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Preface

Operations of the Psychological Research Project (Radar) were
carried out by a coordinated research group. From the point of view
of recognizing individual contributions to this report, this fact has a
number of implications. It is impossible, for example, to assign in-
dividual responsibility for critical stages of research planning which,
for the most part, involved group consideration and decision. Even
in project development, which was carried out by research teams, es-
sential contributions of a critical nature must go unidentified.

With these qualifications, an effort has been made {o footnote the
names of those persons who carried central responsibility for various
areas of the project’s work. In addition, the writers of each chapter
have been named, although, here again, critical contributions from the
group notably altered original outlines and drafts,

Beyond this it did not seem wise to attempt in the text individual
recognition for what was so effectively a cooperative and coordinated
operation. On the other hand, brief note should be taiken of certain
individual services which were fundamental to the organization’s
work and to the preparation of the report. Ifor example, Capt. H.
Richard Van Saun and Sgt. Albert H. Hastorf did invaluable work
in rescarch coordination. Staff Sgt. Bernard C. Sullivan organized
an extensive system of research records and supervised the Project’s
carly statistical work. Staff Sgt. Roland L. Johnston carried these
same responsibilities during a later period when extensive IBM an-
alysis was being carried out. For a sliort but critical period the proj-
ect profited from the statistical services of Lt. Sol M. Reshal and Capt.
William F. Long.

Basie to all the rescarch analysis carried out by the project was its
research record systera. Primarily instrumental in its development
and maintenance were Cpl. Xlyman Sofer, Sgt. Snmucl D. Morford
and Cpl. Arlene Babcock.

Graphic materials employed by the project in its 1‘c:senrch and used
in this report were the work of Sgt. Alfred S. Arnott.

All development of physical measurenient instruments and main-
tenance of testing apparatus was the primary respensibility of Techni-
cal Sgt. George M. Bollinger.

Principal credit for cffective administration of the project’s affairs
during the major period of its work goes to Sgt. Harold I. Roth, Staff
Sgt. Lester I. Foster, and Cpl. John D. Hennessy. During the emo-
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tionally trying stages of final editing, mimeographing, proofreading,
and assembling this report, cntire responsibility for administration
was turned over to Capt. Gabriel D. Ofiesh,  Coordination and admin-
istration of the projecet’s field operations were carried out by Lt. Stuart
Lottier and Lt. Lewis G. Carpenter, Jr.

In addition to the aid already mentioned the editor received in-
valuable assistance at other points in the preparation of the report.
Lt. Stuart Lottier read all chapters from the point of view of improve-
went 1 style. A parallel review was made by Cpl. Harold H. Ielley
from the point of view of technical content. The exacting task of re-
viewing the report for adherence to certain formal conventions estab-
Lished for the aviation psychology research series as a whole, was
carried out jointly by Sgt. Ted P. Kisciras, Sgt. arold 1. Roth, and
("apt. Gabriel D. Ofiesh.

Loyal and eflicient secretarial service during the period of the proj-
cet's research activities was rendered by Miss Mary Kingrea, Mrs.
Laura Winter, Mrs. Rose Singer, Mrs. Virginia Van Saun, and Mus.
Mildred Flanagan. Mrs. Margaret Gage was invaluable in her role as
research libravian.  During the preparation of the mimeographed re-
port the diflicult clerical load was carried by Miss Nora Jenkins, Miss
Phyllis Ashburn, and Mrs. Christine Glynn.

X addition to the full-time project personnel, Maj. B. von Haller
(rilmer gave coustant assistance to the research program in his super-
visory capacity at Ieadquarters, AAT Training Command. Capt.
Ike H. IHarrison served as a valuable consultant on navigational and
bombing problems.

I'inally, attention should be called to the significant contribution of
Col. William M. Garland. Such success as had been achieved in psy-
chological research in the radar training program is due in no small
measure to his vision and to his continued assistance and
encouragement.

Lancrey Frewp, Va,, Stuart W. Coor
March 1, 1948 Capt., A. C.
IV
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(HAPTER ONE

Scope of the Report’

This report describes the psychological research conducted in rela-
tion to the selection and training of radar observers (bombardment)?
in the Army Air Forces. During the first 2 years of the war, opera-
tions of heavy bombers were conducted without radar® aids. Late in
1943, satisfactory airborne equipment becamo available in sinall quan-
tities. A year later, production of radar sets had accelerated to such
a point that it was necessary to initiate a large scale training program.
The research activities described in this report took place largely in
connection with this training program.

The report begins with an account of the use of radar as a device
for blind bombing and navigation (ch. 2). The account includes n
brief explanation of the basic principles on which radar operates, in-
cluding the use of high frequency pulsating radio waves and the trans-
mnission and reception of these waves. A few of the major technicsl
developments are noted, such as the early experiments with radar by
naval scientists. The emphasis i1s placed on the development of air-
borne radar as a strategic and tactical weapon in World War I, start-
ing with the first aircraft warning sets and culminating in the use cf
airborne radar in bombing and navigation in the European and Pacific
Theaters. Finally, a survey is made of the development of radar
observer training both in overseas installations and in those located
in the continental United States,

Chapter 3 presents a chronology of research activities to serve as
& framework for more detailed descriptions in later chapters. The
major rescarch undertakings of each of the three organizations which
accomplished psychological research on the radar cbserver are enu-
merated and their interrelations pointed out. The survey beging with
the research done by the Radar Project established in February 1943,
at Camp Murphy, Fla., by the National Defense Research Committee

1 Wrltten by Sgt. Albert H. Hastorf,

Y The full titie of the aircrew specialist who operated radar as an ald to bomblng
and navigation 1n heavy bombardment alrcraft of the Army Alr Ilerces wag radar obaerver
(bombardment). Tor purpcees of brevity, the shorter tltle, rndar obuerver, 1s used
throughout thla report.

IA definltlon of thls a. < other terms requirlng explanatlon 1s Included in a glossary
to be found at the end of the report.



of the Oflice of Scientific Research and Development (Project. SC-70,
NS-116). Next presented are the research activities of the AAT
Aiarerew Evaluation and Research Detachment No. 1 on the gelection
of radar observers at the radar training station operated by the Kighth
Air Force. Tinally, there is given a description of the work of the
Psychological Rescarch Project (Radar). This project, officially
established on 1 December 1944, concentrated its efforts on the psy-
chological problems encountered by the AAT Training Comand in
selecting and training radar observe:r - within the continental United
States.

The major part of chapter 4 consists of a job deseription and analysis
of the task of the radar obszerver based upon observations of ground
and aerial training., A sccond section discusses job requirements in
combat. Material for this discussion was obtained froin personal in-
terviews with combat experienced radar observers and from other
reports from the combat theaters. The combat analysis differentiates
the activities of the radar observer in the European and in the Pacific
Theaters. Tinally, there is a statement of probable requirements tor
the radar observer’s task in the future; these predictions are based on
current knowledge of the technical advances made in the development
of new airborne radar cquipment,

Chapters 5, 6, 7, and 8 deal with proficiency criteria developed for
the radar obscrver training program by the Psychological Research
Project (Radar). A battery of 11 printed proficiency tests and per-
formance checks was used throughout training for evaluation of
student proficiency. Chapter 5 discusses the proficiency tests, chapter
6 the performance checks, chapter 7 general problems in the measure-
ment of performance, and chapter 8 the interrelationships between
-arious proficiency measures.

The plan for proficiency test construction called for intermediate
tests in each of the major curriculum divisions and one final compre-
hensive test. The tests described in chapter § represent each of these
types of test. A brief account is given of the methodology of test con-
struction, problems encountered in the standardization of test adinin-
istration, and the difficultics in test construction resuiting from an
unstandardized curriculum. Among the descriptive mnaterials will
be found sample items, means, standard deviations, and, wherever
available, reliability coeflicients.

Chapter 6 presents a discussion of the three major groups of per-
formance checks developed: The bench set trainer checks, the super-
sonic trainer checks, and the aerial checks. A statement is made of
the rationale for the development of these chiecks. Their construction
is described, including the selection of bebavior to be evaluated and
the development of items and of format. Sample items and statisti-
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cal data are ineluded.  Also described in chapter 6 are the major
steps in the training of examiners to administer the checks.

Chapter 7 discusses the validity and reliability of performance
measures. A distinction is made between predictive validity and
curricutuny validity, which holds a measure to be valid if it furnishes
a comprehensive test of achievement for a given area of instructional
material.  Types of criteria against which predictive validity may be
determined are deseribed. As a background for the discussion of
reliability, performance check items are analyzed in terms of two
components: The student’s performance and the examiner evelua-
tion of that performance. The reliability of different types of items
is evaluated with reference to measurement errors associated with these
two components. Statistical techniques appropriate to the measure-
ment of performance check reliability are reviewed.

Chapter 8 analyzes the interrelations of the proficiency measures
described in chapters 5 and 6. Among the matters discussed is the
relation of proficiency test scores to scores on performance checks
measuring the same skills. The findings are applied to the general
problem of the relationship between verbal knowledge and actual job
performance and the question of substituting print.d proficiency tests
for performance checks. Another section of the chapter is devoted to
the interrelations of : (1) Performance checks which measure similar
skills, and (2) proficiency tests which measure similar skills. Also,
evidence is presented as to the degree of relationship between three
areas of radar observer skill: Navigation, bombing and set operation.
A comparison is made between the statistical findings reported in this
chapter and parallel findings of AAT psychological research projects
working on proficiency measurement in bombardier and navigator
training. '

Chapter 9 analyses the bombing error of radar observer students
in training within the continental United States. The chapter in-
cludes o description of alternate methods for scoring the amount of
bombing error. The reliability of the camera bombing circular error
made by students at three training schools is presented. Data aro
presented also on the reliakility of actual bomb drops; however, these
are available fron one training school only. Types of variable errors
contributing to unveliability are discussed and suggestions are mado
for increasing reliability. Correlations are given between circular
error and certain of the ground and acrial proficiency measures de-
veloped by the Psychological Research Project (Radar).  Also dis-
cussed is the relationship between amount of practice and eircular
error, IFinally, a constant error evident on most student bombing
missions is analyzed nt length.

Chapters 10 and 11 discuss selection rescarch in radar observer
training, Chapter 10 gives, first, an historical account of selection
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research prior to the cstablishment of the Psychological Research
Project (Radar), and, sccond, an account of the methods through
which the selection of radar students was actnally accomplished. Tho
chapter reviews the selection researcli accomplished by the Radar
Project (SC-70, NS-146) of the National Defense Research Commit-
teo and the Air-crew Evaluation and Research Detachment No. 1 of
tho AAT Aviation Psychology Program. Tests developed by each of
these giroups are described. Results are reported for a validation
study carried out by the latter organization.

Chapter 11 is concerned with selection test research conducted by
the Psychological Rescarch Project (Radar). Two validation studies
were completed, each based upon a sample of bombardiers and a
sample of navigators. The first study validates the Air-crew Classifi-
cation Battery and the Radar Observer Selection Battery against a
course grade determined by the training schools. The second study
validates not only tests from these two batteries but also experimental
psychomotor and printed tests. In the second study, the criterion for
the bombardier sample was a course grade computed by the Project
on the basis of standardized proficiency measures. The variables for
the navigator sample were validated against course grades determined
by the school and also against radar bombing error. In addition to
validity coeflicients, multiple corrclation statistics are presented.
Chapter 11 also includes a discussion of cmpirically-determined
attributes of the successful radar student.

Chapter 12 evaluates the rescarch accomplished to date and presents
a prospectus for future investigation.

The report has one appendix and a glossary of technical terms;
appendix A consists of descriptions of tho selection tests validated
by Psychological Rescarch Project (Radar).

-
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CHAPTER TWO
The Radar Observer 1 in the Army

Air Forces'

Radar was one of the outstanding technical developments of World
War II. Used in detection and warning, aircraft interception, sub-
marine hunting, bombing, navigation, fire control, and blind landing,
it proved itself importaut in both offensive and defensive action. The
purpose of this chapter is to describe the use of radar by the Army
Air Forces as an aid to aerial bombing and navigation. The chupter
will include an account of the training of the radar observer with
emphasis upon the program within the AAF Training Cominand.

DEYELOPMENT OF RADAR

Radar is a contraction of the words Radio Detection and Ranging.
Its basic principle is that of the echo, with high frequency radio waves
substituted for sound waves., It is a familiar fact that a sharp noise
or a shout near a cliff or high wall will be returned as an echo. The
longer it takes the echo to return, the greater is the distance to the
reflecting obstacle.

In radar, short pulses of radio energy, traveling at 186,000 miles
per second, are sent out. If an echo returns, the radio pulss has
reached some reflecting object. By measuring the lapse of time, the
distance to the object can be found, and by determmining the direction
from which the echo returns, the bearing of the object can he
determined.

_ Radar was an outgrowth of radio research conducted over a period
of many years. I‘he first step in its development came in 1922 when
experimenters were working with high {requency transmitting and
receiving cquipment at the Naval Aireraft Radio Laboravories? On
one side of the Potomac River they had installed a transmitter and,
on the other side, a receiver which converted the reflected radio enevgy
to visual form on an oscilloscope screen. They ncticed thut o ship

assine between the transmitter and the receiver interfered with ro-
(=] .

————e e

PWritten by Sgt. Albert II. Hastorf,
1 “Story of Radar” prepared undcr the direction of the Commanding General, AAY
Eastern Tochinleal Training Cominand, by Radio I'ublications Division, Aprif 3043, p. &
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ception.  Realizing the possibilities of this discovery, they continued
investigation of the phenomenon and found that, not only would a
ship interfere with radio waves, but that it would reflect them as well,
This suggested the desivability of placing the transmitter and reeeiver
in the smue place. By 1930, resear ' Liad developed to the point where
the presence of surface vessels hidden by fog, sinoke, or darkuess could
be detected.

As research continued, niethods of aiveraft detection weve developed.
It was found that an aiveraft passing between u transmitter and re-
ceiver also set up an interference pattern. By 1934, botl the direc-
tion and distance of the aireraft could be determined aceurately.  In
1938, radar sets had been installed in some naval ships.®

AIRBORNE RADAR IN COMBAT OPERATIONS

The first important wartime application of airborne radar came in
the air battle over Great Brituin. In that battle, gronnd radar warn-
ing stations detected approaching enemy planes and informed fighter
pilots by radio of the enemy’s approximate position. The fighter
pilots then proeceded to make contact visually. At night, however,
or in the foggy weather often encountered over England, visual con-
tact was dillicult and often impossible. To remedy this situation the
RAT turned to airborne radar.

RAT fighter atreraft were equipped with aireraft interception sets.
Ground radar stations directed the fighters near enough to the enemy
pluanes so that these short range sets could be used. It is reported that
in one 24-hour period, radar-equipped fighters shot down 232 aircraft
at a cost to themselves of only 40 aircraft and 12 pilots.*

The next major development in the use of airborne radar took place
in the antisubmarine campaign. The fundumental type of search
radar set was air-to-surface-vessel equipment, designated ASV. The
carliest widely used set of thistype wasalong-wave set.  This was soon
replaced by more accurate microwave equipment. Another import-
ant development on recent ASV sets was that of the plan position in-
dicator, or PPI scope, which presents a 360° picture of the arca over
which the aireraft is flying. With these sets, operators ave able to
pick up lund targets, convoys; single ships and surfaced submarines
at longer ranges than were previously possible.

Radar observer equipment consists of a search set similar to ASV,
a precision ranging unit, and a bombing computer. With it, cities and
other targets can be observed and bombed from high altitudes through
a complete overcast. A city appears as a white patch on tho scope
at distances np to abont 100 miles. As the aircraft approaches the
city, the white putch takes the approximate shape of the city. Bomb-

' Ibid., p. 2.
$Ibid., p. 8.
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ing can be accomplished in two ways.  In coordinated bombing, the
radar observer gives the bombardier information with which he syn-
chrouizes the bombsight to make an uaccurate release even though
the target 15 not visible.  Im direet bombing, the radar observer makes
the release independently of the bombardier, by use of the raduar set
alone. . '

Beceause the PP I scope presents a rongh map of the area below the
airerafty the radar set is a very nseful aid to navigation. From the
scope, the radar observer can locate the position of his aircraft by
determining its divection and distance from landniarks such as coast-
lines, lakes, rivers, mountoins and cities. e is thus able to establish
his position even though visual observation. or radin contact is
impossible.

The joint British and American seizure of the aerial offensive in
the summer of 1943 gave awrborne radar its first opportunity as an
offensive weapon. Earliest use of radar for blind bombing and navi-
gation was by pathfinder crews of the RAF. The AAL flew its first
radar bombing mission in September of 1943, using British equipment.
Improved equipment was soon developed at the Radiution Laboratory
of the Massachusetts Institute of Technology, and mass production
of radar sets was begun in the United States. A number of different
sets were used by the AL but, largely because of the highly secret.
nature of the sets, the oflicial designations were rarely usod, other terms
being coined for radar equipment, observers, and oper:tions.  RAIS
terms include H2S and Stinky; AATL terms include H2X, Mickey,
BTO for bombing through overcast, and ISagle for the AN/APQ-T set.

Previous to October 1943, AAT crews had been trained on RAK
radar equipment. In October, the first AN/APS-15 sets arrived from
the United States for use by the Eighth Air IForce. Iour aircraft
were equipped with these sets and crews were assigned to {ly training
flights over Iingland ard the North Sea. ISventually, the 182d Bomb
Group of the Eight Air Force was selected as a central location for
such aircraft. IFrom this group, crews and nircraft were dispatched
to fly with a different unit of the Bighth Air Force as pathfinder or lead
crews. The job of a pathfinder crew was to lead n formation of hommbers
and make the bomb relense which served as a signal for the entire
formation to drop its bombs. Personnel of the 152d Group trained
additionnl radar observers. As more radar cquipped nireraft wers
received fromt the United States, the group begun training personuel
for permnnent assignment to other units equipped with pathfinder
aireraft. This decentralization made it possible for the radar crews
to operate as more effective elements of the group to which they wers
assigned. DPreviously, efficient team worle had been diflicult becnuse
the pathfinders had led a different group on each mission.
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As the need for trained radar observers grew, the Fighth A Force
established a specialized training schiool with a formal radar observer
course. The first class entered on 25 February 1944 and consisted of
42 navigators and bombardiers sclected from combat groups in
England.  Fach class received a month of ground and acrial training
im radnr navig.ition and bombing.

The inflow of students was inereased so that by May of 1914, theve
were 75 students in a class.  Approximately two-thirds of cach class
had received some radar training in the United States prior to em-
barking for England.

Shortly after the Iighth Air Force began extensive operations with
radar, the Ififteenth Air Foree in Italy procured its first radar ob-
servers.  Combat-experienced navigators and bombardiers had been
returned to the United States to receive radar traming.  With tlis
personnel, the Iifteenth Air Force first began combat operations with
radar and later activated its own training school for radar observers.

The use of airborne radar increased rapidly. In November 1943,
radar equipment made it possible for the Eighth Air Force to fly more
bowbing nissions than in any previous month. Throughout Novem-
ber and December, virtually al! bombing missions were led by radnr
equipped pathfinder crews.® Gradually radar navigation and bombing
techniques were refined and improved. On D-day, all heavy bombard-
ment formations were led by radar aircraft and all coastline targets
were bombed with the aid of radar.

In the Incific Theater, in the early stages of the wnr, radar observers
flew in B-24 bomnbers on sea-search missions against Jnpanese ship-
ping. Two radar sets were used : The radar observer operated a search
set such as the SCR-717 or AN/APS-15A, and the bombardier used a
radar computer, calted the AN/APQ-5. By coordinating the opera-
tion of these two sets, the radar observer and the bombardier were
able to locate and bomb surface vessels with great accuracy.

The radar observer also played nn important role in the bombard-
ment of the Japanese home islnnds. During the last months of the
winr in the Dacific, all B-29 aircraft were equipped with either
AN/APQ-13 or AN/APQ-T sets. Early operatior of these sets was
unsatisfactory because of the lack of adequntely trained personnel.
This situation improved, however, early in 1945 ns the expanded
truining program in the United States provided a greater number of
qualified radar observers.

TRAINING OTF RADAR OBSERVERS IN TIIE UNITED STATES

Until the fall of 1944, radar training in the continentnl United
States was conducted on a relatively small-seale. Instruction in radar
navigation and radar bombing was given regularly at only two schools:

sIuid., p. 1.
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Langley Ifield, Va., and Boca Raton Aviny Air Field, Fla, At each of
these schools, graduate bombardiers and navigators weve given 4 weeks
of vadur observer traming. The combined student flow was npproxi-
mately 240 per month, At that time, Langley IField was an overseas
replacement trnining center, and most of the graduates of both schools
received additional training while awaiting transportation to the
ISuropean Theater.

A third radar observer school was organized in April 1944 by the
Second Air IForce to train radar observers for 3-29 operations in the
Pacific Theater. This school was located at Smoky Hill Army Aur
IField, Salina, Kans., and trained classes of approximately 25 per
month. The training consisted of both ground and aevial instruction
in radar navigation and bowmbing. The curviculum stressed training
in off-set bombing, a technique for bombing an obsenred tavget by
making computations with reference to a visible radar return located
a known distance and divection from the tavget. Training coatinued
until August 1944, when the school was disbanded and the instrue-
tional staff was transferred to the radar observer schools at Boca Raton
and Langley Field. ,

In the fall of 1944, after almost a year of increasing success with
rudar navigation and bombing, it was decided to expand the training
program in the United States. Because of a relative excess of pilots
and shortage of bombardiers and navigators, a decision was made to
attempt to train the former as radar observers. The teaining course
was increased to 16 weeks and included instruction in non-radar navi-
gation and bombing. After about 1 month, the 16-week course was
abandoncd because the motivation of pilots for such training was low.
The selection of prospective students from bombardiers and navigators
was resumed and the duration of the course was fixed at 10 weeks., At
the time of entering radar observer training, bombardiers were re-
quired to have had navigation training in advanced bombardier school
and navigators were required to take 4 wecks of prerndar trnining in
bombing,

In carly 1945, a new radar observer school was established at Victor-
villo Army Air-Ficld, Calif. The combined student flow of the three
stations was soon increased to 500 students per month. With this
rapid growth came many problems of curriculum standardization.
These problems arose in part because the different training stations
were equipped with different radar sets. The AN/APS-15 und the
AN/APS-15A were used at Langley IField while the AN/APQ-13 was
used at Boea Raton and at Victorville. However, most problems of
curriculum standardization arose between schools using the same set,
as to which operating procedures were best and low they should bo
taught. The question of which techniques were most appropriate to
the different theaters of operation was particularly troublesome.

9




The demand for radar observers conlinued to increase. In the
spring of 1945, a fourth radar observer school was aclivated at
Willinins Army Adr Field, Arviz, and in the early sumner of 1945,
fifth school was established at Yuma AXrmy Air Fidld, Aviz. The
combined monthly flow for the 5 schiools was 1,000 <tudents.  Very
few students graduated from o ".er of the new schools, however,
since, with the end of the war, radar training was immediately
curtailed.

SUMDMARY

This chapter gives a brief deseription of the training of the radar
observer and his place in the war-time operations of the Army Air
TForce. It is divided into three sections. The fundamental principls
of radar, it is pointed out in the first section, is similar to that of the
ccho. Short pulses of radio energy are sent out and a receiving unit
presents in visual form the direction and distance of the object which
reflects the pulses. '

The scennd section is devoted to the use of airborne radar in combat
operations. This account begins with the early uses of ground radar
in detecting airceraft and the installation of the first airborne sets in
fighter aireraft. Search sets were installed n aireraft as a part of
the anti-submarine campaign; these sets were the forerunners to the
sets operated by the radar observer. The RAT was the {irst air force
to use radar as an aid to navigation and bombing. In time the Eighth
Air I'orce had radar-equipped pathfinder aircraft and crews operating
on many of its bombing missions. A school was also set up by this
Air Trorce to train radar observers. Air forces operating in the Medi-
terranean and Pacific Theaters made increased use of radar aids as
the war continued.

The final scction of the chapter cutlines the training program for
radar observers sot up in the United States. As combat operations
increased it was necessary to expand training facilities in this country.
Within a period of months the number of training statious was in-
creased from 2 to 5 and the monthly student flow {from 250 to 1,000.
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CHAPTER THREE.

‘%ur‘vey of Research’

The purpose of this chapter is to review, in chronological order,
the major research stndies accomplished in the selection and training
of radar observers. The presentation is in the form of a survey;
detailed accounts of specific research accomplishments may be found
in subsecquent chapters.

The studies to be mentioned will be introduced in relation to the
development of three more or less independent research organizations.
The three organizations, in the order in which they will be presented,
are first, the National Defense Research Committee Project SC-70,
NS-146, referred to as the NDRC Project ; second, the AAI Aviation
Psychology Program, Aircrew Evaluation and Rescarch Detachment
No. 1, the Bighth Air Force, to be referred to as the AILRD No. 1, and
third, the AAF Aviation Psychology Program, Psychological Re-
secarch Project (Radar). In addition, mention will be made of the
sclection of radar observers 'y Psychological Rescarch Project (Navi-
gator) and Ieadquarters, AAF Training Command.

NATIONAL DEFENSE RESEARCH COMMITTEE—~PROJLECT
SC-70, NS-146
The broad task assigned the NDRC Project upon its initiation in

February 1943, was research upon psychological problems of radar
operation in both the Army and Navy.? In carrying out this assign-

ment personnel of the project conducted numerous iivestigations,

some related primarily to gronnd radar installations, others primarily
to sets employed by naval vessels or aircraft. In this review, only re-
search bearing upon the problems of airborne radar will be mentioned.

Among the airborne radar assignments undertaken by the NDRGC
Project, one of the first was a job analysis of the operation of equip-
ment designated as ASV (air-to-surface-vessel) a type of airborne

YWritten by Syt. Albert H. Hastorf,

*'Applled Peycehology Panel, NDRC, FInal report In sununary of work on the selection and
tralning of radar operators, Research Report No. 19, 24 Scptember 1945, The following
personnel partleipated in the Project; Donald B. Lind:ley, direetor, Irving 11, Auderson,
Alfred L. Baldwin, Charles 11, Bridgman, Robert 8. Danlel, Jolin G. Darley, Robert IL
Drehier, Edward 1, Horne, Ldward A. Jerome, Willlam H. Lichte, Thomas L. AcCulloch,
I'reqd MeKloney, XKarl U, Smith, G. Raymond Stone, Idward J. Bweeney, Garth J. Thomas,

L ]

11




radar sea cearch equipment.  ASV used either the SCR TIT.0 or BOR
TITB cets whicel, like the setszed by the vadar observer) hive 1 PP
scope and cousequently require similar opevational skills ol adnhities,
I'ollowing this analysis personnel of the project prepared 15 selection
tests dealing principally with perceptual aspeets of the operator’s task.
These tests were believed to measure speed and accuracy of pereep-
tual diserimination, alevtness, persistence, and the ability to make
qmek judgments. To establish time limits and scoving methods, the
tests were administered experimentally at Camp Murphy, IPla.; Boca
Ration Field, Fla; Langley Ifield, Va.; and at 8 stations under the
AAT Tuctical Center, Orlando, Fla.

Several tests from this group of 15 were administered by ABRD
No. 1 as part of a selection research project to be described below.?
Those fonnd by AERD No. 1 to be most predictive of suceess in radar
observer training were inclided later in a test battery adiministered
to potential radar observer students in the United States by testing
teams from Headquartersy, AAF Training Corumand. Other tests
of this group were used by Psychological Research Project (Naviga-
tor) during the period when that organization was responsible for
radar observer student sclection. Psychological Rescarch Project
(Radar) prepared machine scoreable forms of others for inclusion
in a battery of experimental selcction tests,

The NDRC Project also contributed to radar observer rescarch in
the areas of proficiency measurement and of training methods. Two
comprehensive printed proficiency tests were constructed, one for the
AN/APS-15 set, and another for the AN/APQ-T set. A film trainer
was developed whiclt used motion pictures of scope returns as briefing
and reconnaissance aids. A manual was prepared to aid students in
training as radar observers for low altitude radar bombing. A photo
bomb scoring computer was constructed. One of the project’s most
extensive studies was an extended training experiment designed to
nzcertain the effect on proficiency of continued training beyond the
normal duration of the AAF radar observer training course.

ATRCREW EVALUATION AND RESEARCH DETACHMENT
NO. 1¢

ALERD No. 1 consisted of 6 officers and 15 enlisted men of the AAF
Avintion Psychology Program who were detached from BMay to
August 194, and assigned to dnty with the Eighth Air Torce in Eng-
land. At this stago in the development of the air war the increasing
uso of radar as an aid to nevigation and bombing had emphasized the
importance of choosing well-qualified personnel for training as radar

Y Tepley, W, M, ed., Psychologleal rescarch {n the theaters of wcar. AAT avlatlon psychol-
ogy posram reecarch reports, No. 17. Washlngton, Government Printlng Office, 1647, .
s Idvia.
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observers.  As a result, A\IORD No. 1 assigned 6 of its niembers to
spectalized researeh in the selection of radar observer stndents® A
job analysis wis made of the particular skills and abilities required
by the airborne radar observer in.training at the Eightlh Air Force
Radar Observer School.  Following this analysis 20 printed selection
tests were chosen for validation against course grades at the school.
The tests validated include several of those developed by the NDRC
Project, several originated by AERD No. 1, nnd a large group from
the AAEF Air-erew Classification Battery. Also validated were
stanines for bombardier, navigator nnd pilot.  Of the 20 tests, the 4
most valid were later to constitute the radar observer selection battery,

Another major undertaking of AISRD No. 1 was the construction
of a comprehiensive printed proficiency test for radar observers. In-
cluded in this test was a section in which the student’s task was to
navigate through a simulated radar mission. Navigation was carried
out with the aid of a full-size plotting chart of northwestern Germany
and was dependent upon the corrcet interpretation of a series of
photographs of the radar scope.

SELECTION OF RADAR OBSERVERS

As the importance of the radar observer in the European Theater
increased, the desirability of screening potential students in the United
States became apparent. In July 1944, the Psychological Research
Project (Navigator), at the direction of Headquarters, 'AAF, as-
seinbled a selection battery to be adininistered to potential radar
students at the advanced navigation schools. Three tests developed
by the NDRC Project and a preference blank were chosen. The bat-
tery was administered to advanced students who either had navigator
stanines of eight and above or ranked in the upper third of their class.
The first administration took place in July 1944, at Hondo Army Air
Field, Tex.; later administrations were carried out at three other
navigation schools. Routine testing for sereening purposes was con-
ducted by personnel of these schools and continued until November
1944, .

On 3 November 1944, Headquarters AAF Training Command estab-
lished airborne radar observer selection teams for the purpose of
udministering a selection battery based npon the validation stndics
of ATLRD No. 1. In May 1945, the Navigation Proficiency Test, de-
seribed in chapter 5, was added to this battery for selecting students in
advanced bombardier training. The airborne teamms continued selee-
tion testing until July 1945,

' Major B. von JI. Gllmer, Captain Stuart W. Cook, Lt. Willlam Al Wheeler, T/8gt.
Russell W, Bornemeler, T/Sgt. Robert B, Mlller, Sgt. Phillp H. Kreldt,
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PSYCHOLOGICATL RESEARCH PROJECT (RADAR)

In the full of 1931, after o year of fucren-cd seeees in strategic
Lombing with radar. the AN anbear D upon a crculdy expanded
progran for the training of radar ob-creeras Thoe tralning progran,
vntil that time, Liad been coneertiated at 2 trainingg stations, Plans
were made to mercase the wmnnber of stations to 3. ad later to 3. and
to expand the total ~tudent flow from 259 to 1eod stwelonts per month 8
Theze developrents made dezsirable the c-tablislneent of an AAF
psychalogieal project for specialized radar obzerver research.
Activation of the Project

Early in September 1914, Lt. Col. Ao Puanl Iorst, Commmanding
Oflicer of ALRD No, 1, accomnpanied by Maj. Beverley von I Gilmer
and Capt. Stuart W, Cook, reported to the Xir Surgeon, Wachington,
to dicenss the preliminary findings and plans for completion of the
work urdertaken by thut detachment while with the ¥ighth Air
Force. At this time the first conferences were held relative to the
need for a psychological project in the selection and training of radar
ohzervers. Later this need was digcussed with the Surgeon at Tlead-
quarters, AAT Training Command, Fort Worth, Tex., and with Col.
William M. Garland, then deputy for training and operations at
Langley Ttield, Va. It was decided at these discussions to activate a
project under the direction of Captain Cook and, because of the
urgency of the work, to assign personnel to Langley Iield on tem-
porary duty prior to official activation.

Arrangements were made, also, to enlist the assistance of established

psychological nnits and projects. Two officers from the Psychology
Department, School of Aviation Medicine, Randolph Field, Tex., were
assigned on teniporary duty to assist in the planning for experimenta-
tion with apparatus tests. The Divector of Psychological Research
Project (Bombardier) assisted with plans for proficiency measure-
ment.  Anoflicer from the Psychological Rezeareh Unit, Sun Antonio,
collaborated in the preparation of plans for experimentation with
printed relection tests, By October 194 a group of 9 officers and
15 enlisted men had been assemibled at Langley IField. Working
(quarters were established for this group on the flight line where other
flyig and training activitics were concentrated.

On 1 Doeember 1914, the Psychological Research Project (Radar)
was oflicially activated by Heuwdquarters, AAL Training Command.

CThe firsl two nehoola were sltuated at Langley IPleld and at Boca Raton AAF. The
former was responsible for AN/AVS-10 and AN/APS-15A tralning while the lalter lInught
AN/ZALQ-13 and AN/ADPQ-T. A 1hird sehool, Victorville AAL was estalblished for
ANZAPQ-13 training, It wadg supplemented later by Yuma AAEF und Willlums Pleld. The
Intter undertook nll AN/AD'Q-T trainlng,

T Letter, Headquarters AALRF Tralning Command, to Commanding General, AAF Enstern
Tevhnleal ‘Tratulng Command, Subject: Establishment of Psychologlval Nesecrch Project
(Undar), 25 November 1044, File 3533 Radar.
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The majority of personnel stationed at Langley Field on temporary
duty were then permanently assigned.
Research Objectives and Priorities

The letter of activation states the mission of the project as follows:
a. The development of wiptitude tests for the selection of radar op-
erators. b, The development of radar operator proficiency eriterin
against which to validate aptitnde tests. ¢, The investigation of con-
dittons of optimally eflicient nse of trainers and training niethods.
d. Condnet of researeh studies on other psychologieal problems to be
directed by this headquarters.®

Priorities were assigned to research objectives on the basis of
practical circumstances, nnder which the projeet began its work. It
and highest priority was given to the development of proficiency
tests and checks.  Second priority was assigned to the validation of
sclection tests. Third priority was pliaced upon instructor selection
and evaluation. Lowest priority was given to the investigation of
trainers and training methods.

Several important considerations made the development of pro-
ficiency measures most urgent. The training program was now and
there was an acutely felt need for acceptable methiods of evaluating
students. Supervisory training personnel under the leadership of
Colonel Garland, were dissatisfied with the methods thnt had been
hurricdly improvised and were receptive, conscquently, te proposals
regarding new types of proficiency measurement. In nddition, it
appearcd probable that, until ncceptable proficiency measures were
constructed, there would be available no ndequate criterion against
which to validate selection tests. Of the possible criteria, ong, the
pass-fail criterion, was eliminated because the demand by the oper-
ational air forces for radar observers did not nllow the faihmro of in-
ferior students. Another, instructor grades, appeared likely to bo of
doubtful value beeause the rupid expansion of trainiung necessitated the
use of many instructors with no previous teaching experienco nnd
others with little or no motivation to teach. A third, bombing accu-
racy, was made impractical by the lack of suflicient photographic
equipment at the radar training stations.

Work on the validation of selection tests, assigned second priority
because of the necessity for immediate developinent of proficiency
measures, was only slightly delayed by this emphasis.  Whils it wag
not possible to begin the development of new sclection tests, early
nttention was given to the assembly nnd administration of n battery
of selection tests available from other sources. It was expected thnt
development of new tests would not Lo long delayed since plans called
for o standard training program in which identical proficiency

8 Ibid., paragraph 2.
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measures would be used at all training stations, The fact that such
standardization was not achieved multiplied greatly the work in
proficiency measuiement and unduly delayed selection test develop-
ment.

Research on instructor selection and evaluation, while assigned
third priority in the project’s emphiuasis, was greatly needed and re-
quired a relatively small investment of personnel. Validation of the
instructor selection tests was never accomplished beeause of the delay
in accwmnulating suitable eriteria of instructor proficicncy. Lowest
priority was given to resenrch projects in training. While significant
training problems were present, the project followed the policy of the
Aviation Psychology Pregram in emphasizing research in persounel
selection and evaluation.

Survey of Project Research

One of the first tasks of the project was to become adequately ori-
ented to the radar observer’s tasks and to the technical details of
various types of radar equipment. Lectures, demonstrations, obser-
vations and orientntion flights were specially arranged for this pur-
post. Members of the project were successively enrolled in the course
nt Langley Field throughout tiie duration of the training program.
In this course projeet personnel participated in all ground and flying
training ns regular students, and accumulated suflicient numbers of
hours of flying time to solo as rndar observers.

The first 2 months of the project’s activity were directed primarily
toward the completion of a battery of standardized proficiency
measures for the various types of radar equipicent used. Iarly in
January 1945, a battery of three proficiency tests nnd three perform-
ance cheeks, applicable to both AN/APS-15 and AN/APQ-13 equip-
ment, was presented at the conference of the Radar Standardization
nnd Advisory Board., Tollowing the presentation, the board adopted
a rccommendation “that the phase checks and examinations which are
set up by the Psychological Resenrch Project (Rndar) be regarded
ns the only examinations to be given and that no other special exnm-
inations be administered.” Informal invitations were issued at that
time by the Deputies for Training nnd Gperations at all radar train-
ing stations to install proficiency measures at the earliest opportunity.

During Januavy, the initial battery of proficiency tests and per-
formanco checks was further developed nnd refined. This work en-
tailed conferences with training personnel at Langley Field, participa-
tion in training flights, and vesearch with the AN/APQ-13 sct nt the
Bocea Raton radar observer school. Detailed memoranda were pre-
pared dealing with procedures for administering, scoring, and safe-
guarding tests and performance checks. An experimental battery of
six apparatus sclection tests wns installed at Lnngley Iicld under the
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supervision representative of the Department of Psychology,
School of A ation Medicine. Plans were formulated for the first
experimental battery of printed selection tests and for the validation
of tests previously administered at air-crew classifieation centers and
Ly the airborne radar observer selection teams.

Iiarly in Iebruary 1945, a new phase of the project’s work began.
Administration of a battery of experimental selection tests was
initiated at the three radar training stations then in operation and
testing with the apparatus test battery began at Langely IMield.?
Simultaneously, the introduction of star:dardized proficiency tests and
performance cheeks a: the three radar cbserver schools was attempted.
At two of tho schools, the installation proceeded essentially according
to plan and with considerable success. At the third, the battery wus
inapplicable because of unanticipated differences in curriculum and
in operating procedure. Many similar incidents to follow introduced
the projeet to problems which were never satisfactorily solved. Soon,
for example the nature of aerial training at another of the schools was
radically changed. The activation of additional radar training sta-
tions with new loeal variations in training techniques and proficiency
requirements presented still other complications.

To these curricular and administrative problems were added ques-
tions concerning the manner in which performance checks were be-
ing administered. It soon became evident that checks administered by
instructors could not be standardized and that a small group of trained
and spectalized examiners was necessary.

In the period between the development of these difficnlties and the
end of the war, the project’s work involved concurrent attacks on all
phases of its research assignment. The diflicul’, task was undertalen
of preparing, revising, and duplicating the extensive proficiency bat-
tery to fit each more or less unique local curriculumn and operating pro-
cedure. Considerabloe effort by project personnel resulted in the estab-
lishment of specialized examiners at all training stations. A job
deseription and job analysis were completed, plans for a second battery
of experimental selection tests were formulated, administration of ex-
perimental selection tests was continued, an instructor evaluation pro-
gram was installed, and refinements were made in the methodology of
constructing proficiency tests and performance checks.

Following V-J Day existing rescarch projects were terminated and
projeet personnel on temporary duty at the various radar training

® Project personnel responsivle at different times for the adminiatration of thesae testa nt
tho respective statlons were: for Langley Fleld: 8pt. Iyman IHeller; Cpl. Jamea R, Tlolt;
Cpl. James Q. McClure; Cpl. Robert J. Patterson; Pfe. Gordon L. Puller, Jr.; Pvt. Donald
C. Beunett : and Pvt. Martin S. Malicenfort; for Boca Naton AAT; 8zt Norman Graf’; Cpl,
Nelson R. Nall; Pfe, Jack L. McCollom ; and Pfe, Gotdon Yo Puller, Jr. ; for Victorvilie AAD' S
8zt. Michael Green s Cpl. Wilbert I, Schiwotzer ; for Yuma AATF: Cpl. Wilbert 11. Bchwotrer
and for Williams Field ; 8gt. Gerald 8. Blum and Cpl. Douglas W, Bray.




stations returned to Langley Field. The project then dirccted all
activities towuards completing the task of analyzing the data which
had been obtained.

Personnel

In the following roster are listed personnel permanently assigned
to the project. The names of persons associated with the project
throughout the major portion of its research history are preceded by
an asterisk (*).

Orricer PersoNNEL

*Cupt. Stuart W. Cook (Director) *Lt. Lewis G. Carpenter, Jr.
Capt. Tke II. Harrison *Lt. George S. Klein
Capt. William F. Long *Lt. Stuart Lottier
Capt. Gabriel D, Ofiesh Lt. Sol. M. Roshal.

*Capt. H. Richard Van Saun (A4ssistant Director)

EnvisteD PERSONNEL

*Teclmical Sgt. Geo. N. Bollinger  Sgt. Albert Pepitone
Technical Sgt. Sanford J. Mock  Sgt. Harold L. Raush
Technical Sgt. Hyman Schmierer *Sgt. Harold I. Roth

Stafl Sgt. Trent E. Bess nt Cpl. Alfred D. Antilla
*Stafl Sgt. Lester I. Foster *Cpl. Arlene E. Babeock
Staff Sgt. Roland E. Johnston, *Cpl. Douglas W. Bray
Jr. Cpl. Trving Fudeman

Stafl Sgt. Ilarold F. Kunsman  *Cpl. John V. Hennessy
*Stafl Sgt. Richard T. Mitchell ~ *Cpl. James R. Holt
*Stafl Sgt. Bernard C, Sullivan ~ *Cpl. Harold H. Kelley

Stafl Sgt. William J. Woywod  *Cpl. Robert H, Koch

*Set. Alfved S. Arnott Cpl. Mary E. Loomis
*Set. Gerald S, Blum *Cpl. John I, MacNaughton®
*Sgt. Stanley Blumberg *Cpl. James C. McClure, Jr.
“Sgt. Mathaniel L. Gage Cpl. Owen R. Munger
*Syrt. Norman Graff Cpl. Nelson R. Nail
#*Set. Michael Green *Cpl. Robert J. Patterson
*Sat. John S. Harding *© *Cpl. Wilbert H. Schwotzer
*Set. Albert L Hastorf Cpl. Vernon S. Scott
*Set. Ilyman Heller Cpl. James . Skowronski
Set. Ted I, Kisciras *Cpl. IIyman Sofer
*Sut. Philip I1L Kriedt Ffe. James H. Anderson
*Sgt. William J. Mangan *Pfec. Donald G. Bennett
*Sert. Samuel D. Morford Pfc. Robert J. Blount
*Sgt. Sheldon H. Nerby Pfc. Dwane R. Collins *°

¥ Comiolssloned as 24 llcutenant, A. G. D. on leaving the project.
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PPfe. Billy S. E'liot

Pfe. Sanford Goldstone

Pfe. Edmind W. Lyons
+Pfe. Jack L. McCollom

Pfe. Xenneth M. Mitchell

IPfe. Thomas B. Morgan

Pfe. Roger 1., Murrel

Pfe. Gordon L. Puller, Jr.

fe. Hyman Rogosin
*Prt. Mavtin S, Maltenfort

SUMMARY

This chapter has reviewed the veseaveh aceomplished by this and
othev organizations in the selection and training of radar observers.
‘The purpose of the survey has been to present n chronology of re-
<earch activities to serve as a framework for the more detailed desevip-
tions of the research aecomphlishments found i the subsequent
chupters.

The snrvey is organized primavily avound the development of three
more ov less independent rescaveh organizations. It begins with the
work of Propect SC-70, NS-116, of the National Defense Research
Committee in February of 1943. Although this project performed
research on both air-borne and ground vadar for the Army and the
Navy, this chapter veviews only its research on the selection and train-
ing of aiv-borne operators. Iollowing a job anulysis of the opevation
of the air-borne radar equipment used in sea search, the project devel-
oped 15 selection tests dealing principally with the perceptual aspects
of the operator’s task. Among its contributions to research in the
areas of proficiency measurement and training methods, were the con-
struction of two comprehensive printed proficiency tests for radar
observers and the conduct of an expeviment on the cffect of extended
training,. .

The Air-crew Evaluation and Research Detachment No. 1, the second
organization discussed, conducted its research at a radar observer
school in the Eighth Air Force. Here a job analysis wns made, and
90 printed sclection tests were validated against conrse grades. "The
four most valid of these tests were later to constitute the radar observer
selection battery, administered to all prospeetive radar observer stu-
dents by testing teams under the divection of Ileadqnarters AAI
"Training Command. Prior to the use of this battevy, Psychological
Research Project (Navigator) had administered 3 NDRC DProject
selection tests to prospective students.

In the fall of 1944 the Psychological Research Project (Radar)
was activated. Itsmission was to perform research on the psychologi-
cal problems encountered in the training of radar ob:zervers in the
AAF Training Command. Early emphasis was placed by the project
on tho development of a comprehensive battery of proficiency tests
and checks.  Although school differences in curriculum and operating
procedure required numerous revisions of these wcasures, they were
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eventually placed in general use at all training stations. The project
conducted a selection research study in which all entering radar
observer students were administered a lengthy battery of experimental
printed tests. In addition, experimental apparatus tests were admin-
istered at one school.  These tests along with scores from the air-crew
classification and radar observer selection batteries were validated
against course grades.
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CHAPTER 4

Job Description an.d Analysis’

GENERAL CONSIDERATIONS

This chapter describes and analyzes the radar obscrver’s job for
the purposes of psychological research. It includes the job in train-
ing, the job in combat, and indications of probable future trends.

Reason for Describing a Job

Some description of a job forms the basis of all psychological re-
search upon that job. More often than not this important first step
has been carried out informally or not at all. Nevertheless, some
definition of the job has been the foundation of every job reserrch
program even if it was only lmnplied in the thinking of the rescarch
psychologist.

A systematic job definition can serve several highly important func-
tions. First, it can describe the specific abilities or aptitudes required
by the job. Aided by this description, psychologists may choose or
construct selection tests which appear most likely to measure these
particular abilities and aptitudes. Second, a job definition can de-
scribe various levels of proficiency on the job. Such descriptions are
useful in developing measures of proficiency. Third, a job definition
can provide a summary of the tasks and skills which comprise the
job for the purpose of setting up the most eflicient program of training
personnel for the job. Fourth, a job definition can describe the actual
techniques of doing the job and, where equipment is involved, show
how the equipment is actually being used. This information often
vields clues for improving techniques of using existing equipment,
improving the equipinent itsclf, or better adapting it to the abilities
and characteristics of the average individual on the job.

R . ey e
fethods of Describing a Job

A job can be described using concepts at various levels of analysis.
At one extreme is a description of what the individual does on the
job in simple, nontechnical language. Such as description can ba
written by a person unfamiliar with psychological concepts. This

R

! Written by Cpl. Harold Kelley.

21




type of deseription, to be referred to hereafter as a “Job description,”
cmploys terms which are for the most part specific to the job and not
transferable from one job to another. At the other extreme is the
type of description which will be referred to hiere as a “job analysis.”
A job analysis is a description of the job in terms of psychologieal
functions or factors. These functions or fartors represent abihties
and skills which are found introspectively or statistically to be com-
won to many jobs.

Whethier a job description or job analysis is to be preferved ina par-
ticular research program depends upon which of the four pnrposes
nientioned above 1s paramount to the job research.  Job proficiency is
most validly measured in terms of the specifie tasks, skills, and con-
tents of the job. Navigation proficiency, for example, is measured
more validly by navigation problems than by genceral mathemntics
problems. Consequently, a job description provides the most ade-
quate foundntion for construction of proficiency measures. T'raining
research is also based preferably upon a job description. Only if a
job analyst believes in a great deal of transfer of training, will he
base a training program upon a factor definition of the job and train
individuals in general functions rather than in specific tusks.

In addition, a job description is more useful than a job analysis in
furnishing the basis for rescarch into techniques and cquipment.
Iowever,even in such research, the job analysis is not completely with-
out use. It is probable that an identification of pertinent factors,
coupled with information as to the relative levels of ability in these
factors possessed by the available populntion, could simplify the prob-
lem of adapting equipment to the abilities of the job performers.

A job description, job analysis, or definition at any level of gener-
ality between these extremes can be used as the basis for selection test
research.  The choice depends upon the extent to which factor theory
is nceepted. IFactor theory rests in part on the hypothesis that per-
formauce on most of the tasks in contemporary technology can be
explained by a limited number of independent functions or fa:tors
taken in various combinations and amounts.  If this position is taken,
a job annlysis is made of the job nnd resenrch proceeds with already
nvailable or newly constructed factor tests. Such tests usually have
little face validity, that is, they have little specific content in common
with the job. The basis of their construction is that they require tasks
and operntions wliich seem to have something fundamentally in com-
mon with tasks carried out on the job. In other words, they require
use of one of the same psychological functions.

Rejection of factor theory leads to writing a job description and the
development of job analogy tests. Such tests are construed so as to
rescimble thie job as closely as possible.  In actunl practice, of course,
most test construction falls somewliere between these two extremes,
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The advantages and disadvantages of these two approaches to selee-
tion test research are as follows:

Fivst, factor tests, taken singly, tend to have low validity while job
analogy tests have relatively high validity.

Second, factor tests have low intercorrelations, while job analogy
tests have high intercorrelations.  Consequently, a combination of a
nunber of factor tests may yield a composite score of useful validity
even though the individnal tests have a low validity. On the other
hand, the combining of a number of job analogy tests adds little to the
accuracy of prediction obtamed by any one test.

A third consideration is that a number of {actor tests have been
constructed and refined and are immediately nvailable for use in se-
lecting trainees for jobs which require the corresponding abilities,
Job analogy tests have to be specially constructed fer every unique job.
On the other hand, the factor approach is limited by the frct that for
some years the number of factor tests availnble will be inadequate to
the requirements of complex jobs. Xt is anticipated by factor theorists
that eventnally tests will be constructed to measure all the important
factors, thus making it possible to set up a selection battery for any
job by merely assembling the pertinent tests as indicated by a job
analysis.

Fourth, part of the factor content of jobs which require operation of
complex equipment can be measured with inexpensive printed tests.
On the other hand, job analogy tests for such jobs require construction
and maintenance of expensive testing equipment.

A finul consideration is the theoretical objection to breaking a job
into elements (factors) for the purpose of selection test corstruction,
The contention is that nieasuring elementary, independent tunctions
and additively combining the several scores yields something quite
different than does measuring skill on the total task.

One method of evaluating this theory consists of a comparison of
job analogy test validity with the composite validity of fuctor tests.
If the theory is correct, a test adequately sampling the job should yield
significantly higher validity than that oLiained from the pertinent
factor tests.  Such an evaluation can be invalid either becnuse the job
analogy test does not adequately sample the job or hecanse comne of the
factors involved in the job ave not yet known.

Another method of evaluation consists of predicting the validities of
Job analogy tests (which nre factorially complex) from the validities
of the factors they have been found to contain.  These predicted valid-
ities should fall short of the obtained validitites if the job analogy
tests measure something more than merely the sum of their elements.
Predictions made on this basis have usually been close to the obtained
validities of the job analogy tests but have consistently been under-
estimates.  Our inndequate knowledge of the factorial content of such
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tests limits the conelusiveness of this evaluation.  As mentioned be-
fore, the number of factoriolly pure tests is inadequate and there is
no doubt that many timportant factors have not been identified.  Con-
sequently, the factorial content of a relatively simple job analogy
test, not to mention a criterion job, cannot be thoroughly defined.

Basis of Present Definition of the Radar Observer’s Job

The delineation of the radar observer’s job which follows consists
of n job description paralleled by a job analysis. Both the description
and the analysis were prepared to serve as a basis for selecting and
constructing tests t » measure aptitude for the job of radar observer. I
wis recognized that the selection research program conld begin with a
job deseription and apply job analogy tests, or it conld begin with a
job analysis and apply factor tests. Because of the theoretical interest
in the relative merits of the two approaches, it was decided to follow
both. The selection test program which resulted is deseribed in chap-
ter 11. The preient chapter is concerned only with the application
of the two methods of describing a job.—

In writing the job analysis, the problem arose of choosing a psycho-
logical terminology. Where practicable, it was decided to make use
of factor nnalysis studies and findings accomplished m the Aviation
I’sychology Program. These analyses, which werce based on both air-
crew classification tests and experimental tests, had produced unam-
biguous empirical evidence of the existence of a number of factors
nnd yielded tentative evidence for others, The test batterio. analyzed
have not included all types of measures and have been dedcient espec-
ially in personnlity and motivational tests.  Consequently, it was be-
licved unwise to depend wholly upon factors isolated from such
batteries in attempting to explain the radar observer’s job. When these
factors appeared to be inadequate to explain a certain ability, the
analysis was mude in terms of hypothetical variables. In these in-
stances, the attempt was made to deseribe hypothetical variables which
were “testable” and independent.

In ovder to provide an understanding of the functions and abilities
represented by the factor names used in the job analysis sections to
follow, some of the factors that have been definitely or tentatively
isolited in the Aviation Psychology Program arve listed and defined
below. Iypothetical factors willbe defined in the text of the analysis
when they ave first mentioned. The tests referred to in the following
factor definitions are deseribed in nppendix A.

1. Length estimation, a poorly defined factor, refers to the ability
to estimate lengths without the aid of measuring devices. This factor
is thought to be measured by Istimation of Length, CP631A.

0. Mechanical experience vepresents practical knowledge of mechan-
ical devices such as might have been gained throngh experience with
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then'. This well-defined factor 1s best measured by Mechanieal In-
formation, CIN051, which has a loading of about 0.75 and Mechanieal
Principles, CI90313, with a loading of approximately 0.60.2

3. Memory I (paived associates memory or rote memory), a poorly
defined factor, is thought to be measured by Memory for Landmarks,
CI510AX2. An almost identical form, CI510AX1, has a loading of
0.60 im Memery 1.

+. Memory I1, or visual memory, describes the ability to recognize
previously seen patterns. Although there is little evidence for this
factor, Visual Memory, CI514A, is thonght to measure it adequately.
A ronghly similar test, Map Memory, CI505AX2, has a loading of 0.60
in Memory 1L '

5. Numecrical facility describes the ability involved in carrying ont
simple aritlimetic computations. It is also involved to a considerable
extent in simply locating and observing numbers. The purest measure
of this well-defined factor is believed to be Nwmerical Operations,
CI702BX1. An older form, Numerical Operations, CIT02A and B,
has a loading of about 0.80. Mathematics A, CIT02F, and Mathe-
matics BB, CI206C, have loadings of approximately 0.50,

6. The perceptual speed,or identification factor, is the ability to note
quickly and discriminate details in visual patterns. Speed of Identi-
fieation, CPG10C, is probably the purest test of this factor with an
estimated loading of 0.65. An older form, CPG10B, using aircraft
sithouettes as subject matter, has a loading of approximately 0.65.
Spatial Orientation I, CP501B, has a loading of approximately 0.60.

7. Pilot interest refers to interest in aviation such as might have
been gained through contact with it as a hobby, through model con-
struetion, or reading. General Information, CIS50515, is the best
measure, having a loading of approximately 0.40.

8. Psychomotor coordination, the only factor found to be charae-
teristic of psychomotor tests alone, deals with gross motor coordina-
tion. It is best defined by Complex Coordination, CMT01A, with a
loading of about 0.40 and by Rotary Pursuit, CP410B, Form CM703A
of Rotary Pursuit, which did not require divided attention, has a
loading of 0.55 in this factor.

9. Psychomotor precision is best lefined by Discrimination Reac-
tion Time, CP611D, and Finger Dexterity, CM116A.

10. Reasoning I, or general reasuning, is one of the three reasoning
factors, the others being too inadequately defined for use in the present
analysis. Spatial Reasoning, CI211BX2, is thought to be an adequate
measure of this factor with a loading of approximately 0.55. Mathe-
matics BB, CI206C, has a loading of about 0.50 but, in addition, has a
similar loading in numerical facility factor.

! The factor loadinga presented $n this scction are taken primarlly from analyses of the
July 1943 and November 1943 alr-crew classification batterles.
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1. Space 1, or spatial relations, refers to the ability to move one’s
self mentally in space and predict the result of such movement in
terms of position, view of terraing ete. It is best defined by Instru-
ment Comprehension II, CI616B, with a loading of approximately
0.50.  Aerial Orvientation, CI520.\, and Flight Orientation, CP528A
are thonght to have high loadings on this factor althongh this has not
Leen tested in analyses. Discrimination Reaction Tine, CP611D,
and Complex Coordination, CM701A, have loadings near 0.40 and
0.50, respectively.

12. Space I, or rvotational space, identified only tentatively, is
thought to be measured by Position Orientation, CP526A. This test
15 a revision of Thurstone’s Ilands Test, CP512, which has a loading
of 0.45 on this factor.

13. Verbal comprehension, the ability to understand printed verbal
material, is best measured by Air Corps Vocabulary (1942) which has
u loading of approximately 0.70 and Reading Comprehension, CI614H|
whicli has a loading of about 0.60.

14. Visualization is the ability to predict the result of manipulating
or moving objects in space by visualizing the manipulation or move-
ment. Pattern Comnprehension, CP803A, is thought to have a loading
of approximately 0.50 on this factor, and Area Visualization, CP715A,
is expected to have a loading of about 0.50. Mechanical Principles,
CI903B, has & loading of about 0.50, but is highly loaded, also, on the
mechanienl experience factor.

JOB DESCRIPTION AND ANALYSIS OF RADAR OBSERVER
STUDENTS IN TRAINING

Ixtent of Job DPescription and Analysis

This 7ob description and analysis is based upon observation of radar
observer students in training at Langley IField, Va. The radar seis
usad In this fraining were the AN/APS-15 and AN/APS-15A.
Oli-ervers wutched numerous training sessions, talked with both in-
structors and students, and personally completed the entire training
course.

The apphlication of this analysis to the tasks required of radar
observers in combat or using different equipment has limited validity.
This 1s not a serious limitation of the analysis since its primary pur-
pose was to serve as a basis for selecting and constructing tests to
- predict success in training. A brief description of the job of the
radar observer in combat follows later in the chapter. The rapidity
of equipment chianges and improvements indicates that both descrip-
tions will be obsolete within a year. For this reason the last section of

this chapter presents a discussion of changes which may be e‘cpected
in the radar observer’s job in the near future,.
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The radar observer’s job will be discussed under four headings:
Setoperiation, scope interpretation, bombing, and navigation. Iach
dizcussion will consist of w job description and a job analysis. These
will be presented following a brief introduction to the equipment.
Introdaction 1o Air Borne Radar Equipment

Traming missions were carried ont in B-17 and B-24 typoe aircraft:
in both, the quarters were eramped and the table working surface
provided the operator is very limited. Figure 4.1 shows a typical in-

AN/APS—15
IN THE

FFiaunre 4.1.

stallation of the AN/APS-15 in the B-17. Thoe AN/APS-15 und
AN/APS-15A are alike except for relatively minor details, The
“eyo” of a radar set of this type is a directional antenna mounted
in a protecting radome bencath the aireraft.® The unteina
rotates at 26 revolutions per minute. As it rotates, a transmitting.
receiving system alternates, at the rate of several hundred times per
sceond, between transmitting short bursts of high frequency radio
cnergey and receiving the reflected energy or echoes.  ISach pulse is
beanced toward the earth in a narvrow pattern o that as the antenna
rotates, as shown in part IT of figure 4.2, snceessive pulses cover ad-
jacent narrow strips of the terrain radiating from the point heneath
the aiveraft. Thus, & huge civcular avea of the terrain is scauned as
the antenna makes each rotation.

The energy reflected from the terrain is translated by the receiving
and presentation circuits of the sct into a picture of the terrain below

——.

? The anteuna and radome are shown in figure 4.3,
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the aireraft. The picture is presented on an oscilloscope known as the
plan pesition indicator or PPI scope. The echues of reflected energy
ave received by the antenna and presented ou the scope as an illuni-
nated rotating radius, called the swee. Actually the swing is a stream
of clectrons which vapidly plays across the surface of the scope begin-
ning at the center and moving outward radially as shown in part 11X
of figure 4.2. Tt appears a5 a constantly illuminated rotating ra-lius
beeause the movement of the stremin is much too rapid to be seen. The
position of the sweep is rotated in phase with the rotation of the
antenna as shown in part IV of figure 4.2. As the clectrons strike the
surface of the scope, which is coated with a {luorescent substance, they
create spots or returns which persist for a short time and vary in
brightuess depending upon the number of clectrons striking the coat-
img. Inn complete rotation, the entire circular surface of the scope
brightens as it is sprayed in rapid, successive, radiating movements,
illustrated in part V of figure 4.2.

The various terrain features such as mountains, towns, and lakes,
reflect characteristically different amounts of energy. Also, energy
reflected from distant objects is received later and less strongly than
returns from near objects. As the streamn of electrons begins each
outward radial movement, the number of electrons projected on the
scope surface is governed by the strength of the echoes received from
near objects. Reflected energy from more distant objects illuminates
tho sweep farther toward the edge of the scope. As the sweep ro-
tates, always controlled by the amount of reflected encrgy and the
relative time it is received, a circular picture of the terrain below
the aircraft is produced with some terrain features appearing as
bright areas and others appearing as dark areas, The appearance of
tho scope picture is shown in part V of figure 4.2 nnd figure 4.3. Tho
center of the picture represents the point directly below the aireraft,
angl distant objects are presented toward the edge of the scope.

An auxiliary unit of the set can be made to project bright concen-
tric circles on the scope marking off uniform and known distances
from the center.  These range marks, together with an azimuth scale,
graduated in degrees around the edge of the scope, convert the pic-
ture into a polar grid map on which it is possible to express the posi-
tion of any point in terms of distance from the center and bearing
in degrees in nzimutl*  An ndditional and more precise range meas-
uring device, the range unit, enables the radar observer to set a
bright circle, the bomb release circle, on the scope accurately at any
given distance from tho aircraft’s ground position.

A second scope, the A scope, presents targets as vertical pips and
is used for tuning and cnlibrating the set. The controls which the

¢ The appearance of the scope with range marks and azlmuth callbratlon 1s shown in
Ogure 4.4,
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Ficure 4.3,

radar observer must manipule te ave distributed over the several units
of the set. )

Set Qperation: Job Description

Preoperational check—Prior to turning on the set, the controls
must bo positioned correctly. This prevents damaging parts of the
get by the initial surgoe of electricity from the aircraft’s power supply,
provents overloading the power supply, and places the controls in
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known positions that will facilitate the subsequent =tarting and tun-
ing of the sct. The preoperational check consists of checking for
loose counections, checking for incorrect and defective fuses, and
cheeking the positions of about 20 switches; knobs, and screw-driver
ndjustments. The check is ordinarily carried out before the wiveraft
tulkes off. )

Starting ond tuning—Tostart the set properly and without damagee,
certain controls must be turned and adjusted m a preseribed manner.
Starting includes applying power to the set, and properly brightening,
focusing, aud centering the sweeps on both the PP scope and the A
scope. This consists of abont 20 steps, most of which have to be
perforued ina given sequence. The radar observer checks his adjust-
ments by reading a current meter and by watching the bright lines
presented ou the PPT scope and the A scope.

Tuning consists Hf turning on the transmitter, picking up grovnd
returns and adjusting the transmission, receiving, and presentation
systems for maximuin definition on the PPI and A scopes.  About
20 steps must be performed in sequence to tune the sct according to
standard opernting procedure.  During the tuning, the radar observer
adjusts for specific or maximum current meter readings, and for
maxinum contrast between tuarget returns and other ground returns.
On the A scope, this contrast is in terms of height of bright returns,
or “pips” above a base line. On the PPI scope, target returns are
brighter thnn other ground returns.  Starting nnd tunming nre carried
out nfter the aircraft has taken off and reached an altitude of about
1,000 fect.

Calibration.—The range unit is a device for precise measurement
of distance.  Tts accurate functioning is essential to bombing and pre-
cision navigation.  Calibration consists of checking the range unit
against nstandard measuring seale bnilt into the set nnd presented on
the A scope 2sn line divided into 20 units.  The radar observer nuanip-
ulates knobs and screw-deiver adjustments, naking a very fine ad-
justment until nll points on the two scales are lined up.  The process
imvolves 13 to 30 steps, depending on the zet and the operator’s skill,
Most of the steps must be performed in presceribed sequence.  Since
the ealibration of the set 15 affeeted by altitnde aud temperature, it is
usually done after the plane has reached the altitude at which the
nission is to be flown,

Fliyht maintenance~The suecess of a vadar mission may depend
upon the radar observer’s ability to correct certain set malfunctions
during flight.  The radar observer must be able to diagnose what is
wrong with the set from the particular circuits that nre inoperative,
from the various meter readings, or from the picture presented on the
scopes.  Conmon troubles are blown-out fuses, loose cables, and varia-
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vions in the atrerafUs power supply.  The radar observer mmst know
what things to cheek when specific synmiptoms are noticed.

Maintaining set efficiency—Continual adjustment 1s necessavy to
insure that the set vemains properly calibrated and tuned. Changes
in temperatuve, altitude; power supply, weather conditions, and ter-
vain all have thene effeet. Usually snch variations will not. make
navigation and bombing impossible; hbnt will effect acemacy consider-
ably. If he is to obtain maximum operating cflicieney the radar ob-
cerver shonld be aware of possible changes and make periodie checks
on the power supply, timing, and calibration.

Turning off set.—"The process of turning the set off is simple, con-
sisting of only seven steps. The only vestviction is that four britliance
controls st be turned down before the power switeh is turned off
to prevent burning the scopes.

Set Operation: Job Analysis

In leavning to operate the set, the radar observer student must study
technieal material, memorize the steps in the operating procedures,
and know the location and function of the various set controls.  Thig
learning involves memory [ ® and verbal comprehension.

Tle student who develops a rationale for the operating procedures,
the functions of the controls, and the relationship between the parts
of the set will probably learn set operation more easily and retain
the material longer. Iven though his rationale is not technically
correct, it will aid him in remembering which step is next in tuning,
which fuse to check if a certain circuit goes out, and which controls to
manipulate to improve the scope picture. This ability can probably
be measured by tests of “scientific information” and tests of experi-
ence with electrical and mechniceal contrivances, The airerew classi-
fication tests loaded with the mecheanical eaperience factor should also
constitnte fairly adequate measures of this aspect of the job. Some
reasoning I (general reasoning) may be involved liere also.

The radar obseryver who is thorough and systematic will operate tho
cet more carvefully and check the tunming and ealibration more fre-
(uently,  This quality of work may be related to habits of organiza-
tion and thoroughness as shown in the individual’s work and hobby
history.  The same quality has been designated “systematic diligence”
clzewhern,

Some radar obzervers exhibit “finger trouble” in tuning the sct.
They constantly manipnlate the controls trying to improve the pictnro
and negleet. other tasks,  Sneh men ave never sure of having obtsined

the hest. presentation possible uader prevailing conditions.  "I'his may
_—\-

'In thls and later job analysls scctions, all factor names havo been unlerlined or placed
WHthln quolatlon marks, Underlining Indleates that the factor Las been olated In faclor
analyrexs In Jhe Aviallon Paychology rogrmm.  All others, hypollietleal or lsolated elsee
where, Lave been placed withln quolntlon marks.

. 31




indicate poor visual memory, weemory 11, sinee the radar observer
nmst remenber the best picture obtamed during the control adjust-
ments and finally reproduce it. e nust also ranember the appear-
ance of scope pictures prodieed by his instructovs nnder various con-
ditions, “Finger trouble” may also indicate a lack of confidence n
one's operating ability, /

Psychomotor precision is involved in numipulating the switches,
knobsz, and serew-deiver adjustments.  Fairly fine adjnstments of the
rotatable controls are required but hittle speed is necessary.

“Visnal acuity” and “brightness diserimination” are regnired in
observing the scopes, dialv, and neon light; and particularly in detect-
ing the near-threshold length and brightness changes.

Scope Interpretation: Job Description

Interpreting returns—Thoe features of the terrain are represented
as characteristic returns which constitute the picture on the PP scope.
The radar observer selects specific returns to determine his ground
position, to find the turget arca, and to detect within the target area
thio aiming point to be bombed.  Unless the returns arve correctly inter-
preted and identified on the map, all the radar observer’s skills in set
operation, navigation, and bombing are of no value.

Asshown in figure 4.3, returns on the scope differ in brightness, size,
and shape. Water gives practically no return.  Islands on water ap-
pear as bright areas against a dark background. DBuilt-up arcas on
land, such as towns, appear as bright returns against a less bright back-
ground. Rivers, lakes, and inlets appear as dark areas with bright
lines representing the far shores. Mountain ranges appear as long
bright nreas with shadows behind them. “Towns behind mountain
ranges or in valleys are hidden except when nppronched from certain
angles.  Dense clonds appear as bright arcas and usnally have com-
plete shadows behind them., Bridges appear as sharp bright lines
against the dark water.  Towns, islands, rivers, lakes, ete. retain some-
thing of their shape, but details nre usually lost or disiorted.

The appearance of retiirns from the varions terrain features must
be learned and remembered by the radar observer.  Because these differ
considerably, the tusk of deciding whether a return represents a river,
lake, town or mountain is usually not difficult. Only occasionally is
there soma problem, as for example, deciding whether a return is a
dense cloud ora town.  Iowever, specificaliy identifying a return once
it has been recognized as a town is more diflicult. By noting the size,
shape, and brightuess of the return, the radar observer is sometimes
able to identify or name it without reference to other returns. Ire-
quently, however, none of the returns from towns have characteristie
shapes or sizes and no other characteristic terrain returns are available.
In such instances where the specific returns are homogeneons and with-
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out dhividuality, identification is possible only by the pattern which
the returns fornn i terms of distances and bearings fron ¢acli other,

Identification of aiming pomts within towns or target areas, wiich
is erneind to acenrate bombing, is a very diflicult task,  The varions
arens within large cities can usnally be distinguished on the scope if
the et 1s operated correctly.  IFor example, factory and business areas
ordinartly give brighter returns than rvestdential areas.  Railroad
yards are brighter thun surronnding areas. The radar observer must
remember, from the scope photographs used in briefing, the shapo of
the atming point, how it contrasts with the rest of the target area, and
its position relutive to other elements in the target area.  Ie must
operate the set <kill fully enough to define the uiming point on the scope
and he must recognize it from the size, shape, brightness, and pattern
cues.  This identification inust be done rapidly since the target nrea on
thie scope breaks up mto its elements only during the last 5 or 10 miles
of the bomb run which 1s covered in from two to tlhree minutes.

Difliculties in tuterpreting and identifying returns depend in part
upon the radar observer’s other skills.  Poor set operation will cause
returns to be poorly defined or lost altogether. If the radar observer
does his navigation caleulations rapidly, he will have more time to
watch the scope. s new returns appear on the scope he will be able
to identify them by referring to returns he already has identified. Con-
versely, the radar observer who 1s slow n computational work will fre-
quently be faced with the task of interpreting and identifying a com-
pletely unfamiliar pattern of returns.

Scope interpretation is facilitated not only by rapid but by accurate
navigation. Radar observers who do nccurate navigation know their
approximate ground position and course and can predict which towns
and terrain features are about to enter the range of the set and where
the returus will apoear on the scope. From this inforination, they are
able to identify individual returns when they are distorted and when
parts of patterns of returns are not visible,

When the azimuth stabilization unit of the set is “on,” the top of
the scope picture is true north.  The returns are in the same relative
positions in which they appear on the map.®  When azimuth stabiliza.
tion 1s “off,” the top of the scope represents the direction in whicl the
aireraft 1s heading.  If the aireraft is heading in any direction other
than true north the pattern of returns is rotated from the po-ition of
the corresponding towns on the map. This rotation inereases the
difficulty of identifying patterns and targets.

Interpreting motion of returns. The radar observer can sot an
iMimiinated radius, the lubber-line, on the PPI scope to indicate the

——— e

*Tha relation between the scope pleture and a map wa’a azimuth stablllzatlen !s “on™

18 thown In figure 4.4, This relatlonship would be the rame regnrdlees of the heading
of the afrernft,
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Jiveetion the atveraft is heading, Dy observiug the wovement of re-
tirns i velation to the lubber-tine, hie eancdetermine the divection in
which the plane is drifting or being deflected from its heading by the
wind, L the aireraft is not drifting at all, the returns will move
parallel to the heading of the aiveraft.  Tf the atveraflt 1= drifting to
the right, veturns will move from the right to the left of the Tubber-line,

In navigation and bombing, the vadar obzerver interprets the moves
ment of returns on the ccope in terms of direction m which the mreraft
is drifting. In navigation, the divection of drift gives him a check
upon his wind computation and, 1f measured acenrvately, can be used to
compute a wind. In bombing, the radar obzerver “kills drift” on the
target by giving heading corrections until the target is moving neither
to the left nor to the right of the heading line. This iuterpretational
problem is most diflienlt when the aireraft s heading toward the bot-
tom of the scope. Then the radar observer’s right is the aircraft’s left
and vice versa. Ilere itis important that he interpret the motion of the
returns relative to the aireraft’s heading and not relative to his view
of the scope.

Scope Interpretation: Job Analysis

Identification of returns from shape, size, brightness, and pattern
seents to be related most closely to the pereeptual speed and memory IT
(visual memory) factors. Perceptual speed is important in the task of
locating map featnres which are similar to the scope returns and/or
in loeating scope returns which are similar to points on the map.
Memory IT seems important in reeognizing, on the scope, patterns of re-
turns previously seen on the map or during the briefing session and in
remembering the characteristic appearance of the various types of
terrain. In remembering and matehing patterns of returns, length
estimation as well as the abilities to estimate sizes and angles are prob-
ably mimportant,  All patterns are composed of vavious sized returns at
different distances and directions from each other.

It 15 likely that the student who has had scientifie training and ex-
perience ean understand more easily why the various terrain features
yield characteristic returns. Therefore, “scientific background” wonld
probably be an aid to remembering and identifying returns from in-
dividual targets.

Perceptaal spead and memory II seem partienlarly important in
identifying the aiming point.  Since the identifieation must be done
rapidly, the radar obzerver nmgt rely on his memory of the target
area; he has little time to eonsnlt scope plotograplhis. The pattern of
returns is often only dimly visible or i1s pavtiall  oheepred. Fine
brightness discriminations are often required even (o percesve the pat-
tern.

Perceiving and interpreting the motion of returns across the scope
seem 19 depend npon ability in memory IT and space T (spatial rela-
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tions).  The returns wsnadly move across the =cope at an almost 1m-
1)011-(*1)tib10 rate. The radar observer connot take time to wateh the
ccope forany length of time to determine the direction of motion of the
returns. Instead he mnst look at the scope at intervals. Memory 11
is necessary, since each time he looks at the scope, he must remember
where the returns previously were in order to determine the diree-
tion they moved.

When the anreraft 1s heading in a scutherly direction, with azimuth
stabilization “on,” the radar observer mnst imagine himself rotated in
space to make his right and left correspond to the aireraft’s right and
left. "This will enable him {o interpret correctly whether the aireraft
is dvifting to the right or teft. Vs hen azimuth stabilization is “off,” this
same ability to imagine one’s self rotated in space is necessary in all
Lieadings except trne novth.  This operation is similar to that required
in tests which have loadings in space I.

Insofar as scope interpretation is dependent updn speed of compu-
tational work and quality of set operation, ability hiere will be related
to the abilities described in the job analyses of set operation, above,
atd navigation, below.

Navigation: Job Description

Flight planning.—DBefore a mission, the radar observer obtains the
following information: route, forecast or “metro” wind, altitude, tem-
perature forecast for the altitude, and indicated airspeed. On a map,
lie dvaws in the courses for the navigation legs and bomb runs. e
meaxures the direction of each leg (true course or track to make good)
using the dividers and the protractor scale of the Weems plotter. Ile
measures the length of cach leg by first stretehing the dividers over the
leer and then laying it out along the degrees and minutes scale on the
edwee of the map, one minute of latitude being equal to one nantical
nile,

The radar observer converts indicated airspeed from statnte miles
per honr to nautical miles per hour using the slide rule scale of the
F~6B computer. Then sctting pressure altitude opposite forecast
temperatnre for that altitude on the E-6B computer, he reads true ale
speed. TTe draws the wind force and wind velocity on the vector face
of the J5-613, centers the vector face on the true air speed, and deter-
mines what direction the aireraft would drift if headed on the tme
conrse. IMe then “fuggles” the computer until the drift wonld cause
the aireraft to travel along the true conrse. Ifrom the computer he
reads the true heading which the aireraft should talke in order to make
good the true course and the ground speed that the aireraft will niake
on that heading,  On the slide rule scale of the 6B computer he de-
" termines how long it will take to fly each leg, having ah ady found the
distance and ground speed.




Al of the information descrvibed above, hoth given and computed, is
entered in the flight plan section of the log, From this flight plan, the
radar obsevver can tell the pilot, on the basis of the wmetro wind and the
other predicted data, what heading to take for each leg and how long
it will take to fly the leg.

Aaintaining record of ground position and flight data.-~One of tho
most important functions of the radar observer is to provide ground
position reports, This function is invaluable at night or when the
aircraft is over clouds. The arca represented on the PPI scope is a
polar coordinate map, the center being the ground position or point
directly under the aircraft. Ground position can be determined by
identifying one or more returns on the scope, determining the spatial
relationship between the center of the scope and the returns, and
plotting this relationship on the map starting with the points cor-
responding to the returns and working back to the ground position
corresponding to the scope center. Plotting ground position in this
manner is called “taking a fix.”

Three types of fixes may be taken: a range and bearing fix, a mul-

tiple bearing fix, and a nwultiple range fix. The first is more frequently -

used. It consists of measuring the range and bearing from the center
of the scope to a single identified return. A multiple bearing fix
consists of measuring only the bearing from the center of the scope
to each of two or more identified returns. A multiple range fix con-
sists of measuring only the range from the center of the scope to each
of two or more identified returns.

To determine the bearing of a return, the radar observer makes
use of a rotatable plexiglass face covering the scope. This plexiglass
is bisected by an etched line which may be rotated until it passes
through the return. Ie then reads the bearing at the point where
the line intersects the azimuth ring at the edge of the scope. This
value is the direction from the center of the scope to the return, In
figmre 4.4, the bearing of the point of land being used as a check point
is 328°, The range of a return may be measured in two ways. In
the most frequently used method the radar observer positions bright
concentric circles on the scope at any one of the several intervals, The
usual interval is 5 or 10 miles. Using these circles, he reads the
distance to a given return by estimating to the nearest mile or half-
mile between the marks. In figure ., the check point is 40 miles
out on the scope. In the second method, less frequently used, he
nicasures ranges more precisely with the bombing circle. He turns
on the bombing circle, turns a knob until the bright circle expands
and touches the return, and reads the distance from a nautical mile
scale or counter dial calibrated in hundreds of feet. In the latter
case, lie has to convert to nautical miles before plotting the fix.
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I'iguRe 4.4—Fix-taking from the PPI scope.

The radar observer plots a range and bearing fix by first plotting
the direction from the point corresponding to the return. Since his
bearing reading from the scope was the direction from the ground
position to the return, he must plot the reciprocal of this, the bearing
plus 180°, as shown in figure 4.4, This directional plotting is done
using the protractor scale of the Weems plotter. After positioning
the plotter, he measures off the proper range on his dividers from
the latitude scale at the edge of the map and lays this distance, 40
miles in figure 4.4, along the plotter, The resulting point is the
ground position of the aireraft at the time of the fix.

To malke possible further navigational work beyond the flight plan,
it. 1s essential that the radar observer maintain a continuous record
of the aircraft’s ground position and track made good. Consequently,
lie must take fixes at regular intervals, log them, and plot them. e
enters them in the log by recording the time of the fix, the return
usedy and the range and bearing date. IIe also records flight data
in the log at regular intervals, particularly noting changes in air
speed, altitude, and true heading. To obtain this information, le
must read the fluxgate compass, altimeter, air speed indicator, and
free air temperature gauge.

Wil computation—The winds predicted by the weather depart-
ment have only a limited value for exact navigation since they are
approximations, apply to limited areas, and cannot take into necount
sudden wind shifts. One of the important tasks of the radar operator

15 to compute winds usnm mstrument data and data from his fixes.
Three methods of w md comput'1t1<)n will be described.
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Tn the airplot method, from the fixes enteved in the log and plotted
on hiz map, the radar observer can determine the track wde over
a given iterval of time and his gronnd position at the end of the
iterval, Tle plots on the map the position the aircraft would nhave
reached if it had been traveling in =till aie, "Fhis position is called
the air position and 1= hown in relation to the ground position
firure 1.5, T'o determine the anreraft’s atr position at the given time,
the radar observer starts with a previous gromnd position and, using
the Weemns plotter, plots the true heading or course that would have
been made good in still air. To determine the distanee that wonld
have been traversed in still airy he nses trne aie speed on the 19-613
shide-rule scale.  Ile measures this distance off the side of the map
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I'taune 4.5—Determining wind by alrplot.

with the dividers and lays it off on the true heading. The resulting
point is the nir position, the hypothetical point the aircraft would
have reached flying in still air on the true heading at the rate of
the true air speed for the given time interval, The line drawn, as
i figure 1.5, from the air position to the ground position at the
corresponding time, indicates the direction and distance the wind
carried the areraft during the time interval. The radar observer
measures the direction of this line, in degrees. azininth, with the Weems
plotter. Ue knows that the wind blew the aiveraft from the air po-
sition to the gronnd position and that wind direction is indicated
in terms of the direction from which it comes. I{: thon measures
the length of the Line with the dividers nnd divides it by the time
interval on the slide rule scale of the I-6B to get the wind force.
The sccond method of wind computation is the regular computer
method. As previously stated, the radar observer can determine from
his logged and plotted fixes the trne course or track made good. By
measnring the distance between two fixes and dividing it by the time
mterval between the fixes. lie can obtain the ground sneed for the true
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contr=e. 1le places the vector face index of the -6 computer at the
(rue heading, centers the face on the true air speed; aud plots the
cround speed on the true conrse. Tle rotates the veetor face, reads the
:.ill(] direction from the azimuth ~cale and the wind velocity along the
mile seale.

The third niethod of wind computation is the grid computer method,
aleo called target timimg,  The radar obscrver takes two or more suce-
cessive fixes on the same return and tunes the mterval between the
two with a stop watch. e then plots the fixes on the vector fuce of
the 15-61 computer over the square grid.  Siuce returns travel across
the scope parallel to the track the aireraft is making good, the line
connecting these fixes is purallel to the aireraft’s track. e rotates
the vector face mntil the connecting line 1s aligned with the vertical
grid Hnes and reads the dirvection of the track. At this point he must
cheek that he is not reading the reciprocal direction by comparing
“the computer result with his general estimate of the track., e divides
the distance between fixes by the time between fixes and computes an
average or over-all ground speed. Ile then uses true course and
ground speed on the vector face of the computer to determine the wind
by the regular computer method described above.

Planning remainder of flight.—Frequent and accurate computa-
tion of ground position and wind enables the radar observer to navi-
gate the rest of the mission acenrately, Unless the metro wind is very
acenrate, the atveraft will likely fly off course and not make a track for
the destination.  In this case, the radar observer uses his best wind in-
formation to determine what heading he should give the pilot to cor-
reet the track., To this end he must do dead reckoning navigation
along his track from the last ground position and determine an ap-
proximate point he will reach several minutes later. On the 1E-61,
lic computes the distance he will travel in a certain number of iminutes
wilh his present ground speed. IIe lays this distance out along the
frack and plans to make a course correction at the resulting point.
He draws the true course from that point to the destination and meas-
ures its direction.  Ile jugglos the compnter, as deseribed above, know-
g true conrse, true air speed, wind veloeity, and wind direetion, and
determines what heading will be necessary to make good the true
course, When the course correetion point is reached—that is, when the
given time interval has elapsed—he gives the pilot the new heading,
Ie also computes an estimated time of arrival for the destination so
that he will know approximately when lie is there. This information
is particukly important when the point cannot be scen or picked np
on the scope.

The radar observer uses his latest wind information in a similar
minner to compute headings for the bomb run so that the aireraft
will drift as little as possible away from the target.
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Since any single wind computation may be maccurate and the waind
may change, the radar observer determnnes new winds as often as he
Lias time,  The latest or most tri-ted wind is u-ed in computing conrse
corrections or headings on new legs.

Navigation legs in training range in length from 60 to 100 miles.
Consequently, the radar observer has a Iumted period in which to
compute winds, course corrections, and new headings. A fter allowing
for passage of suflicient time to collect accurate wind data he will have
front 10 to 25 minutes depending, of course, upon the length of the leg

and the wind.  During this time he must also wateh the scope, identify’

new returns, and neantain the eflicient operation of the set.  1f the
navigation leg is followed by a bomb rimy he has to spend time near
the end of the leg predicting ground speed and absotute altitude over
the target and preparing the set for the bombing procedures to be de-
scribed below.

Navigation: Job Analyeis

One of the principal problems confronting the student on radar
training missions is that of completing the necessary navigational
work in time, without having to do hurried and inaccurate work.
Good radar observers have systems for carrying out their work by
means of which they obtain each bit of data as soon as it is available
and spread out their computational work as much as possible. This
planning ability depends partly upon already having thorough under-
stirding of how the separate steps of navigational procedure are re-
lated to each other. Such an integrated view of navigational work is
probably miost readily obtained by a student who has a background of
mathematies and science.  “Scientific background” and reasoning I
(general reasoning) are believed to be the abilities involved in this as-
peet of navigational work planning,

Tu hus navigational work, the radar cbserver reads mmany dials and
scales: 19-6B computer scales, navigation instruments, and dials and
scales on the set.  Components of scale-reading ability seem to be nu-
nrerieal facility and space I (spatial relations).

In reading ranges on the PPI scope, the radar observer estimates dis-
tance within the interval between the range marks, o makes similar
estimates in measuring along the nautical mile scale (minutes of lati-
tude) on the map. A length estimation ability is believed necessary
for these tasks.

After the radar observer obtains the navigational data and plans
how to use them; he sets them into his computer, plots them on a
chart, or sets them into the radar equipment.  Psycliomotor precision
15 involved in these operations, particularly in handling the dividers,
plotter; und computer,

As the radar observer carries ont his plotting, measuring, and com-
puting, he shm!ld check the results of cach step. e can do this by
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making approxinte caleulations mentally. Nuwerical facility and
ceasoning I are important in making these rough checks as well us
n 111:11;'111';; the original computations,

In wind caleulation, particular attention must be given to correctly
interpreting the drift and the direction of the wind vector on the com-
puter or airplot.  Otherwise, reciprocal winds will be obtained or the
drift will be given in the wrong direction.  Space I is probubly im-
portant to success in these tasks.

The radar observer niust constantly attend to his instruments and
set, keeping track of changes in heading, airspeed, ground position,
ete. To have this data available without depending upon his memory,
lie inust record it in his log.  Diligent attention to the ever-changing
scope picture will make his ovientational problem much simpler.  As
previously stated, this “systematic diligence” will depend upon the
oxistence of habits of doing tasks thoroughly, carefully, and system-
atically.

Two other abilitics secem associated with navigation operations.
Ono of these, verbal coraprehension, is involved in learning the sub-
ject matter of navigation. The other, “scientific background” may
facilitate learning the computaticnal procedures, the use and calibra-
tion of instruents, the use of computers and maps, cte.

Bombing: Job Description

Setting wp computer bor.—~When bombs are to be dropped on a
target from a moving aircraft, they munst be dropped at some point
Lefore the aircraft is directly over the target. Otherwise, the for-
ward motion imparted to the bombs by the aircraft will carry them
beyond the target during the time of fall.  Among the factors which
govern how far ahead of the target the bombs should be released, two
are of concern to the radar observer. These are tho aireraft’s abso-
tute altitnde and ground speed on the bomb run. For acemate bomb-
g, the radar obsetver ninst determine these factors and use them
to prepare the set for bombing. He determines the expected ground
speed and absolnte altitude over the target before he reaches the IP
at the beginning of the boab run. e then predicts ground speed by
putting his latest wind onto the E-6B and computing ground speed
on the trne conrse from the IP to the target. Absolute altitndo is
determined at some point before the IP with the SCR-7T18 Radar
Altimeter, reading in terms of feet.  An alternative method is to use
the bombing circle on the AN/APS-15 or AN/APS-154, setting it
on the innermost return on che PPI scope and reading the altitude in
terms of nautical miles from the computer drum on the AN/APS-15
or in terms of hnndreds of feet in the counter window of the
AN/APS-15\. The SCR-718 reading is more accurate. In cither
case the radar observer must correct this altitude for the difference be-
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tween the terrain altitndes at the target and at the point where the
abzolute altitnde was determined.

In direet hbombing, where the radar observer releases the bowbs, he
cets the absolute altitude and gromnd speed into the computer box of
the cet. On the AN/APS-15 he adjusts a panr of cross hairs up a
nantical mile seale, setting the horizontal Tine at the absolute altitude.
Ile then rotates the computer drum until the proper gronnd speed
lie is under the vertieal eross hair,  On the AN/APS-15.\, he twists
a knob and sets the absolute aititude on the altitude connter in terms
of Inmdreds of feet. Tle then twists another knob to replace the
proper ground speed under the dinl marker.  In both sets, this posi-
tions the bright bombing circle on the PPT scope at a distance from
the center such that when the target touches it, the bomb should be
released.

In coordinnted bombing, the radar set yields information which is
put into the visual bombsight and the bombsight mechanisim anto-
matically releases the bombs at the proper moment.  The procedures
carvied out on a typical coovdinated bomb run ave summarized in
fizure 4.6. Before the IP, the radar observer informs the bombadier
of the altitude and ground speed.  These are nused to place rate and
dropping angle into the bombsight.  During the bomb run, the radnr
observer notifies the bombardier when the target is at certain specified
angles from the aireraft. These “sighting angles,” measuvred in de-
grees below the horizontal, are used to start the bombsight mechanism
nnd to make ndjustments in rate and dropping angle which are neces-
snry because of inaccuracies in predicted altitude and ground speed.
Ior each ungle, the radar observer positions the bombing circle on
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e PPT scope and ealls the angle when the target touches the ciicle.
One of the advantages of coorlinated procedire over direet bombing
that the relar observer has a chance to judge the coincidence of
bombing cirele and target fonr or more times.  Consequently there
iv reater chanee that small errors in setting up the computer bos
or in the observing when the target touches the bombing eirele will
cancel out.

The radar observer sets up the computer box on the AN/APS-15
for the first sighting angle (70°) by adjusting the cross hairs on the
nautical mile scale to the absolute altitude and rotating the range
drum to a point where the cross hairs intersect the 70° sighting angle
line. On the AN/APS-15A, he enters tables with the altitude and
ground speed and finds the altitude connter reading (hundreds of
feet) whieh he must set into the computer box for the 70° angle.

AN of the initial preparation of the compnter box described nbove
15 carried out at the end of the navigation leg immediately preceding
the bomb rnn.

ICling drift—In order for the bombs to fall directly npon the
targe s, the aireraft must be making a track for the target at the time
of release.  If the aircraft is drifting to one side of the target, the
bombs will fall on that side. The process of correcting the aircraft’s
heading until it is tracking toward the target is called “killing drift
on the target.”

At tho beginning of the bomD run, only the target arca ag a whole
15 defined on the scope. Later, as the aircraft approaches within 5
or 10 miles of the target, the target area is ccen as composed of smaller
sections and the aiming point is defined. Consequently, drift is killed
initially on the whole target area and finally npon the aiming point.

One method of killing drift on the target is called “homing.” In
this procedure, the radar observer sets on the target the etched lino
which visects the PPI scope. If the aireraft is tracking toward the
target, the target will move down this line to the center of the scope,
If the target moves to the right of the line, the aircraft is drifting
to the left of the target and a right correction in heading is necessavy.
As the radar obzerver notes in which direction the target moves, he
gives small arbitrary corrections to the pilot.  Ile continues this trial-
and-error procedure wntil the target is moving divectly down the
line.

A more accurate drift-killing procedure is the “mmltiple-dvift
method.” The radar observer reads the bearing of the target befere
and after it has moved one-fiftlh, one-fonrth, or one-third of the way
toward the center of the scope. e multiplies the difference hetween
”_‘0 two bearings by 5, 4, or 3, the reciprocal of the fraction nsed, nnd
gives this number of degrees us a correction to the pilot. Again he
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nist give the corvection to the right if the tirget moved to the right
of the fir-t bearing or to the leftifat has moved left.

The radar ob-crver may use the vimge marks to delineate the por-
tion of the diztance the target moves, For example, he can follow the
target as it moves from the 20- to the 15-mle vange marks, in which
ca-¢ the target wonld have moved one-fourth of the distance toward
the center. Some sets have lines etelied on the face of the scope mark-
g ofl one-fonrth or one-fifth of the distance to the center. To use
these most efliciently, the radar observer manipulates a control to
move the target out to the outer mark when beginning a multiple-dinft
reading,

Killing rate and bomb rclease procedure~A\s the aircaft moves
closer to the target, the radar observer mampulates controls to reduce
the area of terrain pictured on the scope. This increases the size of
terrain features and finally results in definition of the various sections
of the target area. He also adjnsts controls concerned with tuning the
et to improve the scope picture. Radar observers frequently turn on
“cector scan” by means of which only a portion of the terrain below
the aireraft is presented on the scope. The sweep covers this sector
much more frequently than it does when traversing the entire scope,
thus facilitating examination of the target. When the aiming point
has been identified, the radar observer gives small arbitrary correc-
tions to kill any residual drift.

In direct bombing, the radar observer switches on the bombing
circle early in the bomb run. The aiming point becomes visible and
tracks toward the aircraft. The radar observer toggles the bomb
release switch at the exact moment he sees the near edge of the aiming
powt tonch the outer edge of the bombing circle.

In coordinated bombing, when the target approaches the bombing
circle positioned for the 70° sighting angle, the radar observer requests
the crew to stay off the interphone during the bomb run, and warns
the bombardier that the 70° sighting angle is coming up. When the
near edge of the aiming point touches the bombing circle, the radar
observer calls, “Mark.,” Tle quickly and accurately resels the com-
puter box for the next sighting angle. As the aiming point approaches
the cirele a second time, he again warns the bombardier and specifies
the angle.  When the aiming point touches the bombing circle, he
again calls, “Mark.” Ile resets the computer box and repeats the
procedure for as many angles as possible. A radar observer usually
calls four or five angles on a single coordinated run.  MMeanwhile, he
manipulates the controls of the set to reduce the area presented on the
scope and to increase the definition of the aiming point. As the aiming
point becomes defined, he usually has to give small last-minute drift
corrections. The process of killing rato and drift on a coordinated
bomb run is summarized in figure 4.8,
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The release point corre~ponds to a 30° sighting angle for a ground
speed of 180 miles per hon aud an altitude of approxnuately
10,000 feet. The coordiated procedure from the 70° angle to the
relense point is carried ont over a distanee of -1 to 5 miles or a time
of approxintely 114 mmtes, The entite homb e on training
mi=~tons s about 30 wiles long, which allows approximately 10 min-

ntes for the drift killing and release procednre,

Bombing: Job Analysis

On the bomb run, the radar observer has mmelr to do in n short
period of time. It is essentinl that he plan the flight fron before the
1P to “Bombs Away.” This plan shonld desigmate specific porty at
which to do nll essential operations, such as obtainimg nbrolnte alti-
tude, computing ground speed, preparing  the  compnter box, and
mwaking multiple-drift corrections. Planmng is especially important
in resetting the computer box fou snecessive sighting angles on a coor-
dinated run. This process must be done quickly and accurately.
Systemuatic planning of this sort, in all probability, is related to
reasoning I (general reasoning), “scientific background,” and “sys-
tematic diligence.”

Setting and resetting the computer box also involves “iminediate
memory span,” psychomotor precision, and scale and table-reading
nbility. Seale reading is involved in obtaining absolute altitude, com-
puting ground speed, and setting the values on the computer scales.
As previously stuted, success in senle reading may be dependent upon
numerical facility, space I (spatinl relations), and “scientific back-
ground.”

To kill drift, the radar observer must first select the proper section
of the target area and later, when it becomes visible, identify the aim-
g point. The requirements involved liere appear to be the sume ag
those of scope interpretation deseribed above, namely, perceptual
speed, memory IT (visual memory), and space L. The abilities re-
qnived for interpreting direction of drift, memory IXand space I, have
nlzo been dizcussed previously.

For the multiple drift proccdure to be accurate, each of the two
bearings must be taken on the sume part of the tarcset. When the
target has moved toward the center of the scope the necessary dictance,
the radar observer must remember nad use exaetly the same seetion of
Ul%‘ target that he used in reading the first bearing.  This probably re-
quires memory IT.

On the bomb run, the radar observer is faced with a complex task
that must ke pertormed quickly and accurately. Ile must go throngh
the multiple dvift procedure, continuously give refining covvections,
continuously expand the picture on the scope, manipulate the zain and
tilt controls to improve the picture, give the bombardier the lntest
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around speed and drift information, warn the bombardier, call the
hrst sighting angle, reset the computer box and call three or four
further sighting angles, set the computer box for direct drop, make
final drift corrections, and be prepared to release the bombs if neces-
sary. The complexity and stress of this task indicate that “emotional
control” or resistance to confusion are important in radar observer
succeess.

Summary

Thus far in the job analysis, no direct statements have been made as
to the relative importance of the various abilities or factors which
have been deseribed. In the following list, these abilities are grouped
according to their estimated validity for predicting over-all success in
radar observer training. .\ more quantitative prediction is not made
since the reliability of the criterion will affect the absolute size of the
validity coeflicients. A summary will state the aspects of the radar
observer’s job for which each ability is thought to be important.

Abilities predicted te have highest wvalidity—“Scientific back-
ground” appears to be important in developing a rationale for the
operating procedures, remembering the appearance of returns from
various terrain features, and learning and planning the navigation
work,

Space I appears to be important in interpreting the motion of re-
turns across the scope, using the correct wind and drift direction,
and reading dials,

Memory I1 is important in tuning the set, identifying target areas
and aiming points, perceiving the motion of returns across the scope,
and taking the two multiple drift bearings on the same part of the
target,

Abilities predicted to have relatively high validity.—*Systematic
diligence” is probably important in organizing and correctly carrying
out operational procedures, organizing the navigational work to pro-
vide maximum time for every operation, keeping track of flight data,
keeping an adegnate log of navigational and flight data, and planning
the bomb run,

Numerical fucility is believed important in doing computations and
making computational checks and in reading dials, scales, and tables,

Reasoning I is probably important in planning the navigation log
and Lomb run procedures, making computations, and checking them.

DPerceptual speed is probably related to identifying individual re-
turns and patterns of returns,

Verbal comprehension would seem to be essential primarily at the
learning stages in acquiring technical in:formation,

Abilities predicted to have relatively low validity—Length esti-
snation, together with size and angle estimation, is probably involved
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in remembering and identifying patterns of returns and in scale, dial,
and table reading.

. Psychowmotor precision is probably important in manipulating the
switches, kuobs, and serew-driver adjustimenuts on the set, handhing
the Weems plotter, E-6B computer, and dividers, and setting and
1esetting the compnter box during thie bomb run.

Mechanical ecxpericnce may facilitate the development of a rationale
for operating procedures.

Abilities predicted to have lowest validity—Memory I is involved
in learning and remernbering the procedures for stavting, tuning, and
calibration.

“Visnal acuity” and “brightness diserimination” are involved in
tuning and perceiving patterns of returns. Individual differences are
probably not great among radar observer studeints in these variables.

“Iomotional control” is probably important in carrying out the com-
plex task en the bomb run rapidly and aceurately. Valid measures of
emotional control are ot known,

Abilities predicted to have no validity—Abilities among those de-
fined at the beginning of the chapter which prebably have no validity
ave:: Psychomotor coordination, visualization, space iX or rotational
space, and pilot interest.

JOB DESCRIPTION OF THE RADAR OBSERVER IN COMBAT

Sources of Information

This sketch of the radar observer’s job in combat is based upon the
following sources of information: (a) Personal accounts of radar ob-
servers from the Eighth Air Force, (8) outlines of Standard Operating
Procedures for radar navigation and bombing from the Twentieth
and Twenty-first Bomber Commands of the Twenticth Air Foree, (¢)
operational analyses from the Kighth, Fifteenth, and Tiwentieth Air
Tforces, and (d) articles in the magazine “Radar” which deseribe the
use of radar equipment in the various theaters.” It must be noted
that variability in tasks performed by the radar observer within and
between the various units in a given theater is much greater than in
training.  An attempt is made below to deseribe the performance of
a representative radar observer in each theater. Space does not permit
suimmarizing all the known improvisations and variations.

European Theater

Lquipment—~The B-17 and B-2¢ aireraft used in Europe were
equipped with AN/APS-15 and AN/APS-15A radar sets. The
operation of these sets was identical with that described in the job
description of set operation in teaining.

e Sttt emaieen.

T Radar: No. 7, 1 Jan. 1043 No. 6, 30 April 1013 ; No. 10, 30 June 1043,
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Yavigation.—TFarly radar observers were rated navigators who had
little initial knowledge of the radar set.  Only the lead ships were
equipped with radar, there beiag approximately one such ship for
cach squadron of 12 planes. Tn the lead ship were two other navi-
gators, the lead navigator who did pilotage navigation and a second
navigator responsible for DR or dead reckoning navigation. The
zadar observer operated the set, gave fix information to the DR
navigator every few minutes, and occasionally computed winds to
serve as checks on the DR navigator. The airplot method of deter-
mining winds was used for the most part. The radar cbserver’s
primary responsibility In navigution was to lead the formation
around flak areas when such areas were visible on the scope. This
was carried out by radar pilotage, the purpose being to avoid such
areas by at least 10 miles. The radar observer simply gave headings
to keep the returns froni the identified fluk arecas beyond the 10-mile
range mark on the PPI scope. '

Identification of check points for use in navigation was fairly easy
over the coastal areas. Xt was more complicated over central Ger-
many where identification had to be made largely on the basis of
rcturns from towns. Check point identification was particalarly
difficult in the wountainous terrain of southern Europe covered by
the Fifteenth Air Force operating from Italy.

Bombing‘.——The DR navigator was responsible for bringing the
formation to the IP. The radar observer usually gave the heading
to the target from the IP and made the initial drift corrections on the
bomb run. The range of the set allowed him to pick up the target
long before it could be detected visually. This advantage permitted
him to give more accurate headings and initial drift corrections than
the other navigators.

The radar observer set up his equipment for bombing regardless
of weather conditions. If there was an undercast, he controlled the
bomb release.  Whether or not visual conditions prevailed, he pre-
pared to do direct radar bombing, always being ready to take over
if the bombadier counld not make the release visually. Up to shortly
before D-day, all radar bombing was direct bombing. After its in-
trodnction, coordinated bombing vapidly became the preferred pro-
cedure,

Tdentifieation of targets and aiming points proved to be a major
difliculty. DMost targets were well inland so that identification had
to be made without aid from coastal returns. The sets provided poor
definition of returns compared with later sets used in the Paciiic
Theater. Tdentifying the aiming point usually involved estimating
its position within a large honiogeneons return.  In the carly stages of
operations with radar the quantity and quality of scope photos for

48



[P

bricfing was not adequate to fumiliarize radar observers with returns
from the target area.

Pacific Theater

Fquipment—\While B-2¢s and B-17s with AN/APS-15 and
AN/APS-15A sets were used in the Pacific for sea search, mine-lay-
ing, and regular bombing missions, the most frequent airborne radar
installation in this theater was the AN/APQ-13 set in B-29 aireraft.
A few AN/APQ-7 sets in B-29 aircraft were used. The AN/
APQ-13, shown in a B-29 installation in figure 4.7, is comparable to
the AN/APS-15 in function, controls, and operation, but provides

OPERATOR'S
COMPARTMENT

\W_

AN/APQ-13 ——
IN THE

Ficune 4.7

shightly greater definition of returns. The AN/APQ-7, a new de-
velopment, is characterized by much greater definition on the PPI
scope but the presentation is lhnited to an area of only 60° wide and
directly ahead of the aircraft.

Navigation.—Airborne radar sets in the Pacific were first operated

by specially trained enlisted airerew members, designated as rader

operators. Becuuso they knew little about navigation, this phaso of
their work was snpervised by the navigator. The radar operator
simply controlled the set and made adjustments as directed by the
navigator on the basis of returns en the anxiliary PPI scope. The
nuvigatog took fixes from the auxiliary scope and computed target-
timing winds as described on page 39. Aiming point identification
was carried out in cooperation with the navigater. The radar operator
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set un the bombing problem with information obtained {rom the
bombardier. The navigator killed drift on the bomnb run and either
the navigator or radar operator called the successive sighting angles
(coordinated bombing procedure), the radar operator resetting the
computar box each time,

The enlisted radar operator was gradually replaced by the com-
missioned radar observer. As a result of his specialized training,
the radar observer was able to assume more navigational and bormbing
dutics. Besides operating the set, the radar observer took fixes a:
regular intervals, relayed the information to the navigator, compnuted
winds from radar information, and gave them to the navigator as
checks.  Winds were determined largely by the target-timing methc
with the target being tracked for 6 to 10 minutes.

TFor a large part of the over-water flight to Japan, no radar returns
were available and navigation was based upon Loran, driftmeter,
and celestial data. However, becanse of the long range of the radar
set, the radar observer was able to pick up the Japanese coast in time
to aid the navigator in crossing the coastline at the briefed point. Ac-
curacy of this first contact was vital to accuracy of the approach to
the IP and turn onto the bomb run. The radar observer gave in-
formation as to when the formation should start to turn over the IP
in order to come out of the turn on_the briefed course. The high
velocity winds encountered over Japan made it necessary to carry out
all such navigational procedures quickly and accurately. - All radar
information was carefully checked against data from other sources.

The Japanese islands gave excellent radar returns. Once the for-
mation canie within 100 miles of the island chain, numerous naviga-
tional check points were available. The identification problem ap-
peared simple and there was a tendency to abandon DR navigation
and rely wholly upon radar pilotage. IIowever, experience showed
that identification of returns over Japan was not as easy as it first
sccmned.  Many islands and inlets looked alike and the patterns made
by the land and water returns were extremely complex. Missions
were most successful when there was close cooperation between the
DR navigator and the radar observer, cach checking the other.

On the return legs of the mission, few radar returns were available,
Under maximum range conditions, distant izland chains were identi-
fiable and finally the home islands provided fix information, Because
of the paucity of navigational data on these missions, the radar ob-
gerver had to maintain the set at its maximum performance to obtain
all possible position data for the navigator.

Dombing.—The navigator was responsible for directing the plane
to the IP. TUnder nonvisual conditions, the radar observer was re-
gponsible for identifying the aiming point, making conrse corrections,
and culling sighting angles on the coordinated bomb run. Because of
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the large size and homogeneity of retnrns from the eities and built-up
areas of Japan, the visnal anning point of the prinsary target often
was not identifiable on the PPI scope. In such instances, under non-
visual conditions, a secondary target whicl yielded characteristic and
ideatifiable radar returns was used. IHowever, since a sizable part
of bombing over Japan had to be carried out by radar, it was impossible
strategically to continue to neglect the primary target and bomb only
the radar targets. Consequently, offset bombing systems were de-
veloped for bombing such targets by radar even thongh they were not
visible on the PPI scope. These systems depend upon the use of an
identifiable aiming point at a known distance and bearing from the
target.  Offset bombing requires extremely acenrate headings from
the IP to target and either timing the flight from the aiming point to
the target or making already-computed ndjnstments in slant rango
settings. Because of these difliculties, offset methods were never com-
pletely satisfactory.

In general, in spite of the greater definition yielded by tho
AN/APQ-13 and AN/APQ-T, the radar observer usnally has to esti-
mate the position of the aiming point within a large homogencous
target return,

JOB ANALYSIS OF THE RADAR OBSERVER IN COMBAT

The information contained in the foregoing job description, for the
most part, lacks sufficient detail to make possible a thorough analysis
of the radar observer’s job in comuat. Iowever, general estimates can
be made of the importance ta combat snccess of the abilities jndged to
e necessary for success in training.  While these estimates nre based
npon all evidence avadable, they are advanced with {nll recognition of
their tentative nature. No new abilities are introduced; the evidence
at hand seems inadequate to justify this step.

Set Operation

Set operation formed a relatively larger part of the radar observer’s
taslcin combat than in training since he had fewer other responsibilities
and was continually ealled upon to furnish position information.  On
the other hand, it is probable that skill of this sort had beconre semd-
automatic through continned practice by the time the observer reaclied
lis overseas station.  The correction of set nalfunctions and et opera-
tion under atypical weathier condition, liowever, hecanie correspond.
ingly more important. It seems likely that these chaanges tended
to decieplhiasize the importance of memory I (rote memory), verbal
comprehension, and psychomotor precision and inerease emnplhasis
npon mechanical experience and “scientific background.”
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Scope Interpretation

Identification of returns was diflicult in all theaters. However, the
the DR navigator afforded a check upon the radar observer in this re-
spect since he plotted the radar fixes, computed successive ground speed
and tracks, and had the radar observer retake fixes whiclh were incon-
sistent with previous position data.  In general, it appears that scope
interpretation was equally as important and required the same abilities
in combat as in training. It will be remembered that the factors
thonght to be most important for mastering scope interpretation in
traiving were perceptual speed, memory II (visual memory), and
space I (spatial relations).

Navigation

The radar observer shared his navigation tasks with the DR navi-
gator so that his work on navigation legs of missions was limited
mostly to set operation and fix-taking. In this respect, combat mis-
sions probably required less planning of activities, which is thought to
entnil “systematic diligence,” reasoning I (general reasoming), and
“scientific background,” and less computational worlk, thought to ve
quire numerical facility and reasoning I and little wind calculatio
thought to require space I. It is likely that individual differences :n
reading dials, scales, and the range marks on the PPI scope were less
marked among radar observers in combat than in training. This
would act to decrease the relative importance of numerical facility,
space I, and length estimation. Verbal comprehension should also
prove to be less important in combat than in training since it was in-
involved primarily in learning the navigational procedures.

Bombing

Aside from the emotional stress, the combat bomb run was closely
simulated by training bomb runs. A relatively unimportant difference
was that in combat, the radar observer often obtained necessary ground
speed and altitude information from other crew members without
having to determine it himself. This may have decreased the com-
plexity of bombing duties required of the radar observer and hence
simplified his planning problem. This would decrease the importance
of wveasoning I, “scientific background,” and “systematic diligence”
which are thought to be important in organization of duties. As in
the case of navigation, we might expect overlearning to have mini-
mized individual differences in reading dials and scales during the com-
bat bomb run. Ilowever, the increased stress of the bomb run may
have caused these differences to be recmphasized. The factors in-
volved in scale reading, it is believed, are numerical facility, “scien-
tific background,” and space I. Identification of aiming points for
killing drift and rate was probably more difficult in combat than
training, although even in training it was customary to bomb un-
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familiar targets. This task 1s thought to require perceptual speed,
memory II, and space I.

Sununary

In summary, it appears that the factors involved in the correction
of set maifunctions and in operating the set under typical conditions,
namely mechanical experience and “scientific background” and in in-
terpreting the scope, pereeptual speed, memory II (visual memory),
space I (spatial relations), represent the most impouvtant abilities re-
quired of the successful radar observer in combnt. Ifactors involved
primarily in carrying out navigational computations, numerical fa-
cility and reasoning I (general reasoning), and in organizing the
separate duties on the navigation legs and bomb runs, “systematic
diligence,” and reasoning I, probably become less important in com-
bat than in training.  Factors involved primarily in learning set op-
eration, navigation, and bomibing procedures, such as verbal compre-
hension, and memory I (rote memory) are thought to become relatively
unimportant in combat.,

It has often been pointed out that aircrew members were under great
¢motional stress in combat.  Although no adequate test has been
found to measure emotional control, it is undoubtedly true that it is
more important in combat than in training,

TIIE JOB O THE RADAR OBSERVER IN THE FUTURE

Trends in Equipment Development

The recent developments in airborne radar equipment indicate
probable changes in the tasks required of the radar observer. The
most Important of the equipment trends as illustrated by the
AN/APQ-13 and later sets are briefly as follows:

(1) Greatly increased definition which means that terrain features
will be presented in greater detail on the PPI scope.

(2) Automatic solution of navigation problems by electronic com-
puters integrated with the radar set.  These computers will yield such
information as track, ground speed, and drift.

(3) Computers permitting extensive use of offvet bombing.  These
compaters will make adjustments automatically in the bombing vari-
ables to permit aiming on any identifiable retnrn at a known distance
and bearing from the target without restricting the direction of ap-
proach to the target.

(1) Auxiliary systems which replace the bombsight in coordinated
bombing or which provide for mechanically synchronizing the bomb-
sight with the movement of returns across the PPI scope. By mieans
of these units, the radar observer can kill rate, now accomplished by
calling successive sighting angles, and drift by making adjustments
to keep the target under appropriate markers on the PP scope.  Othier
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bombing aids include aatomatic sweep expansion by means of which
returns are kept near the edge of the scope and automatic sector scan
which reduces the presentation on the PPI scope to a sector which in.
cludes the target area,

Indicated Changes in the Radar Observer’s Job

It 1s not clear what effect the increased definition obtained by new
radar equipment will have upon the task of scope interpretation.
Becanse more details of the terrain are presented on the PPI scope,
it wounld scem that the problem of identifying check points, target
areas, and aiming points will be somewhat simplified. Iowever,
experience in the Pacifie theater with the AN/APQ-T does not con-
firm this. While increased definition yields a picture which ap-
proaches an aerial photograph in terms of complexity or numnber of
elements, the increase In complexity is not accompanied by an in-
crease in the number and kind of cues that are available for distinguish-
ing the clements from each other. The resulting picture, over most
target areas, consists of an extremely complicated pattern of returns
that differ from each cther only slightly in terms of size, shape, and
brightness.

The bombing identification problem will undoubtedly be simplified
by the availabiiity of simple offset bombing methods. The radar
observer will not have to detect the aiming point or estimate its posi-
tion in the target area. Instead he will be able to select any nearby
sharp return which he can identify on his map, set up the automatic
oifset bombing compnter, and aim on the sharp return. In general,
however, it seems likely that the skills required in scope interpretation
will retain their importance for the future radar observer. Automatic
solution of navigation problems will greatly reduce the computational
skills required of the radar observer. Ie will simply have to manip-
ulate the controls on the computers and radar set, tracking returns
across the scope.  Use of the E-GB computer will be greatly reduced.
Map-plotting will be rednced and simplified. Less over-all under-.
standing of the relationships between the various navigational vari-
ables will be necessary. However, the addition of computers and
auxiliary units to the basic air-borne radar set will increase the num-
ber of controls which the radar observer will have to use and the
number of dials he will have to rend and interpret.

In summary, it seems likely that the skills required in carrying out
present radar navigation duties will decrease in importance and that
skills similar to or identical with those involved in present set oper-
ation or radar bombing procednre will become more essential,

SUMMARY

The chapter is introduced by a discussion of the purpose and meth-
ods of deseribing a job. The distinction is made between a “job
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deseviption,” which is a deseription in terms specifie to the job, and

a “job anaiysis™ or deseription in terms of general abilities,

Following a brief introduction to airborne radar equipnment, the
job of the radar observer m training is described under four head-
ings: set operation, scope iterpretation, navigation, and bombing.
Each gection 1s presented as a job description followed by a job
analysis.  The job analysis is made primarily in terms of factors
isolated In factor analyses carried out in the Aviation Psycholog
Program.  Where these factors are inadequate to account for the
skills presented in the job description hypothetical nbilities are called
upon.

The description of the radar observer’s job in training is concluded
by a summary of the job analysis sections.  Tii this summary estimates
are made of the relative validities of the various factors for predicting
suceess in radar observer training. Factors predicted to have the
highest validity were “scientific background,” space T (spatial rela-
tions), and memory II (visual memory). Those predicted to have
relatively high validity were “systematic diligence,” numerical
facility, reasoning I (general reasoning), perceptual speed, and verbai
comprehension.  Factors estimated to have low validity were length
estimation, psychomotor precision, and mechanical experience.

The job of the radar observer in combat is described for the Jluropean
and Pacific Theaters of Operation.  The combat job is briefly analyzed
by comparing it with the analysis of tasks required n training. Tt
15 predicted that the following factors would have relatively ligher
validity for predicting success in combat than in training: mechaunical
experience, “scientific background,” perceptual speed, memory I, und
space I.  Numerical facility, reasoning I, “systematic diligence,” and
verbal comprehension are estimated to have relatively lower validity
for combat than for training,.

A final section of the chapter smnmarizes recent trends in the de-
velopment of airborne radar equipment. These trends are inter-
preted as indicating that, in the future, skills involved in present
radar navigaticnal tasks will become less important. while <kills im-
portant to present set operation and radar bombing will Lecome moro
mmportant,
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CHAPTER FIVE

The ]Dcve]opment of Printed
Proficiency Tests '

INTRODUCTION

The Radar Project provided the radar observer schools with bat-
teries of standardized proficitney incasures including both priuted
tests and performance checks. It 1s the purpose of this chapter to
describe the development of the printed tests. The chapter which
follows this one will describe the development of the performance
checks.

Before discussing the specific use of proficiency tests in the radar
observer training program, the functions served by standrrdized
measurement in such a program may be outlined briefly. Aeasure-
ment under standard conditions yiclds, of course, more reliable results
than instructor ratings of students and informal classroom quizzes,
The benelits resulting from this greater reliability are many and
warrant the effort required to initinte and supervise the administra-
tion of a standardized proficiency measurement program. Most fn-
portant of these benefits is the possibility of maintnining constant and
uniform standards for graduation from training. The reliable
grades assigned students at graduation hunve the further effect of
making possible more eflective selection for subsequent operational
assignments.  In addition, such grades serve as a moro reliabla cri-
terion against which to validate selection tests. Finally, relinble
course grades constitute a criterion for use in studies of instructor
effectiveness, training methods and deviees, nnd student differences
and weaknesses.  Reliable grades assigned at intermediate stugzes in
the training provide valuable informntion about student progress.
One incidental adva, tage of the standacdized measurement progran
15 the basis it provides for promoting the uttitnde among stndents
that their efforts are being accurately and fairly assessed.

In the outiine of the development of printed tests which follows,
it will first be pointed out where printed tests were particularly ap-

e

.‘Thh\ chapter wng written by Sgt. Norman Graff with the arulstance of Cpl. Harold
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plhicable and, hence, were used in radar observer training. For each
of the four elassroom subjects of the course, set operation, radar navi.
gation, radar bombing, and radav intelligence, printed tests served
cither or both of two functions: (1) Measnring proficiency in solving
problenms und (2) measuring verbal knowledge of technical informa-
tion.  The constrnetion of printed tests will be disenssed with refer-
cnce to sources of information for itewns, preparation of iteins, pro-
visions for subjecting itens to expert criticism, weighting the several
stetions of a test, determining time limits, scoring formulas, and
format. The procedures described for revisions inelnded systematic-
ally compiling and reviewing criticisms, and statistically analyzing
existing forms. The extent to which wniforin testing was achieved
is outlined in a discussion of standardized testing conditions. Cer-
tain difliculties encountered in using standardized proficiency tests
arc reported and interpreted as resulting from rapid equipment devel-
opments and curriculuin changes in the newly-formed rndar ovserver
program. The remninder of the chapter deseribes cight representa-
tivo printed proficiency tests administered in radar observer training.
Ioach of these is described in terms of position in the course, subject
matter tested, relation to carlier achievement tests, specific details of
coutent and construction, and data from statistical analysis.

USES OF STANDARDIZED PROFICIENCY TESTS IN RADAR
OBSERVER TRAINING

Tho sceveral phases of radar observer training presented diff:rent
problems in constructing proficiency measures. It was realizad that
the skills taught in some parts of the trnining could be adequately
measnred only by performance checks. Information and skills taught
in other sections, on the other hand, could be measured by printed
tests. In generaly mnterial taught in the classroom, which comprised
about half of the 10-week radar observer curriculum, provided the
basis for constructing tests. To mensure ncquisition of the technical
information which made up a large purt of the course, tests were con-
structed consisting wholly of verbal questions. Other tests were con-
structed with problem-solving items to measnie the compntational
skills tanglit in other phases of the training.

Classroom instrnetion inelnded four topics: set operation, radar
navigation, radar bombing, und radar intelligence. Classroom in-
struction in set operation included the location and functioi of the
controls and units of the air-borne radar set.  Specific opernting pro-
cedures ineluded starting nud tuniug the set, ealibrating the range
unit, naintaining maximun definition vnder varying conditions, and
locating set walfunctions.  Sunch techuienl information provided a
readily-available sonrce of printed test items. Consequently, the set
operation proficiency tests consist of information items testing verbal
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knowledge of functions and procedures. It was recognized, however,
that discrete iterms, coneerned with proceduve present the student with
an artificial situntion. Such items require the recall of an clement of
proccdurc quite outside of the usual context where it is recalled ag
part of an actual operating sequence.  Alxo artificial ave the verbal
deseriptions of symptoms of set malfimetion used in questions framed
i such terms as “What shonld you do when - ____________ (3
It is entirely posible that a student could respond correctly to verbal
deseriptions of a matfunction and yet not be able to recognize it when
actually operating the set. To measure sct operating ability under
less artificial conditions, the bench et performance ehecks and certain
items 1 the acrial and supersonie checks, deseribed in Chapter 6, wero
developed.

The radar navigation conrses consisted, for the most part, of ihe
solution of navigation problems using maps, the I-6B computer,
Weems plotter, and dividers. The recognition of typieal radar re-
turns was also taught, as well as the application to the task of naviga-
tion of information obtained from the set. The radar navigation pro-
ficieney tests included both problem-solving and mformation items,
primarily the former. The problems presented in these tests ineluded
airplot solutions of wind problems, determination of wind, heading,
and track on the vector face of the I5-6B computer, aud solution of
time-rate-distance and altitude problems with the slide-rule face of
the E-6B computer. In addition te solving such problems ag were
included in these tests, it was felt desirable, also; to measure profi-
ciency in navigating typical missions which required the student to
obtain necessary data from navigation instriments and organize the
use of these data. Supersonic trainer and acrial performance checks
were coustrricted to measure performance on sueh missions,

In radar-bombing classes, students were tanght theory of bombing,
radar-bombing procedires, and the set operation procednres involved
in radar bombing, Knowledge of these subjeets was measured by
multiple-choice technical mformation items, The apphication of for-
mnlas and principles to determine variables used i bombing was also
trught; measurement, here, required the use of problem-solving
ttems,  Such items dealt with computing radius of turn, determining
neeessary drift corrections, and predicting absohute altitude over the
target,

Again, however, the procedure on an actual bombing run is quito
different from solving diserete items and providing answers to ver-
bally presented problems. The radar observer's basic rource ef in-
formation on a radar-controlled bombing rin is a complen pattern of
returns on the PRI scope which moves across the scope and beeones
incrensingly detailed.  This moving complex pattern can be repre-
sented only very ronghly by a series of scope photograplis in s printed
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test.  Another important characteristic of actual bombing runs is that
the student must integrate the various tasks essential to the bomb run
into a smoothly functioning system which permits him to complete
the multitude of tasks in a shoit time. Such integration of tasks
probably cannot be tested by discrete test items. To measure these
aspects of bombing proficiency which could not be measured by printed
tests, the bombing sections of the supersonic trainer and aerial per-
formance checks were developed.

The radar intelligence classes consisted of the presentation of fac-
tnal information regarding radar countermeasures, priority targets,
survival techniqnes, and target studies. This phase of radar training
was probably measured adequately by the single type of proficiency
measure used: the printed test comprised of technical information
items,

On the basis of the foregoing considerations, a battery of printed
tests and performance checks was prepared for the radar observer
proficiency measurement program. This program was of interest in
that 1t represented the first time in airerew training that a complete
battery of proficiency measures presented by a psychological research
organization was approved and adopted for use in all the training
stations of an aircrew specialty. The six performance checks inclnded
in this battery are described in chapter 6 of this report. Five printed
tests completed the battery. These included a test given at an inter-
mediate stage of training for each of the four subjects in the course
and a final comprehensive examination sampiing all four of the sub-
jects. The intermediate tests were titled as follows: Set Operation
Intermediate Test, Radar Navigation Intermediate Test, Radar
Bombing Intermediate Test, and Radar Intelligence Intermediate
Test. Tho comprehensive examination consisted of two test booklets
called FFinal Test I and Final Test 1T, which were administered dur-
ing a single testing period.

GENERAL PRCCEDURES USED IN DEVELOPING PRINTED
TESTS

Prcliminary Drafts

The first step in constructing printed proficiency tests consisted of
collecting the subject matter from all possible sources for each of the
four subjects of the radar observer course: set operation, radar naviga-
tion, radar bombing and radar intelligence. Course outlines, indi-
vidual lectnre outlines, and lecture notes of personnel from the Radar
Project enrolled in the course? were assembli:l. Information from

? Radar project personnel who completed requirements of the radar training curriculum -
were: Lt. William A. McClelland, Lt, George S. Kicln, Tech. St Sanford J. Mock, St. Sgt.
Richard ‘I Mitchell, 83t. Nathanlel L. Gage, Sergeant Graff, Cpl. Nelson R, Nall, Cpl, WH-
bert il. Schwotzer, and Pfc. Dwone R. Collins.
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(lese sourees war asstned to one of the fonr categories of subject mat-
cer and items were tentatively drawn up for elements of information in
cach calegory.  Ixisting tests were examined and some itemns weie
reviced and retained.,

The question of the relative weight to he assigned to each of the four
subjects in the course was decided by training authorities. The as-
sened weights were followed in construeting the teats by apportioning
more itens to one subject than another, A diflicnlty in the use of this
wethod, arising primarily in the construction of technical knowledao
sections, was the lack of snflicient test item material for the more
heavily weighted topics.  This was espectally tirue of two subjeets,
radar bombing and radar navigation, which required many instrie-
tiona! hours in the course for the presentation of testable subject mnat-
ter.  Less difliculty was encountered in expanding problem-solving
sections Lo increase their weight. Tmphasis was placed on the inpor-
tant navigation and bombing techniques by presenting cach problem
a munber of times but with altered data from iten to item.

Review and Criticism

After preliminary drafting, all items were subinitted to radar experte
for review and critieism. Ifirst, the individual items were reviewad
by instructors who had prepared the lectures from which item ma-
terial was taken. Revisions were made on the basig of resulting crit-
icism and a first draft of the proposed test was constructed. This first
draft was then presented to an assembly of all instructors teaching tho
pertinent subject. It was later found to be more efficient to subnat
proposcd tests to school authorities rather than to mstructors. This
had the advantage of obtaining criticisin from individuals not iuvolved
in teaching the source material and the administiative criticizm in-
sured an acceptable relation of test content to graduation standan da,

The methods just deseribed for obtaining criticism were suflicicnd
for technieal iuformation items. IFor problem-colving items, it way
necessary to obtain further judgments from expert radar observery
recarding correet answers and desirable tolerances for icorrcet altce-
natives. To facilitate obtaining these decisions, asy-tonuwis developod
which made use of three panels of five experts each. The members of
cach panel individnaly solved the test items after which the five ex-
perts compaved results and agreed upon answers and mislead tolee-
ances. 1When the decisions of the three panels were compared, they
iy refiected suflicient agrecment to confirn the adequuey of tha
separately determined values.  As a final cheek to insure acenracy, the
Rudar Project test construetion temns carefully resworked cach prob-
lem, Aniucidental benefit derived from the panel systeimn was that the
working time required by the experts in the original solition of the
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ems provided an approximate time Ihuit for the Grst administration
of the test.
Test Format

Jecanse the alternative choices i both the problem-solving and
technical information items were brief and requived little space, tems
were arranged on the pages of the test booklets in two columns. T'ns
accomplished a saving in space and gave a desirable compactiness to
each item. Answers were marked on a separate wnswer sheet which
allowed for machine scoring.  In assembling the various sections of
each test, timed problem-solving sections—the only sections requiring
the nse of equipment—uwere placed first in the test booklets. This ar-
rangement facilitated proctoring by making it diflicult for students to
worl mmnoticed on problem-golving sections after tune lmits had
clapsed. It also [acilitated administration since few stuaents finished
the speeded seetions before the time Hmits were up.
Time Limits

Tt has been inentioned that time limits for initial administrations of
problem-solving sections were determined on thie basis of the time re-
quired by panels of experts to solve the problems. These time Iinits
were used on the assumption that they would allow very few students
to complete the problem-solving sections. In assigning tume limits for
technical information sections, on the other hand, the attempt was made
to allow all students to try every item. The practice of speeding the
problem-solving scetions met with resistance from some school au-
thorities, who thought that tasks measured in these sections were not
solved under time pressure in actual radar bombing and navigation.
Whereas some authorities felt that accuracy, not speed, was most im-
portant in solving bombing and navigation problems, others believed
that speedy, systematic handling of the problems was paramount.
Among members of the Radar Project it was felt, on the basis of ob-
cervations of trained radar observers at work, that both speed and ac-
cnracy thould be mensured.  Another justification for speeding some
sections was that a section scored only in terms of accuracy would
provide less differentiation among students than would the same sec-
tion given with an appropriate time himit. The latter would discrim-
inate between those students who require a great deal of time to get
accurate answers and those who work both quickly and accurately.

Scoring Formula

All tests were scored simply in terms of the number of correct
responses.  The raw scores were converted to centile scores by means
of conversion tables constructed from the data accumulated from a
number of classes. No attempt was made in the scoring formula to
correct for guessing.  Tho use of scoring formulas for this purpose
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would have been complicated becatise noc all items had the smine num-
per of alternative responses, the number ranging from two to five.

Bases for Revisions

The urgency of installing the proficiency testing program nade it
impractical to administer any of tue tests experimentally prior to
{heir publication.  Consequently, first formns of the printed tests were
put into nse withont being subjected to the customary statistical
analysis to detect item defects.  Revisions were based upon statistical
analysis of existing forms, systematically gathered subjective criti-
¢isms, and changes in the curriculum.

Inspection of the means and standard deviations of the various
sections of a test and of the test as a whole often indicated necessary
revisions. Ifor example, these statistics for a speeded problem-solving
section of a test, part A of Final Test I, indicated that this section did
not contribute to the total test score in proportion to the time spent
in its administration. To increase the number of items in the section
wihout adding to its testing time, existing items which required inter-
mediate steps for their solution were broken down into separate items,
each requiring an answer. Also, answers which were given in terms
of two independent quantities were divided between two items. Ior
exmnple, instead of asking in a single item for a wind solution in terms
of wind direction and wind foree, the student was asked in one item
for wind direction and in another for wind force. The results of
using the two methods on part A of Final Test I are described on
page 812 The technique of making separate items out of the inter-
mediate steps in the solution of a complex problem was first employed
by Psychological Research Project (Navigator) where 13 problern-
solving items were expanded to 119 items.

The distribution of raw scores for speeded sections also served as
a guide for determining the adequacy of time limits. The distribu-
tions from early administrations of most of the speeded sections were
negatively skewed, most of the scores being concentrated at the upper
end of the scale. This lack of discrimination among students at
the upper levels of proficiency was taken to mean that the time limits
were too long.  To increase differentiation among the higher scoring
students, the time Hmits were shorfened and the distributions hecamo
more symmetrical.

Ttem analyses in terms of difficulty level and internal consistency
were cmployed to wield data for test revisions. Item difliculty was
measured by the percentage of students attempting an item who also
got it right. The correlation of each item with the total test score
wis found by computing a phi coeflicient. ‘This coeflicient was baced

et . st

®In table 5.8 are presented the means and standard deviatlons of part A of )Inal Test
I before anq after splltting two-answer tems Into two separate iters.
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upon the relative percentages getting the itemn right in the upper and
lower 50 percent of the group divided en the basis of total test score,
Ttems which were shown to be too diflicult or too easy were eliminated
or revised, as were items having zero or negative correlation with the
total test score. In some instances, however, such items were re-
tained because of the importance of their content to an adequate
simpling of the subject matter.

An attempt was made to compile systoinatically the eriticism made
by instructors and students during the period of administering a given
form. These criticisms, usually dealing with item clarity or the ade-
quacy with which a test sampled the subject matter, were considered
and items were adjusted where necessary.  Changes and developments
n airborne radar equipment resulted in changes in the subject matter
taught in the course, primarily in set operation. These changes fre-
quently made it necessary to delete obsolete material and incorporate
new material in the tests.

STANDARDIZATION OIF TEST ADMINISTRATION

Several steps were taken to promote the standardized test adminis-
tration which is essential to the success of a proficiency evaluation
program., The examiners who administered the tests were selécted
for the task by the school authorities. They were given indoctrina-
tion nnd instruction in methods of test administration by personnel of
the Radar Project. Detailed standardized directions for administra-
tion were provided for each test. These directions prescribed ap-
proved procedures for distributing and collecting test materials and
timing the various sections of the test, and included directions to the
students which the examiner read verbatim. All testing was carried
out in specinlly designated rooms at each training station. Adequate
working space was provided each student and necessary precautions
were taken to insure independent work during the test. All tests
were scored under the immediate supervision of the Radar Project,
and conversion tables and rosters of raw and converted scores were
prepared for the training authorities.

As in all testing situations, motivation played an important part
in the test results, Radar observer students had already received
their commissions and aircrew specialty ratings either as bombardiers
or navigators and it appeared that inany of them did not care whether
or not they g1 duated from radar observer training. IHustrative of

“the motivation problem is the following incident which occurred
ufter the cessation of hostilities in the Pacific on 14 August 1945.¢
Cn 23 August, class 45-3t at Langley Field, consi :ing of 39 students,
took the finnl examination and 13 students failed. The following
week, the succeeding class, 45-35, which included six of the previous

é Statlstlenl analysls of thls problem was conducted by Cpl. Hyman Sofer,
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failuves, was promised a week-end leave for “passing” the examina-
tion. With this goal, only 2 men in 45 failed. The data for the two
classes are presented in table 5.1, In addition, data for class 45-33

mapLe 5.1.—Effect of motivation on raio scores from speeded and nonspceded

tests?
Final test I, Final test 11,
Pla-B P1b-B (non: | Tofalof final
Class ] N (speeded) specded) s
Mecan 8§D Mean SD Mean 8D
45-33 (Pre-VI-day) . . ooeo et 31! e85 1002 60.16| 9.25)131.65] 1612
45-31 (post-¥J-day, unmotivated)............. 39 | 51.31 10.65 | 67.41 7.02 ] 118.97 12 53
15-35 (post-VJ-day, motivated) .. ... 45| 61.38 11.34 (Not ndministered)

1 Based upon administrations at Langley Fleld.

are presented to show the level of performance for students who com-
pleted their training before the Japanese surrender. It will be noted
that the specially motivated class attained the same level as the pre-
surrender group and that the low score of the poorly motivated group
was due primarily to poor performance on the speeded section of the
test.

DIFFICULTIES EXPERIENCED IN THE USE OF STANDARD-
IZED PROFICIENCY TESTS

The usual difliculties encountered in installing and administering
a battery of standardized proficiency tests were intensified by the
urgency and acceleration of the radar training program. At the
time the program was initiated, progress in the development of air-
borne radar equipment was rapid. ISquipment improvements which
required new operating techniques were being constantly introduced.
These changes inevitably produced difliculties in applying a given
standardized test to students over any considerable period of time. In
several instances, to eliminate obsolete subject matter, it was necessary
to delete items without replacing them. This was particularly true of
the radar intelligence course.

Because of the changes in equipment, students were often trained on
sets that differed from those for which proficiency tests had been con-
structed.  Tfurther, the training literature often lagged behind the
appearance of the new equipment. The development of lectures ex-
plaining new equipment and the attainment of proficiency by instrue- -
tors in new procedures was consequently slow.  These things conbined
to yield inconsistencies between the subject matter taught and the con-
tent of the printed tests.

On several occasions, there xas disagreement among the schools as
to correct opernting procedures and the emphasis taat should be placed
on various phases of the course. For example, oo scliool trained its
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stndents i navigation with the view of graduating students who were
prepared to take over the navigution function i emergency combat
situations.  Another school emphasized sct operation and bombing
and required, as the only navigation function, the plotting of fix in-
formation for the dead-reckoning navigator. At several schools stu-
dents were trained to obtain winds by the target-timing method wlhen
this method did not appear in the curricutum of the other schools.

Unfortunately, training authorities tended to desive test itenws which
conld be passed by most of the students. This feeling avose from a
conception of the minimum information required of a radar observer
i combat and, apparently, also from a desire to mal e the vesults from
a particular school seem to indicate a high level of proficiency.  Iow-
ever, it was possible to include diflicult items in the tests by explaining
their function in diseriminating among students at the npper levels
of proficiency.

DESCRIPTION OF TYPICAL PRINTED TESTS USED IN THE
RADAR TRAINING PROGRAM

ight proficiencey tests which were used in the radar training pro-
eram are described below. Iach test will be discussed in terms of
its function n the training program, its development, item content,
details of adiministration, important revisions, and statistical findings.
IFirst will be presented the four tests given at intermediate points in
the training, measuring proficiency in each of the foui subjects of the
course. These intermediate tests, in order of administration in the
course and presentation below, are: Set Operation Intermediate Test,
Radar Navigation Intermediate Test, Rudar Bombing Intermediate
Test, and Radar Intelligence Intermediate Test. Next are presented
the two parts of the comprehensive examination, Final Test I and
inal Test IT, administered at the end of the course. These are fol-
lowed by a description of a comprehensive examination, final test for
AU/ALQ-T ety prepared to measure proficiency on a recent airborne
radar ret. IFinally deseribed 1s the Navigation Proficiency Test,
not n radar test, which was used as part of the selection battery given
to candidates for radar observer training.
Set Operation Intermerdiate Test

'The set operation intermediate test 3 consisted primarily of technical
information items messuring knowledge of the operation of radar
eqnipment, ski” 1 analyzing equipment walfunctions, and knowledge
of anxiliary equipment nged in radar navigation and bowmbing. The
varions forms of the test contain approximately 100 wunltiple choice
items and require about an hour for adrinistration. A set operation

® Flrst forms of these tests were develoned Ly Sgt. Graff, and Sgt. Krledt. Revised
forms were prepared by S/S8gt. Mitehell und Sgt. Gerald S. Blum,
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intermediate test was adinimistered to radar observer students at ap-
px()\inmlcl) the middle of the ten-week course after the classroom
study of set operation had been completed.

Most of the ttem material for the first form of this t('st was obtained
from the radar operator achievement exanunation for AN/APS-15,
prepored até the request of the Psychiological Section, Medical Re-
searelr Division; Air Surgeon’s Oflice, by a project of the National De-
fense Research Comniittee.  This test was given by the A herew Ivalu-
ation and Research Detachment No. 1 in the selection of pathfinder
crews for the INighth Air Force. Revisions were made by the De-
tachment and the resnlting form, after supplementation by the radar
project, became form A of Set Operation Intermediate Test, P1lk-A
and P1L-A.

‘Various forms of the test developed by the radar project contained
from 76 to 120 items. None of the forms was speeded. IEach re-
quired 50 to 75 minntes testing time. No variations from the general
procedure of developing the test items were employed. Althongh
most. of the items are of the verbal knowledge type, some may be classi-
fied as proble:::-solving items, since they require the application of
theory to the solution of problems.

Samples:

17. If there is no sweep or spot on the scope, the trouble is a blown:
fuse in the '
17-A Synchronizer.
17-B Range unit.
17-C  High voltage rectifier circuit.
17-D  Low voltage rectifier circuit.
17-I5  Main confrol box.
18. Given:
Range unit “on.” Altitude 2.2 miles,

Sweep delay at 30 miles, Computer drum reads 4.9.
Bombing circle on target.
Find : What is the slant range to the target?

18-A  20.9.
18-B  32.1.
18-C  32.9.
18-D 349
18- 37.1.

In the sct operation intermediate tests developed for the Xastern
Training Comunand schools, the booklets were divided into scctions
on the basis of the following areas of subject matter: normal oper-
ating procedures, locating malfunctions, and use of anxiliavy equip-
ment.  IFor Western Training Command schools, no division into
parts was made.
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Revisions of set operation tests were necessitated primerily by tho
mtroduction of new sets and cquipment into the tr:aning program,
When theze revisions were made, statistical analyses of previous forms
were employed.  In all, six set operation intermediate tests were de-
veloped.  The first form produced by the Radar Project consisted
of Lwo sections combined into a single booklet, Plk-A and PIL-A {for
the AN/ADPS-15 und AN/APS-15A, respectively.  This test was re-
placed by Form B of PlI-B when instruction o:x the AN-APS-15 was
eliminated from the course. Two forms were constructed for the
AN/APQ-13, Plm-A and V Plm-A. When the AN/APQ-7 pro-
gram needed a set operation test, the Radar Project was so absorbed
with meeting the demands for test revisions from other schools and
with supervision of performance check administration that aid from
the NDRC Project was requested. The temporary test produced, at
that time, Radar Operator’s Proficiency IExamination for AN/APQ-T
was later replaced by radar project revisions, W Plt-A and W PIt-B,
which incorporated new test items from the materials in the growing
cnrriculum.

With one exception, the distributions of raw scores from the various
forms were negatively skewed. The distribution statistics given in
table 5.2 indicate that the tests were fairly easy.

Tante 5.2, —Mcans and standard deviations of distributions of raw scorcs from
various forms of the set opcrations intermediate tests?

Num. '
School Clnssos Form ber Timo N Menn 8SDh
Items

° Minutes

1....... Aleases. o oviiaeaa. VPIm-A..__.......... 120 L0 206 78.15 12,67
2 ... Allenses, oo PIlm=-A . 100 60 457 56. 09 10. 32
[ 4518 through 45-20.......... Ilk-Aand PUI-A__... 104 5 413 70.05 10. 68
kT, Allcases. ... PU-B o 80 | 0 700 | 70.868 10, 07

1 Schiooi 1 I8 Victorville, 21s Boca Raton, and 3 1s Langley Ileld.

The odd-even reliability for formn Plk-A and Pll-A is 0.60 which
correets Ly the Spearman-Brown formula to 0.74. This form has 104
items and a time limit of 75 minutes. The mean and standard devia-
tion of the odd scores are 38.11 and 4.96 respectively.  The mean and
gtandard deviation of the even scores are 35.45 and 5.03 respectively.

Item analysis of diflienlty level based un 434 cases for form Plm-A,
which yielded an approximately normal distribution of raw scores,
shows adequate item difiiculty loevel. The mediun item difliculty for
the upper half of the group was 68 percent passing and for the lower
Lindf was 19 percent.  This form, whiclvhas 100 items with a time limit
of 90 minutes, yielded a median phi of 0.10 when analyzed for internal
consisteney using the same 434 cases.  Computation of phi was based
upon the upper and lower 50 percent of the group.
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Radar Navigation Intermediate Test

The radar navigation intermediatoe test ¢ was designed to measure
proficiency In solving typical radar nnvigation problems, and verbal
knowledge of the techniques of radar navigation. The varicus forms
of the test contain from 63 to 90 multiple-choice items and require from
65 to 90 mninutes for adininistration. A navigation intermediate test
was administered upon completion of classroom training in radar navi-
gation, which was given during the first three-quarters of the course.

The materinls for the iteins of the early forms were obtnined by the
radnr project from existing instructors’ quizzes, navigation manuals
and lectures, and suggestions of aerial and ground school instructors.
Helpful ideas for adapting navigation problems to multiple-choice
items were gained from the proficiency tests developed by the navigator
project.

Most of the items in the radnr navization intermediate tests were
of the problem-solving type. Since navigation problems require the
use of a rather complex set of data, it was arranged, in order to save
testing time and space in the test booklet, to have two or more items
based upon a single set of basic data. To simulate inaccuracies which
commonly enter into navigation instruments and data, erroncous ma-
terials were occasionally introduced into the basic data. Also, it was
felt that by incorporating crroneous information, the student would
boe required to use judgment comparable to the judgment he would
employ in the air when rejecting a poorly plotted fix. These techniques
are illustrated in the following sample itemn. It will be noted that item
98 is dependent upon items 26 and 27 msofar as the student must use
the selected alternatives to the latter items to solve item 28,

Sample:

Some of the fixes are incorrect, consequently all six fixes should be
plotted for each problem. The times for the first and last fixes nre
always accurate. Questions 26-28 are parts of the same problems.

Given: Time, bearing, and horizontal range for six wind run fixes.

102804, 199°, 14 n, m. 103603, 05G6°, 14 n, m,
102950, 193°, 11 n. m. True heading, 212°,
103430, 071¢, 8 n. m. True air - peed, 152 K.,

103515, 062°, 11 n. m,
26. I'ind : True course.

26-A  038°.
26-B  042°,
26-C 208°.
26-D 218°,

26-I%  222°,

! Developed by 'Sgt. Graff, Sgt. XKriedt, and Cpl. Koch.
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27. F'ind: Ground speed.
2T-A 179 KK
°7-B 189 K.
27-C 199 IK
7-D 209 K.
-0 219 K.
08, I'ind : Wind (use the GS und TC sclected as covreet for question
26 and 27).
98-\ 016°/50 K.
08-B  021°/44 K.
98-C  051°/50 K.
03-D 051°/44 K.
28-15 056°/50 K.

o

[ S}

1

Larly forms included items on scope interpretation, radar unit func-
tions, *adar beacon navigation, and I-613 computer problems. Later
forms were more definitely divided into separate sections. The most
heavily weighted seetion was the theory and technique of radar nav-
1zation, eourse determination, and drift determination. In the vari-
ous forms, this first seetion included from 28 to 72 items given in 30- to
70-minnte unspeeded sessions. Next was presented a speeded seetion
of from 15 to 18 ites requiring 10 to 18 minutes and measuring abil-
ity to use the IE-6I eomputer in determining wind direction and force,
true heading, true course, ground speed, ground range, and ETA. Ten
airplot problems similar to those described on page 80/for Final Test I
were presented in another speeded section, with a time limit of 20
minutes. Ifor the airplot section, this test incorporated a standard
expendable Mercator chavt the size of the test booklet upon which the
student plotted his own latitude and longitude data. An additional
12-item seetion,” employed only in the Western IFlying Training Com-
mand schools, was used for measuring ability in target timing wind
determination, This speeded section had a time limit of 12 minutes.

Original forms of the radar navigation intermediate test emphasized
the awrplot method of determining winds as was done in the schools
of the Eastern Technieal Training Command. Imporiant revisions
were necessitated by the introduction in Western Flying Training
Command schools of the turget timing incthod of determining winds.
Three forms were constructed for the castern schools: P1h-A and P1h-
B for the AN/APS-15 set and Pli-A for the AN/APS-15A set.
Three more forms were constructed for the AN/APQ-13 used at the
western schools: Plj-A and V Plj-A for use at Viectorville, and
W P1j-A for use at Williams Field.

! Preliminary work on this section was couducted at Boea Raton, Fla,, by Sgt. Graff
aind Spt. Kriedt, The latter completed the sectlon In the Western Flylog Tralnlng Com-
mand station at Willtams Field. :
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The means and standard deviations for the part and the total scores
of form P1h-B are presented in table 5.3, The extent to which each
cection contributed to the total score may be estimated from the stand-
ard deviatious.

Tantk 5.3.—Means and standard devictions of distributions of part and total

rawc scores from form Prh-B of the radar navigation intcrmediate fest,
administered at Langley Field

opese » Number o
Classes Part g Time N Mean s
Minules

45-9 throuyh 45-27.. 45 35 7 31.38 7.37
45-9 through 45-27. . 15 10 675 8.70 2.85
45-9 throupn 45-27. 10 20 675 4. 63 1.2
45-9 through 45-27. 70 65 67s 4418 0.20
AT CASUS. oo cememcmnamnanmaannaas 70 65 | 959 43.24 8. 84

Two reliability studies were made of form P1h-B. The first con-
sisted of an odd-even reliability computed for part A, an unspeeded
scction containing 45 items with a time limit of 35 minutes. The
odd-even coeflicient based on 179 cases, Langley Field classes 45-19
through 45-33, is 0.61 which corrects by the Spearman-Brown formula
to 0.76. The mecan and standard deviation of the odd scores are
14.66 and 3.18, respectively. The mean and standard deviation of the
even scores are 14.48 and 3.12, respectively. Odd-cven reliability
cocflicients were not computed for the other two parts of this test
because they were speeded.

The second reliability study consisted of determining a test-retest
reliability for the parts and total score of form P1h-B. The results,
presented in table 5.4 are based upon only one class of 27 students.
The reliability coeflicient for the total test was found to be 0.64.

Tanrre 5.4.—Tcst-retest rclifrbilfty cocficients for part and total raw scores of
radar navigation intcrmediato test, P1h-B*

i Mean- Mean-
Part . L Wi tost ot D-test |8D-retest ru 8E,w= .00
| S 27 27.09 3274 6.97 3.31 0. 55 0.20
|8 27 8.0 11. 52 3.40 2.23 33 .20
L PR 27 3.33 5. 55 1.05 2.10 .39 .20
Total. ... eeeeaee. 27 39. 09 49.18 0.06 4.55 .04 .20

' Barod npen Lanpley Fleld elnsses 45-17; 24 pereent were bombanliers and the remainder were navigators,
Test and retest were s cparated by an interval of 1 week.,

Ttem analysis yielded the diflienlty level and internal consistency
statistics presented in table 5.5. For each part of form PIj-A the
median difficulty level and the median phi coeflicient are given for
the upper and lower halves of the group divided on the basis of total
test score.  Statistics concerning diffienity level, which ranges from 49
to 87 percent pussing, indicate that the items in both the technical-

. =2
Information section and problem-solving sections were answered cor-

703327—47— 6 71
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rcctlzy by most of the students.  Of considerable interest in table 5.5
1s the diserepaney in difliculty level Letween school 1 and school 2.
The students from school 1 were mostly navigators, while the students
from school 2 were mostly bombardiers.  Despite the fact that most of
the developmental work on this ferm of the test was conducted at
school 2, its students consistently scored lower than students from
school 1. '

Tanvy 5.05.—Medlun difficulty level for uppcr and lowcer scoring yroups and
median phis for the parts of radar navigation interincediate test, P1j—-A"

AMedian diM-§ Medlan diN-
Bchool Part N culty upper | culty lower M;\rd!b‘m

50 percent ! | 50 pecccut 3 | PR
87 70 0.19
61 49 L1
83 72 .10
77 52 14
63 61 .13
63 19 11

} Data from school 1, Victorville, arc from classes 45-12 through 45-27. Data from school 2, Boca Raton,
nro from ela: s 45-7 through 548,

1 Baced npon the number attompting the itom,

8 1o« upon tho upper 50 pereent versus the lower 50 percent,

Ruadar Bombing Intermediate Test

The radar bombing intermediate test® consists both of technical
knowledge and problem-solving items measuring knowledge of the
theory and techniques of radar bombing. The various forms of the
test, which include from 52 to 77 multiple-choice items, are not specded
and require somewhat less than an hour to complete. A radar bomb-
ing intermediate test was administered to radar observer students near
the end of their training after the lectures covering radar bombing had
Leen completed.

The radar bombing test was developed entirely by the Radar Proj-
cety its only antecedents being daily quizzes based upon bombing lec-
tures. Item material was also garnered from bombing manuals, lee-
turea; and recommendations of instructors and supervisors. Items
were distributed vandomly with respect to subject matter coverago
which included such topies as formation bombing, off-set bombing, co-
ordinated boribing procedures, set operation during the bombing run,
drift determination for collision course to target, and procedure turns.

All forms of the test except one were without part divisions; the
exception was a two-part test developed for use in the Western Flying
Training Conmunand schools, The problem-solving items were con-
structed in interdependent groups. Care was taken in selecting
mislead values for the problem-solving items to make them close
enongl to the correct value to reduce to o minimum the likelihood that
a student could do careless work and still select the right answer.

" Developed by Sgt. Graff, 8gt. Krledt, and Cpl. Koca.
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Sample: Interrelated problem-solving items. Questions 1-0 are
parts of the same problem.

Given:
Truo course to X P e 085°,
True course from I. P, to target ... _______ 0350,
Truo 8ir SPeed v e e 170 K.
WA co o mommemmmm s ssas o e e omme S 230°/70 K.
Absolute altitude- oo e e 94,320 fcct,

1. Iind: Radius of turn,
1-A 3.0.
1-B 3.2.
1-C 34.
1-D 3.6.
1-E 3.8.
2. Find: True heading to L. P.
2-A  093°.
2-B  095°.
2-C 097°,
2-D 099°,
2-E 101°.
3. Find: True heading from 1. P. to target.
3-A  024°. .
3-B 026°.
3-C 028,
3-D 030°.
3-E 032°,
4. Find : Wind correction vector.
4-A 12
4-B 14.
4-C 1.8.
+D 18.
+E  2.0.
5. Find: Turn allowance (horizontal range).
5-A 1.9 n. m.
5-B 2.1 n. m.
5-C 2.3 n. m.
5-D 2.5 n. m,
5-E 2.7 n. m. .
6. Find: Turn allowance (slant range).
6-A 4.1 n. m.
6-B 4.3 n. m,
6-C 4.5 n. m.
6-D 4.7 n. m.
6-E 49 n. m.
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Techinical information item.
95, With arvimuth stabilization ON; the target dvifts to the lefy,
The radar obzerver shonld correet the pilot to the—

05-A  right and move the track line to the right.
25-B  right and move the track line to the left.
25-C  left and move the track Ine to the right.
on-I} left and move the track line to the left.
05-1  left and not move the track line.

Original forms of the radar bombing intermediate tests included
Ple-A for the AN/ADPS-15, Pif-A for the AN/APS-15A, and
Ple-A for the AN/APQ-13. Curricular revisions, local school re-
quests, and the resnlts of item analyses created the need for several
modifications. TForm Ple-B was a revision for the AN/APS-15.
Plg-A, applicable to the AN/APQ-13 set which wus used in the
Western Training Command schools, was revised when the E-G13 com-
puter solution of procedure turns was introduced into the curriculum
and given considerable emphasis. The resnlting test had three alter-
nate or revised forms for use at Victorville, V Plg-A, V Plg-B, and
V P1g-C, and W Plg-A, for use at Williamns Field. The problemns
in this test required the inclusion of two tables giving data for bomb-
g computations.

The means and standard deviations for three forms of the radar
bombirg intermediate test, cach given at one of the three largest train-
ing schoals, are presented in table 5.6.

TABLE 5.0.—23cans und standard deviations of distributions of raw scores from
various forms of the radar bombing intcrmediate test

Form Numbher| Time | N | Men | 8D
Milnutes
0 LD 55 40 829 41. 08 4.07
L N 57 40 568 31. 21 4.82
W 1°8%=Bo000 coosocoococcosooconosaccooscacsonosnocas 63 10 260 46.58 6. 57

The vesnlts of item analyses of difficulty level and internal consist-
eney for two forms of the radar bombing intcrmediate test are pre-
sented in table 5.7, The difficulty level statistics indicale that the

Taprr 5.7.—-Median dificulty level for upper and lower scoring groups and
rredian phis for twco forms of radur bombing intermedinte test?®

Median difil-| Median dim.
8choal Form N culty upper | culty lower Mediag

50 pervent 50 pereent phi?

| PN PYg-A . 846 74 48 0.11
S PIe-A i 410 71 53 15
kR Ple-Boce el 754 00 ) 76 .18

1 Data from school 1, Vietarville, are from classes 45-16 through 45-27,  Data from schiool 2, Boca Raton,
are frour clisces $5-5 throueh 235, Data from school 3, Lanvley Field, are {rom classes 45-11 through 531,
! Dused upon the upper 50 percent versus the lower 50 percent. :
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enes vere casy sinee a high pereentage of students answered the
items correctly.

Tl odd-even reliability compnted from 180 cases for form Ple-13
0.2 whiel corrects by the Spearman-Brown formmla to 0.59.  This
forn has oo items and a time limit of 10 minutes.  The mean and
andard deviation of the odd scores are 20.12 and 2.56, respectively.
The mean and standard deviation of the even scores are 21.86 and
251, respectively.

The veliability of 0.59 is lower than an odd-even reliability of 0.75
found for part B of Final Test IT, P1b-A, which consists mainly of
radar bombing items similar to those in the intermediate test.® A
value of 0.69 1s <hown in the same table for a similar section of a later
test, purt B of Ifinal Test 1I, P1b-13. The lower rchiability of the
intermediate test may be partially explained by its shorter length.

Radar Intelligence Intermediate Test

The radar intelligence intermediate test '® consists wholly of tech-
nical information items measuring verbal knowledge of scope inter-
pretation, radar countermeasures, scope photography, current the-
atres of operation and radar targets, escape and survival techniques,
and mission briefing and interrogation. The various forms contain
from 83 to 120 multiple-choice items and require from 75 to 85 minuies
for administration. The test was usually administered near the end
of the course,

The radar intelligence tests were construzted wholly on the basis
of lecture material and classroom quizzes alr :ady in use. Three radar
infelligence tests were developed before rapidity of change from one
area of bombing operations to another forced the abandonment of this
terd in the proficiency battery. Pln-A and Pln-B were developed
for the schools using the AN/APS-15 and AN/APS-15A sets and
Plp-A for the AN/APQ-13 schools.

Means and standard deviations obtained for each clagss taking the
various forms of the radar intelligence intermediate test are not pre-
“onted becanse the constantly changing subject matter render the
reults meaningless.  After several administrations of a given form,
the parvticular subject matter tested was often found to have bLeen
cliainated from the radar intelligence eurriculum,

One phase of the radar intelligence curriculum for which no ads-
quste proficiency measures were developed is seope interpretation.
Repeatedly, aerial instructors and students found that errors in radar
bombing aceuracy were due largely to failure to correctly interpret
the returns on the PPI scope.  Iowever, the complexity of the returns

precented on the scope and partienbarly their movement and inereasing
M
' Ree table 5.12 far reliablllty statlstles of TMinal Test 11, PIb-A,

’_’;'n"‘ﬂ-‘ testys were prepared by Sgt. Graff with the supervislon anid ald of Bgt
\rledt, e
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complexity on the bombing run, appear to linit the extent to which
printed tests can measure scope interpretation. It is probable that
nerial and supersonic checl items can be developed to measure this
important function more adequately. An additional testing tech-
nique which promises to yield move adequate measures of scope in-
terpretation ability s the motion pieture test.

Final Test IM

Trinal Test I is a radar navigation test consisting wlolly of speeded
problem-solving items, It measures proficiency in use of the I&-6B.
computer, the Weems plotter, and the dividers, with emphasis upon
air plot wind determination, and navigation on the basis of ground
positions obtained from photographs of the PPI scope. The test
consists of 4 parts with a total of 85 or 105 items, depending upon
the form, and requires 145 ninutes for adininistration. It is the
first of two test booklets which comprise the final examination given
to students upon completion of radar observer training.

The chief source of items in TFinal Test I was scctions 5 and 6 of
the Radar Operator Achievement examination, prepared by the Na-
tional Defense Research Committee and used by the Aircrew Evalua-
tion and Rescarch Detachment No. 1 in the Eighth Air Force.* The
ATLRD No. 1 revision of section 5, dealing with position and direction
of flight, was used in part B of Final Test I, in which the student
determines ground position from simulated scope photographs, Sec-
tion 6 of the NDRC tests, a navigation problem, was revised by AERD
No. 1 and became the simulated mission presented in part A of Ifinal
Test IT. The revisions carried out by ATLRD No. 1 were toward closer
simulation of the materials used in actual radar navigation and con-
sicted of employing an actual combat zone mercator map and simu-
lated scope photographs, the latter being more realistic than the
NDRC mimeograph presentation of the PPI scope. The motiva-
tional effeets of these devices were apparently great, since students
takine the test scemed to feel that they were practicing a mission
they micht {ly some day over Germany, In its vevision of the AERD
No. 1 version, the radar project supplied misleads for the mission
and scopo plotting sections by the panel system described on pagoe 61.
Several of the test photographs were improved and the E-8B com-
puter and airplot scctions were edited and expanded. The simulated
mission was placed first in the test booklet to tale advautage of the
greater student interest 1n this section.

Part A has 25 items in form Pla-A and 45 items in form Pla-B.
Both forms require 70 minntes to administer. Part A consists of
o simulated radnr bombing mission over Germuny, the separato items

¥ Developmental work on thls test was conducted by: Capt. Horace R, Van Saun, Sgt.

Graf, Sit. Phillp 1, Krledt, and Cpl. Jobhn F. MacNaughton,
3 8ee chapter 10,
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of which eall for solution of navigation problems that would typically
be et on such a misston. The student 1s provided with an expend-
Able mercator map of the area over which the bombing mission is
{own andl a book of 10 simulated scope photographs representing
the scoj ~ al given times during the mission. Using the 15-6B com-
puter, Weems plotter, and dividers, the student is required to de-
termine ground position from the photographs, compute winds, de-
termine new headings tomake good a given course, compute estimated
times of arrival at various points, and solve similar basic navigation
problems. The speeded items, in conformity with usual test construc-
iion practice, increase in difficulty through the test and are necessarily
interrelated as is evideat in the following item:

Sample: A problem-solving item related to an earlier item.

19. In ovder to avoid flak around DMunster you alter course and
fly dircctly from the last ground position (questions 13 and 14) to
52°10" N, 07°50” E, Using the wind in questions 17 and 18, which
1s closest to the wind that you actually computed and the same true
air speed of 215 X, find the new true heading.

19-A 052°,
19-B 056°,
19-C 060°,
19-D 164°,
19-I5 068°,

The responses to many items in form Pla-A contained two inde-
pendent variables. In form Pla-B such items were split into two,
each having single-variable responses. This change, which amounted
to increasing the number of items in part A, was most commonly made
m items requiring wind information and coordinate readings.

Sample: Old form:
5. Photo No. 5 shows the screen at 0957. TWhat is the wind$

5-A 345°/50 K.
5-B 350°/44 K.
5-C 360°/57 K.
5-D 005°/42 K.
5-T5 010°/64 XK,

Stumple : New form:

7. Plhoto No. 2 shows the sco_.e at 0957. What is the direction of
the wind ¢

T-A 165°,
B 1750,
7-C 335°,
7-D 3450,

T-1 355°,

-
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], What s the wind foree?

-\ 10 K.
8-B 19 K.
8-C 57 K.
8-D 67 K.
8- 17 K.

Tolerances were deterinined by a panel of in-tructors and by test
constrie tion teams.  Some of the considerations were acenracy of plot.
ting and of use of computing equipment.  Iuclnded in alternative
choices were answers based on reciproeal plots, careless settings and
inaceurate readings of the I5-6B computer, and connnon misunder-
standing of required teehnique. Tt was believed that the simnlated
mission requires much tlhie sante seleetion and integration of data that
is required by actnal radar navigation. The simulated mission is to
Le contrasted with the remaining parts of Final Test I, which, like
the usual test, require solution of mdependent items.

Part B consists of 20 items and has a time limit of 30 minutes.  Each
item requires the student to determine ground position from a simu-
lated scope photograph. The radar returns appearing on the 20
photographs represent arcas on the Mercator map used for part A.
A dead-reckouing position is given with each photograph which is
within approximately 50 miles of the represented ground position,
The student niust identify one or more retnrns on the pliotograph, take
a fix on these returns, and plot it accurately on the map. The answer
is recorded by selecting the one of five pairs of latitude and longitude
values that corresponds most closely to the coordinates of the plotted
point.  Sclection of the correet pair by elimination was made unprofit-
able by the enforcenment of a severe time limit. Several conditions
govern the selection of misleads,  Mislead values were chiosen which
were cloze enongh to the correct values to measure plotting accuracy.
At the same time, however, misleads were given values such that rea-
sonable plotting deviations would not force a stndent to sclect at
random one of two clioices equidistant from his plotted point. An-
other consideration was that a degree of latitude, as vepresented on
the Mereator niap, was 60 percent longer than a degree of longitude.
Because of this scale difference, a vertical plotting error of, for ex-
ample; 2 minmtes represented poorer performance than a horizontal
error of 2 mimutes.  On this basis, for cach item, the longitude values
i the mizleads differed from the true longitude value slightly more
than the mislead latitnde values differed from the true latitude.

Siample: Seope plotting, part B (Bach question is supplemented
with n scope photograpl.)

16. Approximate pozition at time of photo 46
51° 40" N, 06° 20" k.
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find ;s Ground position at time of photo 6.
46A DIOLY N., 05021 .
1G-13 H192h” NL, 052307 K.
J16-C Hi9o32" N, 057107 L.
16-D 52°20" N., 07°00" I3,
16-15 52°30" N., 06°50" E.

Part C consists of 20 items requiring 12 niinutes for form Pla~-A and
15 minutes for form Pla-B. Each item requires the student to nse
the I 63 computer to solve a navigation problen, such as finding wind
direction, wind force, track, heading, and ground speed.  The student
celects the answer to each itemn from among five alternatives.

In setting ap mislead alternatives, attempts were made to rule out,
as fur as possible, the chance selection of the correct answer, Several
of the four misleads were given values near the correct vahie in a
nmuber of the items.  The problem then arose of the size of errors that
were due to variation in the accuracy of the E-6B computers. Guid-
ance on this problen: was found in an unpublished «tudy conducted in
Junuary 1945 by the Navigator Project. In order to determine the
magnitude of computer differences, the Navigator Project used cight
each of four common types of computer to solve a number of typical
navigation problems, The distribution of the answers about the
arithmetic mean of all solutions indicated that computer variability
was negligible.  Only 7 percent of the computers had errors greater
than 1 knot for the computation of true air speed {rom indicated air
speed, pressure altitude, and temperature.  Drift determination, using
ai0-knot wind 45° from the true heading, produced an error of 14° or
greater in only 3 percent of the cases. Ground speed in the same
problem was in error by 1 knot or more for only 4 percent of the
computers,

Mislends for the -6 computer problems also incorporated com-
mon crrors in procedure.  IFor example, when problems involve high
velocity winds, it is necessary to enter the wind velocity on the com-
puter at a fraction of its value. At the same time, the true air speed
must be entered at the same fraction of its value and the resulting
gronnd speed must be multiplied by the reciprocal of the fraction. In
cirelr problems, the values that would be obtained if a student over-
“looked one or more of the cnumerated steps were given as misleads,

Sumple: B-6B computer problems.
74 Given:

WAnQ.e e 050°/70 K
True heading o - o o e 075°
True air speed - oo oo oo 250 XK.
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I'ind s Ground speed :
T1-A 148 K.
74-B 180 K.
74-C 188 K,
71-D 205 K.
74-15 208 K.

Fart D consists of 20 airplot problems with a time Hinit of 30 nin-
utes. The problems require the use of the E-613 computer, Weems
plotter, and dividers in determining winds by the airplot method or
carrying ont dead-reckoning procedures. The plotting is done on
the unused portions of the mercator map used for parts A and B, The
student is required specifically to determine air position, wind velocity
and direction, and estimated time of arrival at a proposed point in the
flight. Several groups of interrelated items are included. The mis-
lead alternatives for the five choice items were obtained {from the com-
putations of the panel of cxperts and from a consideration of common
errors in procedure. Consideration was given to the difference in lati-
tude and longitude scale, and to the greater inaccuarcy of shert com-
pared to long wind legs.

Sample: Airplot.

Questions 88 and 89 are parts of the same problem.

88-89 Given: '

Point of departure - - .- _.___.__ 53°32" N., 05°38" E.
Time of departure . _______ 0829.

True heading. - _______ JEESIN 060°.

True air speed- oo e m—————— 192 K.

Time of turn and PPY fix_ . _____ 0843.

Coordinates of PP fix_ oo ______ 54°04’ N, 06°42’ E.
New (rie heading oo oo 210°,

New true air speed oo oo oo oo 198 K.

88. Ifind: Wind.

°3-A 160°/50 K.
8313 168°/12 K.
$8-C 168°/43 K.
83-1 177°/12 K.
83-T 177°/43 K.

89, It i Best estimate of ground position at 0856.  (Use the wind
in question 83 that is closest to the one you actually computed.)
89-:\ h53°31” N, 06°09” I8,
£9-B 53°36° N., 06°05” E,
89-C 53°39” N., 06°00” E.
89-D 53° 10" N., 06°10" E.
59-15 §3°41 N., 06°10" E.
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Final Test T is applicable to curricula built around either the
AN/ALS-15, AN/APS-15A, 0or AN/ADQ -13 sels sinee it is concerned
prinarily withe clementary navigational techmiques. Two forms of
Iinal Test T were prepaved, Pla-A and Pla-B. . I'la-B differed
(rom the earlier form primarily m that the simulated mission was
expinded from 25 to 45 ttems without an increase in testing time,
‘[he process by whicli this was accomplished as nientioned earlier,
consisted of splitting items with two-variable answers into two items,
wch having one-variable answers. Also complex problems were
Lroken down into intermediate steps and an answer was required for
cach step.  The items in Pla-A were analyzed and items were deleted
on the basis of lack of relation with total test score or because of
extremely high or low difficulty level. The items in the -6B and
airplot sections were re-arranged and the time limit for the }-6B
cection was shortened from 15 to 12 minutes to reduce the number of
students completing the section. The lutter change was necessary to
increase the discriminatory power of this test at the upper levels of
proficiency.

The means and standard deviations for the part and total scores of
both forms of IFinal Test I are presented in table 5.8.%

Tanre 5.8.—Mcang and standard dcviationsg of distributions of part and total
ra10 gcores from 1wo forms of final tegt I

Part Form Number | Time N Mesn | 8D
Minutes

Koo PIO-A oo, 25 70 28] 1596 4.08
Pla-B. e, 45 70 655 29. 00 7.52

) ; TP Pla-A .. 20 30 230 9.41 3.2
Pin-B. .l 20 30 635 | 10,44 372

Coeeeeeeeeee PI8A .ot 20 15 26| 13.09 367
Pla-B. e cieaaaan. 20 12 [1C8}) 13,01 3.7

8 2 ) O £ %Y, G 20 30 230 8.14 2 41
Pla-Boono 20 30 635 9.3 313

T PUA oo 85 145 216 | 46.72 10. 25
Pla-Bo oLl 108 142 css | 6303 12,53

! Data for Form Pla-A are based upon Langloy Fleld classes 44-12 through 44-106 and for Form Pla-B,
Lanyley Ficld clas 03 45-8 through 45-24.

Tn tuble 5.9 are presented the means and standard deviations for
the part and total scores of form Pla-B for three schools.!t It will
be noticed that most of the critical ratios of the differences between
the means ave significant at the 1 pereent level. The differences ars ex-
pliinable in terms of population differences and the varying emphasis
upon navigation procedures. Students from both the highest and low-

—————————

AN statlstical work was conducted under the supervision of S/Sst. Beinard C. Sulllvan.
"j-‘ was assisted by Cpl. Robert I, Koch, Sgt. Snnuel D. Morford, and Cpl. Sofer. For Final
LU 11 and subsequent tests, Cpl. IWoch dizeontinued work with statlstical analysis and
contributed direetly to test coastructlon with ltein development.

. * Critlenl ratlos were computed by Cpl. Sofer, and checked by Cpl. Wilbert H.
Schwotzer, '
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Taner 5.9— Compurivaon of sehools in teems of wmeans and sinwdarcd deviationy
of distributions of part and total raw scores of Final Test 1, Pla B?

| Critical ratho of mnean ditlerenees
P’nrt Scehool N Mean = = Ty
Sh 1 2 l 3
A 1 fi=3 29 96 7.5 X R 14,21 I 4
2 R .02 7.6 N [ AN
3 (25 .73 TR 4 22 [ I) N I
Total oo L | PR T DR N
B S T BT ol 0.1t w6
2 14 K. 3N 3. 54 9.68 | oL .. A
3 625 0 00 3 64 6. 65 3.7
Total .o L. el 1, <06 2,45 3660 o .
C o N N 13, 63 ST PR BT S v Ty
2 105 10,02 3.62 .54 |, 15,4,
3 625 177 3.3 .73 1540 .. . ...
Total .o el _ 1, 806 12.60 360b . .. el
Do il sl o 3420 . . 14,40 4. 64
2 106 6. 32 2.1) WAQ | eeeo. 14.02
3 625 8. 62 2881 468 02 .
Total ... 1,508 R.37 260 |
Potal oooe e e 1| ow | o3| 2s2|o | 2006 8.80
2 496 45 56 13.26 V06 e aee 15. 26
3 623 57.67 13,14 880526 L
Total oo e e 1,806 | 57.19 1208 | oo | ....................

! Datafromscheol 1, Langley Field, are from elasses 45 Sthrough 45-24.  Datafroimn schoc12, Boca Raton
are from classes 3-6 through B-425. Data fromn school 3, Victorville, are [rom classes 45-.0 through 45-24

est scoring schools, No. 1 and No. 2 respectively, were predominantly
bombardiers. This tends to emphasize the effect created by curricular
diflerences.

No reliability statistics are available for this test since all parts
were speeded and no alternate form was available to use in determin-
ing a lest-retest reliability.

Diflienlty level and internal consistency statistics for form Pla-B-
from administrations to Langley Field classes 45-8 through 45-30 are
given in table 5.10. It will be noted that the aivplot section, part D,
15 the most difliendt, followed by the ground position cection and tho
simulated mission, with the T-6B computer section being the easiest.

‘Cante 5.90.—Alcdian dificulty lcvel for upper and lotcer scoring groups and
mcdian phis for the parts of IFinul Test I, Pla-B?

Medlan IM adian o
ditlicalty dhiteulty fedlan
Part N upjier 50 lower 50 phis
percent 3 percent ?
7 858 &8 " 0.2r
) K66 8 56 .25
L 2 I 8,0 01 71 .2
5 86 7 51 e

! Yised on Langley Fleld elnsses 45-8 through 45-30.
! aed upon the number attempting the item.
¥ Bused upon the upper L0 pereent versus the lower 50 pereent.
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The difliently figures ave, of conrse, baced npon the munber attempt-
e the item. The interrelations of the four parts of I'inal Test I are
presented in chapter 8. ' _

Jonal Test I —Tinal Test IT measnres knowledge of the atr-borne
padar set, radar bombing, and radar navigation. The various forns
of the st Include from 80 to 110 techmical information iteins and are
administered na -hour testing period. None of the fors is speeded.
Final Test [Xis the sccond of two booklets which comprise the final
examination given to students upon completing the course.

As was true of Final Test T, the itemns for Final Test 1T were ob-
tained primarily from items developed by the Air-crew Ivaluation
and Research Detachiment No. 1 which were, in turn, suggested by ma-
terial in the National Defense Research Committee Operator Achieve-
ment Kxamination,  New items were constructed from course quizzes,
lectures, and training manuals,

Most. of thie forms of Final Test II contained two parts: the first
was concerned with knowledge of set operation and partienlarly the
functions of the components of the set used on a radar bombing run;
the sccond covered the theory and procedures of radar bombing and
navigation with the emphasis upon bombing. Questions involving
the student’s knowledge of the appearance of specific targets on the
PPI scope were also included in the second section.

The main consideration that guided the construction of misleads
for the five alternative items was-that of plausibility. Many of these
incorrect choices included typical student errors arising from lack
of wnderstanding of required techniques. Sample items concerned
with navigation and set operation are given below.,

Sample item: Navigation technique.

27. Azimnth stabilization is ON. At the IP the pilot has heen
given a trne heading of 170° to make good a true course of 173°,
After the turn is made the target appears at 176°.  What is the proper
correction?

27-A 6° right. :
27-B 3° right.
27-C 3° left.
27-D 6° left.
27-10 9° left.
Sample item: Set operation (technical information) :

93. The spmner should not be stopped pointing directly toward
beacon becanse

93-A " beacon will stop transmitting.
93-B DLeacon will overload and cut out othier aircraft.

YThis test wan developed under the supervision of Capt. Van Saun. The chlet con-
tributors were: Spt. Graft, Sgt. Kreldt, and Cpl, Koch,
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93-C  the radar zct will not pick up any sigual,
93-D  other aircralt will pick up your signal.
93-15  all beacon signals will {use.

Time limits were assigned to the test which allowed most student,
to complete all items. For the two-part forms, time limit markers
were placed through the test to indieate to the student the adequacy of
his working rate.

IFour two-part forins of Final Test IT were constructed, 1 Ib-A and
P1b-B, for the AN/APS-15, and Pld-A and Pl1d-B for the
AN/APQ-13. An additional four-part form, V Pld-A for the
AN/APQ-13, was prepared only for the radar schools of the Western
I'lying Training Command.  The revisions were made necessary by
fluctuations in the content of the curricula which varied between
schools and fromt time to time at the same school. Tor example, at one
school lectures on off-set bombing were eliminated from the curricu-
lum only to be reestablished later. 'V P1ld-A was made necessary by
the western schools’ emphasis upon target timing, wind determina-
tion, off-set bombing, and procedure turns.

The mcans and standard deviations of the part and total scores
of forms P1b—A and P1b-B for classes at Langley Field are given in
table 5.11. These classes consisted of both bombardiers and navi-
gators with bombardiers becoming predominant in classes 45-10 to
45-35. '

TABLE 5.11.—2Means and standard deviations of distributions of part and toial
raw acores for tico forms of I'inal Test II1?

Part Form NUmber| pime | N | Mean | 8D
Minutes

) | 1 5 27 pali 31.17 7.01
PIb-R. ... w0 35 S0 1 91 6.7

) + S PID-A. oeeneennnes 5 2 236 34.88 5.5
Pib-Bo ... 10 20 630 KON 6.20

Total. oo aannnans PID-A ., I 100 55 230 68. 02 10.93
PIb-B. ... 'I 100 55 321 71.66 9.79

Dt for fovin Pib-A are from Lancley Fleld claes 44-12 through 44-18.  Data for part scores of form
P1b-1 are from Tangley Fleld ¢ vecs 15-8 throuch 45-240 Data for tho total score of form I1b-DB are [romn
Langley Ficld cte <545 8 through 45 12 and 45-22 through 45-24.

In table 5.12 ave given the results of reliability studies of two forms
of Final Test I Formn Plb-A appears to have a reliability of about
0.80 while P1b-B, given to later classes, seems to have a reliability of
approximately 0.70.  One possible explanation for the apparent lower
relinbility of the second form is that the students were believed to be
more homogencous n ability in later classes.  As will be noted from
the table, the standard deviations for the second form are low as
compared to those for the first.
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Taurk D120 Odd-eren and 1\,!('r'-lx’i(jl_:a)'([._cozz rclicbility cocflicients for tico
' Jorms of 1'inal Test {1

. % Nean- | Mean- SD- sDe.

Form Part N udd even e even rhu !
i 8 oo 26 | 1453 1662 416 3.0 0.7: 0. 54
o it 26| 1640 ) s s 3l e ) i
it ne » e e A 10 10,85 IR 3.07 RALYY 13 N}
B SN R B T UU I S Nl S B A 3 &)
Total o e [ 180 8390 | 3553 4SS | 1.20 58 o3
o L s TS rm—————n _imasnes: s = S R e,

Fourin Part N Tola mean | Total SD rat
S TR A 236 31,2 7.0 0.78
B 216 34.9 55 .67
T U EE 236 60.0 10.9 .82

1 Odd-even coetl.cienut corrected by the Spearman-Brown formula.

1 Data for forin P1h-A are from Langley Fleld classes 44-12 through 44-16,
$ Duta for fori 1'1h-13 are (roin Langley Fleld classes 45-10 through 45-33,
¢ Kuder-Ricliardson reliability coefliclent.

Item difficulty and internal consistency data, computed for Victor-
ville classes 45-12 through 45-23, are presented in table 5.13. Al-
though this test is more difficult than Final Test I, it is still relatively

casy, having an average item difliculty level of approximately 70
percent passing.

Tasry 5.13.—Mcdian difficulty leocl for upper and lcwer scoring groups and
mcedian phis for purts of Final T'cst 1I, P1d~-B

Medlan difM- | Medlan d1M-
Part N culty upper | culty lower Medlan

50 percent V | &0 percent t phn?
A e et eeemeeecteeeieeac———a—a- 600 79 60 | 0.12
3 600 73 () .10
: an Jupon the number attempting the ltem. .
e

ed upon the upper 50 percent versus the lower 50 percent.

Final test for AN/APQ-7~—The final test for AN/APQ-7 consists
ol technieal information and problem-solving items measuring knowl-
cedoe f the operation and functions of the AN/APQ-7 set and its
Lo in radar bombing and navigation.  The test consists of 120 items
and requires 97 minutes to administer.

The AN/APQ-T is an air bYorne radar set that is especially valuable
icbombing, Students in the AN/APQ-T course had already grad-
wted from the 10-week AN/APQ-13 course and were given 4 weeks
afedditionad training. Ouly one schiool in the radar training program
tnhit the use of this equipnient. It was necessary to develop a spe-
il final examination beeause the operating procedures and {unctions
of the AN/APQ-T were different from those of any other set for
which the Radar Project had construeted a test.

The it material in the final test for AN/APQ-7 was compiled
entively Ly the Radar Project.  Test coustrnetion teams participated
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in ~ample training missions, attended el essand exnnned Teetiegg

cned training onthnes, s itens were con trueted, they were disens o
with e trnetors in the AN/APQ T course,

The fnal test for AN/APQ-T Y consists of five sectrons, The firsg
three are made up of problem-solving navigation and bombing iten
while the fimal two measnre verbal knowledgze of equipment. and pre-
cednres. Sceetion A s spoeded and inelndes 20 problem-solving iten,
aiven with a thoe it of 30 minutes, Thetems require the studeng
to determine wind foree and direction, trae headings for bembing
runs, range-wind factors and ground speeds to set into the AN/APQ-T
compnter for the Lombing run, and drift angles to et into the bomb-
si+ht, Anziliary eqgnipment required to solve these problens iacludes
a Sleveator projection, an I5-613 computer, an N-1 ground <peed com
pnter, a Weems plotter, and dividers. The technique used for form
Pla-B of FFinal Test I of splitting wind force and wind velocity nto
separate ems was employed to incerease the number of iteins without
mereasing the neceessary testing thme. The primary consideration in
constructing the mislead alternatives for the five-choice items was to
penalize students for inaccuracy while allowing for reasonable devi-
ations.  Several sumple problems are shown below.

Sample: 1-4. Given:

Toint of departure- - ___._________ 42°19” N, 135°20" L.

Time of departure- - __________. 0928

Tyrue heading - _______._ . 135°

True airspeed- .. _____________ 210 m. p. h.

Time of GPT fixo_ L ______ 0946

Target of GPY fixo o ___________ 41°00’ N., 136°1°" E.

Bearing range of GPY fixo____________. 13°R/30 S. M.

Initial pointo . 10°10” N., 146°20" L.

Toareet - oo 10°207 M., 135°50" L.
1. I'ind: Wind direction,

1-A 050°.

1-13 060°,
-C  075°,
1.-D 235°.
1-15 245°.

2, I'ind s Wind force.
2.4 37T p. h
-1 13 m. p. h.

2 C 49 m. p. h
-1 55 m. p. i
- 69 m. p. h.

8 Developed by Sgt. Gage.
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3. Find: True heading fronn initial point to target.
3-A 0 036°,

3-13 013°.
3-C  050°,
3-D  297°,

310 237°.

4. Find: Ground speed to be set into computer for bombing run.
4--A 15T m. p. h.
4-B 162 m. p. h,
4C 278m.p.h.
4D 290m.p.h,
4-E 301 m.p.h.

Secetion B is a speeded section which includes eight items with a
time limit of 15 minutes. These items mneasure proficiency in comput-
ing procedure turns and —equire the use of an E-6B computer and three
tables besides the navigation data given in the item. The items are
multiple choice with no regularity of tolerances between choices. A
samplo item is given below.

Samp.e:
True head- True head- Trrealr  Absolute
Wind (statute {inglotar- ing lo speed altitude  Slant range from IP af which procedure
miles) get 1. P, (m.p.A) (feet) turn shauld be started (statute milce)

23. 190°/40 240° 180° 180 10,000 A B C D E
.4 21 23 29 &
Scction C is a speeded section of 24 items with a time limit of seven
minutes. The items require the student to solve drift problems on the
radar bombing run, making corrections for drift and determining
amount and direction of drift on a given heading. No equipment is
required and answers are multiple-choice. A sample item of this
scetion Is given below.

Sample:
Disiance  Distance
of first of second
bearing earing
(2tatute (statute Firet S:cond
R miles) mniles) bearidg Uearing
) Y I 30 25 4° 1., 2° L.
Answer:
o A B C D E
41, Dircction of correction ... L R .. oo ol
92 Amnount of correction._._._.. 2° 4° 6° 8° 12°
43, Yyecorrection drift. o oo oo - .. 14° L. 10° L. 8°L, 8 R. 10°R

Section D, not speeded, consists of 33 technical information itens
and hus a time limit of 20 minutes. The items measure verbal knowl-
edze of equipment function and operation, especially emerprency cali-
bration procedures and location of burnt-out fuses. In constructing
misleads, the primary concern was for plausibility.
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Sample: 58 Svan zevo shat and ced g hendd e adjosted
so that—
59-N the swiep = of untfonm e ity Do ) mdes to 30 miles,
b BB thie e s of uniforne 0w (i 207 Telt or I‘i{__{ht
throuwsh 07,
58 C there i+ o prominent bright o down (he conter of the
Lo,
SR-D there per delinite dank Boe dorcn Cie conter of the scope,
5810 there 1oa thio brieht veebre dowes chie contor of the scope.

Seetion I oot cpecded, hecs 33 iters wand T Todt o 25 minutes,
The items e -ure knowledee of vodar Lombine theory wnd proce-
dares. Both problen-<olving and rechimiead amformation items werw
used, as itHustrated by the two siinple doms bedew,

Sternple: 800 On <avechironous boding s ren neings the Eagle-Norden
Sightine Anele Computery the bomb s dvopped by the—

£9-A Lagle-Norden Suditing Angle Computer.
50-B  operator’s mdicator computer.

80-C  radar observer's togyzie switch.

59-D  bonibarvdier’s torgle swatch.

89-15  bombsight.

16D, If 1t talkes 20 veconds for a bomb te eeach the ground from
an airplane traveling at a ;oround speed of 180 mop.h,, what is the
whole range?
109-A 4,020 fcet.
109-13 4,180 {feet,
109-C 5,090 feet.
109-D 5,280 feet.
109-T 6,080 {eet.

Do e the o pripment and associated training couvse was developed
Vot de rador prograe ooty one forng of this went, W Ple-A| was
propareds Thas fovm vas inctalled just befere the end of the war,
sovery fesstate Deab it were accutmmbated for i, '
NMavieation Uroficicney Test

The Nuvication Proficiency Tet ¥ ensuies knowledire of nonradar
s cattten information sud techniques dd ave considered to be essen-
tal for petential rodie oborverss The test does not include items
periineant to rodur operation or radar navigation, but is merely a
ceneral navie tion profiricncy measure,

Tiio Navigetion Peoileioney Tesl wafivet veed in the 16-week radar
oberver cnirtenhnm, Lenog siven as a final examination at the close
of the f-week navieation plave. When this hase was eliminated

3L tent was Jevelopad by Capt, Tke I Harrlson. T{e was asslsted by Sgt, Kriedt,
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and the enrrienlum was reduced to 10 weeks, the test was oceasionally
Jiven to hombardiers entering radar observer training to indicate any
‘.lw i weaknesses in navigation.  Finally, it was incorporated into
the radiar observer selection battery to elimiinate bombardiers with
menthicient navigation proficiency, as discussed in chapter 10.

Much of the item material for the Navigation Proficiency Test was
chtained from tests developed by the Navigator Project. This ma-
terial was supplemented by navigation items from the Airerew ISvalu-
ation and Research Detachment No. 1 examinations. The informal
quizzes nsed in the 4-week navigation phase of the 16-week enrriculum
and various navigation mannals provided further snggestions for
iteme.

The two forms of this test, P5-A and P5-B, contain 148 and 135
multiple-choice items, respectively, and require 135 and 125 minutes
to administer.  The test 1s divided into seven parts, including threo
sections which involve primarily problem-solving items and four
which consist mainly of techinical knowledge items. The seven
parts as they appear in form P5-B are described in the following
paragraphs.

Part I is a speeded section including 40 E-GI3 compnter problenis
with a time limit of 40 minutes. The items incInde such problems as
determining true air speed, ground speed, wind force and direction,
track, and time to destination.

Part IT is a speeded section measuring skill in using the air-plot
method to determine winds. It contains 20 items with a time limit of
55 minutes. The items require determination of either air position,
iround position, or the wind force and direction. Part of the air-
plot items are solved on Mercator charts included in the test boollets,
mozt of the information is given for the solution and no plotting is
requited. The rest of the air-plot items require plotting on a separate
Meveator sheet and are similar to the air-plot items used in Final
Test, L.

Part TII, not specded, consists of 25 technical information items
with a time iinit of 12 minntes. The items measure knowledge of
maps and associated terminology.  Part IV, also not speeded, containg
10 1tems with a 10-minute time lHmit and evaluates nnderstanding of
wind and its effect on drift. The items require interpretation of
imformntion inelnded in veetor diagrams,

Part V, not speeded, contains seven problems measnring knowledge
of compass and drift-meter calibration and alignment and has a time
limit of § minntes.  Part VI, not gpeeded, has 22 items, a time limit
of 10 minutes, and measures knowledge of navigation instruments
sach ns the compass, altimeter, drift-meter, and air speed indicator.
Part VIT contains 11 items to be answered in 10 minutes.  Tho items
are concerned with technical knowledge and interpretation of the
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flnx-gate compass, which is the important anit of Suceimat’t stabili-
zation circuit of the aiv-borne radar set.

The revision of form Po-A of the lavication Proficieney Test
which resnlted in fovin P -1 wees ievde nece oy when iwas decided
to give the test to bombardiers for the prrpo-es of dryziess of navi-
gation weaknesses and selection for vadar oberver trmmmne, "The
revision consisted of eliminating from the ocigimal form all “tems
which contatued 1nformation not tavght in the navigation phases of
bombardier training.

The means and staudard deviations of sefected part and total scores,
bazed upon administrations to entering howbardiers, bombardiers
who had completed the d-week navigation phase of radar cbserver
training, and previous navigation mstructors are presented in table
5.14.  As would be expected, the enterin.g bombardiers had the lowest

Tanr D.14.—AMceans and glandurd devintions of distributions of rute scores from
{
Nacigation Proficicncy Teat, P53 form B, for differently trained groups’®

Part [ Part 11 I'arts ITI-V1I Total
Group N j- = = ] o = lemem o
Mean 8D Mean 8D Mean D Mean 8D
SR M| 3L3S 4.38 13.92 .23 19.04 .71 94.28 11.51
?l000000000000000006 DOGEOGEAT %0 2.0 6. 21 11446 1.73 . 1221 8’6, 59 19,37
2R 32 3222 47 .72 I 273 | 60, 25 5221 107,19 9.68

L Group 1 conslsis of hombardlers eampleting 4 wa ks of s [ntlon tralnlng, Taneley Fleld elass 454R.
Qreatpr 2eon<t Liof bombardiers ententiop radar ode orvor oot 1 vigley Viehl, 25 February 1045, Qroup
3 conclstg of previous navlgatlon [astructors caterlng rudar ob.erver trafning, Langley Fileld, 25 February
1018

gcores in all seetions of the test.  The scores of the bombardiers who
had completed the 4 weeks of navigation training indicate that this
traiing was adequate to bring their I5-613 performance almost. to the
lovel of well-tvained navigators. The critical ratio of the difference
between the means of the 4 week-trained Lombardiers and the naviga-’
tron instructors for part I, the I5-6B scetion, 1s 0.72.  The training
did not bringz the borbardiers up to the navigation instructors in air-
plot poolicieney, the diftorence between their means for part IT having
a significant entical ratio of .57, Al:o, the training did not appear
to improve the bembardier’s performance on parts II1 to VII, the
technical 1nformation sections.  The difference between the means of
tho enteringg bombawdiers and d-week-trained bombardiers for the
total of the o cectivna s msigniticant, having a critical ratio of 0.62.

SULMDMARY

In tho dovelopment of a standardized technique for determining
relative proficiency of students in radar training, a battery of 11
measures wag prepated.  ifve of these mensnres were printed pro-
ficiency tests and six wero performance checks,  In this chapter only
tho printed tests have been discussed,
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Piinted tests were developed for the four mstrnctional arens of
e observer traning: Set operation, radar navigation, radar
bonibing, and radar intelligence. Two types of items characteristic
of printed tests were used: Verbal questions measuring technical
information, and problem-solving items duplieating parts of a stu-
dent’s actual job as a radar observer. Problem-solving items wers
constrncted as isolated problems and as series of interdevendent prob-
lems, the latter nse simulating the sequential activity required in
actual radar operation. It was realized that many of the complex
operitions required of the radar observer could not be cffectively
reduced to printed question form but required performance checks
for their ovaluation. In addition to handling the equipment and
solving problems sequentially, operators must interpret moving pat-
tern: on the PPI scope and must recognize and adjust for peculiar
symptoms caused by set malfunctions. It is impossible to represent
moving patterns and malfunctional syinptoms on a printed page.

An outline of the usual procedure followed in constructing tests
aud making revisions was presented.  Raterial for items was obtained
from existing informal classroom quizzes, tests constructed by the
Nutional Dofense Research Committee and the Air-Crew Evaluation
and Research Detachment No. 1, course outlines, lecture notes, and
training manuals.  Items were reviewed by expert radar observers and
instructors in pertinent courses before being incorporated inte a test.
Problem-solving items were solved by panels of experts who deter-
mined correct answers and desirable alternative choices.  Initial time
himits were set on the basis of the time required by cxperts to answer
all iterns and were revised later on the basis of raw score distributions
Trom adminisirations to students. Iroblem-solving scctions were
speeded for the purpose of discriminating between students on the
pivis of speerl as well as accuracy. Teclinical information sections
were given adequate time limits to allow every stndent to answer ali
problems.  All tests were scored in terms of the rumber of correct
responses. Revistons were made on the basis of statistical analysis,
vehinhility stndies, and examination of raw-score distributions, and
on the basig of systematically gathered eriticizms and changes in the
cuirieula, .

The principal difficulties in applying proficiency tests avore from
the ~apid changes in air-borne radar equipment which resulted in
curr.enlar revisions and changing emphases on varions precedures,
The radar intelligence proficiency tests were particularly affer tod by
the chinging subjeet matter co that the attempt to apply standardized
measnres o this area of mstruction was finally abandoned.

Since it was not feasible to describe all forms of the test con: tructed,
discuseion was limited to typical tests.
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Foreael type of toat o statement of the general tnformation mcas-
ured was first presented. This was followed by loeating the placs
i the comrse of study whers the fest s adnnnistered. A develop-
mental history of the mewsure was precented and reference was made
to awntecedent tests in the some general field of study. FFollowing this
mformation was a detatled deseription of a typieal form of the test:
Number of items, time lmits, and specific information measured by
the items. Ttems ave classified either as problem-solving or technical
mformation.  The deseription of the type of response required was
presented with tho method of ascertaining tolerances, A sample
item was presented with each of these item discuscions to tllustrate
the principles involved. Tor reference, all forms of each test wers
presented with their respeective codo numbers. With this list was
arven the reasons for the various revisions.

Wherever possible, statistical data were presented for the major
forms of each test.  These data included means, standard deviations,
reliability cocflicients, avd difliculty level and internal consistency
statistics.

Several recommendations may be made which stem from thie ex-
perience of tho adar Project in constructing standardized proficiency
teots. IMiest, tho nature of equipment and technique advances in air-
Lorne radar requires that a systemized test revision program be
adopted.  Already new and improved cquipment has made obsolete
a lnrgo proportion of existing measnres. Ior example, the original
estimato of necessary tests for existing equipment differences war (6.
Independent operating procedures and curriculum revision mush-
roomed test construction to 29 forms.  Coordinated changes in pro-
cedure and curriculum might have reduced this number.

Sceond, the snecess of a proficiency program depends heavily upon
standardized tect administration. It is recommended that examiner
boreds he trained and eotablished wherever such a program is initiated.
The Lonrd will redueo to a small group the individuals who must be
convinead of oy viluo of stendardization,

Whenariang gronups of interdependent problem-solving items, care
must Lo taken to gnard avainst unreliability.  The interdependenco of
itoms may in efieet shorten the length of a test by automatically
penalizing stndents for & wholoe sevies when they miss the first item.
The organizational and sequential aspect can bo retained to some ex-
tent by periodienlly breaking tho sequence at the end of a typical
series of items and having the students start another group.

Experience with wind problems and problems answered in terms
of Intitude and longitude suweaests that veloeily and force or latitude
and longitude be presented as separate items. Another method of
lengthening a test without appreciably increasing time limits consists
of making separate items out of intermediate steps in the solution of
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+ complex problem. Wherever possible, maps, diagrams, pictures, or
any other deviee that adds reality to a problem should be used.

A clear understanding of the relative elliciency of printed tests
and performance checks should be kept in mind when selecting the
testing device for a given arca of study. It is recomimended that
correet answers for problemm-solving items be determined by a pansl
of anthovities rather than depending upon average results of trinl
administrations.  In  determining  differences between alternative
choiees of problem-solving items, 1t is recommended that rule of-
thinb differences be avoided and that the proper deviations be deo-
termined empirically.

The time required for instructing students in any single topic
should not be considered as the index of the importance of that topic.
Relative importance of snbject matter should be determined by train-
ing anthorities.

Fxperience with problem-solving items suggests that speed as well
as accuracy be measured. For determination of reliability of these
speeded forms, alternate forms must be prepared.
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CHADTIR SIX

Siandardized Performance Checks'

INTRODUCTION

The necessity of supplementing printed proficiency tests with meas-
ures of actual performance with radar equipment soon became clear.
In determining the student’s course grade, radar school authoritics
veighted heavily student performance on ground trainers and aerial
miccions.  If course grades were to be made more reliable, standard-
ized measures of performance had to be provided.

Considerable contrast is evident in comparing the clussroom situa-
tion in which printed tests are given with the actual job conditions
of the radar observer. The classroom is usually comfortable, with
plenty of space to work, and the student has no responsibility other
than attempting to do well on the test. The working situation in the
air is vastly different. - The student is usually hampered by cumber-
some clothing; he must wear an oxygen mask; his working space is
cramped and inadequate; and he is subject to all the usual distractions
and anxieties of flying. Morcover, he has the responsibility of direct-
ing the aireraft and cooperating with the other crew members.

Perforinance in the air and on the ground trainer differs further
from a written test situation in that it is continuous and paced.
Recardless of what the student does, the aircraft keeps moving, re-
quiring new computations and procedures. He cannot, as he may
on a printed test, answer the easy problems first and delay the solu-
fions of difficult problems. Since the various aspects of radar per-
formance i1 the air ave interdependent, failure to perform adequately
on a difficult aspect will likely detract from perforinance on other
aspeets which may be easier.

Standardized performance checks were indicated for three aspects
of radar observer training: Performance in the air, at the supersonic
trainer, and at the beneh set trainer. It was decided in consnltation
with training anthorities that acrial performance wonll be checked
1t two levels, The first aerial chieck would be an intermediate check
to be adininistered on a mission approximately half way through the

———
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stident’s nerial training.  The second would Le a final cheek given
just prior to completion of the course.  Superzonie tvainer perform-
ance was to be evaluated at tl e point=. A\ intermediate navigation
check was to Lo eiveu after instruction in hasie navigzational pro-
cedures; an intermediate bombing cheek after hombing teelimiques were
taughit; and a final chieck near the completion of supersodaie traiming,
Performance on the beneh set trainer was to he covered Ly one final
cheek to be given relatively early in the course after the clements of
set operation had been tanght,

In this chapter an illustrative form of each of these three types of
cheeks will be deseribed and available statistical data will be pre-
cented. In addition, a brief discussion will preseut some problems
cnconntered in constructing performance checks and in training ex-
aminers to administer them.  Consideration of systematic aspects of
the measurement of performance will be deferred nntil chapter 7.
‘Tho preseat chapter is intended only as a history of the development
of the performance checks in a specific training sitnation.

CENERAL PROCEDURE USED IN DEVELGPING PERFORM-
ANCE CUECKS

Before ontlining the procedure followed in constructing the specifie
performance measures developed by Psychological Research Project
(Radar), a general characterization of “performance checks” is in
order. A performance check is nsually administered to one iudivid-
ual at a time by o trained examiner. The student is requnired to
perform a standardized series of tasks which is the same or equivalent
for all students. The conditions nunder which each tusk is to be
accomplished are also standardized. Tfor cach task, standards of
suceess and other instrnctions for administration arve preseribed.

The first step in constructing each check for the radar observer
prosinn was the selection of the critical aspecets of performance.  The
personnel charged with the development of a partienlar check began
by systematically observing the belhiavior to be measured. For ex-
wampley before starting work on the aerial performance checks, project
members accompanied student and gradnate radar observers on numer-
ous flights,  In addition to observation, the task was also studied by
participation; thoso responsible for check construction learned and
took part in the performance themselves.  To this end, many members
of the project took the entire radar training course, while others con-
centrated on only those phases of the course with which they were
mainly concernca.  IFrequent conferences were held with instructor
conzultants and departinent heads. Their personal experience as
radar observers us well as their fumiliavity with curriculuin and in-
struction were utilized to great advantuge.
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Once the items of behavior to be chiccked wore seteeted 1t wis neees-
cry to decide on the method of measurement for each item, How-
ever, siuch decisions were so dependent on the task to be checled that
their discussion will be postponed until the speeific checks are con-
Jdered.  After the methods of measnranent were sel-cted; the check
items and standards of suceess were stated in prehminary form and
trinl administrations were begim.  On the basis of these trial adinin-
strations, revisions were made in both the choiee of items and methods
of measurement.

ARRANGEMENT AND FORMAT

An effory was made to standardize the orgamization and appear-
ance of all performance cheeks developed by the radar project.  The
itemns of performance to be checked were preceded by a uniform in-
troductory section. This section contained notes on standardized
performuance checking, a statement of required conditions for the
cheek, and directions for administration and for student briefing.
The notes on standiardized performance checking stated briefly cer-
tain prinni‘ples which were expanded during examiner training lec-
tures.  ‘The seetion on standard conditions enumerated the training
prerequisites which the student mnst have completed before Leing
viven the check; it called attention to the requirement that only trained
exanuners shonld administer the check; it listed the equipment needed
by both student and examiner; and it deseribed the conditions under
which the cheek was to be given.  For each of the aerial and super-
sonie cheeks, standard missions were preseribed.  For the beneh check,
the positions were listed in which the controls of the radar set were to
be placed before starting the check.

The preseribed procedures for administration included directions to
the examiner for using the special scoring sheet, acquainted him with
his ¢pecial duties in administering the particular check, and cautioned
him to brief the student carefully. The student brieting section, to
be read by the student. defined the tass for the student and stated the
speetal requirements to be fulfitled.

The introdnetory section was followed by the items of performance
to be checked.  EFach was accompanied by standards of :uccess and
methods of evaluation.  The items appeared on cut-back pares which
were narrower than the other pages in the check booklet. .\ single
answer sheet for nll the items followed the item pages and was of
normal width,  The right-hand side of the answer sheet contained
spaces in which a check mark (v) or a zero (0) were to be entered, de-
pending npon whether a student did or did not satisfy the standards
ofsuecess for the partienlar item. Beeause of the narrow item pages,
}mth the items and the check spaces were visible at the same time.
This made it unnecessary to turn pages to check an itene. Sueh an
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arvangement was of advantage also m that only the ccoring sheet was
expendable. Two diflerent arrangements invelving cut-baek pages
were emiployed. On some performance cheeks, the item pages de-
erensed in width on succeeding pages so that there was provision for
several colnmns of check spaces on the scoring sheet. On other per-
formance checks, the iten pages were of uniform width and required
only one cohimn of check spaces. The latter arrangement was more
compact and easier to reprodnce but was limited to performanee checks
in which the number of items did not exceed the number which could
be checked in one coliinn.,

Several performance checks included a forther seetion which con-
tuncd supplementary instructions to the examiner.  The instructions
were numbered to correspond with individual check items and clabo-
vated the morve general statement of methods of checking.  This see-
tion saved valuable space on the item pages and avoided encumbering
them with material that was useful but not always essential in checking
the items.

EXAMINER TRAINING ,

The effectiveness of a performance check depends heavily upon
proper administration.  Recognizing this, the project recommended
the formation of examiner boards to be responsible for all proficiency
measurement. It was urged that competent radar observers, inter-
ested in proficiency measnrement, be assigned as members of such
hoards. )

The training of exuminers was initiated with a lecture covering
relative grading, the importance of standardization, the rationale of
performance checking, and the distinctions between testing and teach-
ing. Specific checks wero discussed in detail.  Iach item was read,
cxplained and ilustrated, and the directions for administration were
reviewed,  IBxaminers were warned against common crrors in ad-
ministering each check.  This lecture-discussion was followed by trial
adiaini: trations of cach check by pairs of examiners, who alternated
s subject and cheek administrator.  IBach trial check was carcfully
superviced by project personnel. Tor practieal reasons, trial adminis-
trations of the nerial cheek were given on the supersonic trainer.

Since 1t was impossible for project members to supervise all subse-
quent routine check administrations, certain examiners were given
supervisory responsibility. It was their duty to see that conscientious,
standavdized ehecking was carried ont.  In addition, however, project
personnel mnde frequent observations of check administration and
reported diserepaneies and difficulties to the chief examiner.

CIHTCK REVISIONS

Revision of the battery of six stundardized performance checks was
to be expected in the new, expanding radar training programm. An
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evident reason for new forms of the checks was that the types of radar
eqnuipment varied from school to school.  Lungley Field, where the
first set of chieeks was developed, taught the AN/APS-15 and the
AN/ADPS -15A sets. Boea Raton Army Air Iield, Victorville Armny
Air Itield, Williams Ifield, and Yuma Army Air Field all uged the
AN/APQ-13 radar set.  AN/APQ-T, a newer set and less important
co far as student flow was concerned, was the subject of a separate
conree, centered fivst at Boea Raton and later at Williains Ifield.

The necessity for check revision was not limited, however, to deal-
ing with equipment differences.  Even when two schools need iden-
tical radar sets, there was no assurance that the procedures taught for
tuning the set or for navigating and bombing with the set would not
differ from school to school. IFor example, although the schools at
Boca Raton and Victorville both used the AN/APQ-13 cquipment,
the method by which the student was taught to compute a wind from
his radar data differed markedly between the two schools. To under-
stand this, it should be remembered that radar observer training had
developed without any centralized instructional authority. Difficul-
ties in developing standardized performance checks under such cir-
cumstances were unavoidable. o

Not only did the curriculum vary between schools, but in any one
school 1t was subject to frequent change. This was a consequence of
the fact that radar training was new and better ways of doing things
were constantly being discovered. Ifortunately, such curriculum
changes were not usually radical, and revised forms of the checks could
bo produced by changes in several items. Occasionally, however, a
curriculum change of such magnitude occurred that the use of radar
project performance checks had to be abandoned temporarily. -

Equipment and curriculum changes were of course not the only
forces motivating check revisions. Ixperience with the initial forms
of the cheels sometimes showed that the selection of critical items
could be improved or that the method of measurement for items re-
tained could be revised for more accurate evaluation. Also, itcin
analysis oceasionally demonstrated that the tolerances set for pre-
cision items was too small or too large. RRevisions attempted to in-
corporatoe all promising improvements.

STANDARDIZED BENCIT SET PERIFORMANCE CHECKS

The Dench Set and the Student’s Task

The apparatus upon which the standardized bench set clicck was
administered was simply the radav et installed in a classvoom, rather
then in the airplanc.? The parts of the cquipment with which the
cheek was concerned were the various controls involved in tuning

——— e
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and calibrating the set, the PPI scope, the “A” scope (except on the
AN/APQ-13 set), tho computer box, and various voltage controls,

The student’s task on the beneh set was to make the preoperational
cheek, start and tnne the set, calibrate it correctly, and tuwm it off.
The preoperational cheek included the adjustment of approximately
20 controls. Starting the set inchuded turning on the power, bright-
ening, foeusing, centering, and in other ways adjusting the systems
which presented the gronnd returns on the scopes. Tuning consisted
in picking up ground returns and adjusting the transmission, re-
cetving, and presentation systems for maximum definition on the
scopes. Turning the set off mcluded the adjustinent of several con-
trols to avord damage to the equipment when the power supply was ent.

The objeetives of bench set instruction were often & source of dis-
agreentent amony instrnetional personnel. Some were convinced that
the student should merely learn “procedure” on the beneh set: the
controls to adjust, the direction and amount of adjustment, and the
seqquence in which ths adjustments should be made in order to produce
tho desired results on the scope. Others were convinced that the
mastery of procedurs was relatively unimportant and that the stu-
dent’s proficiency should be evaluated in terms of the end result, i. e.,
the quality of the scope picture resulting from his precision in tuning.

When the first forms of the bench set performance check were
being construeted, it was decided that the emphasis of bench set in-
struction should be on the learning of a standard operating procedure.
The first bench check was therefore built to measure the procedure
type of proficiency. Ifor example, the item which refers to centering
the trace on the scope was:

Center Sweeep horlzontally and vertically to reduce size of hole In ~enter of

scope.
No unltempt was mado to evaluate the quality or precision of the
stndent’s adjustment, It was considered sufficient that lie knew which
controls to manipulate to work toward the desired resvit. A further
condition for receiving eredit on the above item was that the student
made the adjustment in preseribe 1 sequence with other items which
preceded and {ollowed it.

After several months, the desire of trainming anthorities to measure
preeision 03 well as procedure beeame strong enough to incorporate
iinto the bench check some items which considered the qunlity of the
student’s adjustment,  For example, the item on centering became:

Center Sweep horizontally and vertleally In exact center of rcope.  (If swecep
Is not exactly centoredd, zero (0) this ltem.) :

Tho student’s knowledge of standard operating procedure still ac-
counted for the majority of iten's in this check, but, wherever possible,
items were stated with nccuracy requirements. It is probnble that
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the carly preference for procedure items was ascoctated with the use
of the older form of the check as a teaching mid. The cheek, however,
apparently mmproved and standardized instruetion to a pomt where
most stiddents could perform the standard operation procedure with
almost no error. ‘The check had become “to easy,” and the desire
to anerease ats difliculty partly accounted for the later decision to
evaluate precision,

The bench set check was administered during the last period allotted
(o beneh set mstruction when the student had completed traming in
the various elements Hf the bench set task., Students could be reverted
to a lower class if deficient in set operation, thus preventing the loss
of valuable aerial mstruction time.

Beneh Check Construction

"The selection of items for the bench set check was relatively siniple.
There was no necessity for san:pling behavior; all the steps in the task
could be included. Towards the end of the war the construction of
the initial bench set check at a school consisted primarily in stating the
standard operating procedure in check forin. Of course, certain
changes in phrasing were made, and standards of success for each item
were stated. At the beginning of the training program, however,
check construction was handicapped by a lack of uniform instrue-
tional practice even within a school.  IFor example, at the school where
the first bench set check was constructed, no standard operating pro-
cedure existed and the procedure a student learned reflected the prac-
tice of the instructor to whom he was assigned. The efforts to estab-
lish a standard measure of proficiency speeded the formulation and
publication of a standard operating procedure.  Since this procedure
was to be integrated into an acrial check, standardization between
flight line and ground school instruction was also promoted.

The Typical Bonch Set Check

the typical beneh set performance check? contains the conven-
tional intvodnctory material as outlined above. The most importint
section of the introductory material directs the examiner to set about
50 controls in designated positions.  Most of these scttings were de-
siemed to put the controls out of adjustment <o that the student wonld
be vequired to readjust them.  The controls were to be set in the siume
mitial positions for every studeut.

The mintber of items in the various forms of the beneh set check
varied from 79 to 136.  As indicated above, they included all items
necessary to accomplish the tuning and calibrating tasks.  The student
carned a cheek on an item if hie performed the task as stated and if he
performed it ut the proper time.  Seqnencee, therefore, was very im-
portimt.  Xfost of the steps could be performed correctly only between
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two other specific steps. Small groups of Items were sometimes
bracketed which indicated that the items witlnn the brackets conld be
performed in any sequence.

Types of Bench Check Items

As mentioned above, procedure items constituted the bulk of the
beneh check.  An example of a pure procedure itenr follows:

Reeciver Gaine Counter-clockwise.

No attempt was made to give mcre credit for important procedure
items than for minor ones.  In later forms of the cheek, as already
noted, examiners were required to judge the precision of adjustments.
[For example:

Turn up PPI Britlliunce until trace is burely visible,  (If trace Is Invisible or
too bright, zero (0) this item.)

I'n addition to itemns of actual performance, most of the benelr checks
contained a few items that were administered as oral questions during
the course of the check. Ifor example:

Instructor asks: “In the alr what must you do Immediately after turning the
power on?¥

Answer: “You must select inverter No. 1 or No. 2 by means of the inverter
sclector switeh.”

One reason for such questions was that certain essential steps in
acrial procedure could not be checked on the bench set because the ap-
propriate cquipment was not at hand. For instance, in reference to
the quoted item, there were no inverters on the hench get. Other
questions were directed to asking the student what he would do if
certain expected results did not occur. The student was not required
to answer in the exact words given for the item, but he had to include
all essential elements of the angwer in hisreply. Since the early fc ms
of the bench set check were used for instruction, the questions : nd
auswers were just another item of procedure which the student could
memnorize.

Bernich Check Administralion -

In adininistering the check, the examiner was instructed to say
nothing to the student except that which appeaved in quotation marks
in the check. Izcept for the items in question form, the examiner
gave only general infrequent directions such as “Go through the pre-
operational chieck.”  The student wasg briefed to perform all the steps
called for by the examiner’s directions and, as an aid to checking, to
vertolize all steps as he did them. When the student perfornied an
itemn correetly and in the correct scquence, the examiner entered a
chieck mark in the approprinte svace on the scoring sheet.  If the item
was performed incorrectly, omitted, or not performed in the correct
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coquence, azero was entcred. When the student performed the item
meorvectly or onritted 1t the exaniner corrected Inm at once and told
i the adjnstient to make.  The admmistration of the check re-
quired abont one-half hour.

I =pite of the apparent simplicity of the checking procedure, there
was sore difliculty in securing standard administration. Differences
in thie functioning of equipment were common,  Sowe sets on which
checks had to be given would not pick up targets. ‘This reduced cer-
tain steps in the tuning to artificial procednre instead of actual work
witl a radar return. Meter readings on the bench set were frequently
outside the acceptable range, and the student could not adjust them
beeanse of the nature of the power supply on the ground.

Examiner differences were also encountered. Ialo effect, accentu-
ated by some students’ apparent confidence and ability, led examiners
to give credit to supposedly good students whose errors were ex-
plained away as only oversights. Semetimes less conscientious ex-
aminers who disagreed with the standard operating procedure wonld
give the student credit for following a procedure which suited the
examiner rather than the check.  Some examiners were noticed giving
unintentional hints or leading questions in a well-meaning cffort to
“oret the best out of the student.” Operating in the other direction, a
common mistake was failure to stop the student at once for an error
or omission and thus permit his errors to multiply.

Bench Check Revisions

Tt has been noted that new forms of the bend!: check were nevded
because of equipment differences, changes in curriculum and operating
procedure, and the increased emphasis on precision. In all) 11 forms
of the IFinal Benceh Set Check were published.  Three of theso (P6a-
A, P6a-B, and P6a~C) applied to the AN/APS-15 equipment at
Langley Field, two (PGb-A and P6b-B) applied to the AN/APS-
15A at Langley TField, two (PG6c-A and P6c-B) applied to the
AN/APQ-13 as taught at Boca Raton, two (P6e-C and V P6e-13)
applied to the AN/APQ-13 at Victorville, one (W PGe-A) applied to
the AN/APQ-13 at Willinms Tield, and one (W P6d-B) applied to
tho AN/APQ-T at Williams Field.*

Beneh Cheek Statistical Findings

Figure 8.1 presents a typical distribution of scores on the Lench
check. The total possible score on this form was 136.  The mean of

*Opl Douslas W, Nray, Sgt. Gerald S, Blum, §/Skt. Richard T, Miteliell, Sut. Albert .
ITastarf, and Set. 1lyman leller collaborated in developlng the first Bench Set Check
(Pr~A). 1izht of the 11 checks were constructed by Cpl. llrny and Sgt. Blum. Tho re-
ratning two were developed by Sgt. Stani. = U emhere sgd Sigt. Nathanlel L. Gage.
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Fraure 6...,—Frequency distribution of raw scores for a standardized final bench
cheek (P6a -B)—administered ot Langley Field.

122.7 shows that the check was easy for most students. Note the re-
stricted rango and the significant skewness of the distribution.®

Since the reliability of bench check scores depended in largoe mea-
cure on standardized administration, there was a desire to examine
check dnta statistically in an attempt to determine whether such stand-
ardization had been achieved. It was anticipated that the technique
of analysis of variance would be employed to test the nuli hypothesis
that there was no significant differenco between mean check scores
aiven by different examiners.  For this purpose, data on accredited
examiners who had administered six or more bench checks were ac-
cimulated for both Langley Field and Boca Raton.  These data are
presented in tables 6.1 and 6.2.

A chi-sqnure test for homogeneity of variance revealed that the
analysts of vaviance technigue could not be used on either set of data.,

* IPor thly and subgequent distributlons akewness was computed from the following
formula:

Pn-i-l’., =D where Pgy i8 the 00th centlle, Py s the 101h centile and Py, is the 50th
centile. Standard devintlon of the measure of skewness was computed as follows:
8.D. ym—T—-——, where D=Py—P
sk \/ N »0 10-
Kelley, T. ... Stotistical mcethod, 1023, p. 11.
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Taprt G —=Eraminer means and standard decielions for a standardized bench
set trainer performance checl: (P6a-B) administered at Langley Ficld

e ——

Number of | Mean Nummber of | Mean
¥yarniner cheeks - mw SD Fxatwiner cheeks ad- mw 8D

mimstered | seore 't ministered | scure !
oo oo e0068e 200000000 61 128,17 AT | I 13§ 1w 5 2%
W00 00006 808000680 00 22 ) 12164 6.685 |1 Jo .. 71t 924
(B 000 00 0088005900000 43 1 12430 421 || Koo 53 ) 1219 10 41
MDecooanaansssac0000a0 45 | 123,71 TR Y. 121 120.69 11,55
B _.cooooos 006000000 13 | 120y 22. 1 Mo 22 | 11877 7.18
@ 00000 nec@ae00m0000 43 112328 .58 || Nooov oo, 10 | L1 10 13. 04
R 13 | 123,15 9. 74 ——— S
[ ceoo o« a000088000000G 38 | 123,14 10.17 Total.......... 368 | 122.49 9.80

1 The highest possible raw score on this check was 136.

Tanrk 8.2.—Fzaminer means and standard deviations for a standardizcd bench
sct trainer performance check (P6e-B) administercd at Boca Raton

Number of | Mean Number of | Mean
Eanininor checks ad- | row SD Exanmlner checks ad- | raw SD

ministered | score? nrinistered | score?
Ao 71 78.413 (VAC LI | B 8| 73.25 1.71
¢ SN 11 78.00 .74 | PN 7 72.43 5.132
[ o P, 17 77.00 2.85 Moo 13 72.08 4.063
| J PN 131 75.54 24 || N 20| 71.8% 4. 28
B aeaaeaenn 2] 7492 27800 Ty 7114 416
) PPN 91 7433 245 (| Peceieeeaeeaeeeena. 14} 0.2 6.25
(4 F PN 15| 74.27 3.70 3 .................... 71 70.29 4.62
|1 15| 73.80 3B Reveeeeeieeeaeaa. 8| 70.25 3.63
| SO 10{ 73.40 5. 41 - -
) 11] 73.27 270 Total_......... 206 | 73.08 4.02

1'The highest possible raw score on this performanco check was 79,

The cxaminer means in both tables show considerable variation,
probably more than would be expected by chance. The variations
among the examiner sigmas is even more striking. In fact, the tables
show not only that examiners varied in the average score given, but
also that some examiners gave scores in a much more restricted range
than others. An inspection of the tables, particularly table 6.2, sug-
gests a negative correlation between means and sigmas.  This may be
due, at least in part, to the closencss of most of the scores to the highest
possible score on the check, leaving hittle room for npward variction.

In attempting to interpret the examiner data, the assumption is
niade that students checked by an examiner nre a random sample of
the population of students. While it is not known that any factors
produced a biased sample of students for any examiner, neither can
it be stated Lthat any precautions against a bias were taken. With
this qualification, it scems likely that the examiner means nnd sizmas
do not have the consistency which one would desire from standardized
rdministration, :

As pointed out carlier, high ccores on the bench checks led to a
greater emphasis on the inclusion of precision items. A nother remedy
broposad, but not actnally applied, was that the amount of time the
student required to go through the check be considered in his grade.
To examine this possibility, time required to complete the check was
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recorded on the scoring sheets for ceveral clacses al Vietorville Ay
Air Ifield. A cocflicient of corvelation computed Letween these lin;o
cecores and the raw error scores on a cample of 200 cane was 045,
This correlation is low enough to snggest that a combiation of check
and time scores would produce a more discriminuting total grade,
There were diffienlties, however, i timing the beach cheele Equip.
ment differences influenced the speed with which the student could
perform the required steps. Ifor instance, if 1t were more d<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>