 
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by brush jfrowing on *he river bank and on the right by rolling 
hills of cultivated ground. These boundaries merged in the far 
background to give some appearance of size perspective to the 
scene. It is shown in Figure 9.5. The linear perspective produced 
by regular furrows was avoided since such furrows would provide 
a cue by which size could be estimated at any distance. An object, 
for example, might be estimated as two and one-half furrows high. 
Here the objects whose size (in this case height) was to be judged 
were narrow white stakes which could easily be stuck into the 
sandy ground. The distant stake, called the test object, was pre- 
sented in one of six different sizes at each of six distances. The 
size of the test object was to be estimated in terms of a standard 
scale of sizes in the near foreground. For this purpose, 15 stakes 
were set into the ground in an arc at a distance of 14 yards from 
the observer and were numbered from 1 to 15, starting with the 
shortest. The stakes were equi-distant from each other (20 inches 
apart) except for a large gap of eight feet in the center of the 
arc. Through this gap the subject could see the distant stake 
whose height was to be judged in terms of the scale.  Number 
1 of the scale of standards was 27 inches high and the stakes in- 
creased in size by 4 inch steps up to number 15, which was 83 
inches high. The width of these stakes (and also the width of 
the test objects) varied in an irregular manner between about 
2 inches and 4 inches. 

The six distances at which judgments had to be made were 
28, 56, 112, 221, 418, and 781 yards. If the distance from the 
observer to the standard scale be called "X," then the distances 
of the test objects form the series 2X, 4X, 16X, 32X, and 56X. 
The field was not sufficiently long to permit use of a distance of 
6IX, or 896 yards. The objects at 784 yards, however, were begin- 
ning to be diflicult to see sinto the corresponding retinal images 
were very small. 

Four different sizes of the test object were presented, with the 
addition of a very short and a very long stake. They were 15, 63, 
67, 71, 75, and 99 inches high. Four of these stakes were matched 
in height with the standards numbered 10, 11, 12, and 13. These 
were the test objects of the experiment. Their mean height was 
69 inches. The short and the tall test objects were introduced 
into the experiment in order to guarantee that the subject not 
assume that he must restrict his judgments within the limits set 
by the ends of the standard scale. Subjects were therefore free 
to make any size judgment whatever which seemed to them cor- 
rect. Judgments of these stakes were recorded but were not used. 
The shortest object was 12 inches shorter than the shortest mem- 
ber of the scale and the tall stake was 16 inches taller than the 
tallest stake of the scale. 
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Procedure. In both the open-air experiment and the photo- 
graphic repetition of the experiment, the sMbjccta were required 
to match the height of the test object in the distance with the 
height of one of 15 standards in the foreground. Kach estimate 
was recorded on an answer sheet as a number from 1 to 15. Al- 
though as much time as was needed for their estimates was given 
to the subjects, they were urged not to delay making the judg- 
ments. The time required did not exceed about 10 seconds. 

The Instructions. The instructions given to the subject were as 
follows: .   , 

This experiment is intended to test your ability to jud^e the correct height 
of objects when they are seen at a distance. You will be re<|uircd to estimate 
the real height of a white stake out there in the field in terms of the num- 
bered series of 15 stakes directly in front of you. Choose the height from 
1 to 15 which corresponds to the height of the stake in the distance. Note 
that the width of the stakes varies in a random fashion; hence you must 
be careful to judge height alone and disregard width. 

You will make a series of 25 judgments at each of six distances, starting 
at the greatest distance. Record each estimate in order, writing down the 
height, i. e., the number from 1 to 15, on the cards you have been given. 
At the end of each 25 judgments, you will K-gin to use a new card. Note 
that the cards contain spaces from 1 to 25 and that you have 6 cards. At 
the larger distances, some of the judgments may be relatively difficult. 
Record an estimate for each trial even though you may not be completely 
sure of it. 

The stakes you will see at the various distances may vary from an extreme 
below the smallest height on the scale of 15 to one higher than the tallest 
on the scale. If you judge the height of the distant stake to be smaller 
than any of the 15, record "S" for that trial; if you judge it to be higher, 
record "L." If, however, it falls anywhere within the 15s make the most 
accurate judgment you can. Make no assumption about the difTercnt heights 
presented at any one distance, since the stakes presented may vary from 
one distance to another. Consider each judgment very carefully and make 
each one the best estimate of which you are capable. 

Stand within this circle marked on the »riound when you make your 
judgments. As soon as you have recorded your estimate, face in the opjntsite 
direction until the signal iit yiren for the uvxt trial. Above all, do not 
■peak, gesture, or even look at your neighbors while making your judgment, 
and do not under any circumstances compare notes between trials. Yrur 
estimate must be completely independent and unbiased. 

You will first be given five practice trials in which the stake to be judge«! 
is at the same distance as the 15 standards. Record your estimates on the 
card marked "practice."   These judgments will probably be very easy. 

The Outdoor Experiment. After the subjects were given their 
instructions, five trials were run off for practice with the test 
objects at the same distance as the standards, i. e., II yards. A 
random scries of 25 trials at each of the six distance;; was then 
presented, starting at the greatest distance and ending with 25 
trials at the same distance as the standards. One hundred and 
fifty judgments were thus obtained from each subject. The sub- 
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jccta did not know how many stakes there were in the set of test 
object«, »iiKe they <li<l not see them before the beginning of the 
experiment They <li(! not see the stakes being set up between 
trials. They did not know, except for what they could see during 
the trials, either the real size of the stakes or the distance at 
which they wGn presented. 

The Photoifniphic Experiment, Photographs were taken on a 
separate occasion of the scene described above, one photograph 
for each trial, with the camera at the same position occupied by 
the subjects in the original experiment. In effect, the photographic 
experiment was an exact repetition of the outdoor experiment 
except for the stimulus situation presented. Photographs were 
not taken, however, of the test objects at the greatest distance, 
781 yards, since it had been determined that the images of the 
stakes at this instance would have been too small to be adequately 
represented on a photographic print. Six photographs, one for 
each test object, were made at 14, 28, 56, 112, 221, and 448 yards, 
making a total of 36 photographs available for the experiment. 
The photographs were taken with a 4 x 5 Speed Graphic (focal 
length 6)4 inches). The negatives were later enlarged to make 
8 x 10-inch glossy prints. Every effort was made to procure 
maximal and natural depth portrayal in the photographs. When 
presented to the subjects, an oval frame was placed over the rec- 
tangular print, using a paper mask for this purpose. Uniform 
illumination of the photographs was provided in order to elim- 
inate surface reflections from the glossy paper. The subjects 
were seated at such a distance from the picture that the retinal 
image would be identical in angular size to that in the outdoor 
situation, except that the field of view was of course cut off by 
the frame of the photograph. The pictures were viewed, in other 
words, at the so-called "optimal viewing distance." The procedure 
of the experiment was as similar as possible to that employed in 
the outdoor experiment. As in the latter experiment, they were 
given five trials for practice with the test objects at the same dis- 
tance as the standards, followed by 25 trials at each of the six 
distances, beginning with the farthest distance, which in this case 
was 118 yar.ls, and ending with 14 yards. 

The Kettulu 

Accuracy of Size Judgment» in Real Space and in Photographs. 
The accuracy with which the sizes of the four test objects were 
judged at various distances in real space and photographs is given 
by the average errors of the judged sizes from the true sizes of 
the test objects. The average errors were computed for each test 
object nt each distance by obtaining the sum of the difference in 
inches between each judgment and the correct size and dividing 
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by the total number of judgments of that object. "I/* judgments 
were scored arbitrarily as two steps (8 inches) beyond the end of 
the scale. They were few in number. There were no "S" judg- 
ments. The average errors for the real space experiment are given 
in table 9.1-A, while those for the photographic experiment are 
found in table 9.1-B. 

TABLE O.I.—Average error in inchea from the trite aise of objectH judged at 
different di*ta»eea in real sjxicc and with photograph» 

A.   OUTDOOR   SPATIAL  SITUATION   (IS   SUIUKCT8:   100   JUDGMENTS) 

Sume dlxUinr« (14 yank). 
M yard«  
56 yard*   

112 yards   
TU yard«  
4 18 yards   
784 yard«   

Mtnekei 
.41 

8.H4 
8.R0 
6.98 
8.84 
9.00 
8.32 

tf inrhei 
.7« 

4.24 
4.04 
1.1« 

7.80 
9.14 

10.64 

71 infht» 
.i>0 

4.80 
4.80 
r>.88 
7.7» 
8.01 
9.3« 

Jijnfhrt 
1.4»' 
4.40 
5.32 
«.32 
•41 
7.60 
7.7« 

MM a •/ 
at' ran* 
error» 

.90 
4.32 
4.49 
COT 
7.72 
8.62 
9.02 

B.   PHOTOGRAnilC SITUATION  (18 SUBJECTS; 65 JUDGMENTS) 

Same dlntancc (14 ytnftft) 4 .87 
7.38 
7.69 
8.25 
«.40 
8.87 

1.11 
«.62 
8.8« 
8.18 
7.81 

10.08 

1.11 
7.63 
8.4« 
7.51 
7.14 
9.97 

1.11 
7.38 
8. 8 
7.61 
7.82 

10.34 

.98 
28 yard« , 7.28 
5« yards ••.•.•■••••.•.••.■.•••..••. 8.29 

112 yards  7.8« 
224 yards , 7,17 
448 yards   9.68 

The most striking fact shown in those tables is that the average 
error in estimating the size of distant unfamiliar objects is 
small. Even at a distance of 784 yards, when the objects, averaging 
69 inches in height, are so far away that they are beginning to be 
difficult to see at all, the average error is only 9 inches. At this 
distance, the retinal image of the object is onc-fifty-sixth of the size 
it possesses at 14 yards. It must be concluded that the distance 
itself is perceived with some precision. Moreover the errors made 
in photographic space are not much larger than those made in 
the real situation. Between the distances of 28 to 118 yards, the 
range of the average errors for real space is from 1.112 to 8..r)2 
inches and for photographs from 7.17 to 9.68"inches. In both 
situations the average error did not far exceed two steps of the 
standard scale on either side of the size which was the correct 
match even at a distance of a quarter of a mile. Size perception is 
evidently determinate up to very great distances, much greater 
than previous experiments have indicated, and the cues underlying 
this perception can evidently be duplicated by photographs much 
more effectively than the binocular theory of distance perception 
would lead one to suppose. 

Comparison of the means of the average errors (i. e. of the 
mean test object, 69 inches high) shows that there Is a progressiv! 
decrease in the accuracy of size judgments with each increase of 
distance in real space. This result can bo expected from the fact 
that distance enters into the Judgments of size, so that as distance 
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incroasos jmljfmont becomes more diiricult. The trend of decreasing 
accuracy with distance is not as regular for the discriminations 
made in the photographs, however, as nwy be seen in table 9.1-B. 

A significant fact is that when the distance of the standard and 
comparison objects is th*; same (11 yards) there is only a small 
amount of error, on the average less than one inch in both real 
and photographic space. However, with the test object placed 
at 2H yards faun the observer, or 11 yards beyond the standards, 
there is a marked increase in moan average errors. In both real 
space and photographs the decrease in accuracy is greatest from 
11 to 28 yards. It is obvious that sizes can be discriminated most 
accurately when the distances are identical. In this case, size 
discriminations are independent of distance discriminations. 

Avermge Size Judgments and Their Variability in Real Space 
and Photographs. The estimates of all subjects were converted 
into inches and the results for all four test objects have been 
combined into one theoretical test object 6? inches in height. The 
mean size estimate and the standard deviation of the estimates 
are given for all distances in table 9.2. The standard deviation of 

TABU: 9.2.—IfMM and standard deviations in inches of size judgments made 
at different dixtanees in real space and photograph» 

(All  four tmt obirrt« coinl>inc<l:   mean «lie of test object =69  Inch««] 

lit 

411 
TM 

tanrf  im  yard» of trmt object 

(Mime)     

Krai  «par«; 
Snhirctt-li; N - SOO 
Mian 

6!i.67 
«(1.47 
70.80 
7S.57 
73.82 
73.44 

' %n 
B.29 
S.8S 

7.67 
9.37 

10.18 

Vhotourapht: 
SubjreU-IS; N = tio 
Utan 1       S.D. 

69.9S 1.79 
73.lt 7.36 
74. )S 7.60 
72. IS 8.1S 
70.18 8.43 
65.40 10.72 

the estimates represents a measure of the variability of the judg- 
ments, and the mean estimate represents the actual magnitude of 
th size perceptions at various distances or, in other words, the 
trend of the errors. The mean size estimates also give evidence 
of the degree to which size constancy has been attained in the 
perceptions. 

It can be noted that in both real space and photographs the 
variability of the size estimates rites when the standard and 
variable are at different distances, and increases with each in- 
crease of distance. With respect to the reb.lionship between varia- 
bility of size judgments and increase in distance both spatial situa- 
tions produce the same effect. The variability at each distance, 
however, is somewhat greater in phonographs than in real space. 
Those results are consistent with the hypothesis that errors in 
size perception at a distance reflect errors in visual distance per- 
ception; but that the accuracy of such perception is reduced in 
photographs. 
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Of equal signlfkance to the valldatio i of the photographic 
method of representing distance is the fact that, on the average, 
the test object is seen at nearly its true size at distances as far 
away as a quarter of a mile. This is true of the size estimates 
made with photographs as well as those in the outdoor situation. 
In fact, in the outdoor experiment there is no evidence whatever 
of a falling oft of perceptual constancy with an increase in distance 
up to almost one-half mile. In the size estimates made from photo- 
graphs a small decrease in constancy occurred at the distance of 
118 yards. However, in general the reverse is true; the size tends 
to be overestimated. The individual observers varied in this 
respect, some underestimating, but the majority overestimating 
size at a distance. These facts are of theoretical importance 
since they are not in accordance with predictions made by some 
investigators of size constancy in the laboratory. The point to 
be stressed here is that the maintenance of size constancy at far 
distances in real space and photographs means that distance is 
clearly discriminable at long ranges in both situations. 

Comparison of the Consistency of Size Judgments of the Same 
Objects Seen at Different Distances in Real and Photographic 
Space. The question arises whether each observer's size judgment 
of an object will be similar from one distance to another. Will 
individual A tend to overestimate sizes at all distances, and B 
underestimate them? The consistency of the size estimates of the 
observers when observing at different distances was obtained by 
the method of correlation. In both the outdoor and photographic 
experiments the observer's mean size estimate for each test ob- 
ject at each distance was ranked on the basis of its magnitude. 
This resulted in a rank order of mean size estimates based upon 
magnitude for four test objects (63, 67, 71, and 75 inches) at each 
of four distances( 56, 112, 221, and 118 yards),, or a total of 16 
ranked orders of mean size estimates. Rank-oiler correlations 
were then made between the magnitude of size estimates at 56 
and 112 yards, 112 and 221 yards, and ?M and M8 yards. The 
correlations for the outdoor experiment are given in table 0.3, 
and those for photographs are in table 9.4. 

TABI.K 9.3.—Riink-onlcr eornhttion.H lutivce» the tHtnn *i:e cslitnalij,:s uf 15 
observers for euch tent ohjeet at vnrioim tli.stnnee* in renl   ..- •<« 

IKIv« JuilKnunt« (ililnlnr4 at <nrh ilitUnf«] 

Si:* of ohjrrt        
63 inrhrt   
•>T Inrhr*  
71 inrhr«   
75 Inrhr« .j_.... . •. 

M' :in r I. .0.1. 
lUnuv I* from .47 to .00. 

:t   and   lit 

.M 
M 
.«9 
.«T 

at »«■< :n 

.'.'0 

.CO 
M 
M 

tU and m 
|/-lr<f«_ 

.MI 

.7» 

.«» 
M 
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T\ntX 9.4.—Rank-order rorreliition* hrtweft the mean nise e*ttmat{ona «/ /.I 
ohmnem for euch text object at tarioua diatanee» reprenented in photo- 
grapha 

I y>\r ju-Umml. »I lulncl at c«rh dUtanr«] 

§t$0   of   .'>.)'rt 
H Inrhr.   ..... 
t,1 \nrhi-t  
71 Inrhn  
I.'i In' hr« 

H ami  11» 
yar«t« 

" .69 
.82 
.84 
.7» 

/// and tH 
IM ras 

M 
.91 
M 
.88 

tfl and iu 
ward» 

.GO 

.67 

.52 

.49 

M.nn r li .78. 
Kanifr I« from .49 la .92. 

Tho average size judgrmonts in both situations are fairly con 
sistent for each test object and distance. In the outdoor experi- 
ment the lange of correlations is from .47 to .90 with the average 
at .60; in photographs the correlations range from .49 to .92 and 
the average is .73. These results imply that there are consistent 
individual differences in the judgment of size at a distance, and 
that theite individual differences manifest themselves in photo- 
graphic as well as in real space. Observers tend to maintain their 
constant errors in judging size despite variation of distance. Since 
a photographic test of distance perception must utilize a number 
of distances these results encourage the belief that the test devel- 
oped as a result of this experiment will be reliable. 

The individual differences among the observers in their avenge 
size judgments had a considerable range. The judgments of some 
observers represented overestimates, and of others, underesti- 
mates ; some were accurate and others inaccurate. For example the 
moan perceived size of the 63-inch object at 224 yards ranged " 
among different observers, from 60 to 81 inches in the outdoor 
situation and from 57 to 81 inches in the photographic situation. 
These individual differences also encourage the belief that a test 
of ability to perceive d'stance accurately is feasible and necessary. 

Correlations Between $h* Magnitudt of Size Judgments of Ob- 
jeets in Real Space and the Magnitude of Size Judgments in Photo- 
graphs. The question alM arises whether an observer's size esti- 
mates of the objects will bl similar in the photographic situation 
to what they were in the outdoor situation. If individual A judges 
the test objects to bo higher than do the others in the group, will 
he continue to do so when presented with photographs, and if 
individual IJ underestimates relative to the group, will this ten- 
dency persist in tho photographic situation? If the photographs 
used in this experiment adequately portiay the real situation, 
there should be a consistent relationship between the individual 
difference» in the magnitude of size-distance estimates manifested 
in the two situations This result would tend to "validate" the 
photographic method. 

Tin • ornlations are presented in table 9.5. They were obtained 
in tho   following \ ay.   An observer's mean size estimates for 
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TABLE 9.5.—/?nwfc-or*/er correlation$ brtwten the mngnitmfe of Wz« iurtg- 
menta of object» i/i real »pace nnd in the mnynitude %of »u« imlgment» of 
Ihf »ante object» repre»ented in photograph» 

* (Bated upon 2S Ju.Jirmrn«. oliUlnH Ml mrH .li.Unr» from  |1 o^rnrm] 

in yards 
Tr»t    uhjrrl    MM 

PUtamfft *$ inrhrt *T inrkr» ?! imehf 
.as 
.as 
Mt 

71  inrkrä 
5^ ,.  M 

.77 

.SS 

.8« 

M 
.«7 
.87 
.71 

37 
M 
JU 
M 

us  
11«  

Mean r U .78. 
IUnz« ii from .38 to .87. 

each test object at each distance were ranked on the basis of 
their magnitude. Sixteen rank-orders of mean size estimates 
were thus obtained for four test objects at each of four distances 
(56, 112, 224, and 418 yards). This was done for both the outdoor 
and photographic experiment. Correlations were then calculated 
between the rank order of estimates of equivalent objects and 
distances in real space and in photographs. 

The average correlation between the magnitude of size judgment 
in the two situations is .73, and the correlations range from .35 
to .87. The correlations are, in general, sufliciently high to support 
the statement that the size-distance judgments made in photo- 
graphs are similar in magnitude to those which occur outdoors. 
Since what is correlated is the magnitude of the observer's average 
judgment, a further implication may be pointed out. Constant 
errors in estimating size at a distance are characteristic of the 
individual, since individual difTcrences are consistent in the two 
situations being compared. Observers who overestimate size of 
objects in real space are likely to have relatively high estimates 
of the size of the same object at the same distance in photographs. 
Observers who underestimate size in real space also tend to under- 
estimate in photographs. 

ImplirutioiiH of thettc RCHUIIB for the Theory of Aerial Spure 
Perccpllon und the Theory of IVrt-eplual Coiihlunry 

The results of the foregoing experiment imply that a novel and, 
on first impression, inappropriate method may be used to study 
and test the ability to judge distance—the method of photographs. 
They also lead to a number of novel conclusions regarding the per- 
ception of space at large distances and the theory of size constancy. 
It has been rather generally assumed on the basis of laboratory 
results that constancy of perceived size falls olf with increasing 
distance, or at least Miat apparent size eventually decreases at 
very great distances. If this were true it might mean, according 
to the reciprocal theory presented, that distance lUclf i;? shortened 
at long ranges and that there is a constant error present in the 
perception of aerial space as distinct from local or "room-sized" 
space, tending to make great distances in general underestimated. 
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In the experiment reported, size perception was studied up 
to the point where the size showed signs of beginning to disapcar 
optically. The question is, do sizes become smaller in perception 
before they reach their "vanishing point." Does the apparent 
size of objects ever decrease at large distances? 

Table 9.6 and figure 9.6 show the apparent sizes of the four 
test objects in inches at the various distances in the outdoor situa- 
tion.  The perceived sizes at 781 yards have not been plotted in 

TABU. 9.6.—Mean* and gigmas of size eatimationa for each test object when 
prcHcnlcd nt different distance» in real space 

IIUM*! ui«>n S ju'ttfmrnts of rarh object at each dtitanre obtained from each of 15 obicnren] 

II yanb M  
H.D. ... 

2S yaHa M  

.'.« yard« 
8.D. ... 
M  
8.D. . 

Il2yardi M  
S.D. . 

221 yard« M  
8.D. ... 

448 yard« M  
8.D. ... 

784 yatdt M  
8.D. ... 

tt inrhf        «7 inchet 
61.18 

1.8» 
60.44 
6.U 

68.28 
6.27 

64.92 
7.21 

68.1« 
8.99 

67.6S 
10.07 
68.84 

9.8S 

67.62 
1.6« 

66.7« 
6.1« 

f8.64 
6.S2 

71.5« 
1..84 

71.52 
7.9« 

70.7« 
9.91 

«9.9« 
11.78 

Tt inrke» 
71.90 

1.8S 
70.84 

5.71 
72.9« 

7.60 
75.20 

5.84 
76.84 
7.2« 

74.0« 
8.08 

74.92 
9.85 

75 inckei 
75.71 
8.05 

75.88 
6.1« 

78.82 
6.14 

78.60 
6.18 

7S.9« 
«.49 

77.24 
8.55 
9.81 

75.40 

Mean ' 
(tt ineht») 

69.67 

<S.*4 

70.80 
liii 
73.62 

72.44 

72.2« 

J^^rii 

a  ai     n» 

*!,,••f,•—TWrtObJ..» 

—n  
(112 yO«) 

W«n« 
T>m «>>ct 
71» Ob>ct 
67* Ob>et 
«• 0h>rt 
Ucaa of Objwta 

(Zdiydi) (lifj 

70» 

ay 

so- 

20" 

w» 

r»») 

FICIKK O.fi.-Apjiarcnt Size of Distant Test Objects at IncreasinfC Distances 
in Retl Space. (The solid lines in the graph represent the actual size of 
the mean lest object ami the projective size of the mean test object This 
refer« to a theoretical object of 69 inches.) 

figure 9.6, but reference to the table shows that they are essen- 
tially the same as at 118 yards. The variability of the perceived 
sizes rises somewhat with increasing distance, but the mean 
apparent size remains constant up to a point where the object 
is barely visible. In figure 9.6 the lower solid line represents the 
retinal or projective size of the mean test object and the upper 
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straight line represents its actual size, i. e., 69 inches. The per- 
ceived size follows the upper line and continues to do so although 
the retinal size diminishes and will at some further distance 
become imperceptible. The "amount" of size constancy is theo- 
retically given by the extent to which the perceived size depart« 
from the lower line and approaches the upper line. In this experi- 
ment, however, there is no question of the amount of size con- 
stancy. Constancy is simply the rule. The mean perceived size 
is, in fact, slightly greater than the actual size at all listances 
except 28 yards. There would be no value in computing ratios 
or indices of the amount of constancy in this experiment. A 
minority of observers have ratios somewhat under 100 and a 
larger number have ratios slightly over 100. 

These results strongly suggest the conclusion that as long as 
one can see an object at all, it will be seen at approximately its 
true size, at least under conditions favorable for viewing distance. 
This conclusion is somewhat surprising on first examination and 
appears to contradict other studies. The observers in these other 
studies, however, were in all probability not making practical 
estimations of sfec-at-a-distanee-, with the realistic attitude which 
this implies. The conclusion is consistent with the theory of 
retinal gradients of texture and size of similar objects according 
to which retinal size and distance are reciprocal up to the vanish- 
ing of all sizes at the horizon. The elements and areas ami objects 
of the terrain, as the flier sees it stretching away from him, do not, 
appear to be smaller than they actually arc as their distance in- 
creases. A distant landing strip, for example, will not be consist- 
ently underestimated in size as compared with a near-by landing 
strip. It will only bo harder to estimate accurately. 

The standard deviations of the mean perceived sizes in table 
9.0 tend to increase with distance. This fact simply confirms the 
conclusion already reached that accuracy of size estimation, and 
presumably of distance estimation as well, declines with distance. 
The distinction to be noted is that although accuracy of size per- 
ception decreases, constancy of size perception does not. 

TABLK 9.7.—Menus and tigmn» of she estituutiotiH for cnrli test uhjvet when 
presented ml different distances in photoyrnph» 

IDuitOfl ui.on 5 ju<lKnionl« of «'«rh obj«-«'l nt vnrh ilNtnnrf <.l.inin<<l from «•»rh of IS oWrvrn] 

ftittnnm et tmekn tT itrhrt 71   iiirhf» 7S   inch ft 

63.4 68.4 7.,.t 76.      1 
1               1.22 \m IM -• 0 

67.7 H.ll 76.M 7x ' 
7.fi8 H.I 6..»| 6.  J 

SS.I 7.'.4 77.3 M. t 
i                7.7J 73.i ( 7..« 7. .7 
|               67.9 TiA 74.« 76.     | 

8.M 7.)>4 7.0« 8. II 
«6.3 69.: 1 71.1 7.V 1 

7.,<» 8.<«5 8.'. 4 8.1« 
err 64..! M.I (■*. 1 

'.'.87 11.3« 10.64 lo.>7 i 

Mftn 
(Si   t*rh*§) 

Mi 
73.1 

VV.i 
ni 
Vo.i 
«V.i 
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FIGI RK 9.7.—Apparent Size of Distant Test Objects at Increasing Distances 
in Photographs (The solid lines in the graph represent the aetttal size of 
the moan test object and the projeetive size of the mean test object. This 
refers to a theoretical'object of 69 inches.) 

Table 9.7 and figure 9.7 show the corresponding results to those 
just presented for the experiment with photographic space. They 
confirm the general conclusions reached in every respect. It may 
be noted that the variability of the mean perceived sizes is greater 
with photographs than in the outdoor situation, as would be 
expected. The constancy or objectivity of perceived size, however, 
holds true even in a representat''on of three-dimensional space, and 
docs so even at a "distance" of 448 yards where the test object is 
so minute on the photographic print that it can only just be made 
out. It is true that the plotted sizes show a slight downward trend, 
but they nevertheless do not fall far below complete size con- 
stancy. It is likely, since the same observers were used in both 
the outdoor experiment and the photographic experiment, that 
there was some practico-efTect to improve the accuracy of the 
latter estimates. It could not have been great, since the observers 
were not aware of the results. The amount of effect may be judged 
from the data to be reported next, which were obtained with a 
difTcrcnt group of subjects. 

CoiiHlriiclion of the* DbtaMC FMinialion Test Form A (CP212A) 

Armngemeni und Number of Items. The same photographs used 
in the experiment were also used for the construction of the Dis- 
tance Kstimation Test CP212A. A description of these photo- 
graphs and the procedure followed in presenting them have been 
given in the description of the photographic experiment. In that 
procedure although the size of the test objects was varied in an 
irregular manner, the distance at which they apeared remained 
constant for a block of 25 trials.  In presenting the photographs 

212 

•      : ■ 



as a test it was possible to vary the distance as well as the size 
of the test objects from one trial to the next in a random fashion. 

It was necessary to reduce the number of trials (from 150 used 
in the photographic experiment) to a smaller number which 
would be practicable in a test. Forty trials could be presented 
(each picture being shown individually) in about 15 minutes. 
This number of trials was therefore used in the testing procedure. 
Evidence will be presented to show that 10 trials is sufficient to 
give the test good reliability. 

A third modification of the procedure used in the photographic 
experiment was introduced to permit a standard I.B.M. answer 
sheet to be used for recording and scoring responses. Since there 
were in the original experiment oversized and undersized test 
objects, and since judgments of higher than 15 and shorter than 
1 were permitted, a total of 17 responses was possible. In order 
to reduce the number of possible judgments to 15 so that a 15-place 
answer sheet could be used, the over and under judgments were 
not mentioned in the instructions, and the two pictures showing 
the over and undersized stakes at each disUnce were eliminated 
from the test. It was also not necessary to include the block of 
trials in which the test stakes appeared at the same distance aa 
the standards (14 yards). This control had already demonstrated 
that size perception not at a distance is relatively accurate. The 
basic number of photographs utilized, therefore, was 20. four 
heights of test objects (63, 67, 71, and 75 inches) represented at 
each of five distances (28, 56, 112, 228, and 118 yards). By giving 
the 20 photographs in a random order and then repeating them 
in another.random order, a test of 10 trials was constructed, the 
two halves of which were equivalent. 

Insti-uctions. Preceding the test, the following instructions 
were given: 

This is a test of your ability to perceive distance. In the test you will 
sec phocographs of a larjtc field stretching away from you for a lonjf dis- 
tance and finally mcrjjinjf into hilly ground near the horizon. Close to 
you, in the foreground of the photograph, is a set of 15 white stakes. At 
a greater distance from you, in the background, is a single white stake. 
Kach trial of the test will consist of a photograph. All the photographs are 
the same except that the height and the distance of the far stake will b« 
ditferent from one trial to the next 

Look at the photograph on the stand. 
The 15 stakes in the foreground may be thought of as a scale of heights 

(extending from 1-15). Your task is to Mttmatc the height of the stake 
in the distance in terms of this scale. If you could walk out to the distant 
stake and measure it, you would always find it to be exactly the same 
height as one of the 16. 

Since the scale is near and the stake to be judged is distant, the accur- 
acy of  your estimate will  depend  indirectly on how clearly  you  see  the 
distance to the far stake.  Hut do not try to estimate this distance by itself; 

Mnia  «T-is 
213 

1 
: 



I 

conctiitiMte innteod on how hufh the f«r stake look». If you can get a clear 
imprwwion of that you will ; ave taken account of the dUtance naturally 
and automatically. 

In »omc trial* you will find the exact point of the scale difficult to deter- 
minr. Do hot expect your estimate to be perfect or exact. Your score will 
take into considerution not only perfect judjrmcnts, but also the closeness 
with which you approximate the real siie of the distant stak«. 

You will have three practice trials before the test begins. 
Practice Trial 1. (Distance 28 feet, sire of test stake 75 inches.) Look 

at the distant stake. Which of the numbered series of 15 stakes directly 
in front of you is the same heiKht? You may notice that the stakes in the 
fortK'round have sliirhtly different widths. Disregard the width of the 
stakes in making your judgment; the width of the distant stake may be 
different from that of the stake which matches it in height There is no 
way by which you can compute or measure the size of the distant stake. 
Vonr first clear impression of it is likely to be the mo?t accurate one. 

Now record the height of the distant stake using the numbers from 1 
to !•'• opposite item 1 on your answer sheet. (Examiner wiits until answer 
is marked.) The correct answer to trial 1 is 13. The distant stake is actually 
height 13 in the srale. Correct your answer if you have it wrong. (Exam- 
iner waits if necessary.)     , 

Practice Trial 2. (Distance 112 feet, size of test stake 63 inches.) Note 
that the far stake in this photograph is at a different distance from you 
than was the stake in the first practice trial. Record your estimate opposite 
item 2 on your answer sheet. (Examiner waits.) The correct answer to 
practice trial 2 is number 10. Correct your answer if necessary. (Examiner 
waits if necessary.) 

Practice Trial 3. (Distance 56 feet, size of test stake 71 inches.) Again 
notice that the distance from you to the far stake has changed. Record the 
heitrht of the distant stake opposite number 3 on your answer sheet. (Exam- 
iiu-r waits.) The correct answer to practice trial 3 is 12. Correct your 
answer if necessary.   (Examiner waits if necessary.) 

The teat consists of 40 trials. Do not hesitate too much over your esti- 
mates but do them as accurately as you can.  Now, we will begin the test. 

SeoHng Formula. The formula used to score the tests was 
'Mi \- 2W, f- Wg in which R -- number of correct matches, 
W, one-step wrong on the scale, and W, = two or more steps 
wronf. The reason for a weighted formula is that responses are 
not either right or wrong. If wrong they are wrong by a certain 
fimoiiHt in terms of a scale of standard heights. It is, therefore, 
desirable to thke into account the amount of error as well as the 
number of errors. An error is a deviation of \hc judgment in 
cither direction. The specific weights used in the scoring formula 
were determined by an examination of the distribution of the 
correct matches and of nearly correct matches on the scale of 
standards. The simplest ratio which fit this distribution was 3:2:1. 
Kvidence will be presented in the results to show that the relia- 
bility of the test is higher when this formula is used instead of 
simply scoring the number of correct matches. 

Administration of the Tent. The test was administered Indi- 
vidually to each of a group of 50 subjects. They were all AAF 
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"returnees" who had been overseas and returned to Kedistributipn 
Station No. I at Santa Ana Army Air Base for reassignment or 
discharge. They wore tested after they had received routine 
physical examinations by the Flight Surgeon. All had normal 
vision and good health. The majority were aircrew personnel 
(pilots, bombardiers, navigJiiors, and gunners) who needed 
accurate distance perception in order to perform their duties. 

Each man was tested individually in a well-illuminated room. 
Special care was taken that the light would fall evenly upon the 
surface of the photograph so that distracting highlights and the 
surface qualities of the print would be minimized. The photo- 
graphs were presented individually in a holder which was placed 
at eye level about one foot away from the seated subject, and each 
orint was made so that the scene appeared as if through an oval 
window. This was the best that could be done under the circum- 
stances to enhance the depth effect of the photographs. The test 
was administered similarly to what would be possible with a 
printed test booklet of photographs, under group-testing condi- 
tions. No time limit was imposed on each trial of the test, but 
the subjects were asked to pace themselves rapidly without being 
careless in making their judgments. 

The total time required.to take the test (including instructions) 
did not exceed 20 minutes. The average time required was 15 
minutes and some subjects finished in 12 minutes. 

Reliability. It will be recalled that the test consisted of two 
identical sets of 20 photographs each presented in random order. 
Hence, the reliability of the test may be determined by correlating 
the two eouivalent halves of the test. Two reliability coenicicnts 
were calculated: one betwen the number correct, or unweighted 
scores, of each individual on the two halves of the test, the other 
between the weighted scores based upon the formula 
3R -f 2\V, -\' Wf These correlations are in table 0.8.   From these 

TAKLK O.S.—ReHnbility of dMnnce estiinatiun  Tent  (CPJiJA) 

I »Ulf Plaft _ 
SAAAB 
SAAAB 

«roMj»    I  iVJ  ;W«_I   .W»    \SIU   SW» 1   r   | r«   I      Twi^      I      MraMflM 
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half-test reliabilities, the self correlation of the whole tost of 10 
trials was estimated by means of the Spearman-Brown formula. 

The corrected coeflicient of .79 based upon the weighted formula 
shows that the distance-estimation test is moderately reliable. 
This is the fact, despite the impression frequently reported that 
judgments of sizo-at-a-distance cannot be made with n subjective 
feeling of certainty. This finding confirms the high consistency in 
magnitude of size judgments at different distance! in the photo- 
graphic experiment.   The reliability of the lest is eonsiderably 
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higher when the wcijfhted scoring formula is used than when the 
test is scored by taking the number of right matches. 

Distribution. The means and sigmas of the distributions of the 
unweighted scores (number correct) and the weighted scores are 
presented in table 9.9.  When the test is scored on the basis of 

• TABLE 9.9.~-I)iHtribution conatant* 

Oaf«    | 
SAAAH 
SAAAB 

Croup N 
60 

_50^ 

Mean        SO 
«.42        3.42 

49.28        16.4 

R< marie« 

*/ti 
Ilrturn.r (Aircrew)  
Krturnc« (Air rr»w)  

Srorr.1 RIShta. 
Sron-d «R + IWI + V» 

number right, the mean is only 6.42 and the standard deviation 
3.42. The test is too difficult. A more satisfactory distribution of 
scores for test purposes is obtained when individuals are scored 
with the weighted formula. The mean is then 49.26 and the 
standard deviation is 16.4. It will be noted that individual differ- 
ences in this form of the ability to judge distance are pronounced 
despite the fact that the subjects are all fliers who have had the 
opportunity to learn judgment of distance in aerial long-range 
space. 

Accuracy of Size-Distance Perception in Form A of the Distance 
Estimation Test. The accuracy of size perception at increasing 
distances in the test follows the same trend that was found in the 
experiment to validate the photographic method. In the test, as 
in the experiment, a decrease in the accuracy of perception occurs 
at each increase in distance of the test objects from the observers. 
Kvidence for this conclusion is demonstrated by the successive 
increase in the mean of the average errors from 6.f 5 inches at 
28 yards to 12.90 inches at 448 yards (table 9.10). 

TAIU-K 9.10.—Accuracy of aize-nt-a-duitance judgments in the dwtanee esti- 
mation tent. Form A, an represented by average errors in inches 

IHaard upon two JiKlirmrnU of rarh objrrl at «-«rh dliiUnrc from each of 50 obwi-v.-rO 

VMtmns 
*<«yar<i(~ 
'.< yani« 

III yarfi 
Hi )»r.l. 
Hi »ant« 

However, the accuracy of perceived size-at-a-distance in the 
test is somewhat less than it was in the experiment on the photo- 
graphic method. The relative accuracy of size perception at a 
distance in the test and the experiments may be obtained by com- 
paring tables 9.1-A and B and table 9.10. 

Constancy and Variability of Size-Distance Perception in the 
Distance Estimation Test. The means and standard deviations of 
the size estimates of each object at each of five distances are pre- 
sented in table 9.11. These results show that the predominant 
tendency in the test is for subjects to judge the real size of the 
test objects rather than the image size on the photographs. There 
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rmrUmt dutnnee* in thv tHntance nthmltm teat. Form A 
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is, however, a slight reduction in constancy with each increase in 
distance represented in the photographic test. At 28 yards, the 
mean size estimate for an average object of 69 inches is 67.63 
inches, at 224 yards, 63.84 inches, and at 448 yards, 59.72 inches. 
This slight trend toward under-constancy, small at first, but in- 
creasing from 224 to 448 yards is in contrast to the over-estima- 
lion of size at great distances found in the results of the experi- 
ments given in an earlier section (cf. tables and figures 9.6 and 
9.7). Table 9.11 also shows that the variability of judgments 
increases with each increase of distance. This increase is some- 
what larger than that found in the earlier experiment 

These results verify the use of the test as a measure of size- 
distance perception. Perception of size decreases in accuracy with 
increasing distance in the test, as was the case in a natural outdoor 
situation. Constancy is maintained to a considerable degree at all 
distances in the test as it was outdoors and also in the photo- 
graphic experiment. Variability of the size estimations increased 
also in the test. To the extent that the test results are comparable 
to those obtained in the experiment, it may be stated that the 
photographs presented in a random test order do indeed measure 
a tridimensional spatial ability, the perception of sizc-at-a distance 
The differences that exist between mean accuracy and constancy 
of judgments in the test and the experiment simply imply that 
the test situation was not as favorable to the Judgment of size 
at a distance as was the experimental situation. This is to be 
expected also on statistical grounds, since only two judgments of 
each size at each distance were made by individuals taking the 
test, whereas five judgments were obtained in the experiment. 

Comtrurtion of the Dit»lunce EHliimition Totti, Form 11 ((:F2I2H) 

A partial revision of the test just described, numbered CP212B, 
was planned but the new photographs required for it were not 
completed. It was considered useful to revise the original test 
for a number of reasons. 

1. The level of difticully of the test was probably higher than 
is desirable, resulting in a relatively small percentage of actually 
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correct judgments. This was taken care of by using a weighted 
formula. It would be advantageous, however, to construct an 
easier test which it might be possible to score simply by counting 
the number of correct answers, i. e., a test in which the steps of 
the scale are greater. 

2. In Form A, the four test objects whose size had to be judged 
corresponded to the stakes numbered 10, 11, 12, and 13 in the 
standard scale of 16 sizes. They were chosen from one end of the 
scale in the expectation that most of the errors would be under- 
estimations of size requiring a relatively larger number of stakes 
smaller than the test object. The results proved this expectation 
(based upon evidence from laboratory constancy experiments) to 
be false. In fact, the frequency of overestimations of size occur- 
ring in Form A makes it desirable to have an equal number of 
standards on both sides of the test objects. This symmetrical ar- 
rangement of the test objects in relation to the standard scale was 
adopted in constructing Form B. The test objects were also 
selected over a wide range of the scale. 

3. Photographic reproduction of the stakes at 448 yards in 
Form A was close to the limit of their distinguishability. Careful 
photographic processing is necessary in order to produce adequate 
prints of the test object at this distance. Although observers agree 
on the relative sizes of the test objects at this distance, if the test 
were to be reproduced many times in booklet form, it would be 
desirable to modify the scale of distances, particularly by decreas- 
ing the farthest distance. 

4. Since 1 replace I.B.M. answer sheets lettered from A to O 
are most easily available, it would be advantageous to letter the 
standard stakes instead of numbering them. 

Form B should be photographed in an outdoor environment 
similar to that employed in Form A. The scale of standards con- 
sists of 13 white stakes set into the ground in an arc. They are 
18-22 inches apart, with a larger gap of 6 feet in the center of 
the series. The standards are arranged in order from the short- 
est to the tallest and are lettered consecutively from A through 
M. The shortest standard on the left is 25 inches high and the 
stakes increase in size by five-inch intervals (instead of 4-inch 
intervals) up to the largest stake which is 85 inches. These stand- 
ards may be seen in the foreground of the photograph; their 
actual distance from the camera is 12V£ yards. 

Through the central gap between stakes lettered F and G is 
seen the test object in the distance. Four different heights of 
test objects, 35, 50, 65, and 75 inches in size are shown at six 
different distances, 25, fiO, 100, 200, 300, and 400 yards, in differ- 
ent photographs. The basic number of photographs in Form B 
ii therefore 21.   By random arrangement of two sets of these 
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photographs, a test of 18 trials can be constructed. This will 
have an administration time of approximately 15 minutes. Accord- 
ing to evidence obtained on Form A its reliability can be expected 
to be about .80, The directions are similar to those for Form A. 

The following are the principal modifications of Form A incor- 
porated in Form B: 

1. Thirteen lettered stakes with progressive increases in sire 
of five inches are employed as standards instead of fifteen num- 
bered stakes which increase in size by four-inch increments. The 
larger increment is expected to lower the difficulty level of the 
test. 

2. The test objects are 35, 50, 65, and 75 inches in height, as 
compared with 63, 67, 71, and 75 inches. They are not grouped 
together in a restricted pa;t of the scale but are distributed 
throughout the scale. Shice there are an equal number of stan- 
dards larger and smaller than the test objects, o\erestimatlotiS can 
bo measured as effectively as I'tulorestimations. The test objects 
should be photographed in horizontal as well as vertical positions 
so that either type of position may be used in the test. 

3. The farthest distance should be reduced from 448 yards to 
100 yards in Form B. An additional distance of 300 yards should 
be introduced. Either or both of these distances may be used 
in the test, depending upon the clarity of the most distant stake 
as reproduced for test purposes. 

THK ABILITY TO JUDGE DISTANCE AND SPACE IN TERMS 
OF THE RETINAL MOTION CUE 

The distance perception heretofore discussed has beca that of 
a stationary observer. The flier, however, is in motion. It is pri- 
marily because he is in motion that distance perception is so 
Important to him. The stimulus of retinal motion perspective as 
a basis for distance has been described only in part. Its nature 
and application to the perception of aerial space during flight 
may next be considered. 

Type« of Rflinul Stimulation in Relation to 
ViHiial Motion IVrroptlun 

The retina may be stimulated by motion, or more exactly, the 
retinal image may undergo motion, In two general ways. The first 
and simplest is relative displacement. In this case the imago 
corresponding to an object Is displaced in relation to the Image 
corresponding to the rest of the world, i. o., the image of the 
background against which the object-imajje Is located. This Is 
the stimulus that exists when an object in the visual scene moves. 
The relative displacement is the same whether the eyes follow tin» 
moving object or not. The second may be called deformation.  In 
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this less familiar typo of stimulation, the image is distorted as 
a whole; it stretches or expands or contract« rather than merely 
being transposed. This sort of change obviously does not physi- 
tally occur in real objects, or at least solid objects, but it happens 
all the time to our retinal images—especially to the image of the 
terrain or background. The fact to be especially noted is that the 
retinal imi ge over the whole retina, the image representing the 
«•ntiro visual field, may undergo this kind of motion, i. e., may flow 
at different rates in different parts. 

Having distirguished between retinal displacement and retinal 
deformation, the kinds of visually perceived motion which cor- 
respond to them can be stated. The general rule may be formulated 
that whenever the observer himself moves, the retinal image cor- 
responding to the whole visual field undergoes deformation. The 
converse is also true. When the observer's body is motionless, 
there is no deformation of the retinal image as a whole. 

Wien objects move, the corresponding object-images within the 
retival image of the fir!d undergo relative displacement (and may 
also undergo deformation if the objects move toward c Tvay 
from us) but the retinal background-image of the whole field does 
not undergo deformation. This rule holds even though the eyes 
may move from one fixation to another or may fixate a moving 
object, so long as the head does not move, i. e., so long as the posi- 
tion of the eyes in space does not change. 

When both the observer and objects move in a three-dimensional 
space, there occurs both deformation of the retinal background- 
imago, and displacement (possibly with deformation) of the 
retinal object-images. Both the observer's own movement and the 
movement of objects are perceived simultaneously, under normal 
circumstances, without any interference between the two kinds 
of perception. 

The importance of these distinctions lies in the fact that de- 
formation of the retinal background-image yields not only the 
perception of subjective motion but provides a powerful stimulus 
for space perception. Difforont aspects of this deformation are 
jpecific not only to the direction of one's motion and to the velocity 
of one's motion, but also to its angle of inclination of the surface 
at which one is looking, to the distance of all points of the surface, 
and in fact to the distance of all stationary objects in one's field of 
vision. Considered as a stimulus-correlate for distance, the flowing 
deformation of the retinal image is identical with what we have 
called retinal motion perspective. 

In order to avoid complicating the discussion unnecessarily one 
assumption should be made at this point. For the sake of simplicity 
and for the time being, it will be assumed that the eyes of the 
moving observer are always fixated at an infmilely distant point 
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I such as the horizon, and therefore motionless in his head. In 
other words we will disregard movcnvnts of thu eyes, particularly 
pursuit movements. The retinal displacement produced when the 
oyes of a moving observer themselves rotate can be considered 
independently and therefore the problem can be deferred. 

Retinal Motion Perspective. When the observer moves, the 
retinal image flows at different rates on his retina in an exactly 
inverse relation to the distances of the corresponding points or 
objects in the world. The more distant the point, the less its 
velocity. The line of the horizon, for example, docs not move on 
the retina. Objects at distances which are for practical purposes 
infinite will not move either. Consider the appearance of the visual 
world on a clear night, when the observer is flying or driving a 
car througn it. The stars, the moon, and the horizon do not 
undergo any deformation whatever; their distance is so great 
that the observer does not change position in relation to them or, 
in other words, the parallax is zero. But the terrain and the 
objects on it flow across the visual field, slowly at distant points 
and more and more rapidly at points nearer the observer. The 
differences in the rate of flow are dependent on differences in dis- 
tance, since the nearer points change their direction from the 
observer, and are therefore rctinally displaced, faster than the 
further points. There exists a certain degree of parallax which is 
inversely proportional to the distance. Considering this fact as 
a matter of different velocities stimulating the retina at the same 
moment, the phenomenon is what we have termed motion per- 
spective. 

In addition to the fact that the velocity of this retinal flow 
approaches zero for very distant objects and vanishes, therefore, 
at the horizon, it also approaches zero and vanishes at two specific 
points in the visual world—the point toward which the observer 
is moving and its opposite, the point he is moving away from. 
For example, it is a familiar fact that an object in the direct line 
of an observer's progress yields retinal motion only to the extent 
that it expands; the exact point on the object at which locomotion 
is aimed does not move at all. Optically speaking, therefore, the 
world expands radially outward as the observer moves into it, and, 
assuming he looks backward, contracts radially inward as he 
moves away from it. The expansion may be noticed when one 
drives a car on a straight road, particularly at night, and looks 
at a distant point ahead. The corresponding contraction is most 
easily observed from the rear end of a train. 

Fisuro 9.8 shows dlagramatically the general character of 
retinal motion perspective as it exists when the observer ia moving 
and looking straight ahead over a level terrain. The arrows are 
vectors and the length of each arrow represents the retinal velocity 
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FIGURE 9.8.—Retinal Motion Perspective looking Ahead. 
• 

in the field of view at that particular point in the field. These 
velocities exist, of course, as continuous gradients rather than as 
separate displacements on the retina. The retinal image is de- 
formed as a whole. A gradient of velocity is a rate of change of 
velocity, not a velocity as such. The distinction is important, since 
the hypothesis will be advanced that the gradients In the retinal 
field and the direction of these gradients rather than the velocities 
themselves are the effective stimuli for the perception of distance, 
space, and locomotion. 

In figure 9.8 it should be noted that there is a gradient of veloci- 
ties varying from zero at the horizon to a maximum at the near 
region of the ground. From the observer to the horizon in any 
direction, this gradient of velocity is repeated. The direction 
of all retinal velocities is radially outward from the.point toward 
which one is moving, i. e., from the "center of expansion." In fig- 
ure 9.8 the center of expansion is on the horizon because the 
observer is assumed to be moving parallel to the terrain. 

Figure 9.9 shows the motion perspective when the eyes are 
looking not ahead but to the right, as for example in looking out 
the side window of a plane or train. All velocities vanish at the 
horizon. They reach their maximum at the point directly under 
the obsorver, which point of course cannot be represented in the 
diagram. The vanishing of all velocities at the horizon is analogous 
in this diagram to the vanishing of all sizes on the horizon, and 
!n fact the gradient of decreasing velocity upward on the flat 
visual field is similar to the corresponding gradient of retinal size. 
In this diagram, at least, retinal motion perspective is similar to 
size perspective and to linear perspective. Unlike size, however, 
motion has the characteristic of direction. 
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FIGURE 9.9.—Retinal Motion Perspective Looking to the Right 

If one were to reverse the direction of the arrows in figure 9.9 
or in other words make the field move in the opposite way, the 
diagram would represent the view of an observer who is looking 
straight to the left of his line of motion instead of to the right. 
Similarly, reversing the direction of the arrows in figure 9.8, 
which would have the effect of making the retinal field contract 
instead of expand, would represent the view of an observer looking 
in the opposite direction to his line of motion, that is, looking 
backward. There are, therefore, two opposite poles in optical 
space at which retinal motion is zero, the center of expansion for« 
ward and the center of contraction backward on the line of the 
observer's locomotion. These poles exist independently of retinal 
motion perspective. They arc cues for the perception not of dis- 
tance but of the direction of locomotion. 

The third diagram, figure 9.10, represents the motion perspec- 
tive when the observer moves forward but looks vertically down- 
ward, as for example in looking through the bomb bay doors of 
an airplane. The velocity of the terrain going by is greatest at 
its nearest point—the one vertically below the observer. The 
velocities decrease radially and symmetrically from this maximum 
point and, merging with the family of gradients already described, 
finally diminish to zero at the encircling rim of the horizon. By 
visualizing all of these views as if they were continuous and 
connected, a fairly complete picture may bo gained of the retinal 
gradients of motion perspective and their interrelations. 

The answer to the question of how the retina is stimulated if 
the observer luoks vertically upward into a clear sky during loco- 
motion is probably obvious—there is no motion stimulus at all. 
If nothing is seen but sky there is no visual sense of one's own 
movement.  LiKowls«] there la no visual experience of a world of 
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FIGURE 9.10.—Retinal Motion Perspective Looking Down. 

objects in three dimensions. Motion perception presupposes the 
stimulus of texture—the existence of objects or surfaces produc- 
ing a differentiated retinal image. Only when there is such an 
image can retinal displacement or deformation occur. If the 
retinal stimulus is perfectly homogeneous or uniform at all points, 
as it is when we see nothing but clear sky, no motion can be per- 
ceived. If there are clouds in the sky, the surfaces formed by 
them will show retinal motion perspective and if the clouds are 
near enough to the observer, as occasionally happens in flying, 
the motion perspective will be noticeable. Figure 9.11 gives the 
appearance of the woild ahead when flying under a solid over- 
cast or "ceiling." If the cloud is sufTiciently solid to be a visible 
surface, the motion perspective will be precisely analogous to 
that of a physical ceiling. 

The Effect of Eye Movements on Gradients of Velocity. It is 
now possible to consider the relation of eye movements to retinal 
motion perspective. When the eyes foIlo\y a moving object or 
rotate from one fixation point to another the retinal background 
image obviously shifts across the retina itself. This shift is a 
displacement of the image of the visual field, not a deformation 
of it. Suppose that the eyes arc fixated not on the motionless 
horizon as we have heretofore assumed but on a nearby point on 
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FIGURE 9.11.—Motion Perspective with a Ceiling. 

the ground. During such a fixation, the retinal velocities in the 
field are quite different from those represented in the diagrams 
and one might suppose that retinal motion perspective is thereby 
destroyed. The retinal velocity at the point fixated is now zero; 
the velocity of that point has been just canceled by an opposite 
velocity induced by the rotation of the eye. The velocity at all 
other retinal points is affected by this compensatory velocity—it 
is in fact added to each f them. The horizon, for example, moves 
on the retina at the rate which the now fixated point formerly 
possessed. The fact is, nevertheless, that the observer sees essen- 
tially the same thing as if he looked at the horizon—a three- 
dimensional world in which he himself moves. 

The explanation of this fact is that when a constant opposite 
velocity is added to a continuous series of dilTerent velocities, 
the relation between them remains unchanged. The adding of 
velocities is algebraic in the sense that a positive velocity in one 
direction may be canceled by a negative velocity in the other. The 
f/radicnt of retinal velocities with respect to their direction is 
therefore unaffected by pursuit movement of the eyes. Since we 
know that the observer has the same experience of visual locomo- 
tion whether he fixates the horizon or watches the ground going 
by, we must suppose that the effective stimulus for such percep- 
tion is the gradient of velocities in the retinal field—the direction 
and rate of change of velocities along a retinal axis—rather than 
Ihe velocities themselves.  The perceptual mochanism involved is 
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glmilr:   to that already discussed for the gradient of retinal 
disparity. 

The Perception Resulting from Retinal Motion Gradients. The 
visual movement which has been described in the previous pages 
is the movement which occurs on the surface of the observer's 
retina—it is not of course the same thing as the movement which 
he sees or experiences. The aim has been to define the physiologi- 
cal and optical stimuli for his perceptions of space and locomotion. 
It is on the basis of these stimuli that he flies an airplane or other- 
wise gets around in an extended world. The observer does not 
"see" his retinal images, although his retinal images are of course 
the conditions of his seeing. Images are two-dimensional, whereas ' 
his perceptions are three-dimensional. The visual field which 
undergoes deformation, for example the expansion shown in figure 
9.11, is the retinal field; the visual world resulting does not expand 
correspondingly but is seen as perfectly stable. Why does the 
world not expand when the stimulus image expands? 

The answer must lie in ^he fact that the world possesses a third 
dimension and that the observer sees himself moving in this 
dimension. In all probability the expansion of the retinal image 
is an effective stimulus for perceived locomotion and for distance 
perception and by virtue of this fact it is not a stimulus for a 
perceived expansion of the visual world. This explanation sug- 
gests that if we could see the terrain of figure 9.11 as a flat image, 
we would also see it as one which instead of extending into the 
third dimension expands in two dimensions. If it can be assumed 
that retinal motion perspective during locomotion is normally a 
stimulus for distance, then it is only reasonable that it should 
not be a stimulus for deformation. 

The customary terms to describe the fact that objects do not 
undergo expansion or contraction when their position is changed 
relative to the observer are "shape constancy" and size con- 
stancy." These phenomena are, however, probably only special 
cases of the general constancy of a continuous three-dimensional 
terrain. 

Motion Perspective when the Observer's Movement is not Par- 
allel to the Terrain; Application to the Problem of Landing an 
Airplane. Up until the present we have been dealing with the 
situation whore the observer moves on the ground or parallel to 
the ground. This is the case during most of the ordinary small 
movements of human activity, and during walking, driving, and 
straight and level flying. However, the ability to judge distance 
and space is most critical not in these situations but in the situa- 
tion where the observer is moving toward the ground as he is 
when landing an airplane. We are now in a position to describe 
the retinal motion stimuli of the pilot during a landing and the 
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way in which they are indicative of the direction, velocity, and 
angle of his glide, and of his distance or altitude from points on 
the ground. 

The fundamental difference between the retinal gradients of 
motion during level flight and during a glide is that the optical 
center of expansion, the point toward which the observer is mov- 
ing, is no longer on the horizon, but is on the ground'". Retinal 
motion therefore vanishes both on the rim of the horizon and at 
another point in the field—the center from which the motion 
radiates. Consider the case which is theoretically simplest—that 
of vertical descent with the observer looking straight down along 
the line of locomotion. The retinal velocity will be zero at the 
center of expansion, will increase to a maximum at points half- 
way between the center and the horizon, at 45° from the line of 
locomotion, and will then decrease and finally vanish at the 
horizon itself, at 90° from the line of locomotion. This pattern of 
the gradients of expansion will be symmetrical and will be quite 
different in character from the gradients existing during level 
flight 

^T» 

FlGl-RK 9.12. -Retinal Motion Gradients During a Landing Glide. 

The gradients during a glide aimed at a point between the one 
vertically below and the horizon arc a combination of the two situa- 
tions described. They arc diagramed in figure 9.1'. The center of 
expansion is the point at which the glide is now umed; if the glide 
is made steeper, it moves downward and if the j^Wdc is made shal- 
lower it moves upward toward the horizon. The center is, in other 

'•C. C Crin-IU-y hn» torriM Ihl» »nil ix>im> olh«-r «KIMTI« of Ihf phenomrmm In a trUI 
niiort to ih* Iti.li-h Myinsj I'.ionn«! It. •.i><-h Cunmin«^. \Vh«lh«r ft «ll.ni. l.-n of th« 
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words, an indicator of the direction of one's flight—of where one 
is ^oing at the present moment. If the glide should be continued 
unchanged this zero point of the retina! gradients is the point 
where the -.vheels will touch ground. It therefore enables the pilot 
to see whether he is overshooting or undershooting the field. A 
plane, it should be noted, cannot be "aimed" by lining it up with a 
distant point like a rifle or even like an automobile; its nose never 
points exactly in the direction in which it is going but somewhat 
upward from this direction; in a cross-wind furthermore, the nose 
points to one side of the true direction of flight. The cue therefore 
by which flight can be guided or aimed has to be external to the 
plane itself and must be looked for in the visual scene ahead. 
iMin^ewiesche11 has described what is in effect the center of ex- 
pansion cue in the terminology of the flier. He explains a method 
for estimating the landing point on the runway even before one 
turns into the approach by observing the center of expansion dur- 
ing the base leg, noting its angular distance below the horizon, and 
then projecting it in imagination on the runway, allowing for 
wind. He makes special note of the fact that, in a normal glide, 
what we have here called the center of expansion is always a spe- 
cific angular distance below the horizon. This angle is, in fact, 
the characteristic gliding angle of the plane being flown. In the 
absence of pow«>r, that is in the event of forced landing, the point- 
of-prescnt-,"'^ cannot be made to rise above this angular distance; 
in other words the glide cannot be "stretched." The ability to 
judge this visual angle enables the flier to see at all times how 
far on the terrain he could glide with a dead engine. 

The optical center of expansion is therefore an exact indicator 
of the direction of a glide and a means of seeing whether the 
present line of flight will or will not take the plane to the point 
the pilot wants to get to—a point, let us say, just above the near 
end of the runway. It is also an indicator of the angle of glide or 
the rate of descent. The angle of glide is in fact the visible angular 
distance between the horizon and the center of expansion. With an 
unfamiliar plane, or with unfamiliar wind conditions which may 
steepen or lengthen the glide, it becomes very important for a 
pilot to be able to see this angle of descent in the three-dimensional 
space in front of him rather than having to guess it or remember 
it from past experience. 

In the landing situation of figure 9.12, the distance of the pilot 
from the center of expansion and his altitude from the ground 
directly below him need to be judged with a considerable degree of 
accuracy. What are the criteria or indicators of this distance and 
altitude? The coarseness of texture and the size of objects on the 
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ground directly ahead are obvious correlates of these distances'», 
as is increasing binocular depth or relief. A high tower or building 
on the airfield will provide a cue to the pilot's altitude; when the 
top of the tower just outs the horizon, its height will be the same 
as his altitude. But the expansion gradients themselves vary con- 
comitantly with distance from the ground and provide a basis for 
judging it. During a descent at uniform speed, the rate of the 
retinal expansion at its maximal points increases as the distance 
from the ground decreases. Under a given set of conditions this 
overall rate of expansion at any moment indicates the altitude. 
The fact that the ground directly below the plane goes by faster 
as the altitude decreases has been frequently described and dis- 
cussed as a cue for landing. But this fact is only one aspect of the 
more general phenomenon of an increase in the rate of expansion 
over the entire field. The debated question as to how student pilots 
should use their eyes during landings ought to be considered in the 
light of the general phenomenon of expansion at all visible points. 

The pilot's ability to estimate his ground speed both during 
landings and during straight and level flight, for what it is worth« 
is dependent wholly on the perception of retinal motion. We are 
referring now to ground speed rather than air speed, which latter 
is given by the air-speed meter, auditory cues, and others. At any 
given altitude, the over-all rate of the retinal pattern of gradients 
is directly proportional to his ground speed. Since the visual cue 
for speed and one of the cues for altitude are, if this analysis is 
correct, the same stimulus, it follows that visual judgments of 
speed and altitude are interrelated. The conclusion seems to be 
supported by the observation that speed appears to decrease as a 
plane gains altitude and increase as it loses altitude. 

In summary, the retinal pattern of motion stimulation has as- 
pects which are specific to a number of corresponding aspects of 
aerial space—ones which are of great significance to the job of 
flying. In addition to the dimension of distance on a continuous 
terrain they include the direction of flight and its angle to the 
ground, the altitude or distance above the ground and the velocity 
of flight 

The analysis of the retinal motion pattern that has boon pre- 
sented is admittedly theoretical. Some empirical verification is 
furnished by the motion-picture tost derived from it which is next 
to be described, but that is insufllcient. The theory needs to be 
formulated more exactly by the use of methods similar to those of 
projective geometry. Only a beginning has been made in such a 
task. Such functions as hate been derived are omitted here in view 

"A phoKuruphlr t«-.t of «Uilily to rntlrnnte nltltiMr from Ih» trxtunr of Ihr to-.UM.I. nt on« 
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of their incompleteness. The generalizations that have been made 
have been checked, however, by geometrical methods or by empiri- 
cal study of motion-picture images on a scretm. A motion-picture 
image is, of course, analogous to a human retina insofar as two- 
dimensional gradients are concerned. The generalizations, there- 
fore, are believed to be sound. 

A .MOTION PICTURE TEST FOR ACCURACY     : 
OF JUDGMENT DURING LANDING 

Mrlhod of Conittrurting the Test 
Preliminary Photography. In the constructing of this test, re- 

ported in Chapter 5, a considerable amount of preliminary re- 
search was carried out, over a period of nearly two years, on the 
problem of representing by motion pictures the appearance of the 
ground during an approach to a landing. A number of shots were 
made of a runway, and of other types of terrain, with the camera 
mounted in the nose of an airplane during a glide, the camera 
being pointed as nearly as possible along the axis of the glide. 
These scenes were studied and the existence of the "expansion- 
pattern" on the motion picture screen was empirically verified. It 
was also demonstrated that such scenes give to the onlooker a 
realistic and uniformly compelling experience of being himself 
moved downward toward the ground in a slanting path, however 
much he may still be aware of sitting in a room and looking at a 
screen. This fact is not surprising since in most respects the cam- 
era records and the projector represent exactly the real visual situ- 
ation, i. c., the same visual stimuli that the onlooker would have 
had if he himself had been where the camera was. But in at least 
two respects the representation is not exact. The cues for "depth 
perception" yielded by binocular (as contrasted with monocular) 
vision are absent, and, what is more serious, the visual field of the 
camera and projector is very different from that of the eyes. 
Whereas the eyes can "see" ov.?r an angle in the neighborhood of 
170° horizontally and 130° vertically, the widest angle of view that 
can be registered by a motion camera is 49° horizontally and 37° 
vertically.  This angular field of view of the vifttal world should 
not be confused with the visual angle of intercept of the screen 
imayc for an individual seated in the classroom.   Evidence has 
been accumulated by the Psychological Test Film Unit to indicate 
that what one sees on the screen is, within limits, independent of 
the angular size of the screen image.  No matter where one sits 
one sees what the camera saw. The camera, however, can see only 
a restricted field. 

This restricted field of view in the motion picture situation, 
which fails to register the appearance of the ground at the outer 
periphery of the visual field in the real situation, might be expected 
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to detract very strongly from its reality. But actually it appears 
not to do so. The shots were reported by experienced pilots to 
represent the landing situation very adequately, and to induce the 
experience of actually "being there," at a visibly changing alti- 
tude, at a specific speed and at a certain angle of glide. The per- 
formance of the pilot in the camera plane could actually be criti- 
cized while viewing the scene. The only complaints about unreal- 
ity of the scene arose from the fact that the slight yawing and 
pitching of the plane in much n ore noticeable in the motion picture 
situation than it is in the equivalent real situation. The irregular 
motion of the motion picture frame in relation to the ground is 
more obvious than would be the equivalent motion of the plane's 
windshield. 

Originally, the intention was to construct a test of altitude judg- 
ment based upon the fact that altitude may be estimated (if the 
ground speed is constant) by the expansion of the ground. How- 
ever, the scenes obtained did not satisfy the specifications for a ' 
test. What was needed was a set of shots in which the altitude, ■ 
angle of descent, and velocity of motion were controlled. It was, 
therefore, necessary to employ model photography of a miniature 
set. The judgment to be made was also chaLgod and the examinee 
was required to judge his point of aim on the ground, given an 
already established glide. As has been described, this judgment 
is dependent upon the accurate perception of the expansion gradi- 
ents of the ground. The aiming point, in a landing, is the point 
of no motion in a terrain which is everywhere else expanding 
outward. 

Final Model Photography, In motion-picture model photog- 
raphy, the result is indistinguishable from that of the full-size 
reality if all action is maintained to scale. This fact is consistent 
with our theox-y of the perception of gradients of size for space- 
perception instead of absolute sizes. After som2 computation, a 
60 x 90-foot airfield was built at the studios of the AAF Motion 
Picture Unit on a scale of 1 to 48. On the first third of the run- 
way were painted five lettered spots, one foot apart, lettered A, B, 
C, D, and E. A camera track was constructed, 30 feet in length, 
at an angle of 30° to the ground. This track could be set in five 
positions such that the path of the camera could be aimed at each 
of the five spots. In those original scenes, the axis of the camera 
was also lined up with the appropriate spot so that the spot would 
appear in the center of the picture frame. The camera was then 
moved at a constant speed of 1.2 feet per second, guided by the 
track, so as to represent a quarter-mile ylide (14-10 feet) down 
toward the runway. This glide was steeper and slower than that 
ordinarily obtained with any military airplane, but for puiposes 
of the test this feature was believed desirable.  The u^e of the 
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track also eliminated most of the unstable motion of the picture 
frame in relation to the ground which was so apparent in the real, 
situation. Each of the five glides was photographed, at three dif- 
ferent shutter speeds of the camera (36, 27, and 18 frames per 
sec.) so as to yield apparent speeds in the neighborhood of 26, 35, 
and 52 miles per hour. The lens used had a focal length of 35 mm. 
which gives a field of view 35° wide and 26' high. Fifteen basic 
scenes, 20 to 10 seconds in duration, were available for prelimin- 
ary try-out and for construction of items for the test. The basic 
scene is represented by the three successive photographs of the 
landing field shown in figure 5.3 in chapter 5, 
AtlminiHlration in 35-nim. Form 

Overcoming Artificial Cues. The fifteen basic scenes on 35-mm. 
film were arranged in random order with reference to the speed 
of glide and to the aiming point (A, B, C, D, or E). They were 
then administered to several groups of aviation cadets to obtain 
information for the specifications of the final 16-mm. form of the 
test 

One serious defect in the original scenes had to be overcome, 
namely the fact that the aiming-point appeared in the center of the 
frame on the screen. It was, therefore, possible to select the cor- 
rect spot by estimating the center point of the picture rather than 
by finding the motionless point. Such a cue is artifactual in the 
sense that it is not similar to those used by pilots in making land- 
ings. It was, therefore, eliminated by offsetting the picture upward 
or downward in relation to the frame of the picture. The fifteen 
scenes were off-centered in a random order, seven being off- 
centered upward and eight downward in relation to the frame. 
Thus, the aiming spot was never in the center of the screen, but 
always displaced in an upward or downwai J direction. 

An experiment demonstrated the tendency of individuals to 
select the spot in the center of the screen, and also that when this 
cue was eliminated, the difficulty of discriminating the aiming 
point, on the basis of the expansion cue alone, rose to a level ap- 
propriate for a final form of the test. Two forms of the test were 
administered to small groups of preflight cadets. In the first form, 
the aiming point was always in the center of the screen; in the 
second form, the correct spot was ofT-contcred either upward or 
downward, by moans of a specially-constructed framing device. 
A comparison of the percent of correct judgments on each of the 
five spots in these two forms is given in the following table: 
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Over 80fl) of the first group were aware that they had selected 
the center of the screen as the aiming point. On the other hand, in 
the group shown the correct spot oflf-ccntered, fewer than 5^> 
reported using the "centering" cue, which was in this case mis- 
leading. 

The Development of the Script. Preceding the administration 
of the randomized 15 basic scenes, brief instructions were given to 
the students. These instructions simply consisted of describing 
the test, and pointing out the task required. Brief mention was 
madt of the expansion pattern and the students were asked to find 
the. aiming spot by finding the spot which showed no motion. How- 
ever, it became obvious from the low scores obtained from the 
first groups that detailed instructions and practice were needed. 
After considerable revision a script was finally developed which 
proved adequate in this respect. It will be shown that the script is, 
in effect, a training period for learning to recognize and use the 
point of no motion in judging the aiming point. The script is given, 
in part 

Script for Landing Jiutyment Teat, Form B 

Aviation Cadet Testing Program (Air Corps Symbol) 
Landing Judgment Test—Form E  (CP505E) 

Psychological Test Film Unit, Santa Ana Army Air Base, 
July 1944 

VOICE: 
This is a test of your ability to judge 
the direction of your approach glide 
toward a runway. You can till this 
direction if you can determine the 
spot on the runway at which your 
glide is aimed. In this test you will 
see a runway from the cockpit of 
your plane. On it are located 5 spots, 
separated by equal distances, and let- 
tered A, B, C, T), and E. One of these 
5 spots will aiv..-ys be the aiming 
point of your glide. 

Main Title: 
Fade to: 

ACTION: 
A rolling title appears on the 
screen over a background of a still 
scene of the airfield as it appears 
at the beginning of a glide 

Still shot in background changes 
into an approach glide toward run- 
way. Rolling title continues until 
voice ends, then disappears, leav- 
ing the end of the glide on the 
screen. 

IBM answer sheet shown on screen. 
Hand with pencil demonstrates 
method of fillin« in answers. 

Consider yourself at the controls of 
the plane as it approaches the run- 
way. You arc gliding in a perfectly 
straight course toward one of the 5 
spots. (Pause) You are to dtcide 
which of these spots is the aiming 
point of your glide. Disregard the 
fact that you would ordinarily level 
olT; simply pick out the point at 
which you arc now aiming.   (Pauce) 

The teat will consist of a series of 
trials in which your glide.* will have 
difTvrent  aiming  |>oint8.   After each 
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ACTION: 

Pencil point« to numbers. 

Rolling title over still scene of run- 
way as it appears at the beginning 
of the glide. 

Title, "Trial 1," for 2 sees. 

Slow glide begins toward spot C 
and continues until end of para- 
graph. 

Title, "Trial 2," for 2 sees. 

Slow glide toward spot B synchro- 
nized with voice. 

VOICE: 
trial you will be given time to record 
your judgment on the answer she«t 
which you have before you. The let- 
ters A, B, C, D, and E on your 
answer sheet correspond to the 6 let- 
tered spots on the runway. Fill in 
the space under the letter correspond- 
ing to the aiming point of your glide. 

Be sure that the number of the trial 
in the test corresponds to the num- 
ber of the trial on your answer sheet. 

You will now be shown 6 practice 
trials in which you will have an op- 
portunity to learn how to make these 
judgments. After each of the prac- 
tice trials the correct answer v .11 be 
given to you. Regln at number one 
on your answer sheet and fill in the 
appropriate space for each trial. 

Trial One. 

To make an accurate judgment, you 
must observe one very important cue, 
which can always be used in landing 
a plane. This cue consists of the fact 
that as you glide downward the 
ground appears to enlarge. There is, 
however, one central point around 
which the enlargement occurs. This 
is the aiming point of your glide. AH 
other points on the ground appear to 
radiate away from it. In this par- 
ticular approach, spot C is the center 
of enlargement, and is therefore the 
correct answer. 

Trial Two. 

Watch the enlargement of the ground 
as you approach the runway. If you 
look closely you will notice that the 
whole of the field of view out of the 
edges of the screen is expanding. At 
the edges this expansion is most no- 
ticeable. It becomes slower and less 
noticeable toward the middle of the 
field, until at the aiming point itself, 
the ground seems to move directly 
toward you, but there is no expansion 
in any other direction. Direct your 
attention to the appearance of the 
spots on the runway and find the one 
which is the center of the expansion. 
(Pause) B is the correct answer for 
Trial 2. 
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ACTION; 
Title, "Trial 3," for 2 sees. 

Slow glide toward E, synchronized 
with voice. 

Title, "Trial 4," for 2 sees. 

Slow glide toward spot D, synchro- 
nized with voice. 

t 

Title, "Trial 6," for 2 sees. 

Slow glide toward spot A, synchro- 
nized with voice. 

Instructions appear as a rolling 
title over a still scene of the run- 
way. 

VOICE: 
Trial Three. 

At the top of your glide the rate of 
expansion is relatively slow all over 
the field, but as you come closer to 
the runway note that the rate of en- 
largement becomes generally more 
rapid. It therefore becomes progres- 
sively easier to find the aiming point 
the closer you come to the runway. 
Notice that spots A, B, and C are 
expanding. A slow outward expan- 
sion of D is also perceptible. So 
your glide must be aimed at E, which 
is the center of enlargement Notice 
that the center of enlargement is not 
at the midpoint of the screen; be sure 
you are not misled in making your 
judgment on that basis. 

Trial Pour. 

At this point in your glide you are 
too far away to isolate the aiming 
point. However, you can eliminate 
from consideration those spots that 
clearly appear to be moving outward. 
They are the ones that are farthest 
from the center of the enlargement. 
Notice that A and D arc clearly mov- 
ing away from the center. Shift your 
attention to C, and finally to E, ob- 
serving as you come closer that both 
C and E are moving slowly away 
from the center of enlargement. Spot 
D is therefore the aiming point and 
the correct answer. Notice that D 
is not the midpoint of the screen. 

Trial Five. ^ . 

The outward expansion of spots D 
and E is obvious. (Pause) C also 
moves away from the center, but at 
a slower rate. (Pause) As you get 
closer to the runway a very slow ex- 
pansion of spot B is seen, while A 
remains motionlcsa. Everything on 
the screen is radiating outward from 
A. (Pause) Spot A Is therefore the 
one toward which you arc aiming. 
Notice that A is not the midpoint of 
the screen. 
You will now be given 5 More prac- 
tice trials. At the beginning of each 
scene try to narrow down your judg- 
mcnU to those spots that :.i>ow the 
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ACTION: 

Title, "Trial 6," for 2 sees. 

Glide   aimed 
with voice. 

at   E,   synchronized 

Screen goes blank for 6 seca. 

Title, "Trial 7," for 2 sees. 

Glide aimed at spot D synchronized 
with voice. 

Screen noes blank for 6 sees. 

Title, 'Trial 8," for 2 sec«. 
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VOICE: 
least enlargement; aa you approach 
the end of the scene eliminate other 
spots, and at the last moment, choose 
the spot which shows no expansion. 
Do not make the mistake of fixing 
your eyes on one spot and keeping 
them there. Keep your eyes moving 
and look for the spot from which all 
other points on the screen radiate 
outward. Remember that this spot is 
the only one that docs not move and 
that the movement of all other points 
is in a direct line away from this 
spot. Do not try to base your judg- 
ments on any other feature of the 
landing situation except the center of 
enlargement 

Here is the next practice trial. Start 
at number 6 on your answer sheet 
and blacken the space underneath the 
letter corresponding to the spot at 
which you are aiming. 

Trial Six. 

Watch the pattern of radiation of the 
ground as you approach the runway. 
At the edges of the field this radia- 
tion is most noticeable, and if you fol- 
low its direction inward from the 
edges of the screen, all the directions 
converge at some point on the run- 
way. This is the aiming point of your 
glide and here the ground seems to 
move directly toward you with no 
outward expansion.    (Pause) 

f Record your answer. Spot E was the 
aiming point of your glide. The space 
under E on your answer sheet should 
be blackened. 

Trial Seven. 

Notice spots A and E. Are they both 
moving outward? (Pause) Are B 
and C moving outward? (Pause) 
Docs spot D show any expansion? 
(Pause) Narrow your choice of the 
aiming point to the spot which shows 
no expansion.   (Pause) 

Record 'your answer. (Pause) Spot 
D was the uiminK point of your glide. 

Trial Eight. 



ACTION: 
Glide aimed at «pot  B. 

Screen goes blank for 6 sec» 

VOICE: 
You are on your own from now on. 
You have 3 more practice trials. 

Record your answer. (Tnuso 3 sees.) 
Spot D was the aiming point of your 
glide (etc.). 

Effect of Instructions in the Use of the Expansion Cue. In order 
to determine the effect of training by verbal instructions on test 
scores, the preliminary form of the test was administered to two 
groups of preflight students. The first group took the fifteen trials 
of the test; then was given a training period during which the 
items were shown again, each accompanied by specific instruction 
concerning the expansion cue and the correct aiming point; and 
finally was tested again with the 15 trials, in different order. A 
second group simply took a test composed of three sets of the 15 
basic items. Off-centering of the correct spot was done in both 
cases. The means and standard deviations of scores of both groups 
on the test are shown in the following table: 

TriaU 

MS. 
16-30. 
31-45. 

frainrd group (S «^ 11) 
M I S.O. 

5.« 
(Training) 
7.11 I 

2.52 

l.ST 

Unlraiiird group f.V 

5.82 
5.ftt 
549 

S.D. 
- «<> , 

2.3i 
MS 
2.U 

These results indicate a genuine increase in score produced by 
the training with verbal instructions. In comparison, scarcely any 
increase of score results from giving the 15 items again to the 
group which was given no verbal instruction. The critical ratio 
between means of pre- and post-testingin the trained group is 
4.46; between the means of the trainocWßWl^ttitrained-gTOups on 
the final 15 trials it is 3.19. The correlation tetTfeen sforcs of pre- 
and post-testi^l^öi the trained group was found to bo .11, while 
the correlation between the first and third administration in the 
untrained group was .37. For test-construction purposes, the re- 
sults show the importance of verbal instructions to be (1) that 
they introduce ability to learn the discriminations into the score, 
and (2) that they bring about a desirable increase in average score 
on the test. 

Construction of 16-inni. Form 
Preliminary testing was carried out with groups of preflight 

pilot students in order to determine a proper distribution of the 
levels of difliculty of the test items to bo incorporated in the test. 
Ten seconds of a given scene was fixed upon as being the best 
length for a tost Item. If this ton seconds was taken from the «'ml 
of a scene, the selection of the aiming point proved to be easy, 
whereas if it was taken from an earlier point in the glide, the 
judgment proved to be diHicult. It was expected that the speed of 
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flight represented in the scene would also affect the difficulty of 
an item taken from the scene, but this variable proved to be much 
less influential than the former. It was decided to utilize items 
taken from scenes at all three speeds. 

The 16 basic scenes referred to above (after being offset up- 
wards or downwards at random) were converted into 60 items. 
Two ten-second sections of film were taken from each basic scene. 
The last (easiest) 10 seconds of each scene are utilized in the first 
30 items of the test. This was done by using each of the 15 basic 
scenes (cut to 10 seconds) twice. The difficulties of these 30 items 
range from 65 percent to 70 percent correct judgments. An earlier 
(harder) ten-second section of each scene was taken to make the 
remaining 30 items of the test, so chosen as to yield difficulties 
ranging from 4!» percent to 55 percent correct judgments. The 
test thus consists of 60 items, 30 being easier, 30 harder, and each 
30 being made up by taking the 15 original scenes twice. The first 
ari last 30 items were arranged in a random order with respect to 
the 5 aiming points, the 3 speeds, and the two types of offsetting 
of the aiming point. The completed film consists of 10 practice 
trials, 30 items at a relatively easy level and 30 at a more difficult 
level. Judging from the samples of preflight students employed in 
the preliminary experiments, the mean level of item difficulty in 
the final test for similar samples should be not far from 55 percent. 
On the basis of incomplete and indirect evidence from the samples 
referred to, it is believed that test-retest reliability of this test 
will be satisfactory. Reliability coefficients obtained from a limited 
number of cases and distribution constants may be found in chap- 
ter 5. This test in 16-mm. form was administered to 1,200 students 
at Kecslcr Field. However, the results are not at present available 
for inclusion in this volume. 

The test exists in the form of 16-mm. sound-film prints, each 
copy being accompanied by a mimeographed pamphlet on the 
nature and use of the test. It is 31 minutes in duration. 

Potinliul IVn of the Test 

This test of landing judgment has a number of potential uses. 
(1) It might prove to be useful for the selection of pilots as a 
measure of one aspect of landing aptitude. (2) It might be given 
as a type of proficiency test to measure a perceptual aspect of 
landing skill at different stages of training. (3) It could be used 
for training purposes. That a test developed essentially for classi- 
fication purposes may have additional practical usefulness is not 
an ordinary occurrence. The feature of this test which makes it 
otherwise applicable is the fact that the instructions are, in effect, 
a training film on how to judge one's point of aim during an ap- 
proach glide. 
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The appearance of the grround during an approach is not ordin- 
arily familiar to a student pilot. A test of his ability «e the outset 
of training to judge this appearance and to estimate where the 
glide would bring him down might not, therefore, be a fair test 
of his aptitude for making the estimate. In order to test his apti- 
tude, the beginner must be given an opportunity to learn how to 
judge this appearance and how to estimate the point of aim. In 
an airplane, unlike all land-operated modes of locomotion such as 
automobiles and trains, the aim of one's path is not the axis of the 
conveyance. In the landing situation this discrepancy is of critical 
importance because of the limited degree to which a glide can be 
modified once it is established. The point of aim has to be deter- 
mined by watching the ground, not the plane. Since this require- 
ment tends to conflict with old locomotor habits, it is not easy to 
learn. The present test is set up to measure not original ability 
as such, but the aptness of the student in learning to make the 
judgments described after instruction and practice. 

It has already been shown that the instructional part of the 
test produces an improvement in score. It might also be expected 
that actual training in landing a real plane would result in higher 
test scores, since the student becomes increasingly familinr with 
the appearance of the ground during landings. If IK- test can 
detect improvement in accuracy of landing, which remains to be 
determined, it may be used as a proficiency measure for a kind of 
perceptual achievement or skill supplementary to tl'e performance 
scales already developed. 

To determine the value of the film as a proficiency test, it can be 
administered to a group of primary school students on two occa- 
sions, once at the beginning of their course, and once again at the 
end of the course. An improvement in final test scores would be 
the result of either practice in the test or practice in making land- 
ings. If an improvement in score is found it will therefore be 
nocessary to tost a control group of students once in their last 
week of training. Scores for the control group which are compar- 
able to the final test scores of the group tested twice will mean that 
the landing judgment tost has detected a gain In actual landing 
proficiency. By correlating some [light criteria such as Instructors' 
ratings or check ride ratings with test scores, the value of the 
Landing Judgment Test for proficiency test purposes could be 
obtained. This experiment could unfortunately not be carried out 
by the Psychological Test Film Unit 

Since the first ten-minute period of the test is devoted to in- 
structions and practice in finding the motionless nlmlng point of 
the approach guide, the test may be used as a training film. The 
fact is that there exists no uniform method for teaching students 
what to observe In landing a plane.  Analysis of the perceptual 
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Situation during Uadingl is not ordinarily made for students by 
Instructors in a systematic way. Few, if any, instructors are skilled 
in the conscious analysis of perceptual cues, and few can point out 
tho existence of the expansion pattern In determining the aiming 
point of the approach glide. There is, if this state of affairs exists, 
a need for an elfeclive instructional film on the perceptual basis of 
flight. As one contribution to such a training film the present 
form of the Landing Judgment Test could be tried out. The cor- 
rect answers for the different trials woulJ have to be read off by 
the instructor immediately after the trials themselves. The test 
might, in short, be used for practice instead of for testing. 

SUMMARY 

If the human being had a single eye in the middle of his fore- 
head, like Cyclops, the world of space would be registered by him 
in somewhat the same way as it is registered by the camera. The 
cues or retinal variables which constitute this registering of space 
on a two-dimensional retina, or film, have been elaborated in a 
theory which Js more systematic than previous descriptions of 
"monocular" space perception have been. Individuals who look at 
a photograph perceive space with a surprising degree of accuracy 
as the photographic experiment has shown. They do so, moreover, 
without special training—without any more experience in the use 
of the monocular cues than an ordinary binocular individual 
possesses. These static stimuli for the perception of space are 
powerfully supplemented by the facts of retinal motion perspec- 
tive, a theory of which was also elaborated. The motion picture 
screen can reproduce space, according to this analysis, with even 
better accuracy. The conclusion must be that the monocular basis 
of space perception is much more significant than has usually been 
recogniCvJ in psychology and aviation medicine. Research and 
tests in the field of space perception are needed with this conclu- 
sion as a starting point. Two tests of this type were described. 

Evidence has also been presented to show that the objectivity of 
space perception at large distances is greater than the psychologi- 
cal experiments on spatial constancy would lead one to expect. 
Accurate perception at such distances is presumably necessary for 
high-speed flying. The actual performances of pilots in reacting 
to spatial cues far outstrip our understanding of tho perceptual 
mechanisms by which they perform. An understanding is never- 
theless required if the selection and training of future fliers is to 
be intelligently carried out. 
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CHAPTER m  

The Instructional Techniques 
Peculiar to Motion Pictures* 

INTRODUCTION 
Although the motion picture medium was coming into wide use 

in the schools and colleges of this country before the war, it had its 
greatest application during the period of war training. The mili- 
tary services faced the problem of teaching a great variety of 
subjects and skills, some of them novel, technical and diflkult, 
with few specialists, many students, and little time. In the effort 
to meet this situation a large number of training films were pro- 
duced to supplement ordinary methods of teaching in the schools 
of the various,, military services. Some were made commercially, 
but the great majority were produced in military studios estab- 
lished for the purpose. The AAF Motion Picture Unit, staffed by 
professional writers, producers, directors, actors, cameramen, edi- 
tors, artists, sound technicians, and laboratory technicians who 
were enlisted or commissioned in the army, was one of the largest 
of these studios.   It produced training films for the specialized 
needs of the AAF.  The output of this and other units was such 
that by the middle of 1944 the quantity of 16-mm. sound films 
approved and available for instruction in AAF schools was num- 
bered in the hundreds. This figure docs not include film strips for 
still projection in classrooms which were also produced in great 
quantity. The catalogue of approved training films and film strips 
published by the AAF Training Aids Division was a volume of 150 
pages.  The subject matter varied from orientation and morale 
films like "The Rear Gunner," dramatizing the importance of the 
aerial gunner in the combat crew, to technical films like "How to 
Rivet Aluminum."  They differed widely in their method of ap- 
proach to the subject and in their, teaching value, and they were 
used in training with varying degrees of success. 

As produced, these training films were capable of relieving in- 
structors from a part of the burden of teaching, especially in 
technical subjects.   The demand for them increased to n point 

•ThU chapter wu writti-n by Our tnlUor. The rt-wnrrh %*hli-h I» rt-ixirtrJ wu« ri«rrl«<l uul 
In lniMi- |>iiit l.y I.. II. Moiln <<rii|>t trvalu.-itiunl ttivl C. II. Orvi« «Irariiln* tiptilmml). UM 

ronclu-ioii« Mutiil MOW  III  NK»t fa>v» r* athi^l jointly  with  It.  M.  <;.>«n». 
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where it appoarcd that all courses on all kinds of subject mr.tter 
would require training films. But whether these courses would 
profit by instruction lltililing the motion picture medium was un- 
known. Whether in fact the training films already produced were 
in all cases superior to ordinary methods of instruction was also 
unknown. On the basis of the slogan that "a picture is worth a 
thousand words," some producers of films were willing to go ahead 
and make pictures on any subject that could be taught. A differ- 
ence of opinion arose on this question between those who saw no 
limits to the effectiveness of the motion picture medium and those 
who held ordinary methods of teaching to be equal or superior to 
it in the case of some subjects. The question in need of evidence 
was this: For what subjects is the motion picture particularly 
adapted to give better instruction than ordinary methods provide, 
and for what subjects, if any, is it not so adapted? 

The problem was complicated by another difference of opinion 
over the type of motion picture which had the greatest instruc- 
tional value. Professional film producers tended to put all possible 
ideas and lessons into dramatic form and to incorporate a story 
with characterization, humor, and dramatic incident wherever 
possible into a subject matter which, so it appeared to them, would 
otherwise be dull and technical. The entertainment value of an 
instructional film, it was argued, was something to be sought for 
in its own right. The critics of these films maintained that a 
straightforward expository or "documentary" approach would in 
many cases be superior and that the dramatic treatment of the 
subject sometimes was distracting and tended to run away with 
the picture. The argument in these terms could probably never be 
settled. In all likelihood there could be good or bad instances of 
dramatization and good or bad instances of exposition. The un- 
derlying question was this: What are the instructional techniques 
peculiar to motion pictures which give them an advantage over 
other methods of learning? 

A great many experimental studies had been made before the 
war on the educational value of motion pictures in the schools. 
None of thorn, however, was relevant to either of the two questions 
just formulated. On the whole, they had been performed to demon- 
strate the effectiveness of the motion picture as an instrument of 
instruction, and had succeeded in doing so for the particular sub- 
ject matter chosen and under the particular circumstances in- 
vestigated. In the majority of these experiments the procedure 
was simply to compare the achievement of classes which did not 
include the feature of motion picture instruction with classes 
which did. Science, geography, history, and nature study had 
been popular subjects for experimentation, and considerable gains 
in achievement had been demonstrated. When examinations were 
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repeated after a lapse of time the superiority of pupils taught with 
films was usually even more marked than before. Uttle analysis 
had been made, however, of the specific ideas, insights, concepts, 
principles, and rules which had been better learned by the film- 
taught students than by the other students. And likewise there 
had been little systematic study of the differences, point for point, 
between the motion picture presentation of a subject and the 
equivalent classroom presentation of the same subject with the 
aim of discovering wherein the superiority of the film lay. 

In order to make some approach to an answer to the questions 
formulated above, the Psychological Test Film Unit made an ex- 
perimental study early in 1944 of the reasons for the superiority 
of a recently-completed training film. The film in question was 
agreed by all parties in the current discussion to be an excellent 
example of good motion picture instruction. It was concerneU with 
a subject particularly appropriate for motion picture presentation 
and it employed techniques of which only the motion picture 
medium was capable. The study was undertaken at the suggestion 
of both the AAF Motion Picture Unit in Culyer City, California, 
and the AAF Training Aids Division in New York City. The plan 
of the study was subsequently extended to include a complementary 
experiment on the reasons for the non-superiority (if such were 
the result) of another training film on a presumably imppreprkM 
subject for motion picture presentation. This experiment was 
planned but for administrative reasons was never carried out 
Some of the conclusions which are reached in this chapter regard- 
ing the instructional techniques peculiar to motion pictures are 
based therefore on incomplete experimental evidence. They rest 
on the implications of a single experiment. This evidence was sup- 
plemented, however, by the experience gained from analyzing the 
teaching methods of a large number of "shooting scripts" of train- 
ing films awaiting production at the AAF Motion Picture Unit. 
Sixteen of these scripts were ones submitted to the Psychological 
Test Film Unit for evaluation of educational techniques in advance 
of production. 

ANALYTICAL COMP   USON OF TIIK EFFECTIVENESS OF 
ALTERNATIVE IlKTUODS OF INSTUL'CTION 

The training film selected for analysis had to do with the theory 
and practice of a newly devised system of aerial gunnery, called 
"position firing." The problem of the gunner in aiming at an at- 
tacking fighter from a bomber which was itself in rapid motion 
was dillicult. It was necessary to lead the target, for example, not 
as one would lead an ordinary moving target, but by a deflection 
backward from the direction of the bomber's flight. The problem 
had been solved, however, in a systematic manner and the rationale 
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FlCfiiE 10.1.—Changes in Deflection During an Attack by a Fighter. 

of the procedure, although difficult, was logical and could be 
thoroughly mastered by anyone having the necessary insights. The 
rules and procedures of firing were derived from the system and 
could obviously be learned more readily by understanding the 
system than by memorizing them in rote fashion. This state of 
aflairs did not always apply to military subjects of study. 

The practical importance of teaching this system to gunners as 
rapidly as possible was so great that all available methods of in- 
struction were resorted to. Gunnery instructors were promptly 
indoctrinated in it, illustrated training literature was devised and 
distributed, and a training film was produced by the AAF Motion 
Picture Unit (TF 1—33G6, "Position Firing"). The best efforts 
of the instructors, the writers of training literature, and the film 
producers had gone into this task. If the film proved to be a super- 
ior method of instruction, it would not be because of any lack of 
effort devoted to other methods. 
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Purpose and Method of the Experiment 

The nurposc of the study was in tho first place to compare the 
overall efficiency of the training film with that of two other meth- 
ods of teaching: an illustrated lecture (oral instruction with visual 
aids) and an illustrated manual (written instruction with visual 
aids). It was intended to analyze the subject matter taught, i. e,, 
the system of position firing, into its basic rules, concepts and 
procedures, to make certain that all ihree methods of instruction, 
the film, the lecture, and the manual, covered these basic points or 
ideas, and then to take each point one by one and find out how well 
it had been learned by each method. Finally, it was planned to 
examine those basic points for which the film had shown its super- 
iority as compared with those for which it did not, in the effort 
to analyze the instructional techniques which accounted for the 
success of the film. 

The relative efficiency of a film, a lecture, and a textbook cannot 
be fairly compared unless each teaching method uses the best 
techniques possible for that method, and unless each covers the 
same basic points of the subject matter. The attempt was made in 
this experiment to match the three teaching methods for content 
and to make each method as effective as it was capable of being. 
A mediocre training film may prove to be more effective than a talk 
or a textbook if the latter are not supplemented by pictures, dia- 
grams, and examples. But in this case what has been demonstrated 
is not the advantage of motion pictures, but simply of pictures. 
It was not intended in this experiment to measure the effectiveness 
of visual aids in general, but rather the unique effectiveness of the 
motion picture method of presentation. The lecture and the manual 
made use to an unusual degree of still pictures and diagrams; any 
advantage of the film would therefore be due to its unique charac- 
teristics, of which two are wot ion and real action. The three pre- 
sentations were as follows: 

a. Training Film 1-3366, "Position Firing," a IVminute film 
produced entirely by anin atcd photography, in which the subject 
matter was presented with commentary and animated diagrams 
in a logical order. The material was, however, also organized 
around a thread of story providing characterization and humor 
("Trigger Joe"). 

b. A 50-page, pocket-size, loose-loaf illustrated manual entitled 
"Get That Fighter," employing advanced visual methods with a 
minimum of text and a maximum of diagrams, covering the same 
subject matter as the film. The diagrams were in color and the 
execution was extremely skillful. This manual was published by 
AAF Training Aids Division as of I November 1013. It was 
studied by the trainees without discussion or explanation. . 

c. A half-hour lecture on the same subject matter, organized 
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around a scries of 19 lantern slides made from the booklet. The 
talk was written out for delivery in an informal spoken style, the 
diagrams on the screen being explained with a pointer. It was 
then revised, »-ewritten, and finally memorized for actual delivery. 
The talk included questioning of the class by the instructor to bring 
out salient points. The presentation was not pedantic, and used 
the methods of good face-to-face teaching. As revised and ap- 
proved, it was judged by two experienced college teachers to be an 
example of excellent instruction. An abridged text of this lecture 
is given in Appendix A at the end of this chapter. 

In order to compare the learning produced by these three meth- 
ods, the subject matter'to be learned had to be defined as exactly 
as possible, and an examination had to be constructed on this sub- 
ject matter to measure the amount learned. The system of position 
firing was in early 1944" a fairly self-contained and systematic set 
of principles, concepts, rules and procedures for air-to-air combat 
firing by flexible gunners. Although not at all easily explained, the 
system was capable of being learned completely; once learned 
there was not much more to know about it except to put it into 
practice and to acquire skill. After study of all available sources, 
it was analyzed into 14 basic points, five of which were essential 
to an understanding of the system, and nine of which had to do 
with the operation of the system of practice. 

It was then determined that the training film and the booklet 
covered these 14 points, and that no additional points were made 
by either which were believed fundamental to the system of posi- 
tion firing. The lecture was written especially to cover these points. 

On the basis of the concepts and procedures embodied in these 
11 points, as many test questions-were written as it was possible 
to devise. A series of questions was adapted from an examination 
on position firing written by the Psychological Research Unit 
(Gunnery) then at the Central Instructors' School, Ft. Meyers, 
Fla. Other questions were originated as a result of the analysis 
referred to. Some of the questions were pictorial rather than 
strictly verbal. All items were of the objective five-choice type. 
The list of questions was then edited, revised and rephrased so as 
to eliminate poor misleads, verify the correct responses, and dis- 
card overlapping items. Twenty-five questions were finally selected 
for the examination. Each "point" of the system of position firing 
was represented by from one to six questions depending on how 
many diflfcrent aspects the point had. For purposes of this experi- 
ment, it is believed that the examination represents 25 distinct 
items of knowledge about the theory and practice of position firing. 
The number of questions is relatively small but was the maximum 
number that could be devised without overlap, considering the 
limited scope of the system to be learned. 
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The corrected odd-even rcllabiUly of this examination proved to 
be .63 when administered. The mean level of dinkulty of the item« 
was in the neighborhood of 70 percent correct answers for the 
groups tested immediately after training, and U percent for the 
same groups tested two months later. The characteristics of this 
examination as a measure of ability to comprehend motion picture 
instruction are given in chapter 5. 

The Experiment 

The plan of the experiment was to teach position firing to three 
equivalent groups of beginning aviation cadets by the three differ- 
ent methods, and then to give the same examination to all three 
groups. In order for the mean scores of these groups to be meas- 
ures of the amount of learning produced by the training, they had 
to be corrected by subtracting In each case a number representing 
the questions of the test which were answerable without training, 
I. e., by common sense knowledge and general Information. A 
fourth equivalent group of aviation cadets was therefore given the 
test without any training whatever. The mean score of this group 
served as a base line for the other three scores. 

In all groups, aviation cadets who had been given previous army 
training in gunnery or who had previous Information nbout the. 
system of position firing were eliminated from the experiment 
All groups were given sufficient time to finish the examination. 
All groups were told to guess the right answer among the five 
choices for each question if they had any Idea of It, and all scores 
were corrected for such guessing by scoring the test as number 
right minus one-fourth the number wrong. The trained groups 
were Informed In advance that they would be given an examination 
immediately after the Instruction. 

In order to measure the cftectiveness of the three methods for 
remembering as well as for learning, all four groups were recalled 
after a period of two months and were again given the examina- 
tion. The cadets had no foreknowledge of this second examination 
and no access to Information during the Interval, so It may be as- 
sumed that forgetting occurred during this period In a normal 
fashion. 

The Instruction and the original testing were given within a 
one-hour class period to sections or classes of 10 aviation cadets. 
All were In classification squadrons awaiting entry Into Preflight 
School at Santa Ana Army Air Base. Four hundred and eighty 
men participated, which reduced to 156 after eliminating those 
With previous information. Each of the four groups (/•'»/»i. Man- 
ual, Lecture, and No Tminina) consisted of from 100 to 130 men 
selected at nuulom from the total cadet population. 
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One superiority of the film over the other methods of instruc- 
tion became evident in setting up the experiment. The film re- 
quired only 15 minutes of running time, whereas it proved to be 
impossible to give an adequate lecture in that period of time, and 
also it proved to be too short an interval for adequate study of the 
manual. Since it had been decided to match the* three methods in 
content and to compare the film with other methods at their heat 
level of effectiveness, matching with respect to time was sacrificed. 
The lecture r«nd the supervised study of the manual were each 
allowed 30 minutes instead of 15 minutes. The time allowed for 
the examination was 30 minutes in all cases. 

Each section of cadets met in an ordinary classroom with a 
non-commissioned officer acting as instructor. This same.instruc- 
tor conducted all phases of the teaching. Trainees were told that 
they would have a lesson in a relatively new and important system 
of flexible gunnery. They were to learn as much as they could in 
the allotted time since an examination on the subject would be 
given them immediately afterwards. Nothing was said at any 
time about a subsequent repetition of the examination. A given 
section of cadets would then either be shown the film, or given the 
lecture, or the manuals would be passed out for supervised study. 
At the end of 15 minutes, or half an hour, the test was adminis- 
tered. The "no training" group was told jn part the purpose of 
the experiment and that they were to "beat the examination" if 
they could. They could not expect to make good scores but were 
to make intelligent guesses whenever possible. 

Result« 

Immediately After Instruction. Table 10.1 gives the mean scores 
obtained by the four groups on the examination. The fourth 
column shows the amount of learning produced by the three meth- 
ods of instruction, i. e., the number of items of knowledge actually 
learned as a result of the training. This number is obtained by 
subtractinjj from the score of each group the mean number of 
items answered correctly by the "no training" group. 

T.\BI.K 10.1.—Mctit scores and amount learned immediately after training 

(Sroup   
Kilm (is'mln.»....." 
Munuul (SO mlnutn). 
\A<\yxrt ISO mlnutn), 
Nu 11nlnlnii  

N 
132 
10t 
101 
m 

Mean Seor* 
~ 17.91 

i:..4l 
I .'..19 
6.42 

S.D. 
8.0 
4.2 
4.« 
8.1 

.1 mount learned 
fieort minus S.il) 

12.49 
10.01 
».77 

It can be seen that the film produced considerably better learn- 
ing of the material taught despite the fact that it occupied only 
half of the time required by the other methods. On the average, 
two and a half more items were comprehended—items which had 
been carefully taught by all three methods.  Tlw difference be- 
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tween the film and the other two methods is statistically significant 
(critical ratios of 5.13 and 5.01) but the dilTcrence between the 
manual and the lecture is not significant 

After Two Months. The film method yielded faster, easier, and 
better learning than did the classroom or textbook type of in- 
struction, but how well was the subject matter remembered? 
Table 10.2 gives the mean scores and the amount remembered by 
the trainees after two months. It should be noted that the number 
of cases in each group who could be called back for retesting is 
reduced, especially in the case of the "no training" group. This 
reduction is due to transfers of cadets from the air base; there is 
no reason to suppose that the groups are not still representative 
samples. 

The superiority of the film over the other types of instruction is 
just as marked for remembering as it was for learning, if one 

TABLE 10.2.- —Wean «core« and amount remembered after two month» 

Wmm S Mtan »tor» 5.O. 

Amount 
rtmtmb*t*4 

(fort mirnu* «.Ml 
Kllm  U 

M 
8« 
24 

1M< 
12.9« 
1S.M 
EN 

4.1* 
i.n 
4.M 
4.M 

f.4t 
Mnnnnl  CM 
Lecture ••..•••••.•••••.••••.. Mt 
No training    

compares the absolute size of the difTcrcnces between the groups. 
The differences between the mean score for the film and the scores 
for the other two methods are again statistically significant 
(critical ratios of 4.5 and 4.1) but the difference between the man- 
ual and the lecture is not significant 

The mean number of items answered correctly by the Mno train- 
ing" group, who had nothing to remember except the examination 
itself, has increased from 5.42 to 6.96. Although the group is 
unfortunately small, this increase is probably real, since the second 
time one takes a test a better score may bo expected merely by 
virtue of that fact. The base line for the amount remembered is 
taken therefore at 6.96 items. If the original base line were taken, 
the; amounts remembered would be greater and the amounts for- 
gotten would be less, but the relations between them would remain 
the same. 

Good Students v. Poor Students. The training film evidently 
presented the subject matter in such a way as to promote faster 
and better learning by the average aviation cadet. But different 
individuals learn the same thing in different ways, some much 
more rapidly and eflkiontly than others. It is possible that the 
superior learners and the inferior learners among aviation cadets 
do not profit to the same extent when trained by the motion picture 
method, at least with respect to a specified achievement such as an 
examination in position firing. The best 30 percent and the worst 
30 percent of each group were isolated on the basis of tlu.ir exam- 
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ination scores and the same comparisons were made between these 
sub-groups that have already been made between the total groups. 
Of these sub-groups, all on whom data were available after two 
months were likewise compared, although the number of cases 
had further decreased—so much in the "no training" group that 
the "amounts remembered" become no more than rough estimates. 
The results nrc given in tables 10.3 and 10.4. 

TABU: 10.3.—Com/Mimon of mean scores immediately after training of 
luucst and highest 30 percent of each group 

H 

Superior  tludeul» 

40 
30 
30 
87 

Inferior »tudenli 

Group Mram S.D. 
1 27 
1 17 
I 37 
175 

Amount 
Irarnrd 

1128 
10.13 
9.88 

Mean 
14.28 
10.30 
9.77 
1.67 

S.D. 
Amount 
learned 

Kilm  40 
30 
30 
37 

21.28 
20.13 
19.83 
10.00 

1 67 
2 38 
2.9« 
19« 

12.71 
8.78 

Utture    _ 
No tmlnln« , 

8.20 

TABU: 10.4.—Cvrnparixon of mean scores two months after training of 
lowest and highest 30 percent of each group 

N 
84 
1» 
24 
• 

S« prrior  itudtnl» 

S 

Inferior itudenU 

Group MM« 

20 7» 
19.05 
19.79 
12.67 

S.D. 
1.57 
1.28 
l.-S 
1.92 

Amount 
remrmbered Mean S.D. 

2.05 
2.90 
2.15 
1.87 

Amount 
remembered 

Kilm   8 12 
«.38 
712 
• • • • 

80 
25 
24 
» 

11.67 
7.12 
7.76 
2.89 

8.68 
Manual  4.2S 
lyTcturv  4.88 
No training  • • • • 

In these two tables the statistical significance of the differences 
between the scores obtained under the three methods of instruction 
may be judged from the critical ratios of these differences. They 
are presented in table 10.5. 

TABLK 10.5.—Critical ratios of differences between mean scores 
After training After two month» 

Superior Inferior Superior Inferior 
3.91 
4 38 

91 

7.94 
7.68 

.78 

4.47 
2.43 
1.7« 

111 
.8« 

liHwrrn Rim and Irrtlir«   l  
lirtwtfn initnuiil and U-ture    

Comparisons between amounts learned at different score levels 
are admittedly dubious unless there exists a scale of amount 
learned having equal units. This is not the case in the present ex- 
periment, since the items were not all of equal difTiculty. It may 
well be that, had the examination been mut> more diflicult, the 
results would have been different, but it is not easy to see how 
the examination could have been much more difficult since it 
covered the whole subject of position firing—a delimited and 
specific sot of rules and principles capable of being learned com- 
pletely. 

Bearing in mind these limitations of the examination and of 
the subject matter, it appears that, while the good students did 
somewhat better when trained by the fifoi than by the other 
methods, the poor students did much better. After two months the 
dlffcrenetl are as great as they were in the beginning. The high- 
scoring .students have retained enough of what they learned so 
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that they still avcrnfirc about 20 right out of 2.*» Items; among them 
the margin of superiority of the film over the other methods is 
slight. The low-scoring students achieved less on the examination 
and, among these students, those trained by the film remember 
considerably more than those trained by the other methods. The 
benefits of motion picture instruction in position firing, therefore, 
while significant for the good students, have their greatest appli- 
cation in the case of the poor students. The implications of this 
fact will be discussed later. 

The tables suggest, although the difTcrences are not statistically 
significant, that both the good students and the poor students 
remember the lecture slightly better than the manual, and there- 
fore that, if any difference exists, xace-to-face instruction is not 
lost as rapidly as undiscussed reading of a manual. 

Reason« for ihe Superiority of the Film Methotl 

In the attempt to understand why the training film "put over" 
the subject matter better and why it was remembered better, each 
of the 14 basic points of the position 'firing system covered in the 
examination was studied separately. The test questions under 
each point were listed and the percentage of trainees in each 
group who answered the question correctly was tabulated. Equal- 
ity or superiority of the film to the other methods was evident in. 
nearly all of the 14 points, with one exception. Out of the 25 items 
of information in the examination, 17 were known better by the 
film group than by the other groups. The exception referred to 
had to do with the rule for the direction which deflection ("lead") 
should take under certain conditions. These conditions were ex- 
plained in more detail and more clearly in the lecture and the man- 
ual than in the film. Sfnce the point could have been explained 
effectively in the film, but was simply neglected, the fact is empha- 
sized that any method of instruction is bad if the content of the 
instruction is not adequate. Tne lecture and manual wore checked 
to see if their content were equivalent to that of the film on all 
points where the film showed superiority. They were judged equiv- 
alent or in some cases better. The treatment was in some instances 
more detailed since the time (30 minutes) was greater. 

Unique Advantaucs of Motion Picture Presentation. The con- 
cepts or points for which the film showed its arcatent superiority 
were studied to see if they yielded any clues to its success. This 
analysis proved to be revealing. In comparison to concepts for 
which the film showed less superiority or none at all, the concepts 
which wore most successfully taught were those which migM be 
called "dynamic" in the sense that they deal with changing events 
or with the variation of one thing in relation to another. Exam- 
ples arc the concepts of increasing (or decreasing) amount of 
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deflection with continuously changing angle of attack of the fighter 
plane, and the roqui?r;rtcnt that the amount of deflection must be 
slowly changed while firing (20% to 40% superiority). Other 
Ideas which were outstandingly better comprehended by the film- 
trained group seemed to be ones which get their meaning from 
me or human action .and which are hard to describe in words or 
static diagrams. A "rad," for example, (the radius of the sight 
and the unit of deflection) was more clearly comprehended by the 
film-trained group who had seen how it was used and had vicari- 
ously experienced the action of sighting a .50 calibre machine gun, 
instead of having seen it diagrammed and described and having 
*o Imagine for themselves its actual use. 

It is only reasonable that "dynamic" ideas should be more com- 
prehensible when represented by film. They can be described only 
imperfectly in words, however skillful the speaker, and they cannot 
be represented except by graphs or curves, or specified except by 
formulae and equations. Learning such ideas by these means is 
diflicult. But the variation of one thing with another can be shown 
directly with the motion picture and the grasping of the idea 
becomes easy. Likewise ideas of how to act or how to use some- 
thing are frequently hard to describe in words or to represent in 
still pictures, since they are continuous in time, but they can be 
given explicitly with motion pictures. 

The training film in question not only could but did show these 
"dynamic" concepts, such as the variation of deflection with chang- 
ing angle of attack, and in fact did make the trainees experience 
the activity of using various mechanisms such as the sight. It 
is concluded that the superiority of this training film to the best 
alternative methods of instruction is due in large part to its suc- 
cess in teaching concepts and procedures which motion pictures are 
peculiarly adapted to teach. 

In representing these dynamic concepts and courses of action, 
"Position Firing" makes use of a camera technique which is rela- 
tively infrequent in other instructional films. For long passages, 
the camera takes the position (literally the "point of view") of 
the trainee in the learning situation, seeing what he would see, 
ratlur than the more conventional position of an onlooker watch- 
ing someone else in the learning situation. Nearly one-third of the 
time spent on instruction in the film is devoted to these passages. 
By this technique the student is enabled to experience the activity 
to be learned rather than merely the external features of the 
activity. He sees what it is like to do something rather than what 
someone else looks like when doing it. This expedient is possible, 
of course, only with motion pictures, or in the real situations, or 
in artificial representations of them. It is employed here in a 
way which is both thoroughly convincing and natural. It seems 
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probable that this feature of the film in question helps to explain 
its inslructional success. 

If it is true that "dynamic" concepts and courses of action are 
relatively difficult to understand, and that a subject matter based 
upon them is not easy to learn by ordinary methods of instruc- 
tion, this fact helps to explain why the poorer students profited 
more from the film presentation than did the better students in 
this experiment. Part of the explanation is probably that the 
better students could learn nearly all of the system of position 
firing by ony method of instruction, and they therefore profited 
less by a superior method of instruction. But this does not exhaust 
the question. The comprehending of "dynamic" concepts from 
verbal descriptions and motionless diagrams requires a very active 
imaginaflon—the ability to translate static symbols into the com- 
plete reality which moves and pr jresses with time. The better 
students have an advantage in making this translation. But the • 
motion picture prvides a short-cut It can reproduce the moving 
reality directly and explicitly and the advantage which the apt 
have over the relatively inept may be reduced on this account 
Verbal and symbolic thinking are not required. The results sug- 
gest the hypothesis that the effect of good motion picture instruc- 
tion on the learning of certain kinds of specified achievements is 
to reduce the variability of the achievement among the trainees 
and to put them more nearly on an even footing. 

Entertainment Value. Apart from such characteristics as mo- 
tion and live action which the film possessed, there was another 
difference between it and the other methods of instruction. It made 
considerable use of humor, building up a character ("Triggor 
Joe"), and incorporating a thread of story. In other words, the 
film had what is often called entertainment value. Some of those 
in charge of producing training films for the military services 
would assume that this was an important if not the chief reason 
for the superiority of the film method of instruction. In all likeli- 
hood it was a significant cause of the success of the film, but there 
was no evidence in this experiment to show whether it was or was 
not A division of the 11 basic concepts into those which were and 
were not pointed up by humor or dramatization was not possible 
to make. It was noteworthy, however, that in the case of "Posi- 
tion Firing" the humor and the dramatization were subordinated 
to the instruction and were used for the sake of instruction rather 
than for their own sake. In this film the ideas and rules of the 
subject-matter itself were the only sources of "Trigger Joe's" ad- 
ventures and his final triumph; he was not allowed to run away 
with the picture. In some other training films, where the story 
and the humor served only to "dress up" the picture, it could be 
doubted that they had any instructional value whatever. 
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tmpUcallona. Aviation cadets learned and remembered more 
about the system of position firing from a 15-minute training film 
than they did ^rom a half-hour of either classroom teaching or 
study of a manual. Both of these latter methods made use of 
excellent visual aids, covered the same material point for point, 
and were believed to have been about as effective as it was possible 
for them to be. Analysis of the results suggested that the overall 
superiority of the motion picture in this experiment could be 
ascribed to the nature of the subject taught and to the use of 
instructional techniques possible only to the motion picture 
medium. 

The subject matter taught was particularly adapted to motion 
picture instruction since it involved "dynamic" concepts and 
courses of action. The film explained these concepts and showed 
the courses of action directly without requiring complex verbal 
and symbolic thinking by the learners. A number of instructional 
techniques which were present in the film but which could not be 
utilized in the other methods of instruction may be listed: 

a. The representing of how one thing varies with another in 
actuality rather than by graphs, diagrams, or verbal descriptions. 

b. The showing of activities and the use of various devices as 
they occur continuously in time rather than as broken up into 
separate acts or parts. 

c. The exploitation of the "point of view" of the camera for 
instructional purposes; the use of the camera in such a way as to 
enable the student to sec what the learner would see in the real 
learning situation, and therefore to experience more nearly the 
activity to be learned. This is the "subjective" point of view of 
the camera which, although relatively little used in American films 
generally, is highly effective in the film in question. 

It cannot be assumed that this experiment demonstrated the 
superiority of training films over other methods of instruction 
generally. The results prove only that the motion picture medium 
is potentially superior for certain tvpos of subject matter and if 
certain types of instructional techniques are exploited. These sub- 
jects and.techniijiies need to be more fully examined. 

TIIF CIIAKACTKKISTICS OF THE MOTION PICTURE AS A 
MKTIIOD OF INSTRUCTION 

The motion picture medium is not completely understood, nor 
have all its possibilities been explored, even by those whose pro- 
fession it is to use it. The commercial film industry has grown so 
fast and has been so dominated by financial considerations that 
ihero has been little time for abstract thinking or research on the 
subject. The best directors and cameramen have been those who 
knew intuitively what could and could not be done, but they were 
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seldom able to state their knowledge explicitly. What they knew, 
moreover, applied to the use of the motion picture for entertain- 
ment and they were not prepared, when the Army's need arose, tr 
adapt it in a thoroughgoing manner to the needs of classroom 
instruction. 

Educators concerned with the use of 16 mm. films in the schools 
had made a beginning in the analysis of the motion picture as a 
method of instruction. But they were handicapped in making this 
analysis by the existence of a fundamentally unanswered question 
in the field of visual education: were sound films to be produced as 
a method of training in which the functions of the teacher are, for 
the time being, reduced to zero, or were they to be produced as an 
aid to instruction requiring the active participation of the teacher? 
If the first alternative were chosen, an educational film would be 
designed as a self-sufficient teaching session, covering a topic of 
considerable scope and having a beginning and an end of its own. 
If the second alternative were chosen, a film would be produced of 
limited scope and of little value if shown by itself which could be 
subordinated to the teaching of any instructor and fitted into his 
own teaching plan. In the first case, the film is a substitute for an 
equivalent amount of ordinary classroom teaching. In the second, 
it is an aid to teaching of the same type as the lantern slide or the 
blackboard, except more lifelike. The disadvantage of the first is 
that there is a loss of the personal relationship between students 
and teacher. The difficulty with the second is that the use of films 
in this way would be laborious for instructors, and it would require 
relatively novel procedures in the employment of a projector and 
the illumination of the classroom. The procedures have been dis- 
cussed in Chapter 4, and the advantages of this use of .motion 
pictures in teaching were pointed out. The fact was that, except 
for motion picture tests, no training films of the latter typo were 
produced for use in Army schools during the war. The films pro- 
duced were self contained and self teaching. They were, therefore, 
in a practical sense, an alternative mvthod of giving instruction— 
u substitute for an equivalent amount of classroom time. 

It was in the light of this situation that the experimental com- 
parison was made of alternative methods of instruction. If train- 
ing films do in fact take the place of a certain amount of class- 
room teaching, despite the protests of visual educators that they 
were never intended to do so, then it becomes necessary to show 
that in a given instance the film will be more cfTcctive than the 
teaching it displaces. In some instances this will be so; in other 
instances it may well not be so. Whether it is or is not will depend 
on, first, the subject matter taught and whether it is amenable to 
motion picture presentation and, second, whether utilization has 
been made in the film of those tcchniiiiu-s of instruction which ex- 
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ploit the possibilities of the medium. These are the practical 
problems which face the makers of educational films—the appro- 
priate selection of subject matter, and the proper use of the oppor- 
tunities which the motion picture affords for a superior type of 
instruction. 

The Edurutional Techniques Available in Film« 

In the course of examining a considerable number of shooting 
scripts of AAF training films for the teaching methods which they 
employed, a tentative list of general techniques was gradually 
evolved by personnel of the Psychological Test Film Unit. Partly 
on the basis of the experiment already reported and partly from 
experience gained in constructing psychological tests on abilities 
which motion pictures were especially fitted to uncover, the list was 
narrowed down to a special set of techniques which seemed to be 
employable with motion pictures but not so readily possible, or 
even impossible, with ordinary methods of instruction. The.'ie 
methods or characteristics of motion pictures will be discussed. 

The Overcoming of Spatial and Temporal Difficulties, to Com- 
prehension. The motion picture screen can give an enhanced 
representation of three dimensional space, because it can show 
motion-perspective (Chapter 9) and therefore can sometimes clar- 
ify the spatial relations of objects. By animation or special effects 
photography, it can juxtapose events never otherwise seen to- 
gether. It can enlarge movements and objects too small to see by 
ordinary vision, and it can reduce the size of movements and 
objects too large to see under ordinary circumstances, such as 
r.torms and cloud formations. It can enable the learner to see 
through solid obstacles, and inside of operating mechanisms. The 
construction, by animated photography, of moving cross-sections 
and of completely instead of partially visible cutaway models was 
one of the accomplishments of wartime training films. By anima- 
tion, it is possible to highlight and emphasize certain parts or 
processes of a situation and to direct the attention of the student 
in a way appropriate to the verbal description being given by the 
unseen narrator, hi many ways the motion picture can "visualize 
the invisible." Of equal significance is the fact that by animation, 
or by slow-motion or time-lapse photography, it is possible to 
modify the velocity of a series of events so as to make them com- 
prehensible. The motion of a dropped bomb, for example, can be 
followed slowly and discussed; it can even be transposed or 
reversed. 

The Direct Representation of Events in Time. The study of the 
training film on Position Firing showed that "dynamic" ideas and 
concepts were better grasped by the film-trained group of students. 
The (notion picture can represent how one thing varies with 
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another directly. It is superior in this respect to graphs, plot«, 
verbal descriptions, or algebraic functions. The concept of simple 
harmonic motion, for example, can be grasped from an animated 
diagram in a moment, whereas a static diagram would require 
study and an active effort of imagination. 

The sequence and pace of what the student is learning to do can 
also be shown directly on the screen. The performance he is 
striving for is usually something which occurs continuously in 
time, whether it be the firing of a .50 calibre machine gun or the 
use of the simplest tools and mechanisms. This tempo can be 
shown the student in advance of actual practice. 

The Showing of Situations From a Subjective Point of View. 
In the learning of position firing, as in other types of subject 
matter where the visual aspects of the achievement are prominent, 
the evidence suggested that when the motion picture camera took 
the position of a performer instead of the more usual position of an 
onlooker in the learning situation, the student could experience the 
task for which he was being trained as it appeared "in life." He 
cannot, of course, get any kinaesthetic sense of how it feels to 
respond, but he can to some degree see responses being carried out 
The motion picture camera can, for example, show hands in action; 
ty can represen'. motion of the learner or locomotion from place to 
place; it can draw back or move forward or shift the direction of 
view as a performer would shift his position and the direction 
of his eyes; it can take a priviledged point of view of the scene. 
The imitation of "being there and doing it" is of course imperfect, 
but a surprising degree of realism is possible for a skillful anima- 
tion artist or cameraman. The student who looks at the screen 
tends to become a participant in the action represented. 

Vicarious Practice or Reinforcement of Right and Wrong Acts. 
Most important of all instructional techniques, because it is so 
fundamental to the learning process, is the capacity of the screen 
to portray the consequences of correct and incorrect actions. The 
student absorbed in a motion picture can go through the exper- 
ience of committing all the errors he is ever likely to make, and in 
the end experience a kind of vicarious triumph by seeing the prob- 
lem solved or the task done in the right way. He can make all the 
wrong choices and then the right choices, in advance, and without 
risk, in each case his reaction being dilTerontially reinforced by 
the visible failure of the wrong ones and the success of the right 
ones. 

The operation of vicarious reinforcement in motion pictures 
depends on the tendency of the student to participate in the action. 
It can be enhanced by the subjective use of the camera as described 
above. But it can also be induced in quite a different way—one 
which is more familiar to movieuoers in general. A dramatic story 

237 

- 



also tends to make the onlooker participate in the action if its pro- 
tagonist is someone with whom he tends to identify himself. The 
adventures of this character are sympathetically experienced by 

moviegoer or the student. His mistakes and his triumphs are 
.iHously felt—sometimes with great vividness. It is probably 

>n this broad sense that fictional movies may be said to teach, 
whatever the "truth" of the teaching. Consistent use was made 
of this dramatic method in the training films made by the AAF 
Motion Picture Unit. The hero was portrayed as forgetting to 
use oxygen on a (light at high altitude, losing consciousness, and 
coming close to disaster; or failing to make a preflight check of 
his airplane and crashing; or falling in with a girl under romantic 
circumstances and through carelessness becoming diseased; or 
firing with improper deflection at an enemy fighter and getting no 
results, but later firing correctly and seeing his enemy go down. 
The dramatic build-up to these incidents was frequently elaborate, 
and the consequences of doing the right and the wrong thing were 
shown with vividness and realism. The element of adventure and 
dramatic incident was incorporated in so many of these pictures 
that they were criticized by those who held that exposition and 
non-fictional treatment were in some cases preferable. The argu- 
ment, however, was usually carried out in terms of whether the 
entertainment value of such films was an important consideration. 
It may be suggested that the real value of dramatization in educa- 
tional films is not entertainment as such, but the opportunity it 
provides for identification with a protagonist and for participa- 
tion in his failures and successes. 

Personalization of Abstract Ideas. The motion picture offers 
even greater scope for cartooning, and caricaturing, especially in 
the case of animation photography, than do other media. Com- 
mercial films are full of stereotypes, the actors themselves become 
"typed," and everyone is familiar with the animated type- 
characters of Disney. Such cartoon characters find application to 
education films in being used to represent or stand for abstract 
ideas. The concept of "lift," a force which maintains an airplane 
in flight, or the idea of an electron as it Hows through a circuit,' 
may be personified by animation and the action of the abstract 
force or of the theoretical particle may be shown by humanized 
actions of the cartoon characters. The "lift" is seen pushing up 
on the wings and the "electrons" are seen scampering around the 
circuit. It can scarcely be questioned that the cartooning of these 
ideas makes them memorable, and that the humanizing of the 
action makes it understandable. But the cost is frequently over- 
simplification of the abstract ideas and the action. Action and 
force are also sometimes visualized in animated training films not 
by personifying them but by devices such as pulsing arrows, 
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symbolic bolts of lightning, and the like. Such techniques can be. 
at their best, vivid and impressive, but the learning which result« 
may well be insufficiently abstract 

Comic Emphasis. Teachers are aware of the value of comic 
illustrations and humorous incidents in ordinary teaching; all that 
the film can add is dramatic portrayal of the situations and charac- 
ters. Since commercial film makers have a great facility at such 
portrayal, it was to be expected that the wartime films would 
utilize comedy wherever possible. They did so, frequently to the 
extent of being entertaining or amusing to persons having no 
interest whatever in the subject matter of the film. Sometimes, as 
in "Position Firing," the comic misadventures were fitted to the 
needs of instruction and emphasized a point which ordinary 
exposition probably could not have done. In too many other films, 
however, the humor was introduced simply for "comic relief," and 
was therefore extraneous to the instruction. At its worst it was 
merely "cute." Comic emphasis is probably a genuine technique of ' 
instruction but comic relief is at best a principle of showmanship. 

Weaknesses of the Motion Picture Medium for Instruction 

There are limitation to the motion picture as a teaching method 
as well as opportunities. Assuming that a film is to be presented as 
a teaching session with the voice of the narrator temporarily 
taking over the function of the classroom teacher, the comparisons 
that can be made are not all in its favor. It is sometimes claimed 
that students are better motivated by and more interested in a 
film, but this claim is meaningless since the result will depend on 
how stimulating the teacher is with whom the film is compared. 
With respect to the opportunity for repetition, motion pictures 
have no greater capacity than classroom teaching—probably less— 
for promoting learning. An instructor can go over the same 
material in different ways, but the film cannot. With respect to 
the optimum distribution or spacing of learning periods the film 
is in the same category as classroom sessions. With respect to 
the organization of the material to be taught, the educational film 
writer and the classroom teacher face the ^;lme problem, and 
neither has any advantage over the other. 

In certain respects, the film is probably definitely inferior to 
classroom teaching. It Involves, as ordinarily used, a loss in the 
personal relationship between student and teacher—a loss of the 
active attitude which a good instructor can elicit from a class 
merely by standing In front of it. With respect to the opportunity 
for discussion, for askinj; questions, and for the personal tflvo and 
take between student and Instructor, the film is at a considerable ^ 
disadvantage. With respect to activities by the students such as* 
writing, taking notes, and making responses to qui'stlons, the film 
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is also at a disadvantage, although this could be mitigated to some 
extent if the films were designed to do so. 

Implicallons 
The motion picture medium possesses opportunities for teaching 

which are superior to ordinary methods or even not possible for 
them. It also possesses limitations and weaknesses as compared 
with them. If educational films are to be produced to compete with 
classroom teaching, as seems likely, the opportunities should be 
known and explored, and the limitations should be borne in mind. 

AAF training films during the war were for the most part 
written in the form of scripts by professional screen writers and 
supervised by motion picture producers. The instructors who 
were to use the films were represented only by a "technical adviser" 
for any given production, the title being the same as was customary 
in commercial studios. The experience which the writers brought 
to this task was principally gained from the writing of screenplays. 
This situation was inevitable, since script writing was an art with 
which few educators were familiar. But it had the effect of making 
the training films somewhat more like screenplays and somewhat 
less like teaching sessions than they would otherwise have been. 
The differences of opinion over entertainment value, dramatiza- 
tion, or exposition, and the use of comedy arose from this situation. 

The implication of this situation for future production of in- 
structional films is that teachers and screen writers need to collab- 
orate. The teacher needs to know something about the writing 
of a motion picture script and should learn to visualize what can 
and cannot be shown on the screen. The screen writer needs to 
know something more about the practical problems of teaching 
and to acquire a realistic sense of how much he can count on the 
spontaneous attention of a student audience. Both need to under- 
stanci the opportunities and limitations of the medium as a teach- 
ing method. 
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Appendix A 
CLASSROOM INSTRUCTION (LECTURE) ON 

POSITION FIRING 

[Lantern slides  accompanying text are Indicated by the numbers from 
1 to 19.] 

You are here today to listen to an illustrated lecture on position 
firing. Pay close attention to what is said because at the end of 
the discussion you will be given an examination to determine how 
much you have learned. Furthermore, at some time during your 
cadet training, if you plan to be either a bombardier, navigator, or 
fighter pilot, you will have to learn this subject in greater detail, 
and you will benefit at that time by whatever you can remember of 
what is said this (morning—afternoon.) 

This will be the story of "position firing"—as far as we know 
it now. The most interesting chapters are still to be written by 
flexible gunners in combat.—The need for the system arose as 
questions in the minds of combat air crews regarding their own 
inability to shoot down enemy fighters and in the minds of those 
charged with the responsibility of training them. Here is how 
"position firing" answers those questions. 

What is "position firing"? 
Position firing is a system by which an aerial gunner is able to 

take and maintain proper deflection (lead) in firing at an enemy, 
fighter. In other words it is a method of aiming which takes into 
account such factors as the forward motion of the plane in which 
the gunner is situated, the motion of the target, and the flight path 
of attacking aircraft 

Is position firing a complete firing system? 
No, it is not. Position firing assumes that the enemy fighter is 

following a curve of pursuit on the gunner's own ship. Practice 
in position firing will develop the ability of the gunner to deal with 
fighters making attacks on his own ship or element only. For- 
tunately, it is under such circumstances that the lighter is easiest 
to hit, because the pursuit curve is a predictable path. Also the 
fighter is not dangerous to the gunner's ship or element; I. e., 
cannot fire on it with much chance of hitting it consistently, unless 
he is following a curve of pursuit. It is the estimate of combat gun- 
ners that an overwhelming majority of enemy fighters knocked 
clown are following such tactics. The other flight paths which the 
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fighter may follow while not attacking the gunner's ship are so 
varied that they arc practically beyond the ability of the very best 
gunner to hit. So we needn't be concerned with them. 

Every enemy fighter is dangerous and needs watching, but he 
becomes really dangerous only when he starts a direct attack on 
you. This is also, however, the time when he's easiest to hit. A 
fighter plane has fixed guns, all facing forward. To aim his guns, 
the pilot must aim his plane. The fighter coming in to attack you 
must keep aiming at the spot where you will be by the time his 
bullets get there. If he aimed directly at you, he would miss com- 
pletely because by the time his bullets arrived at the spot where 
he's aiming, your plane would have moved on ahead and the bullets 
would pass behind you. The exception to this statement, as will 
be mentioned again later, is when the fighter comes at you either 
directly from behind or from directly ahead of you. 

lict's look at an illustration. (1) In order to keep aiming at the 
spot where you will be by the time his bullets get there, (in other 
words, to maintain the correct lead over a period of time) the 
fighter must fly in a curved path, called the pursuit curve. As he 
flies along this curve, he appears to slide in toward your tail. 
(Point out on slide.) He must follow this pursuit curve, which is a 
predictable course, in order to hit your aircraft consistently. A 
fighter plane following a pursuit curve can be recognized by the 
fact that he will appear to you to be coming at you head-on while 
at the same time sliding toward your tail. 

Now let's consider in detail the business of aiming at an attack- 
ing fighter plane. Believe it or not, when a fighter is making his 
attack, you don't aim ahead of him as in most other shots. You 
always aim a little bit bach, between him and the tail of your own 
plane, because the forward speed and direction of your plane is 
imparted to the speed and direction of your bullets. Look at this 
diagram. (2) 

The plane is moving to the right at a speed of approximately 225 
m. p. h. If you aim here along this black line, your bullet will take 
this direction, indicated by the red line, immediately upon lea\ .g 
the muzzle of your gun, owing to the forward motion of your 
plane. Remember, a bullet shot from a moving plane keeps the 
forward speed of that plane as well as its own velocity, and its 
direction, too, is in part the forward direction of your plane as well 
as the direction in which you aim. Another diagram (3) will help 
to make this entirely clear. The direction of the plane is forward 
and to the right. In every case, the black lines indicate the direc- 
tion of aim; the red lines next to each indicate the actual course 
which the bullet follows. Study the four firing situations repre- 
sented in this drawing; and make sure that you understand thor- 
oughly the principle involved.   (Pause.) 
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If you make the mistake of leading ahead of where the fighter It 
pointing while he is shooting at you, allowing for his forward 
motion on the pursuit curve, you will miss, because you did not 
allow for the forward speed your plane gave to your bullet Here's 
what would happen. (4) 

The fighter is coming in here on his pursuit curve. You are 
going along in this direction (to the right) in your bomber. If 
you lead ahead of him here in your aim, along the black line, your 
bullet will travel nay ahead here along this red line, owing to your 
own plane's forward motion, and you will miss completely. 

The way to allow for your forward speed is to aim back between 
the attacking fighter and the tail of your own plane at a point on 
the line along which the fighter slides toward your tail. The 
amount by which you aim behind is called deflection, and you aim 
back toward your own tail, relative to the position of the fighter, 
whether he attacks from above, below, at your side, or even toward 
the front. 

Look at this drawing of an attack from the side.  (6) 
The fighter is coming in at you from the left and to the rear. 

It might seem that you should aim ahead of him so tha< your 
bullets will intercept him. But this is not true. Instead y >u aim 
behind him toward the direction of the tail of your plane- -along 
the black line. And then, because of the fo' ward motion of your 
plane, the bullet goes off here along this red line and intercepts 
the fighter at this point. The same would be true if he attacked 
from above or below. 

Look at this diagram of a plane coming in from overhead. (6) 
You aim back a little in the direction of the tail of your own plane, 
in order to hit him here. (Point.) Remember that this principle is 
an unvarying rule, when shooting at a fighter coming at you in 
a pursuit curve.  (Show 7 and explain.) 

A word about trail and gravity. It is, of course, true that trail, 
which is the drag of the air on the bullet, and gravity do exert 
a deflecting influence which is important for some shots, but not 
nearly so important as the correction you must make for your 
own plane's forward speed. All the (lodoctions that will be 
mentioned in a few minutes have been corrected for trail and 
gravity. 

Now, let's see exactly how you must aim to get the fighter before 
he gets you. The amount of the deflection that you make in your 
aim depends upon the direction from which the fighter attacks. 
You RMMt learn to rMOgnfaN just 1 key directions which the fighter 
may assume and then learn the proper amount of dtlloction for 
each. (8) Each of these key directions is at a certain angle to the 
line of fllffht of the bomber, either 9»°, (point) 15°, (point) 2SH*t 
(point) pr 1114*«  (|W"»t).   You will notice that each angle is 
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exactly half the size of the next largest one. But these four direc- 
tions are not just simple straight lines like forward, backward, 
above, or below. Because your aircraft is suspended in midair, 
any forward or backward direction may be considered to include 
a circle or cone that goes completely around your plane. Look at 
this illustration (9) and I think it will be clear to you. It is the 
same as the one you just saw, except that the four directions are 
continued all the way around the ship. These cones and the circle 
around the middle of the plane may be numbered, and used as 
your four key directions in aiming. The center one is numbered 3, 
these two (which are similar but opposite) are 2, these 1, and 
these Vli- The numbers refer to the amount of deflection you must 
allow in aiming at fighters approaching from each particular cone 
of direction. You give all fighters attacking from the surface of 
the same cone the same deflection. (10) All three of these fighters 
(point) are on direction three relative to your bomber, therefore, 
you give each one a deflection of 3, back toward the direction of 
your own tail. Both of these fighters are approaching on cone 2; 
therefore you would give either one of them a deflection of 2 in 
aiming, back toward the tail of your own ship. Let's look con- 
cretely at some examples of just exactly which direction your 
deflection would take. Let's work on direction three—the three 
planes on the white circle of attack direction. How about this top 
one? Which direction should your deflection take? Would you aim 
above him, below him, or to one side of him in order to allow for 
the forward motion of your own plane? Anybody? You 
should aim to the left uf him on this drawing, because your rule 
states that the deflection in your aim must be back along the line 
which the fighter follows in sliding in toward the tail of your ship 
and in the direction of your tail. Also you can see that the forward 
motion of your plane is going to throw your bullet this way 
(show); so you must aim in the opposite direction, back this way 
(show) or to the left of him to allow for it 

Now, how about this one here on the side? Picture yourself 
here substituting for the waist gunner.   The fighter is flying 
toward you. On which side do you aim? Anyone? You aim 
to the right of him (remember, we're speaking from your point of 
view, watching from the bomber). In other words, you aim here 
(point), back toward the tail of your ship.   • 

Take the one below for a last example. You aim hero (point), 
to allow for the lact that your own forward motion is going to 
throw the bullet forward this way (show) to hit him. The same 
holds for this plane in cone 2. You aim above him—toward the 
direetion of your own plrne's tail. Or, for this one coming from 
behind, you aim below him—here. (Explain straight-ahead and 
astern shots at this point) 
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Two more problems must be considered: first, how to recognize 
the four key directions, and second, the amount of deflection to be 
used in aiming at fighters approaching from each of those direc- 
tions. . (9) One of the directions—the one that we have designated 
as number 3—can be used as a standard by which to estimate the 
others. This direction is a circle surrounding the plane at a 90* 
angle—straight out, above, below, to the sides, or in between any 
of these, around this central circumference. 

Direction number 2 is halfway between number three and the 
nose or tail of your plane, or an angle-oflf of 45°. Number one Is 
in turn halfway between number (MO and the nose or tail of your 
plane, or an angle off of 22Vs0. Lastly, the direction designated as 
Yi, this one here (point), or here (point), is halfway between 
number one and the ends of your plane, or an angle-off of 11%°. 
These can be remembered easily because each is just one-half of 
the next larger one, with 90°, the largest one, as a base point from 
which to estimate. In actual practice, you have to get a sort of 
feeling for these positions or directions, since it is impracticable 
to remember them in terms of the number of degrees of the angle- 
off, that is, the angle of approach of an attacking fighter. 

Now, finally, we must consider the amount of deflection used in 
aiming at fighters coming in from these key directions and how 
this amount is estimated. 

(11) In your sight, the deflection is the horizontal distance be- 
tween the bead or pipper in the center and the fighter. (Show) 
The amount of deflection is measured in rads (a contraction from 
the word "radius"), which is simply the distance from the pipper 
in the center to the edge of the ring. This drawing shows clearly 
what is meant by rad and deflection. 

You must be able to estimate mentally the number of rads from 
the center-bead of your sight to the enemy plane. In this drawing 
the deflection is three r uls. This is the amount of deflection you 
would use when the fighter is coming in from cone 3, the central 
circle about the plane. You must also be able to estimate two, one, 
and one-half rads, the amount of deflection to be used for planes 
approaching from cones 2, 1, and H respectively, either front or 
rear. 

The following drawings show the exact deflection for each of 
the 4 cones. The success of the mission and the lives of the crew 
depend on whether you spot the cone from which he attacks and 
use the correct deflection. (Show 12, 13, It, and 15 with appro- 
priate explanatory comments.) 

You must keep in mind that these cones are not actually 
separate, discreet intervals in space. The fighter does not, of 
courüo, jump from unc cone to anuther, but rather moves continu- 
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ously from one to another. When a fighter flies an attack curve, 
he always slides in toward your tail.  (16) 

A rear attack begun on cone 2 (point) moves toward cone 1. 
Front attacks from cone 1 move toward cone 2, etc. When you 
make your deflection back toward the tail of your plane, it is 
along this line of apparent motion of the fighter. 

As the fighter slides from one cone to another, you must adjust 
your deflection toward the value for the new cone. 

When the fighter comes in range (about 600 yards), start firing • 
with a 2-sccond burst. To allow for the fact that the fighter moves 
from one cone toward another during this time, you must let the 
fighter drift in your sight Y* rad toward the bead or pipper for 
attacks behind the beam, and Vi rad away from the pipper for 
attacks forward of the beam. 

Here's a picture of what happens on an attack behind the beam. 
(17) Notice how the gunner allows the fighter to drift in toward 
the central pipper on his sight as the fighter moves from one cone 
toward another, sliding in toward the tail of the bomber. 

After an initial 2-second burst of fire, check your ai»n and deflec- 
tion and then fire another 2-second burst. By this time the fighter 
will probably be in his break-away, having finished his attack. Or 
better yet, by this time he will be going down in flames. 

The number of rads deflection which you should use is not 
affected by range. If you need a three-rad deflection to hit a 
fighter at 600 yards., you need the same three-rad deflection at 300 
yards, as long as the fighters at these two different ranges are on 
the same cone, or angle of approach. 

Look at this drawing (18). You use a three-rad deflection for a 
fighter on this cone (which is a 90° angle of approach), whether 
he's out here at 600 yards (point) or in here at three hundred. 
(Point). This is based on the simple proposition of similar tri- 
angles. The angle is the same, whatever the range, a? long as he 
stays in the same cone. Therefore, the deflection is the same. All 
these deflections that have been mentioned apply to a 225 m. p. h. 
true air speed for the bomber and 325 m. p. h. for the fighter. 

Remember these two simple rules: 
First, when the fighter has started his attack on you, aim a little 

backward between him and the tail of your own plane, to allow for 
your forward motion. 

Socond, spot what cone he is on, and use the correct amount of 
deflection for this angle of approach.  (Slide number 19) 

The success of the mission and the lives of the crqw may nt some 
time depend on your gunnery. If you learn and use the simple 
directions presented in this discussion of position firing, you can 
depend on your ability to shoot from the sky any fighter which 
attacks you. 
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Appendix ß 
INVENTORY OF PSYCHOLOGICAL TEST FILMS 

lie-nrjm. lound print« on Ale «t Dr|>«rtmrnt of RrronU »ml Annly>l*. Krhnnl of Aviation M«tt> 
eine. IUn<lu)pb KleM. Tes.. and In th« Olhr« of the Air Suruvun. Il.|, AAK. \V»>hlnitton. D.C.I 

Ilunning Fa« 
Urn» Tir Name •/ teal fMinslrel luxalia» of nrtMHirr» 

Arlil**'  le«i« 
K«tlm«Uon of Veloeity Tvot CPJO.iM H Motion Picture Branrh, Air Tcrh- 

■     nii..l Svrvlce Command,   WrlicM 
Mcntificntlon of Velocity Tert Field. Dayton. Ohio. 

CP 'OÖB-II     
19 

MPB. ATSC. Wright Klcl.l, Ohio. 
K.t. of Rel. Velociti« Te*t CP.OM» III Do. 
Landing Judgmenl Te»t CPi05K  2». ii2A AAV Motion Plriur« Unit. Oliver 

City. Calif. 
OUUnc Eitlmailon Te.t CP2I2A  (Still photoKruph«) De|it.    of    Records    *    Analysis. 

• Schmil    of    Aviation    Medlclnsb 
lbin<l<>,,.h  fwm, Texas. 

Hylnc OrlenUtlon Tent CPI07A  IS AAKMPU. Culver City. Calif. 
Ijimlinit OrlenUtlon Test CCIOCA.... (35 mm.) 1I2D 

II2B 
Do. 

Minimal Movement Te»t CP::iSC  2« Do. 
Drift Dlreetlon Te«t CP221B  I« I12F , Do. 
Hexlbility of Attention Text CPU IE.. It MPB. ATSC. WilKht FMd. Ohio. 
Intvitratlon of Attention Te t CPtlSA 1« Do. 
Suceewlv« Perception Te»t CP509C-I.. 14 II2B . AAKMPU. Culver City. Calif. 
Surcesiiiv« Perception Test U 

CP509C-II  24 
IS 

112C . Do. 
Plan« Formation Tent CP805C  MPB. ATSC. Wrlaht Field. Ohio. 
Motion Picture Comprehen»loa Test 

CI62SA   • • • • No negative In exlstenc«. 
rro/tciVH«-» Te»J» 

Aircraft Reeosnltlon Profle'ency Teat 
IPrefllnht Level)   •• 24 No negative In exlstenc«. 

Aircraft Recog.  Proficiency  Exam. 
(Form A) (TK 1-3368A)   24 ns.'.A AAFMPU. Culver City. Calif. 

ARPE (Form B)   ITF t-MiSB)    24 nsiB Do. 
ARPE for Flex. Gunner»    A)   <TF 

1-SS92A)          21 »USA Dok 
/"»PE for Ilex. Gunner.   (B)   OTF 

.-3392B)      2« 1S98B Do. 
NavlRatlon   Proficiency   Tent    (Map 

Itcndln« A Dead Rcckonln«)  »• tiu Dob 
Tantet Identification Tent   'or Bom» 

bardlers  (Preliminary Form)  n 209  .J         Do, 

V.U. S. GOVERNMENT PRINTING OFFICE:  lt47-70nil 
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