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NOTES ON THE ORGANIZATION OF NDRC

The duties of the National Defense Research Committee
were (1) to recommend to the Director of OSRD suitable
projects and research programs on the instrumentalities
of warfare, together with contract facilities for carry-
ing out these projects and programs, and (2) to ad-
minister the technical and scientific work of the con-
o tracts. More specifically, NDRC functioned by initiating
research projects on requests from the Army or the
Navy, or on requests from an allied government trans-
mitted through the Liaison Office of OSRD, or on its own
considered initiative as a result of the experience of its
membetrs. Proposals prepared by the Division, Panel, or
Committee for research contracts for performance of
the work involved in such projects were first reviewed
by NDRC, and if approved, recommended to the Director
of OSRD. Upon approval of a proposal by the Director,
a contract permitting maximum flexibility of scientific
effort was arranged. The business aspects of the con-
tract, including such matters as materials, clearances,
vouchers, patents, priorities, legal matters, and admin-
istration of patent matters were handled by the Execu-
tive Secretary of OSRD.
Originally NDRC administered its work through five
divisions, each headed by one of the NDRC members.
These were:

Division A—Armor and Ordnance

Division B—Bombs, Fuels, Gases, & Chemical Prob-
lems

Division C—Communication and Transportation

Division D-—-Detection, Controls, and Instroments

Division E—Patents and Inventions

In a reorganization in the fall of 1942, twenty-three
administrative divisions, panels, or committees were
created, each with a chief selected on the basis of his
outstanding work in the particular field. The NDRG
members then hecame a reviewing and advisory group
to the Director of OSRD. The final organization was as
follows:

- Division 1—Ballistic Research

Division 2—Effects of Impact and Explosion
Division 8—Rocket Ordnance

Division 4—Ordnanece Accessories

Division b—New Missiles

Division 6—Sub-Surface Warfare

Division 7—Fire Control

8—Explosives

9—Chemistry
10—Absorbents and Acrosols
11—Chemical Engineering
12—Transportation
13—Electrical Communication
14—Radar

15—Radio Coordination
16—Optics and Camouflage
17--Physics

Division 18—War Metallurgy

Division 19-—Miscellaneous

Applied Mathematics Panel

Applied Psychology Panel

Committee on Propagation

Tropical Deterioration Administrative Committee

Division
Division
Division
Division
Division
Division
Division
Division
Division
Division
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NDRC FORFWVORD

148 EVENTS of the years preceding 1940 re-
vealed more and more clearly the serious-
ness of the world situation, many scientists in
this country came to realize the need of organ-
izing scientific research for service in a national
emergency. Recommendations which they made
to the White House were given careful and sym-
pathetic attention, and as » vesult the National
D :nse Research Committee [NDRC] was
formed by Executive Order of the President in
the summer of 1940. The members of NDRC,
appointed by the President, were instructed to
supplement the work of the Arniy and the Navy
in the development of the instrumentalities of
war. A year later, upon the establishment of the
Office of Scientific Research and Development
[OSRD], NDRC became one of its units.

The Summary Technical Report of NDRC is
a conscientious effort on the part of NDRC to
summarize and evaluate its work and to present
it in a useful and permanent form. It comprises
some seventy volumes broken into groups cor-
responding to the NDRC Divisions, Panels, and
Committees.

The Summary Technical Report of each Divi-
sion, Panel, or Committee is an integral survey
of the work of that group. The first volume of
each group’s report contains a summary of the
report, stating the problems presented and the
philosophy of attacking them, and summarizing
the results of the research, development, and
training activities undertaken. Some volumes
may be “state of the art” treatises covering
subjects to which various research groups have
contributed information. Others may contain
descriptions of devices developed in the labora-
tories. A master index of all these divisional,
panel, and committee reports which together
constitute the Summary Technical Report of
NDRC is contained in a separate volume, which
also includes the index of a microfilm record of
pertinent technical laboratory reports and ref-
erence material.

Some of the NDRC-sponsored researches
which had been declassified by the end of 1945
were of sufficient popular interest that it was
found desirable to report them in the form of
monographs, such as the series on radar by
Division 14 and the monograph on sampling
inspection by the Applied Mathematics Panel.
Since the material treated in them is not du-
plicated in the Summary Technical Report of
NDRC, the monographs are an important part

of the story of these aspects of NDRC research.

In contrast to the information on radar,
which is of widespread interest and much of
which is released to the public, the research on
subsurface warfare is largely classified and is
of general interest to a more restricted group.
As a consequence, the report of Division 6 is
found almost entirely in its Summary Technical
Report, wauich runs to over twenty volumes.
The extent of the work of a Division cannot
therefore be judged solely by the number of
volumes devoted to it in the Summary Technical
Report of NDRC: account must be taken of
the monographs and available reports published
elsewhere,

The Applied Psychology Panel, under the di-
rection first of W. S. Hunter and later of C. W.
Bray, comprised a small group of psychologists
and personnel specialists whose responsibility
was to aid in refining and standardizing Army
and Navy personnel procedures. The Panel de-
vised selection and classification tests; it devel-
opad training methods; it improved the design
of much equipment. The work of the Panel
proved that it is as important to get the right
mon for a military job as it is to get the right
ammunition for his gun.

The achievements of the Applied Psychology
Panel cannot be measured in quantitative terms.

But one can, for example, estimate with cer-

tainty that the tests devised to eliminate the
emotionally unfit from induction prevented the
wrecking of many lives and the fruitless ex-
penditure of much time, effort, and money ; and
one can know surely that many lives were saved
as the result of the one study alone which
showed that the best night lookouts at sea were
four times as proficient as the poorest.

The Suminary Technical Report of the Panel,
prepared under the direction of the Panel Chief
and authorized by him for publication, is a rec-
ord of scientific accomplishment and of zealous
effort by able men working to increase the ef-
fectiveness of the nation’s military manpower
in time of national peril. The members of the
Fanel have our gratitude.

VANNEVAR BUsH, Director
Oﬁice of Scientific Rcsear ch and Development

|

J. B. CONANT, Chairman
National Defense Research Committee
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FOREWORD

YHE APPLIED PSYCHOLOGY PANEL of NL:RC
was organized in June 1942 in order to

mobilize civilian assistance for a program of

application of psychology to military probl-ns.
Outstanding at the time was the problen. of
assigning men co duty in terms of aptit.de.
Aptitude testing was the primary contribu’.on
of psychology to military efficiency in World
War 1. In World War II, psychologists were
engaged at an early date to apply this specialty
to the problems of mass classification.

In the peacetime years between the two wars,
many research studies of human learning were
conducted. The principles of learning developed
in the laboratory, and their application to mass
training of industrial personnel, were obvictaly
relevant to military training. Hence, when the
Applied Psychology Panel was formed, it was

asked to assist in military training as well ak

in aptitude testing.

With the extraordinary freedom permiiled
to scientists by the NDRC organization, the
psychologists of the Applied Psycliology Panel
branched into a third field: the design and op-
eration of military equipment, Matériel must
be operated by men. In wartime it must be
operated by half-trained men, by men who are
not confident of themselves, by men who make
mistakes. Hence the design and operation of
equipment is not a problem of matériel alone.
It is a problem of man and machine in combina-
tion. To this problem the psychologists of the
Applied Psychology Panel made contributions.

As the war progressed, the Panel’'s work on
aptitude, on training, and on equipment became
more unified. If aptitude tests were improved,
the men sent to a given school could be more
readily trained; operating procedures and
equipment could be more complex. As training
became more specific, general verbal ability
tests became less useful and special aptitude
tests more necessary. With high quality train-
ing, complex matériel was more often used and
less often misused. When matériel was designed
in terms of the needs of the average soldier or
sailor, operation became simpler and the re-
quirements for selection and training were re-
duced.

Not only were the problems of aptitude,
training, and equipment seen to be interrelated,
but the same research method was found to be
useful in each of the three problems. In all three
cases, objective measures of human perform-
ance were necessary as criteria to use in evalu-
ating alternative procedures. Such criteria were
needed to measure the knowledge and skill of
men who were selected by alternative aptitude
tests, of men who were trained on different
synthetic devices, of men who were following
opposed doctrines of use of equipment, or of
men who were serving as human guinea pigs
in the comparison of alternative designs of
equipment. Thus the projects of the Applied
Psychology Panel tended to become centers for
a coordinated approach to the problems of using
the devices of war.

The results of these coordinated studies of
the problems of military psychology are de-
scribed in the APP Summary Technical Report
under the general title, Human Factors in Mili-
tary Efficiency. Volume 1 is subtitled Aptitude
and Classification. This volume is subtitled
Training and Equipment. The first half of this
volume describes the research on the training
of various specialists. The second half describes
research on the design and operation of the
equipment for which training was necessary.

The research reported in the Summary Tech-
nical Report resulted in an increase in the pro-
ficiency of soldiers and sailors in combat., The
application of psvchological techniques in-
creased the speed, for example, with which
messages were sent over radio and interphone
in the noisy conditions of combat. The accuracy
of antiaircraft gunncrs was raised. The ability
of radar operators to read the position and
range of enemy targets became greater. Am-
phibious personnel were better able to recognize
beach markers.

Yet the positive values of psychological re-
search were limited in World War II by condi-
tions which can now be corrected. Greater value
could have been obtained if research studies
had been activated earlier. In many cases psy-
chological research hecgan too late to be of
maximal effectivenrrs. Several examples may

RESTRICTED vii




viii FOREWORD

be mentioned from the experience of the Ap-
plied Psychology Panel.

In the early years of the war in Europe, at
Pearl Harbor, and in the further reachesof the
Pacific, the need for antiaircraft defense was
made obvious. But not until 1942 and 1943 was
the Panel asked to help improve the efficiency of
antiaircraft gunners. In 1942 and 1943 the pri-
ority of ground warfare increased. But it was
1944 before a project on human errors in the
use of field artillery was activated. It was 1945,
after the B-29 airplane had seen combat, before
psychological research was requested in order
to help formulate military requirements for
aerial gunnery equipment. In each instance
months were required to obtain useful re-

“sults. In each instance significant research

results were obtained. In each instance these
results would have had greater military value if
the need had been anticipated and the research
requested before instead of after that need be-
came acute.

In the future, new devices must be considered
in terms of personnel requirements before pro-
duction begins. New devices always impose a
strain on personnel. Officers in training camps
or in the field cannot be expected to produce
efficient fighting teams when the officers them-
selves are unfamiliar with the new devices

which must be used. The psychological prob-
lems can be anticipated, and many military
problems eliminated before they occur, if quali-
fied psychologists are encouraged to study new
devices which are at the blueprint, the mock-up,
or the reproduction stage of development.

If psychological research on selection, train-
ing, and equipment is concentrated on prepro-
duction models, the results will appear in time
to be of maximal usefulness. Standard operat-
ing procedures will be worked out by the time
the new equipment is ready for distribution.
Training plans can be developed before actual
training begins. Selection requirements will be
known before men are selected for training on
the new equipment.

Postponing psychological studies until after
general use has demonstrated the shortcomings
or difficulties of a piece of equipment can ac-
complish only corrective measures. Anticipating
those shortcomings by subjecting equipment to
psychological study during its early develop-
ment will lead to better selection, better train-
ing, better operating procediircs, and better
equipment.

CHARLES W. BRAY
Chief, Applied Psychology Panel
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PREFACE

HE APP SUMMARY TECHNICAL REPORT is a
Tsystematic account of the work done under
the diection of the Applied Psychology Panel
of the National Defense Research Committee.
It includes work done before the Panel’s forma-
tion when the same projects and personnel were
under the supervision of the National Research
Council’s Committee on Service Personnel—
Selection and Training, Volume 1 describes se-
lection and classification of military personnel;
Volumme 2 describes military training and the
human factors involved in the design and op-
eration of military equipment. In each of these
three fields—selection and classification, train-
ing, and the design and operation of military
equipment—the work actually done and the
effects of that work on military practice are
described.

Chapter 1 summarizes this volume. The re-
maining chapters can conveniently be divided
into four groups: Chapters 2 to 12 relate the
specific efforts of Applied Psychology Panel
projects to improve the training given to a
number of different types of military special-
ists. Chapters 18 to 17 discuss the psychological
principles and the methods employed in organ-
izing mass instruction, developing instructional
aids. evaluating synthetic trainers, and meas-
uring the achievement of men in training.
Chapters 18 to 23 describe the work done by
Panel projects on improving the design and
operational procedures for a number of types
of military equipment. Chapters 24 and 25 pre-
sent psychological principles for designing mil-
itary equipment and for developing the most
efficient operating procedures for that equip-
ment.

As was true of Volume 1, cross references
are given by means of section numbers, for
example 11.3.5, in which the 717 refers to the
chapter, 8 to the third major division of Chap-
ter 11, and 5 to the fifth section of the third
division of Chapter 11, Commonly used abbre-
viations are explained in a glossary at the end
of the volume,

In writing this final summary a few tables
were recalculated from the original reports. In
no case were the changes large énough to alter
conclusions or recommendations.

The Applied Psychology Panel has had help
from many sources in preparing this final ac-
count of its work. To each of these we express
our thanks.

The Army, the Navy, and the Applied Psy-
chology Panel Contractors have provided pho-
tographs to illustrate many of the devices and
procedures discussed.

The author of each chapter is named in the
table of contents and at the beginning of the
chapter. Though all chapters are based upon
the original reports prepared by the contrac-
tors,® many of them were finally written by the
editor. Approximately half of the chapters were
written by men who spent the war years in the
field, working on problems their chapters sum-
marize. The Panel and the editor are very ap-
preciative of the time and effort devoted by
these men to writing first-hand accounts of
their work. We are particularly indebted to
William E. Kappauf, Jr., who wrote seven of
the chapters in this velume.

As in Volume 1, credit is not given to the
individual psychologists who actually made the
contributions here reported. Their specific con-
tributions can be discovered only by studying
the original reports listed in the bibliographies.
The Applied Psychology Panel expresses its
sincere appreciation to these men for their in-
dividual contributions and for their effective
teamwork. These two volumes record their
achievement.

DAEL WOLFLE
Editor

A complete bibliography of reports prepared by
Applied Psychology Panel contractors is contained in
Final Report and Bibliography of the Applied Psy-
chology Panel, Charles W, Bray, OSRD 6668, June 30,
1946. This report gives the title and other identifying
data of each report.
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Chapter 1
SUMMARY

By Dael Wolfle

11 ' INTRODUCTION

HIS CHAPTER is a summary of the work of
the Applied Psychology Panel, NDRC, on
problems of miilitary training and equipment,
the work reported in the remaining chapters of
this volume. This summary is divided into four
sections which parallel the four major divisions
of the volume. Section 1.2 summarizes specific
studies of military training. Section 1.3 out-
lines the psychological principles of learning
and general methods of improving training.
Section 1.4 describes specific studies directed
toward improving the design of military equip-
ment and the development of better operating
procedures for such equipment. Section 1.5
briefly reviews the psychological principles in-
volved in equipment design and operation.
The subtities of the following sections in-
clude the numbers of the chapters summarized
in each. A rapid reading will give the location
and plan of organization of the main research
findings «f the entire volume.

2 TRAINING OF SPECIALIZED
MILITARY PERSONNEL

Chapters 2 to 13 deal with the application of
general psychological principles to specific
learning situations and pieces of equipment. In
each case, work was directed toward the
achievement of one or more of three objectives:
to make the training more specifically directed
toward the actual duties to be performed; to
include better measures of progress and
achievement; and to make fuller use of estab-
lished principles of learning.

21 Training Search-Radar and Bombing-
R:dar Operators (Chapter 2)

Surveys of radar operator training schools
led tu 2 number of specific suggestions for im-
proving the instruction given.

The task of the search-radar operator is in
general the same, even though there are wide

- differences in equipment and in special pro-

cedures. Common elements in the task were
studied: the tactical use of radar equipment;:
specific procedures, such as calibration and’
tuning; manipulation of controls; interpreta-
tion of scope phenomena; and the reading of
ranges and bearings. These studies resulted in
the development of synthetic trainers, achieve-
ment measures, and instructional aids, includ-
ing the following examples: several mechanical-
optical plan position indicator [PPI] trainers
to aid in the training of search-radar operators;
a flash-reading method to train men in the
rapid identification and interpretation of scope
phenomena; an H2X film trainer and radar
scope movies for ground training and for use
in briefing radar bombing operators for train-
ing missions.

Reductions in average bombing errors of
from 1,000 to 1,500 feet were secured by giving
trained bombardiers an additional 150 hours of
practice in operation of the main scope.

22 Training Trackers for Antiaircraft

Fire Control (Chapter 3)

Checksights were developed for use on a
number of different guns. It was demonstrated
that trackers learn more rapidly when trained
with checksights than when trained without
them, Checksights were found to be the most
generally useful objective measure of the track-
er’s skill. A phototube scoring device to replace
the checksight observer was developed too late
in the war to be used. Its reliability and effec-
tiveness were, however, demonstrated.

Learning records showed that once men were
adequately trained in tracking they needed re-
fresher drills no more often than ounce a month.

Three on-target tracking trainers were de-
veloped: a trainer which simulated the task
of optical tracking with the stereoscopic
heightfinder; a trainer which simulated the
two-man tracking task in the gun director
Mark 37; and a trainer which simulated the
two-man tracking task on the director M7. The

RESTRICTED 1




2 SUMMARY

last one became known as the Tufts tracking
trainer. It had validity as both a selection device
and a training device.

Several manuals giving instructions for the
use of gunnery trainers and the operation of
fire-control equipment were written.

123 Training Personnel in Range

Determination (Chapter 4)

Projects of the Applied Psychology Panel
prepared training manuals for instructing
Army personnel in heightfinder operation. The
same material was in large part adapted for
the training of Navy personnel in rangefinder
operation. A number of training aids were de-
veloped for both Services.

The rate of improvement during training in
heightfinder and rangefinder operation was
studied in a variety of situations, About 2,700
trials were found necessary on the M2 trainer
and about 3,200 on the Eastman trainer before
men reached a plateau. Men who had had this
amount of practice on a trainer reached a
plateau in their ability to range on aerial tar-
gets in about 500 trials.

Unaided estimation of the opening range for

20 mm fire, 1,700 yards, was found to be

superior to stadiametric ranging with the gun-
sight Mark 14. Training on the firing line with
the reticle of the gunsight Mark 14 was found
to be superior to training on the mirror range
estimation trainer device 5C-4 in learning sta-
diametric ranging.

Practice in aerial target range estimation
increased the percentage of estimates within
15 per cent of true range from about 25 to
about 45 per cent. Relatively frequent refresher
drills were found necessary, however, to keep
men at this level of performance.

The accuracy of estimating the range of
aerial targets is approximately the same as the
accuracy of estimating the range of ground
targets.

124 Training the B-29 Gunner (Chapter 5)

Applied Psychology Panel project personnel
studied the scoring of gun camera film, a check-
sight for B-29 gunners, and the effects of

coaching in a training program. A ew scoring
method for gur camera film was developed
which required less than one-third as many
man hours as the standard Army method. The
checksight provided unreliable scoring but
probably motivated the men to better perform-
ance. The data of the coaching experiment in-
dicated that gunners tended to over-range at
the beginning and to under-range at the end
of an attack.

123 Night Lookouts (Chapter 6)

A shipboard study of the performance of
night lookouts on duty in an Atlantic convoy
provided specific information on the average
ability and the variation in ability of night
lookouts to spot targets. The best lookouts were
able to see a ship nearly four times as far away
as the poorest ones. These differences werc not
due to differences in night vision as measured
by the adaptometer.

Two night vision trainers and a training ex-
ercise in the use of binoculars at night were
constructed and submitted to the Navy. Assist-
ance was given in the preparation of literature
for the training of lookouts.

1.2.0

Training Navy Operating Crews
(Chapters 7 and 8)

Lesson plans, course outlines, and instruc-
tional manuals were written for the .50 caliber
machine gun, for the 20 mm, 40 mm, 3”/50,
4”7/50, and 5”/38 guns, and for the main bhat-
tery of large ships. Similar teaching aids were
written for the instruction of operating enyi-
neers in training for duty aboard a number of
types of Navy ships.

Paralleling the work on lesson plans for gun-
nery instruction was a series of studies on
gunnery trainers and iesson plan materials for
their use.

Courses entitled How to Teach Gunnery and
How to Teach Engineering were developed and
given to a number of classes of instructors.

A trainer consisting of a miniature electric
winch was constructed to help train hatchmen
and winchmen for duty on APA’s and AKA’s.
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Training Amphibious Craft Crews
(Chapter 9)

Project personnel assisted the Amphibious
Training Command in the development and
improvement of training courses for the crews
of amphibious craft. )
~ Job analyses were made of amphibious en-
listed billets and a questionnaire was admin-
istered to personnel returning from combat
zones in order to secure information about the
effectiveness of various methods of training,
classification, or ship performance in actual
combat.

The training studies and the curricula de-
veloped were organized into a systematic over-
all program described in the Amphibious Train-
ing Command Training Manual.

128 Voice Communication Training

(Chapters 10 and 11)

The high noise levels encountered in military
airplanes and aboard ship frequently made
normal speech unintelligible over telephone and
other communication circuits. Special training
courses were developed in order to increase
intelligibility.

A Telephone Talkers’ Manual, a manual for
instructors, and phonograph records were de-
veloped for Navy telephone talkers. Experi-
mental investigations of the best methods of
instruction and of the value of varicus parts of
the course and a survey of the training given
to telephone talkers in a number of installa-
tions led to improved standardized instruction.
The training ashore was integrated with sub-
sequent training on board ship.

Three courses were developed for the sub-
marine service: a tasic course to teach general
skills; an intermediate course to give each man
proficiency in the use of the phraseology re-
quired by his assignment aboard ship; and an
advanced course to drill the entire crew as a
combat team in the coordinated use of the com-
munication circuits.

In the Army Air Force, training methods
were devised and instructors’ handbooks and
students’ manuais written for courses designed
to teach personnel to speak so that their mes-

sages would be more intelligible, Special courses
were written for the training of each type of
aircrew specialist and for the training of
formed crews of heavy and very heavy bombers.

1.2.9

Training Radio Operators
(Chapter 12)

The code-voice method of teaching basic
code was developed on the basis of established
principles of learning. It was shown to be
superior to former methods and was adopted
by the Army,

Four hours of daily drill were shown to pro-
duce as rapid learning as 7. The distribution
of these 4 hours within a day was found to be
unimportant. Increasing the variety of drill
materials produced more rapid learning and
dacreased boredom in both students and in-
structors. One hour a day of practice in copying
hand-sent clear-text practice material produced
a small improvement in ability to copy cipher
accurately. Giving men practice in copying code
through various types of interfering noises did
not diminish their ability to copy clear code
and led to a moderate improvement in ability to
copy code through interference.

A trainer to aid men in learning to send cor-
rectly was developed. It consisted of a type-
writer which was controlled by electronic cir-
cuits in such a way that Morse code characters
were transcribed by the typewriter as ordi.iary
ietters. Correct sending appeared immediately
on the typewriter as correct copy. Errors in
sending appeared as errors and informed the
student immediately of the nature of the mis-
take he had made.

A monograph on code speeds was prepared
to provide instructors and others with an under-
standing of the various bases for computing
code speed and with instructions for cutting
tapes which would have the exact speed desired.

Two studies were made of errors, one of
errors in receiving and one of errors in serd-
ing. In beth cases the order of difficulty of the
numbers and letters was found to be highly
constant for students of different levels of
ability.

Standardized tests of ability to receive code
at different speeds were constructed. The prog-
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SUMMARY

ress of several hundred code students was re-
corded and tabulated. Thes¢ data provide in-
formstion on average rate of learning and
upon variability of rate in learning for stu-
dents ranging in level from beginners to men
able to receive at 25 groups per minute.

13 PSYCHOLOGICAL PRINCIPLES IN
MILITARY TRAINING

- Improving Instruction
(Chapters 13 and 14)

The general operating procedure followed by
Applied Psychology Panel projects working on
training problems was:

1. In the time available, getting as complete
a knowledge as possible of the duties men were
being trained to perform. This knowledge was
obtained by conducting a job analysis, by tak-
ing the course, or through observation and by
discussions with experienced personnel,

2. Studying the training procedures in use
to determine where and just how improve-
ments could be made. These improvements
usually involved the application of one or more
of the following psychological principles.

a. Improve the distribution of practice.

b. Secure active participation of the
trainee.

c. Vary the practice material.

d. Develop accurate performance records.

e. Give the men an immediate knowledge
of the results of their practice.

f. Write clear, detailed plans for the in-
structor.

3. Putting the improvements into effect.
This step sometimes involved the writing of
lesson plans. Sometimes it consisted of design-
ing a new trainer or improving an existing one.
Frequently it included the development of bet-
ter methods of measuring the achievement of
men in training.

182 Lesson Plans (Chapter 15)

Lesson plans furnish an instructor with a
detailed statement of the topics to be covered

in a course and the time and method of teach-
ing each topic. With inexperienced instructors,
lesson plans make better teaching possible and
provide a basis for more standardized instruc-
tion,

Lesson plans were written for many of the
special types of training covered in Chapters
2 to 12. The details of writing lesson plans are
described in Chapter 15.

133 The Use and Design of Synthetic
Trainers for Military Training
(Chapter 16)

A good trainer has three essential charac-
teristics: practice on it leads to substantial im-
provement on the equipment the men are being
trained to operate; it provides reliable infor-
mation on the quality of the men’s perform-
ance; and, mechanically and electrically, it is as
simple as possible.

It is necessary to plan carefully an instruc-
tional program using a trainer. Simply telling
men to practice for a while sometimes results
in a loss of skill instead of a gain. Instructions
tor the proper use of a trainer should be pre-
pared as the trainer is being developed, and
distributed with the trainer.

Trainers possess some advantages over real
equipment for practice: they are generally
safer, more economical, and more readily avail-
able. On a trainer it is possible to break up a
complex task into simpler elements. It is usu-
ally easier to give men exact information about
their errors and successes on a trainer than on
real equipment.

34 Measuring the Effects of Training
(Chapter 17)

Good tests of the amount of skill acquired by
men undergoing training improve the {raining
program in several respects.

1. They increase the amount the trairees
learn, both by motivating the trainees and by
showing the instructor where his instruction is
good and where it is poor.

2. They provide measures of actual achieve-
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ment which are useful in advanced classifica-
tion.
" 8. They provide better - criteria than do
ordinary school grades for evaluating selection
procedures.
4, They make possible more uniform instruc-
tion in different classes and different schools.
5. They provide quality control officers with
continuous checks on the success of training
programs. ’

14 THE DESIGN AND OPERATION OF
SPECIAL TYPES OF MILITARY
EQUIPMENT

Psychological studies of the best methods of
operating military equipment, as distinet from
the best methods of training, grew to be a
more and more significant part of the work
of the Applied Psychology Panel as World
War II progressed. Studies of operating pro-
cedures led in some instances to modifications
in design in order to produce equipment better
adapted to the abilities and limitations which
characterized the average soldier or sailor.

141 Antiaircraft Directors and Guns

(Chapter 18)

The accuracy of antiaircraft firing was in
need of improvement. A plied Psychology Panel
projects studied problems related to the opera-
tion and design of antiaircraft equipment. They
studied tracking controls ; telescopes and sights;
operating, maintenance, calibration, and ad-
justment procedures; and training features for
antiaireraft equipment which determine its ac-
curacy. In each case the work was aimed at
making operation.by the average gunner easier
and more accurate.

These studies led to a number of specific im-
provements in operational procedures and to
some design changes.

It was demonstrated, for example, that track-
ing through large changes in elevation is made
easier by gearing the gunsight in such a way
that the line of sight of the system will elevate
through 90 degrees while the exit pupil of the
telescope moves through a smaller (45 to 60
degrees) arc.

142 Ficld Artillery Equipment
(Chkapter 19)

An analysis of errors in the operation of field
artillery equipment led to the conclusion that
two types of studies were degirable. The first
study analyzed the scales used for panoramic
telescopes and resulted in the development of
an odometer type of scale which reduced greatly
the number of errors made in reading the scale.

The second study resulted in the development
of remote indicating equipment which recorded
the entire action of a field artillery battery.

The project was terminated before either
study was complete, and before its work could
affect actual firing practice. The methods and
equipment are available. They should be em-
ployed in a continuing study by the field ar-
tillery in order to decrease the number of firing
errors.

148 B.29 Cansights (Chapter 20)

An experimental test apparatus was devel-
oped for the study of the B-29 gunner in rela-
tion to his equipment. This apparatus provided
for ground and airborne scoring of perform-
ance against synthetic targets. A ground and an
airborne synthetic trainer were developed from
the experimental apparatus.

Experimental studies indicated that trigger-
ing the B-29 gunsight occurred semirhyth-
mically and independently of the accuracy of
fire. Continuous firing was recommended. A set
of simplified hand controls for the B-29 gun-
sight was developed. They proved to be superior
to the standard controls. A study of slewing
methods indicated the need for attention to
slewing in training and in the design of equip-
ment. Viscous damping of the B-29 gunsight
was shown to be superior to friction damping.

14+ Radar Equipment (Chapter 21)

A number of experimental studies were made
of radar operating procedures and of types of
oscilloscope presentation. Desirable levels of
trace brightness and scope illumination and
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desirable periods of scope observation were de-
termined. Alternative presentations were com-
pared in terms of accuracy of determination
of target position and range. Procedures for
minimizing calibration and operating errors
were recommended. It was demonstrated that
continued scope operation did not have a harm-
ful effect on vision.

148 Stereoscopic Rangefinders and

Heightfinders (Chapter 22)

Records of stereoscopic rangefinder and
heightfinder performance made it apparent
that the actual ranging accuracy of the best
observers did not approach the predicted, or
theoretical, accuracy of the instrument. A num-
ber of operating procedures and devices to im-
prove performance on the existing equipment
were developed.,

1. An interpupillometer and template to en-
sure that the initial interpupillary setting of the
instrument is adequately accurate.

2. Operation of the instrument at reduced
aperture whenever possible,

3. An improved calibrating procedure and an
improved record form for use in calibration.

4. Special training in making the height-of-
image adjustment.

Lko Standard Procedures in Voice
Communication (Chapter 23)

Experimental studies were conducted to aid
in the development of courses of instruction in
voice communication procedures for AAF per-
sonnel. The following facts were established
relative to the best methods of speaking and
the best ways ot using airplane interphone and
radio telephone equipment in the presence of
intense noise.

1. The most important factor in the use of
the voize itself is loudness. In order to secure
maximal intelligibility, the speaker should talk
in such a way as to produce a good loud side
tone in his earphones.

2. The secord most important factor is ar-
ticulation. One hour of instruction produces

enough improvement in articulation to increase
intelligibility significantly.

3. Message forms should be standardized.
Message content should be standardized. Each
type of message should be as unique as possible.

4, The T-17 (hand-held) microphone should
be held lightly touching the speaker’s lips and
parallel to the plane of the face.

5. The T-30 (throat) microphone should be
worn on or slightly above the Adam’s apple,
never below it.

6. Gain control should remain inoperative
on the interphone,

15 GUIDING PRINCIPLES IFOR FUTURE
EQUIPMENT DEVELOPMENT

151 Principles of Good Equipment Design
(Chapter 24)

If an instrument desigr is well suited o the
human operator, it permits many men to
qualify as operators, it permits qualified men
to operate with efficiency, it permits easy train-
ing, and it is acceptable to operators.

The general procedure in evaluating the psy-
chological efficiency of a design is described. A
first attempt at providing a check list for use in
evaluating new designs is presented.

152 The Development of Standard
Operating Procedures (Chapter 25)

The satisfactory and efficient analysis of
operating methods requires the understanding
of the military problems involved in the use
of the equipment under consideration, in their
mechanical, mathematical, psychological, and
tactical aspects. The specific steps to be taken
in achieving this understanding and developing
the operating procedures are the following.

1. Study the equipment. Learn what it is sup-
posed to do and how if work.

2. Determine all the tasks which have lo be
done in adjusting and operating the equipment.

3. Determine what the standards of accuracy
of instrument operation should be and how
limitations or approximations in the design of
the equipment influence these standards.
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4. Determine how each unit task should be
done in order to achieve the greatest efficiency
in time and accuracy.

5. Determine the proper sequence of actions.

6. Examine the sequence for short cuts,

7. Try out the procedure or compare alter-
native procedures if more than one has been
developed.

8. Evaluate operator acceptance of the pro-
cedure.

9. Standardize the procedure finally estab-
lished.

These steps should culminate in the prepara-
tion of a manual of standard operating pro-

cedures to accompany a new piece of equip-
ment as it is distributed for use.

16  FUTURE RESEARCH ON TRAINING
AND EQUIPMENT DESIGN

The Applied Psychology Panel's recommen-
dations for future research on problems of
military psychology are contained in the fore-
word to Volume 1 of the Summary Technical
Report by this Panel. That foreword also out-
lines the type of research organization which
the Panel believes most likely to lead to contin-
ued successful research in military psychology.
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Chapter 2
SEARCH-RADAR AND BOMBING-RADAR OPERATORS

By Donald B. Lindsley®

SUMMARY

THE TRAINING of search-radar and bombing-
radar operators is described. Surveys of
radar operator training schools led to a number
of specific suggestions for improving the in-
struction given.

The task of the search-radar operator is in
general the same, even though there are wide
differences in equipment and in special pro-
cedures. Common elements in the task include
the tactical use of radar equipment, specific
procedures such as calibration and tuning,
manipulation of controls, interpretation of
scope phenomena, and the reading of ranges
and bearings. The types of knowledge necessary
for each of these frequently oceurring tasks are
discussed.

Several mechanical-optic. * lan position indi-
cator [PPI] trainers were developed to aid in
the training of radar operators. A flash-reading
method was developed to train men in the rapid
identification and interpretation of scope phe-
nomena.

Studies were conducted of the training of
radar bombing operators. An H2X film trainer
and radar scope movies were developed for
ground training and for use in briefing men for
training missions.

An experimental study of improvements in
bombing accuracy showed that the addition of
150 hours of main scope operating time pro-
duced reductions in average bombing error of
from 1,000 to 1,500 feet.

2.1 INTRODUCTION

The training of the radar operator can be
discussed only in relation to the special tasks
he has to perform in connection with the oper-
ation of specific kinds of gear. Therefore a

particular radar program representing Navy.

» This chapter is based on the work of Project SC-70,
NS-146.

search radar and another representing Army
bombing radar will be reviewed. To discuss
these programs meaningfully requires the pres-
entation of an outline sketech of the training
together with specific criticisms and sugges-
tions directed toward the weaknesses of the
programs.

Each program will be followed by general
suggestions or the reports of further experi-
ments bearing on factors which facilitate
training and enhance final proficiency of the
radar operator. The emphasis is on search-
radar operations.

The selection of radar operators is consid-
ered in Volume 1, Chapter 6, the Summary
Technical Report of the Applied Psychology
Panel, and the general questions of the design
of radar equipment in Chapter 21.

i SEARCH RADAR

#21 Training the Search-Radar Operator

in the Navy

The sudden and large demand for radar oper-
ators, both in the Army and in the Navy, meant
the rapid establishment of radar operator
schools, the selection of instructors from rela-
tively inexperienced personnel, the securing
and settirig up of new, equipment for demon-
stration and training purposes, and the grad-
uation of large numbers of operators required
to meet quotas. Typical of the emergency train-
ing school were two szt up by the Navy for
training search-radar operators, one at Vir-
ginia Beach, Virginia, and another at Point
Loma, San Diego, California. About one year
after these schools began training operators,
the Training Division, Bureau of Personnel,
requested Project SC-70, NS-146, Applied Psy-
chology Panel, NDRC, to visit these schools and
analyze the training programs. The results of
these investigations® ® will be summarized as a
basis for further discussion of the problem of
search-radar operator training.
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LENGTH oF COURSE AND TRAINING LOAD

The length of the course in both schools was
3 weeks, during which time the trainee was
expected to become familiar with the cperation
of several types of radar gear. In addition to
learning to operate each type of gear, the
operator was required to know something about
target detection and interpretation, interfer-
ence, jamming, antijamming, CIC, fighter di-
réction, navigation, dead-reckoning tracking,
plotting, and intercommunication procedures.
Obviously only a smattering of knowledge on
any of these topics could be acgnired in the
time available for training.

The training load at Virginia Beach at the
time of the investigation consisted of 120 men
each week, making a total of 360 men in three
stages of training at a time. At Point Loma
the weekly quota was 200 men, with 600 in
training at a time. Only 300 could be handled
at a time in the latter school, necessitating two
shifts.

ANALYSIS OF TRAINING PROGRAMS
In both schools the total training time dui-

ing the 3-week period averaged about 105,

hours. The percentages of this time devoted to
specific aspects of training were as follows: lec-
tures, 20 per cent; laboratory, 50 per cent;
study periods, 13 per cent; quizzes and reviews,
10 per cent; and instructional films, 7 per cent.
For a course 3 weeks in length, this was an
acceptable distribution of time. The content of
the lectures and laboratory periods was of
greater importance. Lectures consisted of radar
theory, 55 to 60 per cent; radar usage, 25 to 30
per cent; plotting, 15 to 20 per cent. Laboratory
periods were composed of demonstrations and
operation of gear. 70 to 75 per cent; plotting,
15 to 25 per cent; trainers and communication,
5 to 10 per cent.

CRITICISMS AND SUGGESTIONS

The following comments were made ¢u course
content and laboratory training.

1. The lectures and the operator’s handbook
should place more emphasis on practical and
functional aspects of operation and operator
skills. Many instructors had the misguided no-
tion that an operator had to have radar theory

and maintenance training, much as a radar me-
chanic would be trained.

2. Laboratory and operational procedures
should have adequate supervision. Students
were assigned to operate equipment with in-
sufficient knowledge of correct operating pro-
cedures. Thus much valuable time assigned to
search watches and operation was wasted by
trial-and-error procedures which often resulted
in poor habits of operation.

3. Laboratory work should take up one kind
of equipment at a time. Operators were shifted
from one gear to another before completely
mastering any one. This led to confusion and
failure to assimilate any specific procedure.

" 4. Plotting and operating periods should be
organized with specific problems in mind rather
than relying on rote memory procedures and
random operation. The problems should stress
tactical and functional uses of the gear.

5. Greater emphasis should be placed upon
speed and accuracy in operation. The correct
procedure should be taught and the methods
of greatest accuracy stressed. When an operator
has mastered the procedure, gradual increase
in speed of operation should become the goal.

6. An operator should be taught that calibra-

- tion and tuning are basic to efficient operation

and that the greatest care must be observed in
carrying out these procedures.

7. Greater recognition should be given to
the fact that radar operation is a skill which
may be developed to a high degree. Knowledge
of the operating procedures is not enough. Skill
comes only with practice in the job. Therefore
every opportunity should be afforded for the
trainee to exercise his knowledge by operating
the gear. In all practice he should work for
correctness, accuracy, and speed. The timing
and posting of operational scores is a good way
to foster competition and provide motivation
to work harder at the task of improving skill
and speed.

8. With better information concerning even-
tual assignment of men to ships, based upon
production and commissioning schedules, it
should be possible to determine the type of
equipment for proper training. This would re-
duce to a minimum the number of different
types of gear upon which an individual operator
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10 SEARCH-RADAR AND BOMBING-RADAR OPERATORS

would be given training. By concentrating on
one or two types much greater proficiency
could be attained.

9. Greater use should be made of training
zids, especially visual aids. Models, wall dia-
grams, illustrations, slides, and movies are in-
dispensable for demonstrating the correct
procedures or the basic principles behind. oper-
ating procedures. These should be coordinated
with assignments, lectures, and demonstrations.

10. More time and attention should be given
to target interpretation and the dynamic as-
pects of scope viewing and reading. All con-
ceivable types of targets, land masses, fading,
and other phenomena which may occur during
operation should be illustrated. Operating pro-
cedures for all possible exigencies should be
practiced. The basic principles of scope inter-
pretation, distortion, and interference should
be explained not as theory but as practical
working concepts.

11. Greater use should be made of radar
trainers and similar devices by which operating
problems may be presented, specific components
of operating procedures may be illustrated and
practiced, and quantitative scores on perform-
ance may be obtained.

12. Mcre attention should be given to the
development of objective measures of profi-
ciency. These should emphasize particularly the
performance aspects of operation and the solv-
ing of “real” operating problems.

13. Fleet operational requirements were con-
stantly changing to meet the demands of new
tactics. Many small and frequently some major
changes in operational procedures were intro-
duced in the fleet. In order that the training in
the schools might be kept up to date, it was
recommended that instructors be selected for a
period of sea duty, rotating with men who have
had shipborne operational experience. Not only
would this system bring the latest operational
procedures into the schools, but it would bolster
the morale of the trainees,

*22  Functions of the Navy Search-Radar
Operator

There are two principal types of search radar
in the Navy, surface search and air search.

The different radars that function in these
capacities often vary considerably in appear-
ance and physical layout. The scope presenta-
tions, the controls, and the operating proce-
dures vary according to the specific uses of the
equipment. The radar operator’s task in gen-
eral is the same, although there may be wide
differences in complexity of operation, speed
required, and special procedures. It is difficult
to specify procedures for any radar set in a
hard and fast way since particular tactical
situations or maneuvers may call for variations.
Thus it is that an operator, whether of surface-
search ot air-search .radar, must be trained in
the tactical uses of his equipment as well as in
the specific procedures, such as calibration and
tuning, manipulation of controls, interpreta-
tion of scope phenomena, and the reading of
ranges and bearings. The following uses of the
equipment will serve to illustrate some of the
problems of operation which depend upon
specific training and experience.

TYPE OF SEARCH FUNCTION

Surface-search radar requires that a con-
stant 360-degree search be maintained, unless
radars in other ships of the formation are
assigned specific sectors. The search function
is further subdivided into long-range search
and short-range search. The former is for the
purpose of picking up large surface targets
and requires the use of appropriate range scales
and proper adjustment of gain controls. In the
case of distant surface targets, speed is not so
essential as for close-range targets or air tar-
gets, and therefore more liberty may be taken
in connection with the speed of antenna rota-
tion, stopping of antenna rotation for study of
target composition, and tracking in order to
determine relative motion. The operator should
remember, however, the need to make frequent
360-degree scans for possible targets in other
sectors. With bearing and range determined
accurately for a target, continuous search may
be resumed, but a plot of the target should be
maintained. An operator should be skillful
enough to read ranges and bearings without
stopping the rotation of the antenna. This is an
aspect of performance which is often not
stressed sufficiently in training.
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Short-range surface search is for the purpose
of detecting submarines and small craft or, in
the case of offshore operations, for the detec-
tion of possible coral reefs or other obstacles to
navigation. Sometimes the short range is used
for keeping a ship in position in a formation,
especially during severe maneuvers. Because
the antenna must be tilted down during short-
range search, the problem of balancing- sea
return against possible targets requires con-

stant manipulation of gain controls. The use

of surface-search radar for navigation along

coastlines demands rot only a thorough knowl-

edge of scope interpretation and familiarity
with the geographical features of the area but

FIGURE 1. Close-up of repeater unit of PPI flash-
reading radar trainer, showing illuminated center
splash and target complex consisting of fine blips.
(The bearing scale in this photograph is in-
verted.)

an understanding of the characteristics of the
radar, such as beam width and pulse length,
which contribuie to distortion in the mapping
of land areas. In short-range operations the
operator should be especially careful not to
overlook the matter of constant search for pos-
sible attack from another quarter. Having de-
tected a target at short range, it may be neces-
sary to turn it over immediately to fire-control
radar and continue full search operations,
These are tactical operating problems which

are difficult to teach in training but which can
often be made vivid and real by means of train-
ers which produce synthetic targets on the
actual gear and which allow not only maneu-
vering of targets but also make provisions for
scoring the performance of the operator. A
PPI flash-reading radar trainer is shown in
Figure 1. The trainer was used to teach stu-
dents to read the bearing and range of blips
quickly and accurately. The trainer consists of a
master timing unit and five repeater scopes.
Targets may be presented in any desired order

“and position and with varying persistence,! 18

A mechanical PPI tracking trainer'? is shown
in Figures 2 and 3. Pigure 2 shows the simu-
lated scope face; Figure 3 the mechanical con-
trols of the target trace. Two flashlight-like
projector tubes ride on range cams and are
geared to bearing cams. Light from the pro-
jectors is focused on a persistence screen and
is interrupted by a rotating sector disk. The
continuous movement of the projectors and the
interruption of the lights by the sector disk
simulate the PPI presentation of two aerial tar-
gets. The courses may be altered by changing
cams.

Another teaching possibility is the presenta-
tion of tactical problems by means of a series
of successive pencil-and-paper test diagrams
which may be used as proficiency measures. A
surprising degree of dynamic simulation, as
well as difficult problems requiring the operator
to think through the solution, may be worked
out in this way. Examples of this kind of funec-
tional and tactical problem may be found in
tests,® 1 workbooks,'™ "' and manuals’® devel-
oped by Project SC-70, NS-146, for the Services.

Operating air-search radar is usually more
difficult than operating sea-search radar. The
greater difficulty is due to the speed of search
and tracking and the complexity of identifying
and keeping a plot of friendly and enemy planes.
Long-range air search is, of course, for the
purpose of detecting and identifying enemy
planes at maximum range. The nature of the
pip or blip must be studied carefully in order
to determine the number, type, and movement,
if possible, of the attacking force. Interceptors,
if available, must be alerted and vectored to the
attacking force. Throughout these activities the
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12 SEARCH-RADAR AND BOMBING-RADAR OPERATORS

operator must remain alert to the possibility of
attack from other quarters, which means that
scanning of the entire area must continue. In
short-range air search, speed is even more im-
portant. Rotation of the antenna must be more
rapid, target location and identification must
-be made more quickly, and reports must be com-
municated continuously.

From the foregoing brief account of the oper-
ator’s task in surface-search and air-search

FIGURE 2. Mechanical PPI tracking trainer, scope
face.

operations it may readily be seen that the com-
plexity of the task depends upon the situation.
Much more is required of training than that it

" teach the fundamentals of operation. Although

the elements of operation are essential, there
must be superimposed upon and integrated with
that kind of training the complete gamut of
tactical operations. The latter will of course be-
come refined and most highly efficient only with
extensive experience in the fleet, but it is essen-
tial that practice in such operations begins
early and is integrated with elementary oper-
ator training. This is important in order to
avoid the bad habits which invariably become
associated with operator training when it is
not properly oriented toward the final goal of
achievement. Too frequently it was reported
from operational sources that habits of opera-
tion learned in basic training had to be un-
learned and new ones substituted. This should
not have been necessary if from the start the

proper operational and tactical procedures were
taught in the schools. Knowledge of proper
procedures depends upon clese liaison between
the fleet and the schools; the introduction of
these methods in training requires careful plan-
ning of the school program so that tactical
procedures will dovetail with basic operations
of the equipment. In general, more considera-
tion should be given to the step-by-step advance-
ment through the various stages of training.
Whenever possible, those phases of operation
which require more practice and skill than
others may be separated, as components from
the whole task, and given special attention.

CALIBRATION AND TUNING

Calibration and tuning can usually bhe ac-
complished by two or three alternative meth-
ods, and since an operator may be forced to use
any one of them he should know them all per-
fectly. Not only should the operator know the
methods; he should have opportunity to prac-
tice them so that all the steps become automatic
and habitual. If opportunity to see the alterna-
tive tuning -methods function is limited with
land-based equipment, an attempt should be
made to provide synthetic signals simulating
the kinds of returns the operator will be forced
to use. Emphasis should be placed upon the
fact that an adequate warm-up period for the
equipment must be allowed before calibration
and tuning may be accomplished accurately.

KNOWLEDGE oF AND USE o0F CONTROLS

The operator not only must know the func-
tions and limitations of all controls but must be
able to manipulate them skillfully and rapidly.
The discrete function of each control is only
part of the total function, and much must be
learned by experience with regard to the refire-
ments which may be accomplished by delicate
adjustments of two or more controls simul-
taneously. For example, it is sometimes neces-
sary to attain a delicate balance by manipulat-
ing intensity, focus, and receiver gain controls
in order to bring out a target echo clearly. The
operator should know the exact location of all
controls so that he can reach for them without
removing his gaze from the radar scope. This
type of tactual-kinesthetic adjustment is ac-
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quired only with extensive practice with the
actual gear. Even though an operator has access
to the gear, frequently he may have little oppor-
tunity to make the required adjustments be-
cause of lack of target situations, unless some
type of synthetic signal generator (radar

his position, course, speed, type, and strength,
if composed of more than one ship or plane.
His position is obtained by range and bearing.
His course and speed may be determined by
plotting a series of positions as a function of
time. His type and strength, as well as other

FLABHLMHT
PROJECTORS

CARIVE

FIGURE 3. Mechanical PPI tracking trainer, controls.

trainer) is available for feeding targets in
under a variety of conditions.

TARGET IDENTIFICATION AND INTERPRETATION

Less than half of an operator’s knowledge
and skill are complete when he has mastered
start-stop procedures, calibration and tuning,
manipulation of controls, and the finding of
{he bearing and range of a target. Screen inter-
pretation and the ability to analyze an echo
in terms of its cumposition are the critical
aspects of successful operation. First of all a
target echo must be recognized as friend or
enemy. This involves knowledge of information
friend or foe [IFF] procedures and the recog-
nition and interpretation of the coded signals
which appear on the scope and are the basis for
such recognition. If the contact is established
as an enemy, the next step is to secure as much
information as possible about him, including

possible characteristics, may be determined by
piecing together a number of bits of informa-
tion, some of which are dependent upon knowl-
edge of set characteristics, some upon range
and bearing information, but principally from
the size, form, and dynamic aspects of the
target echo on the screen. For example, the
nature and amount of bobbing or fluctuation of
the pip on an A scope is sometimes a cue to the
distinguishing of a single or multiple plane
target. A single pip may sometimes show hy
its breadth and by multiple peaks that a con-
tact is composed of a large number of planes.
To recognize a single blip on a PPI scope as a
single large target, or as two or more small
targets, depends upon knowledge of range and
bearing resolution, distortion due to pulse
length and beam width, and other factors.
Although the theory of target analysis may
be taught, the use of such knowledge is depend-
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14 SEARCH-RADAR AND BOMEING-RADAR OPERATORS

ent upon actual practice with a variety of target
conditions. These can seldom be supplied in a
land-based school due to the sparsity of targets
and lack of variety of target situations. In order
to make the time during which an operator is
practicing on the actual gear maximally useful,
a radar trainer or other simulating device for
feeding in synthetic signals should be used.
Such trainers must provide good simulation of
the types of target conditions which are needed
for practice in target identification. If electronic
signal generators are not available for this
purpose, some simpler type of mechanical-
optical'? 1517 device should be developed for
presenting the target situations on a mock-up
scope. In fact this type of device might well
supplement the use of the electronic simulator.
Another way in which practice in the study and
interpretation of target composition may be
made possible is through the use of a series of
photographs, or better, a movie* of actual
scopes during the kinds of target situations
which it is desired to study. Such pictures may
be taken on board ship during actual missions
or during experimental cruises. The still pic-
tures may be arranged in a problem series re-
quiring the trainee to work out a solution. The
movies may be presented on a mock-up radar
scope with provision for reversal and detailed
study of characteristics.

*23  Trainers and Training Situations

Three studies* 7 have shown that electronic
trainers can be used effectively to develop pro-
ficiency in certain aspects of a radar operator’s
task. This is especially true if 2 means of meas-
uring performance is associated with the
trainer so that the student’s score can be made
available immediately. Learning curves may be
plotted for individuals and for the group of
trainees and in this way the optimal period of
time to spend in practice on a particular task
may be determined. In all three of the above
studies, typical learning curves were found.
These showed progressive improvement with
practice up to a point where the curves leveled
off, indicating that maximal efficiency in that
function had been attained.

One ct the major weaknesses found among
Navy search-radar operators was the inability
to read target locations (range and bearing)
rapidly and accurately. In order to provide
practice in this task, a mechanical-optical
trainer'* was developed, together with a flash-
reading method of training. The trainer con-
sisted of a timing unit which controlled the
timing and location of a series of blips which
appeared on the mock-up scopes of several
scope-reading positions (see Figure 1). Multi-
ple or single blips could be presented at varying
rates of speed. The position of each blip was
known so that the accuracy of the student’s
readings could be immediately checked and his
results posted for comparison with the speed
and accuracy attained by other students, This
not only provided a measure of proficiency by
which an instructor could gauge progress but it
served as a motivating device to encourage
students to work harder to improve their skill
in reading range and bearing of target echoes.
Trainers of this type were used successfully at
the Virginia Beach and Fort Lauderdale train-
ing schools, where they were coupled with

"reporting procedures and the use of sound-

powered phones. During the training period,
records of battle noises were played in order
to provide some degree of operational reality.
The method of training and some preliminary
results obtained at Fort Lauderdale have been
described.’® An important feature of this
method of training was that simple targets and
a slow rate of presentation were given initially
until an operator had the habit of reading blip
position accurately ; then the rate of speed was
stepped up and the number and complexity of
the echoes were increased.

It should be strongly emphasized that prac-
tice on a trainer which does not provide a
measure of performance so that the student can
appreciate his progress is likely to be a waste of
time. In one study' where knowledge of results
was not made available to the student, it was
demonstrated that accuracy of performance got
worse instead of better with increased prac-
tice. Training by means of trainers must be
closely supervised to ensure that students de-
velop the correct habits of operation; otherwise
the training may prove detrimental.
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224 Tinal Achievement Examinaiions for
Search-Radar Operators

As mentioned previously in connection with
the survey of training programs in search-radar
operator schools, there was found to be a defi-
nite need for improvement of the examination
methods. In particular, it was deemed advisable
to develop objective-type examinations as meas-
ures of final achievement for use at the end of
the training period. As a result of a conference
called by the Bureau of Naval Personnel which
included representatives from the three main-
land operator schools and the Fleet School,
Pearl Harbor, it was recommended that Project
SC-70, NS-146 prepare a series of final achieve-
ment examinations for use in the mainland
schools.

This study!* required extensive work with
each school and the preparation of objective
examinations covering the operation of a num-
ber of different types of radar gear. Nineteen
experimental tests were made and tried out in
the schools. An item analysis was made to rule
out items which did not contribute significantly
to the total examination, Finally, three radar
operator final achievement batteries®® of two
forms each were prepared and submitted to the
Bureau of Naval Personnel for reproduction
and use in the schools. Each examination in-
cluded sections on basic radar, two or more
types of radar gear, DRT plotting, relative mo-
tion, navigation, air plotting, and surface plot-
ting.

2.3 RADAR BOMBING

#81  Army Training of Radar Bombing
Operators

The second type of radar training program
was for bombers. Initially, enlisted men were
trained as airborne radar operators. Later,
when navigational and bombing procedures be-
came intimately associated with the use of
radar, navigators and bombardiers were
trained to operate the radar equipment. For the
most part the training of the radar observer
(bombardment) [ROB] or the training of the

radar operator for high-altitude radar bombing
allowed adequate time and provided a well-
balanced course. There were, from time to
time, changes in the length and content of the
coeurse, but for the most part these changes
were consistent with improvement of the course
of training and in line with recommendations
from the theater of operations. The principal
difficulties encountered in training were in ad-
justing training schedules and quotas to new
demands made by higher headquarters. There
were constant shifts in the plans as to who
would be trained, what equipment they would
be trained on, and what operation procedures
would be followed. These variables made it al-

most impossible to standardize the course of

training and to apply the necessary proficiency
measures, although despite the constant changes
considerable progress was made in these areas.
Briefly, the course of training, which was 10
weeks in length, consisted of radar grourd
training; 360 hours; flying training, 80 hours;
and miscellaneous training, 85 hours. Ground
training for ROB consisted of navigation re-
view; bombing review; basic radar theory;
fundamentals of one specific type of radar
bombing equipment, including component parts,
calibration and tuning, controls, and trouble
shooting; accessory equipment; radar naviga-
tion; radar intelligence, consisting primarily
of scope interpretation and target study ; radar
bombing methods and procedures; briefing and
critiques; and supersonic trainers, Flying train-
ing required at least 35 hours of operation of
the main scope and 30 hours of observation of
an auxiliary scope. Miscellaneous training in-
cluded instruction in the use of personal equip-
ment, such as parachutes, oxygen masks, oxy-
gen equipment, and emergency equipment;
military training ; physical training; war orien-
tation; and chemical warfare training.
Deserving of special comment is the fact that
radar theory was rightfully given a relatively
small amount of time and that scope interpre-
tation and target analysis were given an ade-
quate proportion of time, A large amount of
detailed procedure was necessary under radar
bombing and radar navigation, but, since these
procedures all came in for varying amounts of
practice during flight training and in the use
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16 SEARCH-RADAR AND BOMBING-RADAR OPERATORS

of supersonic trainers, it appears that the
amount of time assigned to them in lectures and
demonstrations was adequate. The most out-
standing weaknesses of the program were in
briefing procedures, use of supersonic trainers,
and scope interpretation. The time devoted to
briefing and critiques of missions was minimal
but probably adequate. Pre-mission briefing
frequently consisted of weather reports, a hasty
survey of the route of the mission, and a brief
discussion of some possible difficulties to be
encountered in navigating to the target area.
A great deal more could have been accom-
vlished by way of showing movies and stop-
frame pictures of the radar scope taken espe-
cially for briefing of the route to be followed,
so that the radar scope navigation problems

FIcure 4. H2X film trainer, front view.

could have been studied and digested in rela-
tion to the maps. A preliminary study of scope
movies or photographs of the target area would
have greatly improved the efficiency of the
training on bombing runs. In navigating, find-
ing the initial point, and finding the aiming
point, the radar operator frequently became
confused due to unfamiliarity with the region
and the type of scope returns. Although the
ability of an operator to find his way on blind
missions was important and should have been
emphasized toward the end of operational
training, the uncertainties of navigation and
target identification should not have been al-
lowed to become a distraction detrimental to

the development of specific operational skills.
This could have been remedied by careful
and complete briefing. The H2X film trainer?®
and the radar scope movies'® developed by
Project SC-70, NS-146 were prepared with the
facilitation of the briefing task in mind, al-
though the trainer and the films could also be
used to good advantage in scope interpretation
studies.

The H2X film trainer!® is shown in Figures ..

4 and 5. Figure 4 shows the front view of a
photographic mock-up of an AN/APS-15 re-
ceiver-indicator unit. A repeater projector,
mounted as shown in Figure 5, projects 16-mm
movies by means of a mirror system upon the
rear projection scfeen in the scope opening.
Scope movies taken on actual navigation and
bombing missions are projected. The realistic
effect is useful in familiarizing the student with
the scope presentation as seen in the air, in
teuching scope interpretation, and in briefing
men for practice missions. '

232 Phase Checks and Final Proficiency
Measures

Because of the length of the period of train-
ing and the diversity, there was a serious need
for systematic evaluation of progress by phases.
Also as in all other training programs, there
was a need for some means of final evaluation

of proficiency in order that an operator might -

be classified and assigned, as well as that the
school might know when an operator had
reached a given level of proficiency. Without
some valid measure of proficiency it was im-
possible for the school to set a criterion of final
proficiency and thus scale its training program
to meet this requirement.

In the summer of 1943, Project SC-79,
NS-146 began work on a group of final profi-
ciency measures for operators of air surface
vessel [ASV] radar. These measures® and the
method® of constructii have been described.
Later with the introduction of radar bombing
equipment other measures of proficiency were
constructed™ for specific equipments. In the
fall of 1944, the Air Surgeon’s Office assigned a
group of men frem the Psychological Research
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Division to work specifically on the develop-
ment of proficiency measures for radar bomb-
ing equipment. This group, known as the Psy-
chological Research Project (Radar), did an
excellent job in attempting to provide system-
atic phase checks and final proficiency measures
for the constantly changing radar bombing
program. Their work was instrumental in help-
ing to standardize the training program in the
various schools.

33 An Experiment on Training and the
Analysis of Radar Bombing Errors

When radar observers (bombardment)
began to reach the active theaters there were
numerous compiaints that the accuracy of
bombing by radar was not satisfactory. It was
not known whether this was due to the type of
equipment being used, to inadequacy of train-
ing, or to insufficient length of operational fly-

ing training. In order to solve this problem the

AAF Training Command, Fort Worth, decided
to set up an extended training experiment at
the AAF Training School at Victorville, Cali-
fornia. Project SC-70. NS-146 was asked to

supervise and report upon the results of this

experiment.?

The study was carried out during the period
from April to July 1945. During this time 20
graduates of the regular course in radar bom-
bardment, including 10 bombardier-trained
operators and 10 navigator-trained operators,
were given 150 hours of main scope operating
time. This was in addition to the 35 hours of
main scope time during the regular training
course. Since the method of synchronous bomb-
ing was used throughout, 20 experienced bom-
bardiers returned from combat were assigned
to operate the bombsights. Each bombardier
was teamed with a radar operator for the dura-
tion of the experiment. Eleven different target
areas-were used throughout the training and at
intervals a four-target test mission was flown.
Bombing proficiency was scored by the photo-
bomb-scoring method and a detailed analysis of
the sources of error was made. The components
of error for which analysis was made included
drift errrr, final point deflection error, radar
altitude range error, radar range error, final

point bombsight range error, ground-speed
range error, and time-of-fall range error.

The experiment showed that the amount of
addif}onal training required to reach peak effi-
ciency was 85 hours, over and above that regu-
larly igiven, when the total group of operators
was considered. It was interesting to note that
the navigator-trained operators required only
85 hours of additional training:to reach peak

FIGURE 5. H2X film trainer, projector mounting.

efficiency, thus raising the question concerning
the selection of men to be trained as radar
observer (bombardment).

The analysis of type of error showed that the
two largest sources of error were the final point
deflection error and the radar range cyrov. Both
of these indicate inaccuracy in localizing the
precise aiming point during the bombing run.
This result shows that scope interpretation was
largely at fault and that considerably more em-
phasis should be placed upon training in target
analysis 'and scope interpretation. The third
most important source of error was the radar
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18 SEARCH-RADAR AND BOMBING-RADAR OPERATORS

altitude range error, much of which was due
to improper calibration. Thus emphasis should
also be placed upon set calibration.

During the course of the additional training
there was a consistent reduction in the circular
error, range error, and deflection error. These
reductions from the first 25 hours to the last
25 hours of the training period were approxi-

mately 1,500 feet, 1,000 feet, and 1,000 feet,
respectively. The results of the experiment pro-
vided information on the general level of bomb-
ing accuracy which could be expezted with the
particular kind of equipment used and clearly
indicated that with additional training of the
operational type much greater proficiency could

be attained.
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Chapter 3
TRAINING TRACKERS FOR ANTIAIRCRAFT FIRE CONTROL

By William C. Biel and William E. Kappauf, Jr.*

SUMMARY

THE PROBLEMS found in the training of track-
ers include those of obtaining objective
measures of the tracker’s skill, of his learning
speed, and of the nature of his learning task.
Since the tracker uses complicated, expensive
equipment, the problem of designing supple-
mentary trainers is important.

Objective measures of the tracker’s skill are
more reliable and useful than instruector’s rat-
ings; ratings are unreliable and do not agree
with accurate methods of scoring performance.
Checksights, found to be the most generally
useful objective measure, were developed for
use on various guns. Checksight scores may be
obtained by observing whether the tracker is
on target at certain instants, such as once every
2 seconds, or observing the tracker at pre-
selected bearing points. A phototube scoring
device to replace the checksight observer was
developed too late in the war to be used. Its
reliability and effectiveness were, however,
demonstrated.

Trackers in general learn more rapidly when
trained with checksights than when checksights
are not used. The learning curves demonstrate

. the time when improvement ceases and thus

make it possible to judge when the training
program should end.

Standards for daily improvement can be set
up for each tracking device and the conditions
for its use. These standards serve as a guide for
both instructors and trainees. Learning records
show that, once men are adequately trained in
tracking, they need refresher drills no more
often than once a month.

Three on-target tracking trainers (trainer
means a supplementary device for use in frain-
ing) were developed: a trainer which simulated
the task of optical tracking with the stereo-
scopic heightfinder; a trainer which simulated
the two-man tracking task in the gun director
Mark 387; and a trainer which simulated the

& This chapter is based primarily on the work of the
Applied Psychology Panel projects listed in the chapter.

two-man tracking task on the director M7. The
last one became known as the Tufts tracking
trainer. It has validity as both a selection device
and a training device.

Several manuals giving instructions for the
use of gunnery trainers and the -perations of
fire-control equipment were written.

3% VARIETY IN TRACKING TASKS

The task of tracking, broadly defined, may bhe
stated as the operation of advancing the posi-
tion of a sighting system or a gun so that it
continually points in a direction which bears
some required relation to the position of the
target. Some of the complication of this defini-
tion arises from the fact that the name “track-
ing” is applied to two similar operating jobs in
which the point of aim is different. These are
on-target tracking and lead tracking.

In on-target tracking, the tracker keeps a
line of sight on the target: he keeps the target
as near as possible to the center of the reticle
or ring sight which establishes the line of sight.
In lead tracking, which is used only by gun-
ners and only in some modes of gun opera-
tion, the tracker keeps the target off center in
the reticle or sight; he keeps the target dis-
placed in a direction and to an amount which
he estimates to be necessary for the gun to
aim at the place where the target is going to
be by the time the projectiles reach it. Thus,
lead tracking involves lead determination. On-
target tracking, on the other hand, is tracking
per se, and is used when leads are established
by auxiliary fire control or computing systems.
In on-target tracking, the tracker’s function
is to establish the train and/or elevation posi-

‘tion of the target relative to the battery and

the rates at which that position is changing.
Most of the wartime research work on the
training of trackers concerned on-target train-
ing. ‘

The tracking job on any particular piece of
equipment is not completely specified until it
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20 TRAINING TRACKERS FOR ANTIAIRCRAFT FIRE CONTRCL

is further described in terms of the mechanics,
perceptual tasks, and controls involved. For
purposes of orientation, a review of these de-
scriptive terms and tracking variables follows.

Tracking may be classified as direct line-of-
sight tracking or disturbed line-of-sight track-
ing. In the former, the line of sight of the
tracking system is fixed relative to the sight or
telescope mount. The line of sight always moves
with the mount and through the same angles
as the mount is moved. In disturbed line-of-
sight tracking, the line of sight of the tracking
system is offset relative to the mount axes by
a computing system which functions to deter-
mine the angular leads for firing. When the
line of sight is on the target, the mount is
aimed in the direction in which the guns should
fire. Motion of the mount does not produce an
identical motion of the line of sight, because
the position of the line of sight is affected not
only by the tracking movements but also by
the action of the computer.

Another classification of tracking contrasts
optical tracking and radar tracking. The track-
ing function is the same in both cases. Either
the optical line of sight or the radar line of
sight is kept on target. The main difference
between the two forms of operation is found
in the kind of visual presentation which the
tracker views.

Distinction is also made between the types
of tracking centrol. Tracking may be by direct
control, as when handle bars or handwheels
are attached or geared directly to the tracking
structure. This is sometimes called position
tracking. It is contrasted with the form of
tracking known as rate tracking or velocity
tracking. In this case, the tracker adjusts the
speed of a power drive and thereby regulates
the rate of motion of the tracking structure.
Both these forms are different from rate con-
{rol, also known as aided tracking. In this case,
the tracking movement controls the position
of the line of sight at the moment but also
varies the rate of motion of the line of sight as
controlled by a power drive.

Another set of tracking variables, which runs
through most of the above classifications, con-
cerns the specific form of the control mechan-
ism which the fracker uses, be it handwheel,

handle bar, handle grip, joy stick, or the like.
Any of these controls may be adapted to single
or to two-man tracking situations.

The variety in tracking tasks indicated by
this discussion makes it apparent that no war-
time research program on training methods
could hope to examine the specific training
problems met within each set of tracking con-
ditions. Only selected training problems were
dealt with. Those which were investigated by
the Applied Psychology Panel, in particular,
were for the most part problems proposed by
the Services. The Panel cooperated by under-
taking direct research in training methods, by
developing training instruments and methods
of using them, and by preparing training ma-
terials, lesson plans, and the like. Contributing
to this work were the following projects: the
Height Finder Project, N-105, N-111, N-114,
NS-146, SC-70, SOS-6, and AC-94. In the last-
named project the tracking task was compli-
cated by the fact that the personnel not only
tracked but simultaneously ranged on a target.
The work of Project AC-94 is described in
Chapters 5 and 20. In this chapter will be con-
sidered the research on tasks involving tracking
only.

22 MEASURING TRACKING SKILL

Methods of scoring trackers attract the in--
terest of the instructors for 2t least three rea-
sons. First, they want to know when their men
are adequately trained. Second, they want to
know which men in a group are the best track-
ers. Further, if they have had some introduc-
tion to the psychology of learning, they want to
provide their men with tracking scores during
their training to improve their rate of learning
and their final level of tracking proficiency.

The paragraphs which follow discuss and
evaluate various methods, devices, and schemes
for scoring trackers or measuring tracking
skill.

%21 Inadequacy of Qualitative Observa-
tional Methods

Many gunnery and fire-control instructors
accept as obvious their ability to rate trackers
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and to know when a man is tracking well. They
judge tracking skill on the basis of how a man
grasps the tracking handwheel, how he turns
the handwheel, or how smoothly he moves the
director or the gun. Attractive as these qualita-
tive scoring methods may seem, experimental
evaluation indicates that they have little prac-

. tical usefulness. A study by Project SOS-6 of

the Applied Psychology Panel demonstrated
this by comparing judgments of tracking made
by qualified antiaircraft officers with actual
checksighting scores.® )

Three officers observed and scored the track-
ing of 30 trackers. Each of the men was scored
on two courses in azimuth and two courses in
elevation. The men were rotated in s ¢h a way
that when a man had tracked two courses on one
side of the gun, he did not track his two courses
on the other side of the gun until some eight
courses later. This minimized the possibility
that the judges would generalize from azimuth
to elevation ratings and vice versa. The target
was an AT-11, flying a crossing course, average
speed 160 mph, altitude about 1,000 feet, mini-
mum range about 1,200 yards.

The three officer observers were instructed
to watch the tracking as carefully as possible
and to use all the tricks or cues they knew in
evaluating the tracking. For each pair of
courses by a given tracker, each judge was to
record the course on which the tracking had
been the better. At the end of the test, cach

judge was to rate the men in order of tracking -

ability, using, in his ratings, notes taken during
the tracking runs. All judgments were made
separately for azimuth and elevation tracking.

The scores and ratings provided by the offi-
cers were compared with the checksight scores
obtained for the same courses and periods of
tracking. The method of checksighting used
was that of observing whether the tracker was
on target at certain times; the method is de-
scribed in Section 3.2.4.

The results were these: of the 30 pairs of
courses tracked in azimuth by the 30 men, 28
were such that the checksight scores on the
first and second runs of the pair were different.
These 28 paired courses, judged by the three
officers, yielded a total of 84 judged compari-
sons. Of these, 48.8 per cent were in agreement

with the checksight score differences and 51.2
per cent were in disagreement. In elevation, 24
paired courses yielded checksight score differ-
ences. These netted 72 judged comparisons,
of which 45.8 per cent were correct and 54.2
per cent were incorrect. Thus the officer ob-
servers were just as often wrong as they were
right in deciding which of two immediately
successive courses represented the better track-
ing. .
When the rankings of the 30 men as deter-
mined by the checksight scores were correlated

with the rankings provided by each of the offi- .

cers, none of the correlations was reliably
different from zero. The judges had only 25
per cent success in picking out the worst or
the best man of the group and only about 31
per cent success in picking out the men in the
top or bottom 10 per cent of the group.

The generalization of these results for 40 mm
gun tracking is that qualitative methods of
assessing tracking are not accurate. True, some
of the rating factors used by the officers might
have been employed more systematically if in-
corporated in a carefully developed check list,
but other similar studies show that these meth-
ods, when perfected, will not be as accurate as
objective and quantitative checksight methods.

A= Recording Cameras

Recording cameras, which have seen wide
use in gunnery and director tests and on aerial
combat missions, provide very precise records
of tracking. Depending on the degree of detail
wished for in the analysis, the cameras may be
operated at many frames per second or con-
trolled to take one photograph every second or
two. Two Applied Psychology Panel projects
were interested in the development and use of
recording cameras for analyzing tracking with
lead-computing gunsights.

Project N-105 worked on a camera for the
gunsight Mark 14, It is shown in Figure 1.20
The gunsight Mark 14 has a disturbed line of
sight and uses an illuminated, reflected reticle.
In order to photograph both target and reticle,
Project N-105 mounted the camera on top of
the gunsight where it was directed down at the
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elevation mirror in the sight. With this ar-
rangement, the reticle was not disturbed in
elevation, as far as the camera was concerned,
but it was disturbed in traverse. Since the tar-
get and reticle stayed within the camera field
only when the traverse lead stayed below 5
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FicURE 1. Gunsight Mark 14 with camera at-
tached, front view.

degrees, tracking errors could be scored from
the camera film only when the traverse lead
was less than 5 degrees. This was a limitation
in the camera design, although one which was
not serious for incoming courses. Improvement
would appear to depend upon an extension of
the effective field of the camera or the elimina-
tion of the disturbed traverse condition by the
use of a compensating traverse mirror in the
recording system. |

Project N-111 assisted the Bureau of Ord-
nance in the development of a recording camera
for use wi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>