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This rep0rtlsa summary and synthesis of the work of aviatin "
psychologists in the flexible gunnery program of the Army, Air,

Forces. An attempt has been made, to describe research tech-
niques and results to the end that ready transfer to other prob-
leros' in applied psychology may be obtained. Tlie'rep'orting 6f ""
hiisto)rical material s,-is limiited roan account of -such instances-arid'

Scitrumstances as will aid in understanding the research done.
Oie of the 'most sgnificantof these circumstances Isthat the work

S here- reported was a part of a cooperative research progratm Iii' "Which other professional groups participated. The contribution

of those other groups to- the work described inthis report was sub-
stantia- A complete accountof gunnery research would more-

adequately recognize their contributtont to better gunnery,, ana
would, in addition, give evidence of -the- effectiveness 61 resea'rch .
when menof variedinteests and secial alification coopera t
in seeking solutions to a edtm lex a problem. The der Whob-
hes in p ining an overview f the materials reported in
idetail in appropriat chapters is referred tfochapter 15, which
summarizesthe alreprtand provides abri te luaron of the

Swork, done- . . . . ." " " " ' ' .fThrough encouragemn ent, counsel, andother assistance mrany
rindividualshave contributed to psychlogical research in gunnery.

Notable among those are severalleadeis in gunnery training who -
tgav support to research In twe initial stages of the program,when-

',support was most needed. Col. Delmar T,-Spivey, Col. Danit.] W.•Jenkins Col. Willia m  L. Kennedy, Col Leand S. Stranathan , ane

late.,Col, Richard R. Waugh, and L t. Col. Elmer A. Dittmar should,be mentioned The expansion of tpsychological research andrch ,

development of the cooperative researchprogram mentioned above
reflect the-interest in research of Brig. Gen. Edwin B. Lyon and
Col.e M.Day. Lt.Col. Ernest -R.eManierrefacilitated the prep-
aration of this report by making available personnel' and file
materials. Nuherous officersaondgenistedsmen in g unner y tain.
Ing worked with intellgence and ndustry assure thesucces of

day-to-day operations.*
Within the Aviation Psychology Program, h o John C. Fln

gan and LCol. Frank A. Geldard should be .,.entioned for their

guidance -and support. Appreciati n-is expressed-to 4aj. Neal-&-Miller, Director of the Psychological-R e se a r cl Project (Pilot) ,for

I[
- eeometo hecoeatv eeac rgrmmnioe bv

reflect the- nterest in reearch- of Bri. Gn di .Lo n
Col E' M Dy.Lt.Co. rnet Mniere-fciltaedtheprp-

arto fti reor by main aval pesneadfl



many courtesies, and for providing a haven for the writing of
-this repor.

Severalcivillan psychologists deserve a special word of appre.

ciation foradvsifgon specific problems. Dr. Carl R. Rogers, Dr.

Charles W. Bray, Dr. We J. Brogden, Dr. K. U. Smith, and Dr. i

L Thurstoife are prominent among these.

Prof. John Russell, Dr. Hugh Wolfe, and Dr. Edgar Dale gave

valuable assistance on problems related to their special fields.

Maj,.Roger W. Russell, Maj. John V. McQuitty, and Maj, Rob-

ert Bragarnick contributed much to the planning of the gunnery

research program. The importance of Major MlcQuitty's contri-

bution, in particular, is not fully evident in the assignment of

credits for special projects. The complexity of the gunery re-

search program makes it difficult to designate with accuricy, in

every instance, those who should be given specific recognition for

work on various projects.
The-offcers who assisted in the preparation of this report did

so at some personal inconvenience. Two of the officers devoted

several months of Army service beyoid that required of, them, in

order to make the report possible. Lt. William B., Schrader de-

serves special-mention for valuable counsel on technical problems

and for editorial work on the entire repot.

I., * ~. -NICHOLAS, HOBBS
Lt. Col., A.,C.

Randolph Field, Tex., 1 March 1946.
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CHAPTER ONE
A Brif Hist y of the Flexible

' !f - - i '

Gunnery Program " *
MAJ. NICHOLAS HoBB .w

'. INTRODUCTION .

The Scope -of the Report "

* , This in a report of psychological research in flexible gunnery.
Since less is known about the gunner and'about gunnery than is

known about the pilot, the bombardier, the navigator, and their
jobs, the first section of, the report will tell about the enlisted
members of the combat crew and -the job they had to do. 'The
history of gunnery, of gunnery training, and-of gunnery research
will be surveyed; something will be said about the gunner's Job;

the gunner himself will be described; and the function of psy-
chological research in gunnery will be indicated. - Against this-
background of information, -there will be presented -in subsequent
sections of the report an account of a research program, the goal

*. of which was to put well-selected and well-trained gunners into, -
bomber crews, gunners-who could help defend a formation from
the attacks of-enemy fighters and thus make possible the.effeitive
bombing of enemy industrial and military installations. - '

EARLY FLEXIBLE GUNNERY (1917 to 1942),
Gunnery Before Pearl Hrarbor " -

Flexible gunnery staited in World War 1. In the latter period-
of the wari bombers mounted flexible -caliber .30 machine guns;
for which siMple mechanical sights-were invented. In the years.
between World War I and World War -1, bombers grew up, and-
gunnery equipment grew up with them. The rugged caliber .50.,
machine gun appeared, turrets of sturdy design -and easy control
were developed, and a fairly adequate computing sight became
standard equipment for some gun positions. But knowledge of
gunnery remained meager, and interest in'the pfbblems of gunnery

i1
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wu dormant. Anecdote- has ithat gunnery train Ing, In the -inter.
vening years of peace, consisted of an annual shoot during whichI' a few hundred rounds of ammunition were fired at clouds, or
occasionally at -a mleeye-type target toWed by another' airplane.,

ifWhen war came again, we, knew relatilvely little *about -flexible
gunnem f V .r, .f . .! * #

'Tho British had learned somethinig, about gunnery, the hard,
way, during thA early days of the War when their- bombers fought
the aggressive Luftwaffe fghters., We learned first from -the
British. In the summer of 1941, several officers ot-the Army Air
Forces were sent'to England to learn all they could about flexible.
gnnhery, and on'their return 'they were charged with-setting up i.
program .for -the training, of. gunners. .The first ;basic flexible
tiannery school was o p en ed at Las Vegas, Army Field on
22 December 1941. In quick sucession, schools were opened at
Tyndall Army Air Field, Fla.; at Harlingen Army Air Field,, Tex.,
ando later, at Buckingham Army Air Field, Fla, and Laredo Army
Air 'Field,'Tex. Every effort wasmade to set up quickly a train-
ing *program that would s ,enid gunners into combat well prepared

't d th i 0 -' V.. - .. t, .j1-

* Combt Gunnneiy, Early~~o
* What aerial, combat was -like In the early days of the war will

be remembered from newspaper storiei in which. figured suchnames as Rabaul, Tarawa,, Em den, Paris, Wilhelmshaven. 'Near-
ly all Of 'the bombers(B..1-'s; B-18's, B3-24%s P-25's, and B-26's)

*had one-or more turrets,, but hand-held guns,--eq uipped with crudeIron ring-and-7post sights, pieddminatcu'. Only the Flyring Fortress'wats equipped, in two- positions, with computing sights. Combat,conditions were perilous. In the Pacific, 'on return -from a- day-'_long isswion, gunners cleaned their guns in the dark, for a flicker,of light would have-brought the whine of'a sniper's bullet. In theEuropean Theater AAF bomber losses were great. The GermanAir Force was coniverting -to fighters, and our bomber formatimswere met by hordes of ME-109'5 and FW-190', 'lw -
petenti1&s.The newspaper stories of. that peid'eeo

-endourging.,~ I peio 'wer not

La r lct, 11ah. gunnery schools will be referred to as Las Vegas. Klngmzn. Yuma.
Lared, Nliaage Tnal and uclga atogh t16 omcill didgnatjon of a-gunneryscool Was, for example, "Army Air Forces Flexible Gtnnery school. Las Vea2 Army At,
AryArField, Fla., il Tbe Afe Intt School (Flexible Gunnery), located at Buckingham,A6rAiclt fo Fl,wbex rfrred to as the instructors school, and -Its, success -r. T heCenralSchol or leible Gunnery, located first at Buckingham adltra aeoTex., will be deeignated b1y the Initial$ CSFO or by the commo nued exeresatonLateo
central chool."0 Thie terms -inxtructSolorrztuos CoYuse" alsorefero "the
istructor training activity of the Central school##O rsrcoscus"as ee-t-h

2 .



Gunnery Training, Early Period ... . .,. , 4, •

Training of gunners for combat left much to be desired.-- Thi
curriculum4n those early days expressed the ingenuity of it roup
of officers and enlisted instructors, who had little precedent and
no organized body of knowledge to guide them. Lesson plans, on
the machine gun were based on infantry manuals, aircraft recog
nition courses were based oft, British materials, turret courses

* were drawn fromotexts supplie'd by turret manufacturers, ahd no
,adequate sighting course existed. There was insufficient.equip
iment. Caliber .30 machine guns were-substituted for the "carce
caliber .50 'gun. Each school had only a few turrets to use for -
demonstration purposes. Gaps were filled: in by almost ahy kind
of activity, particularly shooting, which might teach'a gunier
something that would help him handle a gun in combat. -The first
moving-target range for machine gun firing onsisted of a'clbth

target, mounted on a sled, which was- tied by along rope to atruck
and towed across the desert, to be fired at to the presumed'profit
of the student and the unquestionable discomfort of the driver.
Civilian skeet champions were commissioned and assigned 'tthi
program, and shotgun shooting became an importanit part of traiin
ing gunners to shoot cpliber .50 machine guns from a .225-mile
per hour bomber at a 325-mile per hour fighter. Ga 6ets with-
simulated machine guns to be fired -at- airplanes mounting. phot
electric cells were garnered from amusement.parlors and put Into
service. Compressed air guns hooting B-B shot or. sinaU'iied_
pellets were developed for indoor ranges, and attempts were made•
to develop quickly a caliber .22 machine gun for outdooi firing....
For air training, caliber .30 machine guns were mounted in. the
rear cockpit of small, two-place airplahes, to-be fired by the gunnet
at a sleeve target towed-by another plane. The gunnery training
pr6gram was weak; it needed a lot of improvement. No one rea-.
ized this better -than the men Who were charged with mknig it
better. A long step was taken toward better gunnery, when, In
December 1942, the AAF' Instructors School (Flexible Guinery)
was established to train instructors, to standardize basic training;.
and to provide personnel and facilities for research.

Gpinnery Research, Early Period', ,-
'Psychologists became interested in "gunnery in late 1942. I%

September of that year, three small: research detachments -(one,
from each of the Psychological Research Units-active atthat time)
were sent to the gunnery schools at Las Vegas, Herlingen, and
Tyndall, for the purpose of assisting in the selection of gunnery
students to receive further training as low-altitude bombardiers.'

'See Appendix A,1 for names of psyebologlots In gunnery.I '1 I
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'The detachments alsowere directed to explore the possibility of

developing a battery of tests-to be used in the initial selection of
men for gunnery training. A totsl of 62 aptitude tests were ad. *

ministered to determine their appropriateness for use in a gunnery

selection battery, but attempts to validate these tests against
criteria of gunnery proficiency in training gave diappointing
results. No generally adequate and dependable criteria could be
found. The records of class after class on air-firing and on
machine-gun firing on ground ranges were checked for reliability.
The reliability of all measures of performance critical for gunnery
clustered around zero, and there was little evidence that gunners
were learning to aim and-fire a machine gun. The results of these
exploratory investigations were presented to the officers in charge
-of gunnery at a conference in Fort Worth in January 1943. Im-
pressed -by the findings, these officers requested that a group of
psychologists be assigned to the gunnery program to continue the
research which had been initiated on the selection and training of
gunners. In March 1943, Psychological Research Detachment
(Gumnery), fitaffed by two officers and eight enlisted men, was
activated iand attached to the Instructors School.

GUNNERY IN THE MIDDLE PERIOD (1943.1944)

Combat Gunnery, Middle Period
Leaders of combat air !orces were becoming worried about the

defense of bombers. The reader will remember newspaper ac-
counts of bombing missionz:over Germany in 1943 and early 1944,
when our bombers were penetrating deep into German territory-
against relentless opposition. Stuttgart, Saarbrucken, Munster,
Gelsenkiirchen, Brunswick, Schweinfurt were familiar names.
And accounts oflosses stirk in the memory, too: "28 B-17's lost,"
"45down," "60,;" "80," "84," on a single mission. Fighter escort
was introduced in the European Theater ; improved'gunnery equip-
ment wasinstalled; but losses were still heavy. Urgent requests
for better trained gunners were made by combat commranders.

It was recognized by training officers that gunnery training was
not related closely, enough to the gunner's job in combat. To rem-
edy this deficiency, 18 'key -officers from the gunnery program
were sent to the European Theater in June of 1943 to observe
combat gunnery in the 8th- Air Force and to make recommenda-
tions for revision of gunnery training in the States. Though
much valuable information was obtained, and later put to good
use, the outcome of the mission was tragic. In spite of every
precaution to reduce chances of losses, six. of the most important
men in gunnery training were shot down This event gave per-

4
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sonal meaning to statistics on bombers lost, and, underscored the
urgent need for better gunnery training.

Gunnery Training, Middle Period
Much was done during this period to improve gunnery train-

ing. Four-engine bombers were -assigned to the basic schools to
give gunners training, on the type of equipment they would use In
combat. A new system of sighting, called Position Firing, wa.
developed aid adopted as standard in September of 1943. The
gun camera was introduced into the, training program to check
students' ability to apply sighting rules in the air, against attack- -
ing pursuit planes, Several synthetic trainers were ,installed at
all gunnery schools. And two additional schools were opened, at
Kingman Army -Air Field, Arizona, and Yuma Army. Air Field,
Ariz.

Something of the complexity of the problem of gunnery- train-
ing, and of the lack of structure in the training program, is sug-
gested by figures on training devices and procedures. At least 14
different types of indoor synthetic trainers were built in an at-
tempt to train gunners in sighting; 16 types of outdoor ranges-
were constructed and used at onetime or another; 5 distinct types
of air missions were devised, with, -any modifications; and the
number of gadgets, d evi&. and ranges that were proposed, but
never adopted was legion. These facts are eloquent tribute to the
ingenuity and enthusiasm of the men concerned with gunnery
training; they are also eloquent testimony that a random tral-
with-no-correction-of-error method of training gunners prevailed.

Gunnery'Research, Middle Period
Psychological research in gunnery, to be described in detail in

the main body of this report, assisted during this period in the*
establishment of an instructor-selection program, the development
and standardization of examinations for all gunnery schools, the
development of a new type of 'performance test known-in gunnery-
as a phase check, the evaluation of. trainers and. the devising of
techniques for the use of training devices, the -publication of testsfor the selection of gunners, and the revision of methods of train-ing in accordance with established principles of learning. There

was more work to-be done-than could be done by the small group
of psychologists originally detailed to gunnery research. On
1k May 1943, a conference of gunnery officials recommended that
-the number of psychologists _.ssigned to -gunnery research be
increased-and that provisicns~be made for a-permanent psychologi-
cal'research unit in gunnery. !n-response to this recommendation,
additional psychologists were added to the original group, and, onj

, . 5
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1 October 1943, psychological Research Unit No. 11 (Gunnery)

was activated, with a table of organization calling for 11 officere

and 43 enlited men.
There was reconized at this time a need for better supervislon

and training of guners in the combat air forces. Gunnery pro-

ficlency had to, be maintained, and gunners had to be trained In

the theater to use new equipment and new techniques. The answer

to this problem seemed to be to provide specially trained gunnery

officers for-assignment to each combat organization to which'gun-

ners were assigned. In January 1943, an officer from Psycholgi-
cal Research Unit No. 11. was sent on a mission to England to

study the requirements of the 8th Air Force for gunnery officers.

and to learn from the Royal Air Force their concept of the func.-

tion of the commissioned Gunnery Leader. A job description for

the gunnery officer was accomplished, and, on the basis of this'

investigation, recommendations for the selection and training of
gunnery officers were made.' , .

TralningPlan, Middle Period

What has been rather -arbitrarily called the middle period in
gunnery culminatedin-a conference held at 3rd Air Force, Tampa, -

Florida, on 12-14 April 1944.. The chief significance of' this con.
ference was the-proposal by Brigadier General E. B. Lyon that the
Central School for-Flexible Gunnery be established as the'"foun-
tain-head of -knowledge" on flexible gunnery, with an expanded
program for the training of gunnery instructors and of rated:,
gunnery officers.:,. Increased personnel and facilities for research
in gunnery and for liaison between the Central, School and all air.

forces would be provided for'. This recommendatiof was later
approved and the decision made to locate:.the Central School'on
a separate base at Laredo Army Air Fiel(;ds where a small experi-
mental school for the training of basic fiunners could also be
operated as a part of the Central School. •

The organization of the proposed Central ,chool foi Flexible
Gunnery was illustrated' at the Tampa, Confhrence by the chart
shown in figure 1.1. Though there were to be changes in the
organizational plan, the essential-features of the Tampa -proposal
remained intact-a-single gunnery training system with six basic

gunnery schools, and with a central school responsible for the.
training of instructors, the training of gunnery officers, thb opera-
'tion of an experimental basic school, the development of training
materials, the conduct of research, and the establishment of,
liaison with all gaups concerned with gunnery training. The
mos. significant subsequent changes in organization, not shown on
the above chart, were three. First, the single gunnery wing was

6
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*supplanted by the ofce.of the Deputy for Flexible Gunnery Train.
ing, a special staff p sition set up by the Commanding General of
AAF Training Connand to assure that gunnery training got the
attention that was desired. Second, the Publication Division was.
made a part of the Research Division. Third, a local director was
provided for the two functions of liaison and research.

During the 5 months following the Tampa Conference, the
Central School was moved to Laredo (in June 1944), and there
followed a period of productive activity. The Gunners Informa-
tion File, generally recogni edas one of the-best of the Army Air
Forces' training manuals, wak published. A new series of phase
checks was printed and distriputed to all schools and air forces.
The training of gunnery office-s proceeded apace, and research
activities expanded rapidly., Ati this time, attention was again
turned to the combat gunner as a source of information on theadequacies and weaknesses of gunnery training. Three psy-
chologists were dispatched to the 7th Air Force, to the 5th and13th Air Forces, and to the China-Burma-India Theater to obtainobjective measures of the proficiency of gunners in-combat zones,and to obtain suggestions for the improvement of the training of
gunners from the gunners themselves and from officers who weremost intimately concerned with the ability' of the gunner to
shoot-the squadron pilots, bombardiers,navigators, the gunneryofficers, the air force comtmndetuL

GUNNERY IN THE FINAL MONTHS OF THE WAR (1944-1945)

Combat Gunnery, Fina Period

As the remaining months of 1944 passed, gunnery in combat
gradually changed. Again, remembered newspaper stories willserve to Set the scene. Weakened by the AAF's devastating
bombing of its aircraft factories and fuel plants, and warded off
by our long range fighter escort, the German Air Force lost its
over-all effectiveness, though its fighters could gang up and strike
tellingly against single groups of bombers. And in the Pacific,
the mammoth, long-range B-29's were getting into operation.

The 20th Bomber Command; With bases in India and China,
was bombing Manchuria, Formosa, and the home islands of Japan.
On the gruelling, 18-hour flights from their home bases to their
targets, and return, the B-29's, were meeting determined opposi-
tion, particularly from scattered groups of Japanese-Navy fighters.
Stories of intentional head-on rammings by Kamikaze squadrons
were current, and stories of the effectiveness of the new fire-
control equipment on the Superfort came through. Back home,
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ithe tra i of gunner wa* nw-A lmtaosyengrieda-

Fr~n~ic~ on 1 Julyand ,1, t Auust, 194. The con4ren a
San Francisco was attended by oficers representing llco ad
concerned with gunnery and gunnery -training, from adquw-

~ temuArmy Air rces'to achof theoerational arfr iad2
2theaters of-war. Such objective evidence of Interest In gu.ney.

- ~ ~ ~ hadM never before bee shown.w ,,~ r ; '

Gunnn eevw nwiu Final Paw 4!) .:;~ '5J'tjn~

In the months subsequent ,to the Initiation of-psycho eogica;;
search In fiexible gunnery, the research program. had 'gown
rapidly. With a small group of psychologists foM- a iUUsi, ~
thereWhadaillj evolvida ederteaiedreak
~and developmental ogiatosafdbypscogitat-
maticians, physicists, enierdraftsmen,, writers, arttsand_

gunerytraining experts, totaln some 250 people, andcop t
to undertake almost 'an problem In flexible gunnery tan

TeResearch Division, ilt, was d slgnted h beleved 'to, hav
been -a uique oraiain this Army, mrshall ng, ai It-.#l4
the efforts -of,& varied, gruof eZet otecmo ups

h- rn-u ofer- a.Sn

emphasis on research *oii crew-training of gunred0.n e
fresher ftn for gunner I combat. itesiv remsi~

poetwas set -up at Pueblo Arm AirBasreutninte
publication, In October of 194 of a standardB-17' aIM,4I gunnery program for all 4tlzift airforees, a& prga hc
was founded on, the reslt Of the evaluation of ieerl i" ni,
methods tried out -at that station. Severa months latir, nJt
ary of '1945, a similar though, somewhat broaderreachnd-
tai0 was'Intiated In the .8th Air Force by W&s4h4W6st bfrom
the-Central Schol This investigatln was-drce twr r

Stablishing the most effciet taiingprocedures for mitana
'~the basic sills of gunners during their combat tour. The iBMWy

was completed, to the Immediate benefit of the gun ners Involved.
but the training program determined to be most effectlie wasnt,
putlInto widespread, use# due to the and ofthe war in- Europe.. At
the same time -that these studies *were being carried- out, -the C.-
tral School was turning its attenton to the problem, of tann
349 gunners for the Pacific wa. nh ro nsbh for p0e0M
ning a program for the training of 349 gunnrs-was; Wine -alost
wholy bythe Reero ivisio.
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.G,wnery Tran& Find Per'od " ." " "

A comprehensive plan -for the, training of B-29 gunners ws
worked out and. put into effect at Buckingham in January 1945.
To define concretely and specifical!y the objectives which should
guide the training prcgram, an -ficer was sent to the 20th
Bomber Command to study combat requirements.' The basic
course was lengthened from 6 weeks to 12 weeks; new leson
plans, new examinations,,.and new Phase checks were developed;
a B-29 suplement to the Gunners Information File was pub .,
fished; ground ranges were modified i a special B-29 synthetie'
trainer was devised; several motion pictures and filmstrips.were
produced; and coordination with other training, elements was
carefully worked out. The significance of this account is thatthe- program was conceived as a whole.. and, not piece by piece.
It was the first integrated plan for the training of gunners, based
on what gunners bad tc do in coB9rti p.

- ~~~Other Develolzdenta Fina Period "+ +: -

Concurrently with theplanning of n -

gram, there were several notable developments in flexible gun,nery. In August of 1944, the National Defense Research-Commttee contracted-wi the University of Wisconsini to estab:
'dsh at Laredo a project to stud psychological probedesig - , • dy" p y  g 1prbems in the
design of guflnery'equipment. This was .a most significant uxi-
dertaking for it was'the- first experimental program devoted to
the systematic study of the design of equipment with referenceto the abilities of the gunners who would use the equipment.
The training of B-29 gunners gradually superseded the training*of gunners for B-17's and B-24's. A Program for the training
of A-26 gunners was put into effect, and plans were in lirqgresufor the training of B-32 gunners.' Radar appeared as an aid toaiming of flexible .guns, opening up an entire new field for re-
search and auguring a revolution in the concept and potential-
ities of gunnery. Such was thd picture as the War drew to a
close. w de t a'

* - -+ *1 . + + * . +
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~Ki IThe -Gunner's Jb 2:~
CapL JOHN A. VMZnlA. , . 1 ',..0 , ,

.. INTRODUCTION .. .- ,

It was the flexible gunner's primary responsibilit to protfe t
his"bomber, and other bombers in his formation, from attack vt
enemy fighter planes.1 His fundamental Job, therefore,"cn.
uisted of aiming and shooting at attacking planes so that ,they
were put out of action or- at least deterred from making, effectiveattcks " .£ ." ': " .~ ;? " * ' "]" . C'. i •

In this chapter, the" basic problem of shooting at attackin ,

planes will be discussd; the complex aiming situation that was
involved will be developed; and the equipment provided ,the gi.n .
ner to solve his basic problem, as well ashis.duties'with resea,"
to this equipment will be -briefly described. The gunner's actual .:.
, successln shooting at enemy planes will be discus and, flnally A
those aspects of his Job concerned with hisrole ask aiember-of'
an AIMcreW will be described. - , . • -

THE LEM E GMMYAIMNG SITUATION'f
Th12 Sihig Problem Ana1y'as.,'-- . .,.*...'.2 :'.",....

The gunner was faced. with the problem of ahoting fr.mhii.

fast moving, bomber at a target that was aso moving rapldl
tbrough space., A helpful'way to -view this problem is to con-
aider it as an elaboration of simpler and more familiar aim'In
problems. These may be conveniently analyzed in trms -of the.
moving or stationary charater of both the gunner andhis target.

Sta. owry gunner and tationary target boy with a smal.
caliber rifle shooting at a tin can is an example of the bide, am-'
Ing aituation.. If he lne4- up his sights accurately on theca,
and holds the-alignment-while squeezing the igger, he may con-.
fidently expect ,to hit the an. The factor of-equipment ipre-
ent, "of cours% and it must assumed that the sights are

noY~ torus NhAlbe stIoop AM 1 " suawno were ae- in geejea tshe
er "ts tb w&r. -LAte, 4eu i e beesme the Wefed tmo. t Ik' ussWO~l~d N rrt-000t19 t*w Q~otAtWU AMl UU49 VAW A ,14 ibWWA
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properly adjusted, and that both hs rifle and ammunition aM 1i

effective working conditoS.
StationY gunner atd tnoving target.-If the boy takes his

rifle ,to a shooting gallery, and tries his luck shooting at te small

clay birds as they move slowly and' steadily around a track, he

faces ar. aiming problem of the next degree of difticulty. * It is no

longer possiblefor him to aim directly at the target, because In

the time it takes his bullet to reach the target, the target itself

has moved a certain distance. The task has become one of so

directing the bullet that It will meet up with the target. In aim-

Ing,',therefore, it is necessary to lead the target by the correct

amount. At a shooting gallery it is usually a- matter of no more

than a couple of inches of lead, and the problem is-not exceedingly

diffiult..
Moving gunner and stationary target.-If the boy in the origi-

nal example were to try and hit the can with his rifle while riding

by in a fast moving automobile,,he would face a yet more difficult

problem. This time he would not have- to- estimate how far the

target would move in the time it took his bullet to reach it, but

he would have to, allow forthe fact that his own forward motion

is imparted to the bullet when it leaves his rifle. If riding by

from left to right of the can, he would find that he must aim at

some point to the left of the can in order to hit-it, the-point vary-

ing With -he speed' of the automobile and its distance from the t

target

Moving gunner and moving target (flexible gunnery).--The

ultimate aiming problem is encountered when both the gunner,

and the target are moving through space. This was the problem

of -the flexible gunner. The bullet would not go where the gun

pointed, because it was -affected by the motion of the base from

which it'was fired, and the target changed its position in space

from the time the trigger was pulled until the- bullet reached its

vicinity. The gunner somehow had to take into accountboth of
these motions.

He had at his disposal one perceptual phenomenon of consider-

able assistance, and that Was the apparent motion of the target.

If he observed how'the target seemed to be moving throughjspace,

he had his cue for thedirection of lead called for. If the target

vere traveling in his same direction t the same speed, it would

seem to-'be standing still, and so he would aim directly at it If

th target were movingfaster than he was, it would seem to be

slowly forging ahead, and he would aim in front of it, as in the

shooting gallery example. If the target were moving more

12



slowly than he was, it would- seem to bedropping beJRind-, and he
would consequently have to aim behind It.

By carefully observing the apparent motion of a-target It wAs
possible for the gunner to determine the direction of lead (in
front of or behind the target) with some certainty. The deter-
mination of amount of lead required imposed a far more, difficult
problem in perceptual judgment.

Other Factors In the Sighting Probleo
I Having developed the flexible gunnery situation a one n-

volving both a moving gunner and a moving target, it is impor-
tant that certain more specific characteristics of this situation be
kept iA mind in or'4er. adequately to appreciate the gunner's aim-
Ing problem,

The target tsize.-Fighter planes varied in size during the war,
largely depending on the number of engines they possessed. The
imost important dimension' from the gunner's point of view was
the wingspan, ,as this was 'most often the target presented to him.
Wingspans for single-engine fighters averaged aroufid 35 feet;,
for twin-engine fighters around 60 feet. The more -vulnerable
portions of the' target, the propeller, engine, and cockpit, were.-
usually contained in a space. appri-dftiating the size of a small
truck. The impressive smalness of' such a target Is realidd

when one considers the usual distance of the target from the
gunner.

'The target distande.-Attacking enemy fighters would usually.
open fire at a distance of about 600 -yards, and, would break off
their attacks zat from 50 to 200 yards. With some types ,of
sighto, the gunner was encouraged to open fire on a fighter ata
range of as much as one thousand yards, in which.,case it 1ooked
like a large speck on the horizon. "In most cases, however, he
was advised to wait until the enemy was six hundred yards or
less from -his plane, at which stage the target Was beginning to
look roughly like a dime held edgewise at arm's length.

The- target path.-When flying in fairly close formation,' a
gunner would sometimes have occasion to fire at enemy 'fighter
planes attacking other bombers than his own. In most instances,
however, he would be called on to shoot at planes attacking his
own plane. For an enemy fighter plane attacking a bomber,
there -were, two basic types of attacks. Both types of attacks
were irfluenced by the fact'that the guns on a fighter plane were
characteristicAlly fixed in a set position on the plane, so that
pilots had to aim their planes -in order to aim their guns. The
first typel of attack was one in which the. fighter pilot attempted
to place a burst of rounds in 'the path of the bomberi while con-
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tinuing to fly a fairly independent Course. Fighter planes mak.
ing such attacks (commonly refered to as "fly through" attacks)
rarely presented satisfactory targets, but in turn rarely made
effective attacks.

The moat common target paths were those that permitted the
fighter pilot to keep his guns aimed so as to effect hits on the
bomber. Direct head-on and tail attacks permitted this.- Fre.
quently, however, the fighter pilot would overtake the bomber on
one side or the other, and then move in on, the bomber while hold-
Ing his. plane aimed at the- proper distLice in front of the
bomber's nose. This forced a definite relationship between theposition of the bomber and that of the attacking fighter, and'caused the fighter to fly what was known as a "pursuit curve."

A pursuit curve may be visualized by imagining a dog runningto meet. a- hunter, who is walking across his path of movementsome distance away. it is necessary for the dog to keep chang-ing his direction until he-catches up to the hunter from behind.In the same way, an attacking plane might turn in upon a bomberwhiIe: directly alongside it. While -flying so as to keep :pointedsomewhat .in front of -the bomber, its position would graduallychange in towards the bomber and behind it. To a gunner onthe- bomber it would always appear that ihe attacking plane wasfloating rapidly into and towards the rear of his own plane.This apparent motion indicated that the guns should always bepointed between 'the attacking plane and the tail of the bomber.Length of attack.To complete the flexible gunnery aimingsituation, it is important to include the fact that a fighter attackiusually lasted from 3 to 6 seconds. In that brief span of time
the gunner had to coordinate all of his aiming and firing ac-tivities. n -

FLEXIBLE GUNNERY EQUIPMENINT
Throughout the war gunners were supplied with a variety oftypes of equipment to assist them in aiming and shooting at at-tacking planes. As the war progressed, gunnery equipmenttknded to become more and more complex and specialized. Ingeneral, it gradually took over the solution of much of the gun-ner's aiming problem, although leaving him with difficult tasks ofperceptual judgment and motor coordination. The followingparagraphs contain brief descriptions of some of the more com-mon items and types of gunnery equipment. Much of thegunner's time was spent in caring for his equipment and making

it ready for combat use.

14
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The Caliher. 0 Machine Gum,. .I•,

The caliber .50 machine gun as Used during the war weighed
some 60 pounds and contained over 150 working parts. It fired
a round one-half inch In diameter, weighing almost 2 ounces,
that was either armor piercing, high explosive, or incendiary.
It fired approximately 800 rounds a minute. Its maximum effee.
tive range was about 1,000 yard&. ' " '

Two characteristics of the gun- are ofimportance in under-
standing its role in- the gurtner's job.

Bullet diMnerion.-The gun did not remain stable as aburst of
rounds was fired. Even when the gun was mounted ln cement
the bar'rel would "whip" enough to cause the rounds to emerge in
a variety.of divergent paths. When the gun ws fired from a
typical gun mount, this whipping effect was more pronounced.
For certain ;ypical mountings of the- gun,-th6- dispersion of
rounds amounted to an arda with a diameter of approximately 12
feet at a range of 1,000 feet. .. .. :J .:: .

Barrel leating.-It was not possible to fire the caliber .50 ma-
chine gun for more than a few Seconds at a time without over-
heating and damaging the barrel. This meant that the gunner
f o;.would have to space his bursts, thereby decreasing :his overalli " fire power.-. , '1.4 , , ../. t .:,,!,.• . ,

Much of the gunner's time was ,6pent in adequately maintain-'
ing his machine guns. He -was typically expected to clean and
oil them after each mission and to make, proper adjustments and
check their condition before each mission. He was also expected
to know how te--adjust the sight so as to be in line with the bore
of the gun,. a process called "harmonization." :.,

Turrets" .. . : , .. .,. ..

Locally controlled turrets.-To facilitati the use of the machine
guns, units known as local gun turrets were eventually. installed
in many of the bombers. Each turret included space for at least

two machine guns, a sight, the "gunner, and his personal equip-
ment, Turrets were driven by electric, hydraulic, or combined
electric-hydraulic systems. Local turrets, moving in azimuth
and elevation independently of the movement of the bomiber, pro-
vided the gunner with a maximum amount of area in which -to'
search for, aim, and shoot at enemy planes. The gunner op-
erated his turret with hand controls and a variety of switches.

It was usually the gunner's responsibility to load ammunition.
into his turret and to make careful preflight and postflight checks
of the turret's condition and operation. Some gunners were also
required to harmonize the guns and sight in -their turrets and to
make periodic checks of the harmonization.

-_ --~ - 15



Remotely controlled turreta.-In some of the bombers produced
toward the end of the war, a system of remotely controlled gunturrets was adopted. The gunner would sit at a sighting station,
from which he was able to scan an area of the sky and to control
the action of one or more gun turrets located some distance from
his position. This type of gunnery situation had the advantage
of minimizing the effect of gun vibration on the gunner's aimingactivities, and generally made the gunner's lot a- more comfoi--
able one. •

The gunner's task with respect to this type of equipment
usually consisted of loading ammuntion into the turrets and mak-ing routine preflight and postflight checks of the system's
operation.

Sights
The most significant contributions to the gunner's aiming prob--lem were made by the sights that were developed for his use.Commencing with simple devices that gave the gunner ;a mini-

muni of assistance in arriving at an aiming -solution, they
eventually were designed to predict with some certainty theamount and direction of lead required for various attacks. Thejudgmental aspect of the gunner's aiming task was consequently

gradually superseded by complex but more purely perceptual andmotor aspect&
Following are descriptions of typical sights.Iron ring-and-poet sights.The simplest type of sight em-ployed in flexible gunnery was an elaboration of the sights foundon any small ride. These sights consisted of an iron ring, usuallycontaining one or more concentric rings, mounted toward the rearof the gun, through which the gunner lined up the target withreference to the beaded top of an iron post set near the muzzleend of the barrel. )Each ring was usually designed to represent somany mils 2 of angular distance, and by reference to the rings

the gunner was able to estimate the range, measure off 'leads ordeflection, and track the target.
On the basis of mathematical computations, it was possible todetermine, for certain typical bomber speeds and altitudes, theapproximate lead requirel in order to hit an attacking plane dur-ing various stages of its-pursuit curve flight. !Simple rules mak-ing use of these calculations were evolved for gunners employinging-and-post sights. The lead was customarily expressed interms of the radius dimension of the innermost ring. Thus, thelead required when a fighter was directly abeam of the bombertThe mll, a unit of angular measurement used In ftexible gunn is equal to approx-

mately %4oo of a circle. Bore Precisely, one ot is th6 size of a central angle aubtending
a cbord-of I toot at 1.000 ts
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and in an attacking position was expressed as three sight radii,
cr "rads"'; when the fighte t was 45* from the bomber (and to-
iward the bomber's tail), the lead was two rads. The lead would
decrease until the fighter was behind the-bomber and no lead at

* all was necessary. The perceptual problem of estimating and
setting off the appropriate rad leads was impressively, difficult.

Optical ring sight.-The optical ring sight was a devI6e provid-"
ing the gunner with the same reference features described for
the iron ring-and-post sight, but in a more convenient manner.

* The gunner ranged, aimed, and tracked by reference to rings
projected on a transparent viewing glass. The rings seemed to
the gunner to be projected into space, which most -gunners re-
ported as facilitating aiming activities.

Compensating sights.-In order to relieve the gunner from the
necessity of setting off the appropriate leads, during a pursuit
curve attack, a type of sight known as . compensating sight was
developed. This sight permitted the gunner to aim directly at
te target at all times and mechanically fixed the guns in position
'for the proper lead. Early models of this type of sight were

" relatively simple in construction and were so adjusted as to set
off leads for only one set of typical bomber-speed, altitude, ,and
ballistic conditions. Into the more complex sights that were de
veloped later it was possible for the gunner to set the cruial
factors of his own speed and altitude, and thereby -regulate th ?
amount of lead allowed for. Compensating types of sights were
useful against pursuit curve attacks, and were of course suitable,'
as were all sights, for direct head-on and tail attacks. For at-
tacks requiring some deflection other than pursuit~curve attacks,
such as attacks being made on other bombers fn'the formation,
they were of -less value. - -

Computing sights.-Some sights were developed, during thep
war, Which would determine the correct lead for any type of *1
attack, taking into account in each particular case the factors:,of'
altitude, bomber speed, target range, and the rate and direction
of the target's apparent motion. Such sights were called comr-
puting sights. Eventually employing the gyroscope, as a means,
of. accurately translating rate and direction of movement into, the
appropriate gun deflections, these sights required for their eff(e-
tive operation the setting in of accurate altitude, bomber sPeeds

and target-wingspan data, and the smooth tracking and frrni;,rg
of the target for -a definite interval of time. With such a :Sight,
the gunner's job consisted of first making the proper settings,
and then aiming directly at the target and smoothly following its
course (to supply direction and' rate of motion data to the sight),, 4
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Remotely controlled turrets.-In some of the bombers produced

toward the end of the war, a system of remotely controlled gun

turrets-was adopted. The gunner would sit at a sighting station,
from which he wasable to scan-an area of the sky and to control

the action of one or more gun turrets located some distance from

his position. This type of gunnery situation had the advantage

of -minimizing the effect of gun vibration on the gunner's aiming

activities, and generally made the gunner's lot a more comfort-

able one.
The gunner's task with respect to this type of equipment

usually consisted of loading ammuntion into the turrets and mak-

ing routine preflight and postflight checks of the system's
operation.

-Sights
The most'significant contributions-to the gunner's aiming prob-

lem were made by the sights that were developed for his use.
Commencing with simple devices that gave the gunn-r a mini-
mum of assistance in arriving at an- aiming solution, they
eventually were designed to predidt - twith some certainty 'the
amount and direction of lead requiredfor various attacks. The
judgmental aspect of the ,gunner's aiming task was consequently
gradually supersed kby complex but more6'purely perceptual and
motor aspects.

Following are descriptions of typical sights.
fron ring-and-post sights.--The simplest type of sight em-

ployed in flexible gunnery was an elaboration of the sights found
on any small rifle. These sights consisted of an iron ring, usually
containing one or more concentric rings, mounted toward the rear
of the gun, through which the gunner lined up the target with
reference to the beaded top of an iron post set near the muzzle
end ofthe barrel. Each ring was usually designed to represent so
many mils " of angular distance, and by reference to' the rings
the gunner was able to estimate the range, measure off leads or
deflection, and track the target.

On the basis of mathematical computations, it was possible to
determine, for certain typical bomber speeds and altitudes, the
approximate lead required in order to hit an attacking plane dur-
ing various stages of its pursuit curve flight. Simple rules mak-
ing use of these cs.lculations were evolved for gunners employing
ring-and-post sights. The lead was customarily expressed in
terms of the radius dimension of the innermost ring. Thus, the
lead required when a fighter was directlyr abeam of the bomber

A. 'The-rili, a unit of-angular measurement-used in flexible gunnery, As equal to -approxi-
- mately %4oo otfa circle. 'More precisely, one rol is the size of a central angle subtendng

a chord ot1-foot at1iO00 tenete
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and in an attacking- position was expressed as three sight radii,
or "rads"; when the fighter' Was 450 from the bomber (and to-
ward the bomber's tail), the lead was two rads. The lead would
all was necessary. The perceptual problem of estimating, and

setting off the appropriate rad leads was impresively difficult.
Optical ring sight.-The optical ring sight wasa device provid-'

ing the gunner with the same reference features, described, for
the iron ring-and-post sight, but in -a more conveiient manner.
The gunner ranged, aimed, and tracked by reference to rings
projected on a transparent viewing glass. The rings, seemed- to
the gunner to be projected into space, which most grinners re-
ported as facilitating aiming activities.

Compensating sights.-In order to relieve 'the gunner from the
necessity of setting off the appropriate leads during a pursuit
curve attack, a type-of sight known as a compensatingsigh\was
developed, This sight permitted the gunner to aim directlylat.
the target at all times and mechanically 1ibd The guns in position

Sfor the proper lead. Early models Of this type of sight wered
relatively simple in construction and were so adjusted as to set

off leads for only one set of -typical bomber-speed, altitude, and
ballistic conditions. Into the more complex- sights -that were de-
veloped later it was possible for the gunner to set the crucial
factors Qf his own speed and altitude, and thereby regulate the
amount of lead allowed for. Compensating types of sights were
useful against pursuit curve attacks, and were of course suitable,-
as were all sights, for direct head-on and tail attacks. For at-
tacks requiring some deflection other than pursuit curve attacks,
such as attacks being made on other bombers in ?the formation,
they were of less value.

Computing ights.-Some sights were developed, during the
war, which- would determine the correct lead for any type of
attack, takiig into account in each particular case the factors of
altitude, bomber speed,, target range, and the rate and direction
of the target's apparent motion. Such sights were called com-
puting sights. Eventually employing the gyroscope, as a means
of accurately translating rate- and direction of movement into the
appropriate gun deflections, .these sights required for their effec-
tive operation the setting in of accurate altitude, bomber speed,
and target wingspan data, and the smooth tracking and framing
of the target for a definite interval of time. With such a sight,
the gunner's job consisted of first making, the proper settings,
and then aiming directly at the target and smoothly following its
course (to supply direction and rate of motion data to the sight),.

17



while at the same time Continuously adjusting movaupa haie-wA

sets of points on the sight finder so that they would exactly.

frame the target as its apparent size changed. This operation

supplied range information to the sight. Computing sights in

general provided the gunner with the greatest amount of assist-

ance.-in his solution of the aiming problem.
Radar sighting aids.-Radar devices were ',;Vontually used with

certain computing sight systems to suppiy -information to the

sight regarding the range of attacking planes, thereby consider-

ably simplifying the gunner's task by eliminating the difficult
framing operation. , ,.

FLEXIBLE GUNNERY EFFECTIVENESS

Having pointed out- the difficulties of the flexible gunnery aim-

ing situation, and briefly having described the equipment sup-

plied the gunner-to assist him in overcoming these, difficulties, it

is pertinent to devote some attention to the actual effectiveness of
gunners in using. 'their equip~ment to destroy or- damage attacking

-enemy fighters.
Some of the best gunnery recordii were made by the B-29

gunners operating in the 20th and 21st Bomber Commands in the
Asiatic-Pacific Theater. These gunners had the most advanced
gunnery equipment available 'during the war, and had the advan-
tage of flying in bombers that-went faster than all other heavy
bomber types, thereby somewhat limiting the possibilities for ene-
my fighter attacks. The following report was submitted by one
bombardment wing, summarizing the results of 36 missions over
the- Japanese mainland prior*'to 7 April 1945: 3 s

Number of enemy fighter attacks reported ... --------------- 5978.
Number of enemy aircraft destroyed --------------------- 252.Number of enemy aircraft probabl destroyed --- ----- 171.

Numbe-r of enemy aircraft aamage.---- ------- ----------- 307.

These data reveal that 7.08 percent of all enemy aircraft at-
tacks encountered during the period in question resulted in
destruction or probable destruction of the enemy planes, and
that 13.9 percent resulted in destruction, probable destruction, or
damage of the enemy planes.

It is- interesting to note the number of rounds expended to
shoot down or damage attacking fighter planes. During a B-29
mission cited as being very successful in the report referred to
above, 205,137 rounds were fired, accounting for 79 enemy air-
craft destroyed, 23 probably,destroyed, and 50 damaged. :Some
of. these rounds were expended in test firing of the guns, but in

'Consolidated Mission Report, Field -Order Nn. 73, Hleadquarterx, I3d Bombardment Wing,'7 April 194s. 7d obrmn ig
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_general the figures -reported provide a picture of what was gen.
erally considered to be combat gunnery at Its best.

The difficulty of the flexible gunner's task we.s not a function
solely of combat conditions. All attempts to set up a training
situation which would simulate the gunner's combat task were
hindered by the fact that gunners would not score enough hits to
enable them to discover what their correct performance should-
be.4  For example, a most realistic- simulation of combat gunnery
making-use of aii armor-plated fighter plane at which -the gunner
fired special projectiles that disintegrated harmlessly -upon con-
tact, proved relatively ineffective as a training and scoring device
because the average gunner would hit the attacking plane
(thereby activating an electrical scoring system) with only 3
percent of his rounds.$ /

THE GUNNER AS A CREW MEMBER

Although the aiming and shooting activities of -the kunner
have be'en stressed most in this chapter, bearing as they da most'
directly on the accomplishment -of his ultimate objective; it must.
not be supposed that 'his duties began and ended With these ac-
tivities. Some gunners often had other aircrew responsibilities,
such as navigating, bombardiering, .and airplane maintenance.
B-29 gunners served as "eyes" for the pilot a'nd flight engineer,
informing them of control-surface, landing gear, and engine'con-.
ditions. Even the man whose only job was gunnery, however,
-was a member of a cooperative fighting team, and as such had to
be familiar with a variety of procedures and equipment.

Briefly, a gunner_.had to be proficient-in-:the- use of interphone
equipment, oxygen apparatus, and articles of electrically-heated.
clothing. He had to know-how to administer 'basic first aid. He
had to be ready to parachute from his plane on short notice, or.
to play his particular role in the event of a forced landing on-
'water. He was expected to be alertly observant at all times.-so
as to be able to give accurate and pertinent information on con-
ditions observed during a mission. -/

SUMMARY .-

The flexible gunner's basic job of shooting at a rapidly -moving'
fighter plane from his own rapidly moving bomber was a difficult
one, resulting, even under optimum conditions in a very small
percentage of hits. For the accomplishment of his job, the-gun-

Sse* chapter 5 for a further discussion of this fact as It was related to the establlshmeat
of a crlterion-of gunnery success.

'See chapter 9 for a- more complete description of this typez-of iraliag.
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ner was supplied with caliber .50 machine guns, -usually- mounted

in power.driven turrets. Various types of sights were supplied

to help the gunner solve his aiming problem. Much of his time

was spent in caring for this equipment, and making it ready for

combat use. He also had to be ableto play his'role as a bomber

crew-,member, fighting under unusual conditions of temperature

ant, atmospher
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CHAPTER THREE____________
t. .The Gunner ..

Lt. GERALD R. PASCAL

In the application of psychological techniques it Is important

to know the characteristics of -the individual to whom the tech-
niques are to be applied, For instance, in planning a training
-program it-is necessary to know the intellectual level and educa'
tional background of the prospective students so that courses of
study may be adjusted, to their abilities. It is necessary to know
something of tbeir age and 'adjustment, so that problems of selec-
tion and training, can be placed in proper perspective. By way
of introduction, this chapter will survey briefly materials pertil-
nent to an understanding of the man who was the focus of the
psychological approach to the piroblems of flexible gunnery. •

THE GUNNERY STUDENT

The Men. Who Were Gunners
Below are several -brief case histories of men who were gun-

ners. These particuilar case histories were selected and' con-
densed from several hundred detailed case histories of men back
froi combat. If one keeps in -mind, that there were notable
deviations from the mode suggest6d by these thumb-nail sketches,
they will serve well to iitroduce- the men who are the concein of.'
this report.

'Staff Sergeant Williams was born in gf) smalf midwestern town. He was
24 years old. His school and- homelif& were -happy and satisfying. He
graduated from high school andexpected to enter an engineering collee.
However, his father-died and he was-forced to help support the family, giv-
ing ip his plans to attend college. 'Until he entered the Army in 1941,:hs
worked primarily at, wholesale saleqwork for, -a nationally known cheese
manufaeturer. During the period between leaving and entering the Army
he reported that :he was active socially aiid: that hunting, fishing, and fee
skating were -his major hobbies. Sergeant Williams was severely wounded'
on his fourth mission.'

Sergeant Augburg. was 22 years -old. He was born in Austria and cam.
to-the United States with his parents in 1924. He was an only child. His
parents lived in a small town in Connecticut. His father was a metal pot-
isher. Sergeant Augburg completed two and one-half years of high school
He quit high school'to sttend a trade school for an additional two and one-half years where he learned-printing. Before entering the-Army -he worked
for five months as a linotype operator earning ,1.48 an hour. He was a
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member of the swimmilng tean of his factory. in December of 1942 he Il
enlisted In the Air Corps. He-was flvq as armament gunner on a B-24
and 'was on his 14th mission over the Philippines when the wing was-shot ONf
'his plans. He baited out and wss taker. prisoner.Sergeant Antoni was born andreared In the Bronx New York City. He
was 23 years old. His parents were, born In Italy. 1-1% father was owni.r
Of- a grocery store In the Bronx. The sergeant was next -to the youngest 14 V* famnily of five children. He gtraduated from- high school and then tookone-year of post-graduate work learning ty'ping, sten'ography, and'businsss
machine operation. He had planned~to go to college but, Instead, obtaineda 19b at a race track and learned to be a jockey. Sergeant Antoni tuccessfuuy completed his raissions as a radio operator-guknner In the EuropeanTheater -of Operations.

Perusal-of case history files on gunners bears out thO rich va.
riety~of Amferican family backgrounds& Gunners varied in educa.
tion from incomplete grammar school tiaining to Oost-graduate
college training. Intelligence ranged from below average to. very
superior. Case' histories serve to direct atention td the individual,
but in order to get-a more comprehensive picture, some statistical
data trerequired. .

Estimates of Gunner~ls Intellectual ilevel, Education, and Age
The trainin porm could not be addressed to each individual

but, for the sake of economy, had to be directed- towards the great
majority of -individuals presented for training. In -considering
-intellectual level, then,- -itwas important to 'know the average
Army General Cl assificationi Test score of basic gunners, their Me-
-chanical Aptitude Test scores, and other facts which served to
*Characterize the majority of gu'nnery students.

General inteligence.-There was great variation in the Army
General -Classification Test scores of men in basic gunniery schools.Although the'lower limit for gunners 'was set at 85, actually, men
with-even lower scores sometimes arrived at gunnery schools; butthese werii few in number. The found range of Army General*ClassificAtion Test scores was fromn 64 -to 154, for a population of

2,629 bscgne.The mean score for this group wias 110.3with a standard deviation of 14.3. This mean score is severalpoints higherthan the mean' score of enlisted personnel in theArny .as- a whole. The distribution of scores is illustrated in I
figure 13.1.-

Mechanical aptitude.-BMechanical Aptitude Test scores varied'as did the Army General Classification Test scores...and the range.
wasas rea. ~r he riplaion of 2,629 gunners studied, themean Mechanical Aptituw .3, Test score wvas found to be 106.4, witha. standard deviation of" 14.3. Thus,'in. spite of the wide varia-tion, abouttwothirds of gunners had an Army General Classifica-,tion Test score of between 96 and 125, and a Mechanical Aptitude;Test~ score between 92 and 121. These scores were noticeablybetter thanscores for the Army Population as a whole.
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Education .-rThere was-also a-wide variation -In the educational
background of gunners, (see table 3.1). For 2,659 gunners- Int the

Threeto forc asaion s 60.3i

Comeert cgllee----------------- ------------ 7
Oeto toyears, ig dol------------
Threetof years,'g shege- ---------- 7--------------------- G.

Four years college___ ----------------------------- I------ 1,1
Some post gradu..ta work.. -------------- ----------------. A

trainirg air forces, !education ranged from below eighth grade
train'Ahg (1.7 percent) to graduates of colleges (1.2, percent).
Sixty percent reported 3 or 4 years in --high school- or vocational
school. Relatively fe*, gunners had in education beyond. high
school, only 12 percent of 'the group under consideration. The
average, gunner's education consisted of about 3 years of high
school, but the, gunner one was most likely to meet was -a high
school gr-Aduate 1

-l

Age.-T-he age~Qf flex'ble gunnery students was limilted by the
nature of the job-t6ibe done and the stringent- physical qualifies-
tions for aircrew training. For two clasaes _at Tyndall (42-40
arid 4243) and one class at- Fort Myers (44-P' , with a total-of.
646 students,, age was found to range from 18 -to 37, inclusive,-
with the.-mean age of 23.5. Relatively few gunnery, students- were
over 30 years of age, 8-percent of the groups-under coilderatioL
Seventy-three -percent fell- between the ages of 19 a''id 25.

The. average high. school student-has completed the 11th gradei
which was the average school- grade of -gunnery students, at. the
age -of i7. 'The mean -age of basic gunnery students was about
23.5. Then it follows that, on the average, the basic gunnery
student had been out of school for 6 / yeas which was an lInpr-
tant consideration in planning a training program.

The Gunner in- Training andlix C~niay. ~ .

The men who have beeii described above were sent through ani
intensive training period and'then into combat. A-brief descrip--
tion-of -the -sequence and -nature of. gunnery training, and, a sketch
of what combat- gunnery was like, will serveto provide, neesr
background -for- understanding research materials- to be6 reported

later. ..

I 'This, study was conducted by -a detachment -of _psychologlsts from tbi AAF railnins-
Command. Personnel of this detachment were subsequently asgncd-to, the Office of the
Surgeon, Headquarters, 3rdAir Force.
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IBasic trainng.The potential gunner arrived at basic gunnery

school after having attended, -for several months, one of the Air

Forces technical schools, and was rated an airplane mechanic,

radio operator mechanic, or armorer. (Some men, called "career

gunners," came directly to basic gunnery school). He may have

been drafted into the army and sent directly to gunnery training.

He may have volunteered for gunnery from ground duty or an-

other branch of the service. Or he may have been disqualified

for~or eliminated from aviation-cadet training and assigned to en.

listed: aircrew training. Usually, upon arriving at the reception ,

pool for flexible gunners he was rated a private-first-class (if he

had been to a technical school, private if he had not), with the

expectancy of becoming a corporal upon completion of basic gun-

nery training.
In gunnery school he began his training for aerial combat. He

learned about the caliber .50 machine gun. He shot at skeet birds
from the ground, from trucks_-from turrets. He went to lectures
and -to various ranges. He learned- aircraft recognition. He

learned abouta turret He practiced on--various synthetic train-
ers. Finally, he arrived at the .ir phase of his training. He
went-up to shoot in the air. He shot at targets towed by another
plane.. He -learned to strafe. He shot camera film at attacking
fighter planes. He went on missions at high altitudes, learning to
use his oxygen equipment. Meanwhile, he had taken-many tests,
passed sevcral phase checks. He had assembled his caliber .50
mzchine gun blind-folded. He had demonstrated he could detect
malfunctions in it He ,had'shown he knew his- turret. He had
made a qualifying score shooting the-caliber .50 gun at a moving
target. He-had arrived at the final comprehensive examination.
He had passed it. One day, after 6 weeks of the hardest, most
concentrated training he had ever had in his-life, he got his wings.
He-was a gunner.

Combat crew training.-After basic gunnery tzaining the -aver-
age~gunner was sent to one of the training air forces for combat
crew training. Here, for the first time he met the other members
of his Crew. Here, for the first time he began to get the feeling 1
that he belonged. He was subjected to further months of train-
ing, in flying and shooting with the other members of his crew.
Perhaps he was assigned to a gun position other than that for
which he was trained, or, perhaps, to a different type of=,hip. He
hadto -learn this new position, and possibly a secondary gun posi-
tion. Here, he learned to be a fully responsible crew member. If
he was an airplane-mechanic he had also to be that, besides being 6
gunner--or a radio operator, or the airplane's armorer. He
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learned to take. care of his equipment--on a combat-equipped air-

plane.
Combat.-Overseas, the gunner often had many more weeks of

training before his first combat mission. There were weeks of
practice, weeks when he had to learn about the, conditions, of his
combat theater, weeks when he had to -become proficient in the
exercise of his skill. He learned to prepare for missions with
care. He learned tactics, those of his own bombers and those of-
enemy fighters.

Then one day he was briefed for his first combat mission. He
had prepared his equipment. He had, mentally, accepted the haz-
ards of combat.

He left the comparative security and comfort of his base.
Usually he had hours of waiting, constantly on the alert hours of
boredom, even, to overcome, tedious hours while his airplane
droned on-to a distant target. If the mission was at high altitude,
he had, in addition, to endure the physical discomforts of sub-zero
weather and the constant threat of oxygen deprivation. After
hours of inactivity, he had to exercise split-second judgment and
precise psychomotor. control to meet enemy fighter attacks. He
had to withstand the frustration of seeing flak burst in and around
hisairplane, watch helplessly while bombers of his formation went
down. 'He had to learn to react rapidly and precisely after hours
of waiting; if he was to perform his-combatjob satisfactorily.'

The Motivation of Gunners - . - "

The materials above indicate in broad outline something'of the
abilities and the background of gunners and something of the
experience of gunners in training and in combat. -here reinani
one factor, important for the understanding of the r-search to be
reported, and that is the motivation of'gunners 2  I I

-The gunners' concept of theirJob. -Students in the-basic course
at Buckifgham were asked to write their opinions about gunnery.
These comments were anonymous and illustrated well the nature 7
and range-of gunners' concept of their job...

Today was my first day of attendance as a gunnery student at-this school.
On the basis of what-I've seen this first-day, I feel this training is going to
be the best. The classes are semi-informal. The instructors are regular
fellows, and, not for one nioment can- the student fee! that-the instructor isn't
well-versed in his subject. Flattersome as hell, isn't it?- Yet, those ere
really my first hand impressions of the school. But, I have one-irksome gripe,
and I'm not alone in feeling the injustice of it. Been a corporal for nigh
onto 2 years. Went through 6 months of training as an air cadet, waselrai-
nated -at -basic flying school in February 1943. Returned to previous ratie
of a corporal, was reclassified, and sent to Scott Field for ROM. Graduated
from that-And finally after numberless delays all along the line, find rmyself
a student at gunne.y school, and a corporal (still).

*The attitudes and Adjustment ot gunners will be discussed In detail In Chapter 10.

703326--4T7-
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Frankly speaking, I never did give a damn for radio, code, etc., and now
gunnery, which I despib.. Was an aircraft mechanic for years, desirous of
being an AM and here I am in this damned outfit. Of course the army Is

I want to fly more than anything else In the world. I was-disqualified as
& cadet which disappointed me greatly. When 1 learned that I would have
to go to gunnery I was glad to be part of the be.-, combat crew In the world.
My one objection is the rating. I think every man who is- goodi/enough to be
on a flying crew is good enough to be a flight officer. A whole crew's life de.
pinds on each IndividuaL

I think you would have better students, a better school and better gunners
if it were made a voluntary move. I am not the least mechanically inclined
and have no desire to By. Personally, I am convinced I am better suited and
would be much more credit-to the army in one of the two or three linesI am
better suited for.

When I entered the Army they told me I was physically fit to be a flexiblegunner. Since then, two of my best friends have been killed in the Royal
Canadian Air For-e. I want to get a chance to kind of pay off the lousy

that caused all this trouble.
I do want to be a gunner. There's nothing I'd rather be, and that includespilot. To me, a gunner is the backbone of a mission, the protector of the

pilot and-the crew. Wit.hout him, the mission would fail miserably.
Motivation varied.--There was much variability in motivation,

as is nearly always true in such circumstances. Some men were
proud to be gunners and worked hard at being good gunners;
more men were willing to make the best of a situation not toomuch to their liking; others were apathetic, indifferent; a fewwere hostile and actively sought to get out of gunnery. Further,
attitudes and motivation varied .with time -and with place of as-
signment. In the earliest days when all gunners were volunteers,
it is said by gunnery experts that motivation was intense, only to
fall off when men were ordered into gunnery training without
regard to:their wishes. Motivation took a downward drop when
the ratings given to gunners upon graduation from basic school
were gradually lowered from staff sergeant, to sergeant, to corp.oral, andto private-first-class, Attitudes became More favorable
in the Training Command schools as the course of training was
improved; attitudes were generally more unfavorable in the train-
ing air forces where the gunner was neglected in favor of the pilot,
bombardier, navigator. Attitudes improved when, in early 1945,
some Air Force men were being transferred to the Ground Forces.
In a few overseas groups, particularly in 1-29 outfits, gunners
were reported as alert and "on the ball"; in most groups, thegunners were held to be lacking in a desire to do their jobs well.

Motivation was low."Though there was much variability, themean motivation of gunners -was much lower than observers felt
it might have been, much lower than itshould have been to make
gunnery maximally effective. The difference between the atti-
tudes of gunners in training and of aviation cadets was striking.Cadets were highly seleted, highly -oiatd an Ihy r

job that carried great prestige, and many re-
wards. Gunners were generally cast-offs, motivated only as much
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as most people are motivated when they are givena fairly Impor-
tant job to do, and they were working for a job that carried less
prestige and fewer rewards. That these differences extended.
through combat is evident in the fact that only 52 percent of gun-

Ilyners were favorable In some degree towards return to combat,
whereas 80 percent of the commissioned aircrewmen expressed
some willingness for a second tour.,

Two major causes of low motivation.-Though one may be sure.
that there were many complex factors operating in the motivation

- of gunners, there are two factors which may be Identified as gen-
erally contributing to low motivation.

First, the status of gunnery in the Air Forces was uncertain.
Although the-number of men required for flexible gunnery was a
sizeable percentage of the men trained by the Air Forces, emphasis
on the training of flexible gunners~came relatively late. Flexible
gunnery was at first relegated to a minor role, as compared wivi
other types of training, but, later, with increasing awareness o!
its importance, it was given high priority. Then the gunnery
program swung into action with an intensity which left little time
for mature consideration of such intangible problems as motiva.-
tion. The gunner was sometimes considered important, some-.
times not; his significance to the success of combat sometimes,
crucial, sometimes inconsiderable. His job varied with equlp.;"
ment and the theater of operation.

Second, there were inherent in the gunner's job conditions which
militated against the development of motivation and confidence.
The gunner was handicapped by a lack of a reliable criterion
against which he could measure his proficiency. Gunners seldom

knew whether they were good, poor, or indifferent with respect
to their jobs. This -fact worked contrary to all that Is known
about the iniportance of knowledge of achievement in a situation
where strong motivation to master a difficult task is required.

From these two general conditions, there evolved many of the'
specific circumstances which reduced motivation and contributed
to low morale among gunners.

SUMMARY AND CONCLUSIONS ,

This chapter began with a quick look at background material
from which to consider various facets of the gunner's iimake-up.
Data presented have indicated that the gunner was an average
young American, about 23 years old with, typically, a high school
education, and was somewhat above average in intellectual endow-
ment. He came from all parts -of the country and from all. walks
of life. What had-been considered a highly specialized task, only
-open to selected volunteers, was accomplished by draftees, average
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i ,American youth. The presence of a large group of gunners who

~were relatively unmotivated to do their best in training for their
~job is pointed out. How much more efficient the gunner might

have been, how many more lives might have been saved had he
~been well motivated throughout training and combat, these ques .

tions form the core of the problem of motivation, a problem real.
~ized, but a problem which, due to the exigencies of the situation,

had to remain~relatively untouched.
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CHAPTER FOUR___

The Role of Psychologists in
Flexible Gunnery Research,-,

Maj. NIciOLAS HOBBS,""

INTRODUCTION

Research in flexible gunnery was started by psychologists.
They were few in number, at first, and their research mission was
confined to the problem of improving techniques for the selection
of basic guriners. Gradually demands on research increased, for
the job of the flexible gunner presented many new problems for
which there was no accumulation oft experience-wrought solutions.
The mission of psychological research was broadened to include
problems of training, and additional psychologists were assigned "
to duty in gunnery. "Other scientifically trained personnel, mostly
physicists and-mathematicians, were added to the staff of the Cen-
tral School to work on problems of gunnery theory and techiique.
Engineers were called in to work on equipment and on training
devices. Later, writers, artists, and publications men'wered as-
signed to the Central School. It was their job to make gunne'r
simple and easy to understand through'textbooks, pamphlets,,an'd-
posters, :through films and film strips. Finally, there wadin ri

search -a group of men whose special qualification was that they.
knew gunnery thoroughly. %

This report is not a full chronicle of the achievements of all of
these men. The nature of the series of reports, of which this
report is one, demands that the account be limited to work of .a
psychological nature. Although the work to be reportedin the
following chapters is concerned only with the psychological as-
pects of research in-gunnery it is evident that many people, not-all
of whom were psychologists, contributed to the work.,.,: ,

As a background for this report it will be helpful to know some-
thing about the organizations which provided, a framework for
research in gunnery and to know something about the defined

missions of these organizations.
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-ORGANlZATlONS

Early Research Organizations in Flexible Gunnery

The three original research detachments.-In September of

1942, three small, detachments of psychologists were sent to Las
Vegas, Harlingen, and Tyndall for the purpose of administering a

battery of aptitude tests on the basis of which a few gunners from

each graduating class-would be recommended for training as low.

altitude bombardiers. In addition to outlining procedures for
testing prospective bombardiers, the directives issued to thesp de

tachments provided for exploratory work on the problem of de-

veloping an aptitude test for the selection of men to be trained as

gunners. Thus the first research project in gunnery was quite

narrowly defined. The work of these three groups was termi.

nated in December 1942. However, interest in psychological re-

search had been stimulated, and gunnery officials requested that

the work be continued.,
Psychological Research Detachment (Gunnery).-To carry on

the work which had been initiated, personnel were drawn from
each-of the three original detachments andassigned to the Psycho.
logical Research Detachment (Gunnery) which was activated
on 1 March 1943. This detachment was stationed at Buckingham I
and worked-in closest affiliation with the Instructors School. Its
mission, somewhat-more broadly defined than the mission of the
original detachments, was stated as follows: '

The detachment shall continue the .work already started on improving the i
procedures for the selection of flexible gunners. It will administer a recently
constructed aptitude test for flexible gunners for the purpose of establishing
norms and obtaining other needed research data. The detachment will, from
time to time, check on the validity of the proposed test and carry on research
directed toward increasing its efficiency in-tne selection of gunners.

Since intelligent-selection of gunnery students is intimately connected with
determining accurately the relative success in school-of students selected the
detachment will do research directed towzyd achieving uniform and reliable
measures of success in academic work, ground range firing, and air-to-air
firing at all the gunnery schools.'

Psychological Research Unit Number 1-1.-The gunnery re-

search detachment worked for a period of approximately 6
months, laying the groundwork for uch of the research that is
the substance of this report. During this time, psychological,-
research gradually became established as an essential activity in,
the gunnery training program. The temporary detachments,
evolved into a permanent unit, which was designated Psychologi-;
cat Research Unit No. 11.. This transition is best pictured in the
following quotation from a letter from the Commanding 'Generatl

'Letter. Hleadquarter , AAF Frlng Training Command.-dated 17 February 1943, Sub$cCt:'
Estabiisbnent o! Psychological learch Detachment at Centrai Gunnery Instructor Seboo-
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of the Army Air Forces Training Command, which defined the
mission-of the new unit: . .

There has been in existence, since 1 March-1943, atBuckingham Army Airt
Field, Fort Myers, Florida, a Psychological Research Detachment (Gunnery)
composed of psychologically trained officers and enlisted men on detache
service from the Psychological Research Units of the three Flying Training
Commands. The research program conducted by this Detachment has been
eminently successful in that important steps toward improving the effective-
ness of flexible gunnery training-have resulted from its efforts. With the re-
cent expansion of the gunnery traihin'g program there in, warranted further
emphasis upon Work of the type conducted by the Detachment. To this end
Psychological Research Unit No. 11 (Gunnery) was activated, it~being the
intention-that the personnel of the Detachment form the nucleus of the new
Unit and that the Director of the Detachment be designacted Director of
Psychological Research Unit No. 11 (Gunnery).

The mission y the Unit may be broadly defined as follows: To conduct re-
-search on psychological aspects of problems having to do with Improving the
effectiveness of flexible gunnery training methods and increasing efficiency of
performance of-the gunr.er.

,Specifically, it is desired that the Unit:•-.
it. Work towards the establishment of adequate criteria- of proficiency of

gunners. g r p
b. Construct and administer tests of achievement and performance forpurposes of evaluating the efficiency of various gunnery training procedure,

conduct experiments upon the effectiveness of various gunnery training 'pro-
cedures and devices, and propose improved methods of training in conformity
with psychological: principles of efficient learning.

c. Develop methods of selecting instructors for the flexible gunnery train-
ing program and of selecting students for the Central Flexible Gunnery In-.
utructors School.

d. Continue work on the construction and validation of an aptitue testfor
flexible gunners.

It ia intended that (the Unit-serve as b research organization for all the
-flexible gunnery schools. Officials of the gunnery training program should'
be given full opportunity to call upon the Unit to perform special research, as
the need arises, and they should cooperate in facilitatifig, accomplishment of
the, mission of the Unit as outlined above. However, the Unit should con-
fine its activities to -research-and developmental work and should-not under-
take operational activities.*

It-should be noted that the provisions of this directive eonsider -
ably enlarged the scope of psychological research In gunnery.
This statement of themissionvf Unit No. 11 provides an adequate
definition of the objectives of the work of psychologists in gun-
nery throughout the war.

The period of coordinated ree::rch.-The work of Psychological
Research Unit No. 11 was supple viented by the work of two other
sections which-were a part of the 'nsiructors School. The first of
these, designated the Proof Secti%.i was staffed by gunnery ex
perts.who were concerned primal!ly with improving equipment
and devices used in gunnery trainir;. The second of the two sec-
tions was designated. the Analysis i :id Planning Section. It was
staffed by civilian mathematiians ai d physicists, who were on-
cerned for the most part with thet i oretical solution of sighting
problems. Although Psychological r, search Unit No. 11 was not

Letter, Headquarters, AA7 Training Command, 'i ted 23 October 1943. Subject: Utusloa
ot Psychological Research-Unit No. 11 (Gunnery). " -

! 31

i I



directly under the Commanding Officer of the Instructors School,
local administrative arrangements were made for the director of
the Unit-to serve as Coordinator of Research. This arrangement
assured the integration of. research activities in gunnery. These
two, sections and the Psychological Unit developed into the Re.
search Division. ,. 4

The Research Division
With the establishment of the Central School for Fiexible Gun-

nery in May 1944, increased emphasis Was placed upon reseath
in gunnery. The personnel of Psychological Research Unit No.
11 were assigned to the Central School, and all research activities
were consolidated into one department which was designated the
the Research Division. Since much of research to be reported
in subsequent chapters was done by psychologists working within
this organizational framework, the organization of the Research
Division will be described in some detail. The organizational
chart indicates by asterisks sections to which psychologists were
assigned. (See figure 4.1.)

The Research Division was organized into eleven sections, thecomposition and functions of which are indicated below.
The Research Planning Board.-The Research Planning Board

was composed of a few officers and enlisted men, competent ingunnery theory and in research techniques, who served in an ad-
visory capacity to the supervisor Of research, assisting in theplanning of rcsearch projects and in the review of the results of
research.

The Headquarters Section.-Tyhe personnel of the Headquarters
Section discharged routine administrative duties of the organi-
zation.

The Analysis Section.-The Analysis Section was composed of
civilian mathematicians and physicists. These men worked pri-
marily on problems of gunnery theory, such as the development of
sighting techniques and the determination of the theoretical ad--
equacy of various types of sights.

The Proof Section.The Proof Section wasstaffed by gunnery
experts, engineers, and psychologists, who worked primarily on
training devices and procedu-es. Suggested training devices,
such as the gun camera, were examined andtested by personnel of
the Proof Section from the standpoint of their mechanical andtheoretical adequacy as training devices. a

Curriculum Development Section.The curriculum develop-ment section was composed of gunnery experts and a few psychol-
ogists. This section was concerned with the preparation of cur-
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riculums, lesson plans, traininl, standards, and the materWlUs for
the Gunner's Information File.
TAe Curriculum Evaluation Section.-This (section was ,coin.

posed almost entirely of psychologists. Its purpose wasto pro-
vide for the systematic and continuous evaluation of gunnery
training programs.

Psychological Tests Section.--The Psychological Tests Section
was staffed primarily by isychologists. This section was respon-
tible forthe development of selection tests 'for basic gunners, for
gunnery instructors, and for gunnery officers. It developed
achievement tests for all basic gunnery schools and for the In-
structors Course. It was also responsible for the development of
the phase checks which were used in all gunnery installations in
the Army Air Forces.

Validation Section.-The validation section was staffed by psy-
chologists, who were concerned with the psychological evaluation
of gunnery training devices and procedures. Studies of the re-
liability and the validit of scores achieved -by gunnery students
through a particular type of practice were iormally conducted'by
this section.

Tcchnical Statistics Section.-The technical statistics sectionwas staffed by psychologists and statisticians. They were con-
cerned With the analysis of data provided by other sections in the
Research Division.

Publication. Section.-The publications section was composed
of professional writers, artists, and production men. This group,
was responsible- for the publication of all training materials de-
veloped by the Research Division, including the Gunner's Informa-
tion File, the phase checks, various examinations, and sundry,
pamphlets and posters.

The Facilities Section.-The facilities section was responsible'
for the administration of funds, -supply, material, and equipment.

The TeaMs.-As is evident from the Above, the 'personnel of the
Research Division were grouped according to their special qualifi-
cations and according to types of activities. Thus one section
Was responsible for examinations, another for lesson plans, an-
other for evaluation of trainers, another for publication of train-
ing aids. To coordinate the work of the various sections for
training programs large in" scope, several individuals were
formed into "teams" and charged with the overall planning of a
particular course of training. Teams to plan training for B-29,
A-26, B-2, and radar gunners were established,
Cooperating Research and Developmental Groups

Althtiugh the-Research Division was the focalpoint for researcb
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in gunnery, there were other groups which were concerned with
gunnery problems. Some of these problems involved research of
& psychological -nature, such as the- development of rules for thO

use of sights where theperceptual ability of-gunners was of crit-
ical concern. Other problems were of psychological interest
th0ugh-no-research was Immediately Involved, such as the prkodue-
tion of a motion picture on techniques for administering gunnery

I performance tests. In table 4.1 are indicated some. of the more
"1 important groups, outside of the Aviation Psychology Program,

4 which were interested in gunnery problems having some ,psycho-
logical significance. Personnel of the Research Division coop-
erated with these research and developmental groups in the types
of activities Indicated.,
The Role of Psychologsts . ,'- "' "

In a comprehensive research program, the goal of which is to
improve the functioning ability of people on a job, psychologists
may productively serve to tie together the work of various tecl-
nical groups and give-their efforts fruitful orientation. -Such was
the case in gunnery research. This role of psychologists in'guii-

* nery may have been a fortuitous outcome of the fact that psychol-
ogists were on the job first and that 'they outnumbered other
specialists for a period of time. Such a possibility must berec-
ognized. However, it is believed that there is much validit In

- ~ the opinion that, where the efforts of various technlcal grdups are
concerned with problems of increasing the operational efficiency
of people and-of the tools with which-theywork, psychologis can /

make a unique contributiofi in clarifying the issues-of the problem
being studied and in focussing efforts of the group on critical
aspects of the research undertaking. < * 

"
. ", •i

SUMMARY - " *.

Research in gunnery was started by psychologists assigned to-
small:detachments whose research mission was to develop tests for
the selection of gunners. In time, the detachments were consol-
dated into Psychological Research Detachment (Gunnery), which
worked in close affiliation with the Instructors School. The mis-
sion of psychological research was- broadened to include studies
directed toward the improvement of training, and-somewhat-later,
the work was assured of some permanence by the establishment of
Psychological Research Unit No. 11. The, mission of this- unit
was stated broadly as follows: %

To conduct research on psychological aspects -of problems -having, to do .

With Improving the effectiveness of flexible -gunnery training 'methodi and-
increasing effmciency of, performance-of the gunner. '35
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This statement serves well as a definition of the objectives of
pscho!ogical research in gunnery throughout the war. Other
types -of research and developmental activities in gunnery were
initiated by inathematicians, physicists, engineers, writers, artists,
aind gunnery experts who were assigned to the Instructors School.
In the last year of the war, the activities of. all research and de-
velopmenta! personnel at the newly organized Central School for

Flexible Gunnery were combined into one organization which was
designated the Research Division. The viewpoint is advanced
that psychologists played an important role in providing orienta-
tion for much-of the work of the various technical groups in the
Research Division.

TABLE 4.1.--Organizations outside of aviation psychology program with which
gunnery psychologiats cooperated in research& and developmental work

Otroan~o~o . : Nature *! work,

1. NDRC, University of Experimental work on the design of flex-
Wiscorrin Project, La- ible gunnery equipment.
re&., pment'.

'2. NDRC, California Insti- Development and evaluation of the Fir-
tute of Technology Proj--.  ing Error Indicator.

3. NDRC, Voice Communi- Preparation of instructional materials on
cation Laboratory, Waco,- use of interphone.,i:.

4.NDRC, Applied Mathe- Development of rules for support fire,
matics Panel, Columbia and similar problems.
University. . -

5. NDRC, Stat1stical Re-. Experiments on bullet dispersion and
search .Group,, Columbia- evaluation of sights.
University. .

6. NDRC, Airborne F i r* Planning for new sighting equipmept for
Control Committee, gunnery.

7 NDRC, Radiation Lab. Evaluation of radar equipment and
o r a t o r y Massachusetts trainers.
Inst. of Technology. - .

8. NDRC, Franklin Insti- Selection and training of gunners for
tul;e, Philadelphia, and sight evaluation experiments
University of Tex ... .-

9. Operational Analysis See- Exchange of information on gunnery tact¢
tions, various combat the- tics and techniques.
aters.

10. AAF School of Applied Development of sightinI doctrine and
Tactics, Orlando Army evalualion of B-29-trainer.
Air Base, Fla.-.

11. AAF Proving Ground Studies of gunnery equipment, prince-
Command, Eglin Field, pally of sights. " t
Fl.

12. AAF First Motion Pfc- Development of training films; '
tilre Unit, Culver City,
Calif. .. , -
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13. AAo Trkning Aide Di- Publication of Gunner's Informationew ke, phase checks; evaluation of train-ng devices. ri
14. U. S. N avy Free, Preparation of Instructiona materal

Gunnery Standardization and evr; .atbon t nin# eI *ces,Committee. rinn

IM Commercial companies-- Development of traininedevice.
the Jam-Handy (E--4) Trafner, the
Waler Trainer.

4 - - -

4 4 4' . *
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CHAPTER FIVE ,
ThweG of unn.ry]0lrcoency

Lt. ARTHtuR L.ION ". .- .'

INTRODUCTION I.:

In iView of the fact that the flexible gunnery training program
was oriented toward the objective of producing gunners who were
as proficient as possible, a considerable amount of 'thought and

effort and numerous formal studies were-devoted to the problem
of defining the concept of flexible gunnery proficiency. These atr,..

tempts generally fell Within three major categories: attemptto
describe the tasks of various of the combat gunners, attempts to
analyze the tasks of gunners in terms of the requisito abilities and-.
behavioral qualities, and attempts to measure proficieniy directly
through the establishment of some quantitative criterion of g..-
nery proficiency.

17 order to determine the effectiveness of either a selection or,
* a training program, a measure of gunnery proficIency in terms of

some criterion score was necessary. The ideal-procedure for the
establishment of a selection or a training program would require
the simultaneous development of a criterion and of selectibn and
t:aining procedures, followed by the validation of the latter in
terms of the former. In practice, as a result of military nee-

sity, it proved to be necessary to-select and train gunners before
establishing a criterion. Therefore, the use of job descriptions .

and ability analyses for the purpose;of setting up selection and

training, procedures was of more importance than the validation.
of these procedures against a proficiency criterion. The war was

terminated before any large scale validation experiments had

been conducted.

ATTrErPTS TO DESCRIBE THE GUNNEIR'S TASK

- i The flexible gunnery program suffered to a marked degree in its

-early days because of the lack of systematic and accurate descrip-

i!  39-
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Itions of the tasks gunners were required to perform In combat. 1
This deficiency was gradually corrected by a number of carefully

S planned and--accomplished job descriptions. One of these which
was felt to be most effective was made on B-29 gunnery Wn the
20th Bomber Command.' 'This study provided an accurate and
detailed plecture of 'the combat ativities of X-29 gunners

Job Descriptions
T1pcal methodology involved- in making Job descriptions.-The

following- procedures were used in studying the aectivities of gun-
nesi the 20th Bomber Command:

1. bsevatonswere carefully made and then checked with
competent personnel This procedure served to correct inac-
curacies which might have been recorded as a result of, unchecked
observation, while also -serving the practically useful function of
indicating areas in which the 20th Bomber Command personnel
were reacting to verbaisms rather than to actual behavior of -gun-
ner personnel.

2. -B-29 combat operations were studied in detail. All perti-
nent publications, such as Tactical Doctrine and Mission Reports,
were studied and discussed with staff officers of the Bomber Com-
mand., Careful, notes were -taken at critiques- of missions. AUl
observable phases of a combat- mission were studied first hand by
flying missions as a gunner.

S. Carefully constructed questionnaires were-personally:admin-
istered. These-questionnaires covered the activities of bombar-
diers, gunners for each sighting station, computer maintenance
men, general maintenance men, -armament men, gunnery officers,
and armament officers. The questionnaires were construced so
that the results would establish who did each job and how each
tnsk was accomplished. All answers to questions .were 'obtained
by personal Interview.

1. Observations were made and -agreement reached for all jobs
-11 lcvels and were finally confirmed at-Command Headquarters

e- re the report-of job description was made.
Activity lis.t8-Under the procedures outlined above,- listas of

B- 0.9-careeg-nnnnrr

Th -29 -career-ptinner mnuet be ab?.. to:
1. Track and frame smoothly and- acourately -with his-speciaized sight.
2; Trigger _correctly. -- i3. Turn on switches In h-ssighting station correctly.
A. Tranqfer control-of turrets-at the proper time-without damaging-other

I Thla-Fitu.1y was conducted by Maj. flobtrt Dragaralck, In Dacembtf 1944.
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5. Use standird Interphone procedure. .....
6. Search properlyO t t.
7. Identify Japanese fighters and set their wingspans'into the sight.
8. Identif types of surface vessels and report their position, course, and

9.-C:lean and adjust his caliber .50 machine gun., ' ". ""

10. Load the guns in his assigned turret.
11. Perfoim an operational check of his assigned sight, turret, and guns.
12. Perform a preflight inspection of his assigned sight, turret, andguns.
13. Perform an inflight check of his assigned sight, turret, and gins., ,-
14. Clear his guns. ... .
15. Stow hi- guns properly for takeoff and landing.
16. Use his personal equipment properly. . a fits
17. Determine if his oxygen mask is in good condition knd fits properly.
18. Determine if the oxygen bottles are ready for a flight and fill walk

'I around bottles in flight.
19. Determine if his parachute and Mae West are in g6od condition.
20. Mount a gun camera, load it, make the 'necessary settings, and ttke

* pictures at the-proper time. - , . ,I I

Lists were also prepared of things -that each gunner.'had 'to

know. It was reported, for example, that:.

The B-i# career gu nnw e 4U-st. know:
1. The areas of search and zones 'of fire of each gunner on the airplaie.
2. How changes in formatioh ,affected the areas ofsearch and zones of fire

for each *gunner. -* . .. . -... . "
3. 'What to do in -the event it was necessary to bail out. 1,,,.,.,,
4. What to do in the event that it was necessary to ditch.
5;. What length of burst to use at all ranges and in all positions .'-

6. Elementary first aid. " "

.Lists, similar in nature, to the activity lists for B-29. gunners,

were prepared for other types of gunnery. For example,.,early
in 1944, the duties and.necessary skills of gunnery officers in the
8th Air Force were described, as well as the tasks of basic gunners.

operating in-that Air Force. A later study was made of the duties
of A-26 -gunners in the 9th Bombardment Divisiol of the 9th Air

In general, these-descriptions of the duties of gunners were sim-
ilar, in that they embraced the following areas of performance:..,.

* 1. A preflight inspection and operational check of eqoip'ni t, including,
guns, turreLs, and sighting equipment. ""-

2. The loading of ammunition into the turrets.
3. The operation of gunnery equipment in the event of enemy fighter

attacks.
4. A postflight inspection of'equipment.L .

5. The cleaning, oiling, and adjusting of guns.
6. Crew-member a~tivities, such as interphone, bailing out, ditching, first

. aid, and uso of parachute, oxygen equipment and heated clothing.

Most of the gunner's time and energy, these studies revealed,

was spent 4n caring for his equipment and making it ready for

combat use. -

Dcscriptions of incidental conditions of worl.-For many jbs-

it-is desirable'that the conditions surru*nding the job.also be de-

sj, 8eth Air Force Study was made by MO. Roger W. Russell The 9th Bombardment

Division study was Indo by Capt. John A. Valentine and Lt. Frank J. Harris. -
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scribed, if the job description Is to-be of most value In the setting
up-of a criterion situation or of an appropriate training or selec.
tion program. This factor often tended to be overlooked in
studies of combat duties, but efforts were made to include it. One
study, for example, provided a description of the conditions under
which gunners lived and worked in the China-Burma-4ndia The-
ater of Operations in -the spring of 1944.3 This description dealt
with specific problems such as living conditions, food, personal
conveniences, climate, and the-living conditions of the native popu.
lations; all in considerable detail.. Although many of these obser.
vations could not find-direct incorporation into a training program,
some of the findings Were of value. For example, in some of the
bases in this theater, conditions of extreme dustiness alternating
with dampness prevailed. This climatic condition caused corro-
sion and rust, especially to the moving parts of the caliber .50
machine gun. Corrective education for this condition was there-
fore incorporated into the gunnery training program.

Descriptions of Individual Characteristics Important in Gunnery
Performance
As a result of the accomplishment of job descriptions under the

procedures listed in the preceding section, several attempts were
made-to make generalizations regarding the qualities which were
necessary or desirable for the gunner to possess. In the absence
of a criterion situation, in which gunnery proficiency could be
measured directly,- and as a first approximation in the construc-
tion of a battery of' selection tests, an analysis of the gunner's task

it adequately was a necessity.*

One attempt to arrive atsuch a list of behavioral qualities in-
volved the judgment of -gunnery officers in various combat air
forces regarding the minimum acceptable standards for enlisted
aircrew members with respect to the abilities which were pre-
sumably measured by the aviation cadet selection and classifica-
tion battery.' These officers were given the list of abilities, each
ability being accompanied by a descriptive phrase, and asked to
assign the minimum acceptable amount of ability for each item,
on a nine-point scale. This scale was arranged with 9 as "excep-
tional," 7 as "very much better than average;" 5 as "better than

/V

&This study was =oa by Capt. Wilbur S. Ortgorf.
'These studies were carried out In- the 8th -Air -Force by Maj. Roger W. Russell, In the

-7th Air Force by Capt. Mason liaire. In the -th and13th Air Forces by Lt. Alfred C. Jensem.
and in the C1I by Capt. Wilbur S- Gregory. LL William B. Schrader collated the data
from the Individual studies. Some of the procedures for the studies, -particularly the

method tor defining-standards, -were developed -by -Col. John -0. Flanagan (mee report Ifo. 1?
of this serles).
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svenage," 3 as "average enlisted man," and 1 as "worse. than-

The list of behavioral-qualities, together with the'defining state-
ments which were presented to the- rating officers, is presented
below.

1. judgment.--Ability to make sound Judgments and choices-as
to the best thing to do when faced with a-practical problem.e -

* 2. Mechanical comprehension.-Ability to understand and. i;--
SI terre_. he operation of mechanical devices. A

3.Arithmetic reasoninzg.-Ability to solve quantitative prob .
lerns epesdin verbal form.

4.Afithmetic calcul ations.-S peed and 'accuracy In Adding,
-3 subtracting, multiplying, and dividing simple numbers.

5. Mat hematics.-S kill in the use of algebraic formulae and

other simple mathematical, tools.
6. Reading cbmprehensin.-Ability to understand- afid grasp,

the meaning of general and technical descriptions in written form.
* 7. Memo~~j.--Ability to remember specific -and detailed infor-

4 mation.
8. Dial and table reading.-S peed -and accuracy of obtaining

specific information from dials and tables.
9. Visualization of the flight,. course.-Ability to visudlize the

course of the plane with reference to the horizon and fxed-or
moving reference points- such as other planes.

* 10. Estimation of speed and dietance.-Ability W6 make esti-
mates of, speed,- distance, and altitude In relation to the- flight of
the Plane.

11. Orientation and observation.-Ability to find his correct
geographic position by identifying the area below by- comparisn
with, maps and photographs. -

12. Divinion of attention.-Ability to *remain alert and observ-
ant of other things while the principal attention is directed to a
specific activity.

13. Speed of decision and reaction.-Ability to think quickly, to
-make rapid decisions, or to respond with speed and- precision when
the situatioii demands.-

14. Serialreaction tirne.-Ability.-to execute a series of simple

movements -rapidly and accurately.
15, -Coordination.-S kill in making appropri -ate movements

with the -hands, or-feet to Lccompllish a specific ta*ic

16. Finger -dexteritV.--Def tness- in ma'ding fine- adjustments or

movements with the -fingers.
17. R raotional control.-AbilitY to icir -in cool and collected
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and- to- think and act without interference from anxiety and ego.
ti0n when faced with an emergency or a difficultosituation. •

18. Motivation.--Interest in combat aviation and desire tdi fly
and to be as effective as possible in doing the tasks assigned.

19. Dcpendability.-Wiliingness to assume complete responsl.
bility for Carrying out all jobs' assigned in an effective manner.

20. Leaderhip.-Ability to inspire confidence, pride, and' loy-
alty in men and to develop' cooperation and a. "team spirit.!'

The mean minimum qualification ratings given by the gunnery
offcers 'in various combat air forces are presented in table 5.1.
TABLE 5.1,--Minimumt qualification; of gunners iii 20 traits as judged by

experts -in gunnery it various theaters (first half 1944)

8hA St. 13th 7th A l 1 4h A? M a
0 A - A14thAF MetA AS =(N25) (N.3) (M=11) (N=9) (N=108)

1. Judgment --------- 4.9 6.0 9 .3 6.3 . 4.9
2. Mechanical comprehension - - 5.2 4.9 5 8.0 .5.2
3. Aritbetio r~asonug. .1....... 34 3.6 3.2 4.3 3.44. Arithmetle -acltoa ... 3.6 3.7 3.0 4.61 3.05. Matematles ..- ----------- 3.2 * 3.0 3.1- 4.i . 3.2
6. Reading 4.4 4.5 4.2 5.1 4.4

7. Memory -....... 5.2 5.6 5.6 5.9 . 5.2
.8. DIal and table reading ...... 3.7 4.2 4.4 5.6 3.79. Visualization of the-flight course 5.0 5.5 5.0 6.3 5.0-

10. Estimation of speed and distance 5.0 5.3 5.0 6.3 5.0
11. Orientation and Observatlon_.. 3,7 4.5 3.4 5. 8.712. Division of ateto ..... 54 58 6.2 6.8 5.4
13. Speed o0--decislon'and reaction.." 5.5 .7 6.6 7.4 . 5.5
14. StrIal reaction time ------. 5.0 5.8 0.3 7.0 5.0
:15. Coordination_... .. 5.2" 5.9 6.6 .1 -5.2
10. Flnger -dexterlty ---------------- 4.1 5.0C 5.4 6.2 4.1
17. Emotional control .............. 5.8 6.5 6.4. 7.3 5.8
18. 'llotivation ------------ . 5.8 6.9 6.4 7.4 5.8
19. Dependability- ...........;--- 5.4 6.7 6.9 7.0 5.4
20. LeadersAhip ............---...... 4.4 6.4 f5.4 6.7 4.4

IAll ratings made on a 9-point scale with mean point defined as a:-
It 3vill be -noted that these ratings show a -considerable degree of
consistency. Thisis further-indicated by the intercorrelations of
the ratings as given in the-different air forces, which are presented
in table 52.

TABLEi6.2.-hItercorrelations among judgments of ninimurm qualification* of
gunners in each. of 20 traits by experts in 4 theaters of operations. (First
half, '44)

-Number of 8th, th and .13th Uh 14th
Judges Air Force Air Force Air Force Air Force

8th Air Force___.--.,. ..... 25 ------- 0.87 0.90 ,0.ST
5th, 13th Air Force.-..... 63 -0.89-1 .994
7thAir Fort .............. Air Forc---------11 .91 .90 .... .... . .9214th-Air Force-__::--].. .87 .94 .92

The results would seem to indicate that gunnery officers con-
sistently considered the qualities represented by the items of Emo-
tional Control and Motivation to-be of the.most importance, or, at
least, that a higher degree of these qualities was considered n eces-
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sary than in the case of other items. It will be, noted that Speed:
, of Decision and Reaction, Division of Attentlon, and Dependabil-
1 ity, zm well as several other items, also received relatively high
] ratIngs. -

There was one difficulty with the study which should be kept in

wind in interpreting the results. Certain of the qualities listed,
notably those designated as "motivation," "emotional control,"
"dependability," and "leadership," were defined in fairly generalI and elusive terms. The descriptions did not incorporate refer.
ences to specifically observable behavior. Since the descriptions
were not pinned down definitely to specific behavior onthe part of
the gunner, and since the possess'oii of such qualities is generally,
considered good and desirable for almost any job, one~might Well
expect the judging officers to have given most favorable ratings to
these items. Thus, higher ratings may possibly have been given

on these items than was rigorously demanded by the rinner's job.'
However, the emphasis which the gunnery officers placed upon
Emotional Control and MotivatiOn did point up a selection need t
which had previously received inadequate attention.

A Rational Analysis of the Firing Task . :' .

i I Another approach to the problem of determining what the gun;
ner had to do in order to be successful involved the careful obser-
vation and analysis of his firing task for the purpose'f describ-
ing the types of psychological activity in which the gunfier had to
engage in order to perform his task. One such study involved a
rational analysis of the gunner's task into fotir major divisions;
two of which were concerned with such descriptions." The first
of these two divisions was concerned with factors; predominately
perceptual in nature, and included such, portions of the gunner's
task as had to do-with the estimation of deflection, the estimation"
of range, the estimation of the gunner's own-bosition in space, the.
estimation of framing accuracy, and the peripheral perception of
movement. The second division was concerned with psychomotor
aptitudes and included consideration of problems involved in coin-
cident tracking, wherein the gunner needed only to keep his sight
directly on the target; displaced tracking, in which the gunner

had to track with his sight somewhat displaced from the target;'
direct-control tracking, which involved the pointing of the guns by,
hand; and remote-control tracking, which involved the pointing of.

the guns through manipulation of turret controls. Also con-

sidered in this division were the proble - of framing control, and

'This study- was accomplished by Capt. Judson S. Dron of the AAF School of Avlatiloa

Medicine and Capt. Mawn Haire.
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combinations of such factors as tracking and framinig, and track-
ing, framing, and triggering.

The various subdivisions of the gunner's, task as conceived In
this manne, were dealt ,with in considerable detail, and sugges-
tions were made regarding appropriate tests which might be ad-
ministered for the selection of gunners .

THE MEASUREMENT OF GUNNERY PROFICIENCY,

Fundamental research in the sclection and training of flexible
gunners was larely dependent upon the establishment of criteria
of gunnery proficiency, 6nd the worth-and validity of research in
these fields was limited by the adequacy of the criteria which were
available. The selection problem resolves, in its simplest form, to
the problem of determining, which of various potential selection
devices yield scores which correlate-most highly with the criterion
scores. Similarly, research-intrainingreduces to an experimental
determination of the training methods which cause the greatest
increase in criterion scores. In either case, adequate measures of
proficiency are essential to the accomplishment of the research.
It was necessary therefore, to give operational meaning to the Iterm "gunnery proficiency.". , .: .i

The Criterion Problem in --ner r-.
* . I .

A definition of Objectives.-A,criterion of flexible gunnery pro-
ficiency'had to be defined in terms of the objectives of flexible gun-
nery as well as in terms of the procedures employed in setting up
the criterion- situation.0 The former problem was a relatively
simple one, in that it was comparatively easy to list the desired
consequences of a gunner's behavior., In its utmost simplicity,
this objective was described in terms of the gunner's ability to
protect his-bomber and his formation from enemy fighters, either
by destroying them or by driving. them away. It was not, of
course, implied that the gunner's task was confined to the accom-
plishment of this single objective. Yet, without being entirely
comprehensive, the definition did outline the essential part of the
gunner's task, the portion of it which was uniquely h~is province
and which was his military raisond'etre. If it is recognized that
a definition, such as the one stated above, was not-entirely compra-
hensive, there is likely to be little objection to such a formulation.

The latter definition of a criteron, that of describing the condi-
tions -under which it is established, was more difficult to make.

$The general problems og criteia -of proficiency are dlsacesed- in detail in report -No. S
of-11lu Aerle.
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The ren tnder of this chapter will be devoted to a discussfon-of
such dprocedures} The desirable characteristics of a crterianm 8core.,-The estab-
lishment of a criterion situation should be such that it~eventua'lly
yields for each individual a mathematical value which-denotes the
degree to which the individual fulfills the requirements Imposed
by the initial. statement of objectives. It Is, moreover, desirable
that this mathematical value possess certain qualities which ren-

* der it an adequate measuring instrument. If possible, the cr1-
terion scores should lie along an extensive scale which has a zero
point. More Importantly, the scores should possess the quality ofk
reliability. In addition to these qualities, the criterion scores
should be practically obtainable, within the limits of the sources
afforded to the research worker. Lastly, the-criterion scores must
~be obtained in a valid situation. .

The problem of critenion validity.--It seemed obvious that the
most valid test of a Onner's proficiency lay in the combat sittm-
tion. It was for this situation that the gunner was selected and
trained, and it Was, against his success in combat that the efficacy,
of the devices which selected him and the methods which trained
him should most desirably have been judge& In actuality, how-
ever, it was riot pos ible to obtain a combat score of high validity.
There were numerous reasons for this, the most impoitait bein'
that too many extraneous factors entered'into the combat situation
-to allow the scores which were obtained therefrom to be feliable.
A gunner's success oi failure in combat depended' not alone,4upi . -

his own skill, but rather, in alarge measure, upon-tle pi fl in cy
of others, both friend and foe. These, and other extraneous fa.-
tors, served to lower the reliability of scoreo obtained in'the 'com-
bat situation, which in turn had the effectof limiting the validity
of whatever measures were taken. - W ,

• Substitute criteria.--In the absence of a suitable-combat crite-
rion, the only alternative involved the setting up of situations
which were highly similar to combat and-which were,,at the same
time,, subject to control. These situations had to be as realistic.
as possible in terms of the demands which they made upon the gun-
ner, yet they had to lend themselves to the taking of measurements
which reflected the - essential aspect of the gunner's task. The set-.
ting up of such alternate situations involved the judgments of gun-.

nery experts as to the actualdegree of similarity which might exist
between the criterion situation and combat, f.'-it was obvious that
the two situations could not.be made to be identcal. These ex-
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pertshad-to determine:._i:a ;ubjective basis, the apparent validity f-1
of the alternate criterion situation.1

In the construction of a substitute criterion, job descriptions of
the gunner's job in combat were useful, in that they gave the
gunnery expert some objective method of checking. the apparent
validity of the criterion situation. There w re, however, limita.
tions to the use of job descriptions in this connection. To- con.
struct acriterion situation solely upon the basis of a description of
current job procedures wouldyhave-been to run the risk of preserv.
ing a traditionaLmethod of job accomplishment which might not
have been adequate to the needs of the situation. Instead, "What'
was.required, "more than a description of how the individual gun.
ner -erformed his task, in combat, was a detailed description of
the conditions under which he worked. In flexible gunnery, for
example, it was important to know the number and type of enemy
aircraft likely to be encountered, the habitual tactics of the enemy;'
the characteristics -of the gunner's aircraft and equipment, the!
length of the gunner' missions, :the amount of support the gunner
received from fighter escort, and so on for the many factors-which
determined for the combat gunner the conditions under which he
had to operate. -In the past, the -technique of job description has
been of greatest value in obtaining this type of information, yet
the- limitations of the techniques should be recognized by the re-'
search worker.

Necessary 'uMPtions in the establishint of a substitute
oitetion. Tfe establishment of a substitute criterion becomes a
task of great complexity unless it is recogh~ized- thatteeWs
one central factor in the accomplishment of the objectives of
flexible gunnery. This central factor wis the gunner's proficiency
in aiming and firing his guns. However, .this main division of the,
gunner's job was surrounded by numerous contributory factors:
In order that the gunner might be able to aim and fire his gunsm
adequately, he had to possess a number of other skills, abilities,,
and characteristics.-For example, he- had to be- able to care for,
adjust, and maintain his equipment. He had to- have the ability.
to withstand 'the stresses of combat. These and many other.
factors contributed to the -final effectiveness of a gunner, yet to
construct a criterion situation which would have assessed all of
them simultaneously would, have been impossible. For the pres-
ent, therefore, the central factor only shall be considered, this,
being the- factor which belongs uniquely to the gunner. At the

'Apparent validity is-a term which It.u.ed to hescribe-the amo ntof similarity betweelthetest situation and the-situation being tested for. ia-so far as-thi similarity- is apparent
to-a qualified obserer."
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end of the chapter the problem of assessing contributory factors

-will be discussed.

Attempts to Obtain a Criterlon of Firing ProflclencyThrouh tk.
Use of Sy -f1twlic Training Devle -I A . h
The WallerTrainer.-The Waller Trainer was a Aynthietk train-

ing device w1iich involved the firing of similated hand-held and
turret-mounted guns at moving picture photographs of attacking
aircraft. There were four gun positions for 'each trainer. The
pictures, 'Which were projected from multiple projectors onto A
large, semi-sperical screen, were actual photographs of attackirig
aircraft taken in flight. The hand-held guns were equipped with
devices which simulated recoil when t.e triggers were depressed.
The gunner wore earphones through which he'heard simulatedairv-
craft and gun fire-noises.

The apparent validity of the Waller Trainer was limited by
several, factors. Being a ground installation, it suffered loss of.

trealism, as did all, other ground' installations. The-attacks in the

-W;iller Trainer were more limited in scope than those found in

combat because of the limitations of -the size of the screen. The

reliability-of the trainer was affected by, deficiencies in its scoring

system. 'It was observed, that differences in diffliulty, existed
between various of the -gun positions, which differences, could noit
-be completely controlled or corrected (see p. 165). Coefficients of

reliability of scores,on the Waller Trainer under experimental

conditions clustered !around 0.75. Under normal conditions of

operation in training,, reliabilities fluctuated and were generally
much lower than those obtained in-experimental-wrk (4ee. M163)
These considerations lirnited. the usefulness of- the Waller Trainer

as a criterion of firing proficiency. Potentially, however; the

Waller Trainer was conSidered to be the most -proMisiflg of the

synthetic trainers, exc6pt for B-29 gunneiy. 'Although it' was

used in several studies of learning, the Waller Trainer was ,not

used for the validation of'selecdton tests due to inadequacies in

film available at the, time such studies were underway, .,

The Jam-Handy (E-14) trainer.-This device was another-type

of motion picture trainer. It was less elabbrate than the Waller

Trainer in that it involved only two projectqrs and a single gun
position for each trainer. The screen on: which the pictures were

projected was much smaller than the Waller Tlrainer screen and

was a plane rather than a curyed surface. Sudent perfdrmanCe

on the Jam-Handy (E-14) Trainer was scored -on the basis of

subjective judgments of the instructor, whe) was provided with

several aids-for scoring. The rdiability of tihe scores obtained by

' For a more detailed description of synthete -training de- -*s, see chapter 9.
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this Tetkod was quite satlsfactory if the conditio s of adminlstra.
'ti= were rigidly controled. One, study yielded reilabilitles of

,A0 (see-p. 171). A,,mehanical scoring dev!ce was 18laer devel.

hved but no data on the performance of this scoring unit are
ai.1lsble. The apparent lvaidity of the Jam-Handy (E-14)

Trainer was low as~cofipared with the Waller Trainer, 'Te small
sizeof the projection screen prevented the realistic presentation
of at¢cks other-than nose attacks, tail attacks, ai d quarter attacks
from either the nose or tail, which were the easiest forms of
attack for the gunner to handle.' The pictures in the Jam-Handy
(E-14) ,Trainer were of model planes manipulated against a
painted background, Although the effect produced by this process
was qui;W) good, it was not as effectively realistic as the photo-
graphs of actual planes used in the Waller Trainer. The Jam-
Handy ( -14) Trainer suffered from being a ground rather than
aerial installation. Also, the gunner's score was reached through
the-use of a:mathematically computed aiming point which might
have beensubject to errors. Though the Jam-Handy (E-14)
Trainerwas considered less satisfactory than the Waller Trainer
as a Criterion of firing proficiency, It was used to advantage in
several studies of the validity of selection tests (zee chapter 6),
and of proficiency of gunners (see chapter 11).

Tke Hobson-Strhad Trciner.The Hobson-Strnad Trainer was
developed to provide practice for B-29 gunners in the, manipula-
tion of the B-29 pedestal sight. This trainer incorporated many
desirable features of a ground trainer. The target consisted of
a silhouette, which could-,be made to simulate the appearance of o
an attacking fighter, both with reference to' its apparent closing
and its changes in,-attitude -3hroughout.the attack. Since theses
changes were accomplished-mechanically, it was posible to-corre-
late the apparent position of the target with the operation of the
sight in such a fashion that a score could be obtained which:
would indicate the amount of time that the -gunner was correctly
tracking and, framing the target. A refinement of the basic
scoring system consisted of a polygraph by means of which the I
gunner's -performance in azimuth tracking, elevation tracking,!
framing, and triggering could be recorded. This trainer Wast
developed, duiting the final months of the war, and no data were
obtained from which the reliability of scores might be estimated.,
However, -it appeared that the Hobson.8trnad Trainer had most-

'Iu practice, beim- attacke-were presented in the, am-Handy (E-14) Trainer, by pnunS "
thi background. This process produced the visual irepressIoR of a beam-attack, but-Of
tracking of -uch an- attack was much more simptthafti.ho tracking of ,as actual belso
attack, since the tota! tracklng-angle was much -smaller- and the rate:of trcking was €orli
spondingly-lo-er. o t w
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ofa thegufe fhratrt~ofandh stfactoUrutiuted ciefo situhs
trn fclhrago B-29 gunnery abu- .1-ag .vlta& hn

sitempts te -tak was arxi atI3 20f yarin, PfinTrot o.the

gurTier, and the far side -of the "track was approximately 400 yards
dist,,ht from him. Tbe gunner's score was obtained by coutnting
the number -of ;holes," in the target. While this-situation Intro-
duced the real!istic, element of firing the guns, and while the scor-
ing-took place in terms of the actual effects of gunfifre produced'

bythe -gunner, the situation was quite unrealistic iterms of
other--conditions. Tradkihg was limited to the azimuth dimension-
only, -and :the, deflections required of' the gunner were not -those
which were required in the c6mbat- gu nnery- situation. The target
moved at a -slow relative speed, giving the, gunner- a lesurely and
Rnrealistic firing situatio 'n. The reliability, of scores obtained on
the Moving Target Range was about .76! (see *p. 205). Primarily
because of its lack of apparent validity, the-DMovingTarget Range
did notmeet the requirements of a criterion ~of firing proficiency.
In the absence of-a more -acceptable critaiiih, however, it was used
in severAl attempts, to validate- testsfor. -the.;seledtlon- of guluiers
(see chapter 6). . -. '

*The 64-J Range. The -OQ-3 Range involved. the use of small
radio-controlled target aircraft which were fired upon from ground.
gun, positions. The target -.planes had a wingspread- of, 12 feet
ztd could develop 'speeds in excess of 100 miles per hour. -'These
planes were flown -by remote radio, control -in, such a mdanner- tbat
th~ey simulated' attacks, upon the ground gun positions. The-
gunner attempted to shoot down, the, attacldng targets,. using
standard -turret-mounted equipmeint. The 0Q-4 Range attacks7'
lacked validifty for the flexible gunhe -because there Wws not the
factor of the gunner's own forward speed to ,be comrpensated. for..
Practice on -such a range represented, pracptice in -anti-aircraft gun-

nery rather than- flexible gunnery. Even- with- -sights modified-
especially for the range, the firing situatiot was unrealistic. £4,ur-_
ther, the target-aircraft was so small-that only-a-minute proportion

of. the rbullets fired actually struck it. For example, during one-

(see p. 217). 'No determination- of the -reliability of scores

eFor a- more detailed descriptow of ground, range s, see c.iapter 9.

51



I
I "I

obtained on the range was made. In, Onsfderatln of the ex
tremely low-meanpercent of hits and manyuncontro1lable factors
inthe operation oi the range,:it was unSafe to assume'satisfactory
keliability of OQ &Rangescores. The OQ-3 Range was-not used

as- a criterion of gUnnery proMency.
-the Poorma 'Ra-ge.--The Poorman Range combined severAl of

1he- features of a firing range and a synthetic trainer. In aerial
combat, a guihner was required to rotatehis turret so- that the
guns werekept pointing in the directin-of the attacking fOghr. ,j
In the-Poorman Range situation, the gunner's target, remained-
stationary, but the platform uon which the gunher'.- -turret was
na unted, rotated. This made it necessary for the gunner to
rbtate his turret in :the opposite direction to compensate for the,
inovement of the :base andk to keep his guns pointed to the target.
In doing this perfectly,the gunner kept hisguns absoluteltYmotioi-
lass. While the jun platform, rotated, thle-model -airplane,, which,
served as a target for sighting, simultaneously moved toward-the
gunner with . sufficient degree of lateral moyement to make
changes in deflection necessary; The gunner had to sight the
modelz plane, iving 'it the cfsrrect deflection in order to keep hisi
guns, stationary. The gunner fired at a stationary cloth tafgt .
which was behind and below the model plane If the gunner was

sighting &nd firing correctly, his bullets would pass through, the
center of this target. But if the gunner was not sighting cor-
rectly, he would not compensate for the rotation of his turret I
mount and his bullets, would no longer pass through the center of
the cloth target. ; -

There Were several deficiencies of the Poorman Range situation
when, considered, from the standpoint of a gunnery criteriomFor one thing,,there were-several ways in which thegunner could

"beat the game" by making his task simpler than it should be.
He could do this by employing cues-other than the model target -

plane for keeping his turret stationary. In addition to this
defect, the Poorman Range situation did not allow for tracking,

- elevation. Since the gunner in combat almost neVer received
an attack which might be tracked either purely in elevation or-
purely'in azimuth- this deficiency represented -a considerable sini-
plification of the -gunner's actua problem. In -one study, a relia-,
bility of 0.56 was obtained for Po'rman Range scores (see p.210).

Under carefully controlled conditions, th Poorman Range might
-have been a fairly satisfactory criterion of firing proficiency.
However, the range was not widely -enough used to permit its use
as a criterion, except for very. limited studies.

Miscellaneous range.-There were numerous other ranges used
in -the training of flexible gunners. These included the Skeet-'
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Ranige, the Giaht-Skeet,,ange, the -high Tower Range, the MovijgBase Range, the )Full SO'ale ..'?'ng6 Estimation Range, the BurstControl Range, and othei*. Nfone _of these ranges Was considered
sufficiently -representativeof the gunner's shooting job to. warrantits usea criterion of firlhg proficiency. However, -in several. In.stances, some of -these ranges were -used In studies- of selection,tests (see -chpter 6') Ind in other experimental work ( 4see- chap-
ters 9 azid 11Y. ~~ ~ .~*.* 'w ~
Attempts t bfo a Criterion of Firin'g Proficiency Tkhroug1,h6

Air~-airflring.--.-Air~o-air firing was the traditionial air train-;
ing itutionfor46xble., gunners. The gunner ivaw required to,fire~mcie guns, using standard eqt~ipment, agalh.A-some formn

Was ypiall toed n'a corsepaklle tothe 11ne of fiight.of thifiring Aircraft. It. Wiis possible to introduce some degree Wo,rl-
tive speed into. thepsituation by -towing the tai-geteihrfsi
or slower thant the,- fring, aircraft. It was not possible, however,to tow the target in -a simulated attack course.. This situatioh

posessd cneiderable, realism in that the gunner afid the-tre
were, both air-borne, and. the gunner used: typical gunnery equip-.
rient. The course of the target relative. to the gunner, *as," ho*-ever, quite unrealistic and -presented a type ,of deflection- problem
wich the gunner would seldom, if ever, ehcountbk In' combat,

-The reliability, ,of air-to-air firing scores was Very -low, under'typicaI gunnery school- conditions. 'I nesuyms of -the'coe -
ficieits found were below .50 (see p . 218). This wA~s probably,
due' in part, to the fact that the- target was too small to catch amy*but,,i small percentage- of the bullets, fired -at it; consequently the
asscssable sample of, the gunner's behavior was exceedingly -'smalL'
Conditions of operation were-,also difficult to --control. For 'thesereasons, the air-to-air firing situation was unsuitable for -use, as a
criterion of firing.,proficiency.. It was, used, however, in many Of
the ea*rly studies of the valid.1ty -of proposed'selection tests'(seechapter 6).'

The Firinzg krror Indicator.-The Firingt Error Indicator was
an- electronic device which condisted-of a small- radio transmitter
Which- could be mounted -in -anr aerial target and a receiving unit
which was typically mounted -i-the.,gunner's -aircraft. The transi v
mitter, was .equipped- with- microphoneS which -detected- the audio
shock wvaves -initiated- by -projectiles, pas-ng in the vicinity -of the,target. This--had' the effec-t of creating' a sntienomt&

W, Poriturtbher 1iiormatlon- on air trataIDS~ dtylmeg and , -cedureai,-see ebaptr
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rial target zone about the transmitter. 'By making adjustments
in the transmitter, the size of the sensitive zone could be varied
somewhat, and could be- extended 30 or 40 yards on either side
of the transmitter. The receiving device was equipped with
counters which recorded the number-of projectiles passing within
the sensitive zone ;nd which indicated whether the projectiles
passed to the right or left of the aiming point. The Firing Error
Indicator, therefore, overcame one of -the deficiencies presented
by material aerialtargets _in that it allowed the size of the target
to be, increased Without effect upon the realism of the :size of the
aiming point. In addition to being mounted in a flag or sleeve type
target, the Firing Error Indicator was mounted in two types of
rigid targets, a bomb-like structure and a glider target. Mounted
in either of these fashions the Firing Error Indicator Was flown
-in simulated attack courses, thereby overcoming another of the.
deficiencies presened by the traditional air-to-air firing situation.
As mounted in the, glider target, the Firing Error Indicator situa-
ton possessed a high degree of realism.

Unfortunately, the ,Firing Error Indicator, at the stage of
development reached during the war, did not represent an ideal
solution to the problem of firing proficiency. Mechanical and
electronic unreliability of the apparatus created, difficulties, It
was difficult to control the size of the target zones precisely,. The
size and shape of the-zones showed variations from transimitter to
transmitter and within a single transmitter from time to time.
There was also a lack of symmetry of the zones, w hich tended to

fiduence the scoring. No statistical estimate-Of~the reliability of
scores on the Firing Error Indicator is available. The. reliabilitywould be expectedcto -be low with, the equipment used in the ex-
ploratory tests. -of the device. With more refined equipment,
which was developed but not fully tested, the fuli-potentialities of
thispromising aerial target might have been realized.

The Frangible Bullet Trainer.-The Frangible Bullet Trainer
iepresented another potential criterion of firing proficiency. -It
. osistedof a specially adapted caliber 0.30 machine gun, special
f mmunition which shattered upon contact with armor plate, and

-a specially armored pursuit..ship. The frangible projectile was
constructed of a material which was sufficiently cohesive to allow
the proje4tile to be~fired, yet which was breakable enough so that
it would shatter upon striking armor -plate. The armored pursuit
ships flew attacks against which the gunner fired, using the spe-cial guns .and ammunition. Hits were recorded by an electronic
apparatus within the fighter. Despite a promising amournt of
realism, there were certain defects which tended to render the
situation unSiitable for use as a criterion of firing proficiency.
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The basic difficulty was the reduction of the muzzle velocity of
the frangible proj-etile to 1,350 feet per second, or one-half themuzzle velocity of the caliber O'.50:projectile. This lowered speed
of the projectile, necessitated a revision: of the deflection probiem
from the gunner's standpoint. Deflections requiredwere different
from those required for firing in combat. SighO had to be ad-justed to compensate for these d~iferences in -required deflection,
and an undetermined amount of distortion of the gunner's prob-
'lem was introduced. .•

In addition to -these difficulties, the scores obtained on thoFrangible Bullet Trainer were -relatively unreliable. As in the
traditional air-to-air firing situation, too small a proportion of the.
gunner's bullets were recorded as hits. For example, in' one
study the mean percentage of hits was 3 percent (see p. 244)'
Reliable scor", could be obtained in this situation only with a-"tremendous amount of firing. Single mission 'reliabilities of 0.07
were typical, although reliabilities as high as 0.50 were 6btained
by-combiving data from 18missions (see p,244). These factors
limited the usefulness of the Frangible Bullet Trainer situation asa criterion of firing proficiency. The trainer -was not-used as-
criterion'in any research studies. . ., . .,,.

The gun camera.-The gun caiera was a device -by means of' .
which agunner took pictures of his aiming,.poifit instead of shoot,ing-bullets at-it. The gun camera was installed in i standard gun-
position. Fighter aircraft flew attacks against the gunnee-s ship.The gunner "fired" at them withthe camera gun, just as he would
do if he were using real ammunition. Various devices existed fordetermining where the gunner's aiming point should be if he Were
aiming correctly. Whn noncomputing-or noncompensatingsights
were used, a determ'hation of the aiming -error was made by
measuring the distance from the-theoretically correct -,point of aim
to the gunner's actual point of-aim as indicated on the gun camera
-film. This type of assessment rested upon the ,assumption, of.coure, that-the computed point of aim was actually correct, an
assumption which may not have been fulfilled in all cases. - In the
case :of, computing or compensating sights, the gun camera was
mounted so that the pictures were taken through the optic head
of the sight.. In such cases, the film was assessed, not in terms
of the gunner's ability to-hit -the attacking aircraft,. bht in -terms
of his ability to manipulate the sight correctly. The assumptfon
was made-that if the gunner were operating the sight correctly, as
indicated by the gun camera film, he was getting "hits" on thetarget, and his proficiency was assessed- accordingly. , -

From the gunner's-standpoint, the-assumption of the validity of j
the equipment was the fairest one to make. The gunner couldK -55



:not be expected to-be more proficient than the equipment he was-
given. A more accurate statement of the objective for this
situation would have been that the gunner was to- operate his
equipmeit in the manner indicated by the Instructionsgiven to him
for its' use.

Several deficiencies in the gun camera situation did exist. For
one thing, there was no actual firing of the guns. This involved
a different psychological situation from the situation in which
the guns were actually fired, and constituted areal, although per.
haps not serious, loss of realism. Attempts to remedy this loss
by the -firing of blank ammunition Were never -entirely successful;
although this possibility shiuld be considered in evaluating the
camera g'n situation. A more serious objection was that gun
camera missions, like combat missions, were exceedingly difficult
to control. Th-s resulted in a lowering of the reliability of the

t scores obtainedcon gun camera missions, since it was difficult to
present a-.gunier with the same task on successive missions (seepp. 222-230 fi6r.a detailed discussion of the complex problem of

reliability -of gun camera scores). This lack of score reliabilityt
4 -was emphasized by the small sample of behavior which Was typi-

cally taken, -both with respect to-the number of gun camera. mis- 1
sions flowr. and with respectoto -the amount of firing accomplished
,on each ]~ssion per gunner. It should be noted that the reliability I
of scores obtained, within amission was typically higher than the
reliability of scores obtaied between two different missions. The
lack of score reliability did not affect group means on gun camera
performance to the extent that individual, scores were affected.
,Consequently, the camera gun was considered to be of- greater
value as a group than as an individual criterion of -firing proficiency.
Oneother deficiency of the gun camera situaton was that much
df~the film which was exposed was not clearly e-iough defined for
scoring purposes. This photographic deficiency made it difficult
ti obtain comparable film records for a group of gunners ".'ilm
which was poorly exposed or which was spoiled in development
could not he made up in, an experimental situation without intro-
ducing an additional variable of uncontrolled practice. Notwith-
standing these deficiencies, the gun-camera 3ituation, if controlled
with the greatest care, was considered to be the most adequate
single criterion of firing proficiency which was available. It was
used as a criterion in several research studies, reported in chip-

ters 6 and9. -

Concluslons
1. Scores derived- from combat could not be used for the purpose

of assessing firing proficiency because of the large number of
56
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factors, extraneous.1 th le, gunner's profliency, which- -niluenced"the obtained results.

2. In the-establishment Of j substitute criterion of firing profli
ciency,It was :ot possible to determine the validity-of the, criterle
situation directly. Validity had:to be estimated by gtuni.i k-• perts. In makingsu~ch estimates of validity, carefully worked-oit
job descriptions of the, relevant aspects bf the-combat situatloii

, proved~to be of Value. "

3. In the establishhient of a substitute criterion, it was- difficult
to construct a situation which had a high degree ,of apparent
validity. It was exceedingly difficult to obtain a situation in which
1he factors ofthegumier's own speed, the speed oand'course of the
attacking hter and the ballistic characteristics of\the gunner's
weapon were realistically portrayed.
S 4-.Ground- situations vrere easier, -to control than, aerial situa-.

tions. -Hence, thet scores from them were more likely to be re-
liable; yet ground situations typically had less apparent, validity*
than aerial situations.

5. Scores obtained in aeriaL situations were influenced by many
factors which - were extraneous to the guhiner'ea ability. These "
factors tended to-lower the reliability of the scores obtained.

6. A number of potential criteria of firing proficiency employed
scores which had a thecretical rather than-' n actual -basis. The
gun camera and the Jam-Handy (E-14) were examples of thisi.
Scores obtained in these situations were based upon certaih
mathematical assumptions and computations. They reflected a

* definition of the gunner's objective in terms of his ability to
manipulate his equipment according, to instructions:given to him.
iather than in terms of his demonstrated ability to hit the target.

7. In situations which required the gunner to fire his guns at -
irealistic, targets, the gunner's problem became so difficult that
only a small proportion of hits, were rdecorded. This would be
expected to reduce the reliability of the measures,taken in those-
situations. To increase the sizer ,f the'target was-, impracticable.
What was needed, therefore, was a realistically sized target aim-.

i ing~point surrounded by a nonmaterial target scoring area. This
-advantage was possessed by two types of devices, the gun camera
and the Firing ERror Indicator. Of those, only -the Firing Error
Indicator represented a situation in which guns Were actually
,fired and'in which scoring of actualhits rather than of-theoretically
inferred hits took place. The Firing Eirror Indicator was, .how-
ever, less realistic than the gun camera in respect to the target

used, and it had mechanical and electronic- inadequacies. •

"10332-4T--6
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8. The gun camera situation was considered 1o be the best
single criterion available for the assessment of tiring proficiency.

Attempts to Obtain a Criterion of Gunneq7 Proficiency on
SubsidiawykII 6**.1

Previously in this chapter, emphasis has been placid upon the
fact that the gunner's primary job was to shoot effectively. How-
ever, there were certain contributory skills which were requisite
for the successful accomplishment of the major purpose of the
gunner. The gunner was not just a gunner; ha was also a gun.'
mechanic. In order to be able to' shoot when attacked'by an enemy
fighter, he had to have his equipment in perfect working order.

'Guns had to be cleaned, ammunjtion checked, turrets 'loaded, guns
and sights accurately harmonized, turrets checked~for smooth op.
eration. These were normally the responsibilities of the gunner.
The gunner was alsd a crew member, which meant. that he had
certain responsibiities.for the safety and efficiency of .other men
in the bomber. He had to be able to use the-interphone, he had toknow first aid, he had to know emergency procedure, he had to be
observant of events and objects which might have intelligencevalue. Finally, the gunner had tokeep himself ready for action.

heliad to-protect himself from cold, and from lack of oxygen. He
had to be able to use and keep in good condition his ,personal
equipment. These important subsidiary skills.of the gier were.
measured by achievement tests ands by phase checks.

Phase che.cks-Phase checks were developed as measures of the
gunner's ibilitytoadjust and maintain hisequipment. The-phase
check situation allowed the observation and measurement of be-havior under relatively constant conditions. Of all of the mes.,
ures of any aspect.of gunnery proflciency, the phase checks pos-
sessed the highest degree of apparent validity. The phase check,
moreover, did not assess a small sample of behavioo-but included
all essential aspects of theperformance of the task. This was true
to such an extent that phase checks could be used not for -meas.
urement alone, but also as a course of study. 'Study of the phase
check itself did not invalidate later meastres using the check, for,
if the student were able to pass the check, he had adequate ski',
in the essential'aspects of the task measured. Phase checks Were
developed for almost every task connected with the maintenane
and :adjustment of any type of gunnery equipment..c

There were some defects in phase checks as criteria,, however.
Persistent attention had to be devoted to the motivation of the
phase checkers" In order that they wouId perform their work withcare. Furthermore, the systemof scoring itself was not eji-relysatisfactory (see chapter 8). especially for research purPoses
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j
The biggest deficiency, of course, was that the checks'did not

measure the most essential aspect of the gunner's task.
As the gunnery training program developed, and especially as

curriculums were based upon-phase checks,,the great majority of
gunners became satisfactorily proficient in the areas measured by
phase checks. There existed no, requirement for differentating
precisely among gunners, all of whom had reached a: high level of
proficiency.

Achievement tests.-In certain areas of gunnery knowledge,
proficiency could not be measured either by the application of
phase-check techniques or by use of'some substitute criterion sit.

* uation. This *as particularly true of proficiency In theoretical
knowledge and proficiency in emergency procedures. Proficiency
in such areas was measured by printed achievemint tests. Al-
though a determnnation of whether or not proficiency on the tests
might be expected to correlate with the efficiency of the gunner in
combat was not made, it was assumed that under certain circum-
stances, at any rate, such proficiency would be - importknt.
Achievement examinations which were constructed in these areas
were heavily loaded with pictorial items in an effort to red4ce the

. fact6r of verbal facility to a minimum. These tests-yielded scorer,
which had relbilities centering around 0.90 (see chapter 7)..

I Attempts to Obtain A Single Criterion "Sire "I Ideally, for a criterion, one wobld desire a single score which
would reflectin a dependable and',sensitive fashion the proficiencTy
of the individual gunner as comWaed with other gunners. Much

. of the research to be reported subsequently gave promise of im-
proving gunnery training tecbiiques to the point where pass-fail'
in gunnery school would have provided a reasonably adequate

i i single criterion. Actually, however, the problem of arriving it a'
single criterion never fell within the realm of ahievement n gun-
nery. Most effort was directed toward the development of discrete
criteria which could be used to obtain estimates of the relativeS validity of" Various selection and training rocedures. "

Ft.
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CHAPT7ER -SIX .-

The Selection of Gunners
Capt. LAW RENCE M. STOLUROW

LT. and
L .WILLTAk,13. Sc~ma~D.

-INTRODUCTION *,

Six Periods of Deve~mn

The proble m of selection'fgunners-wa6 manifold and constantly
changing, requkiring- the use -,of- many differenit hypdtheses",In the

determination of the techniques- and instruments to be used. Al-
though changes In-methodology and in the emphasis given specific *

problems6 proceeded along rather :gradual, lines of development, six
specific peflod's in the~develooment of selection procedures can pi -

S ienid

It Theirst period was an exploratory one. In. it, an attempt was'
made to define the variables making foi~ success in gunnery school,'

and to try out varioustests-atgainst-excisting criteria. The sepcondperiod was characterizd 'by the development of asnl ~ne
testod bas cnhaliaec rm iu test tha hadbeepn tied
ot expbaerimntvali. Tethrd' periods wass cha'actrd by nthie
ou 'eemental.a more laborte *perid prgchramcomrizdble te
tha ed nto atherselacin fbobard ecin rsnvgat oadl pio

In period four, investigations of'appropriate methodology and-do-V vies for the measurement of -attitudes, motivation, and adjust-.
ment were undertaken. In period five, the prediction of gun
cam era scores by -aptitude-tests' was explored in- expiriments con-
ducted- in collaboiration with -the AAF School of Aviation Medicie..
Period six was concerned: with the- selection of B-29 gunners and
the use of stanines-for this purpose, plus thedetermination of the,
effectiveness of-available and of newly developed tests in predict,-
ing succea in this type of -training. The'information accumulated
in the first three pekiods -had considerable transfer value to the
B-29 selection program and- facilitated the introduction of. the
selection -Program for these gunners,
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The Interaction of Training and Selection

The six periods in the development of the selection program
should be considered against a background of changing conditions
of taiiiiiig. The impac' of chang6ein gunnery quip'ment and
methods on the determination of the 6skills which were important
for ,prediction in, a selection program was great, and frequent
changes in equipment forced all possibilift of a uniform selection
program into the backgrodnd. The speed with which equipment
changed and the large number of gunners trained under a variety
of. conditions, combined with the absence of an adequate cfterion
of gunnery proficiency, made theapplicstion of systematic statis-
tical studies for the improvement of a selection battery -uneconom-

An example of the influence of equipment changes on the deter-
mination of the factors which were important in predicting suc-
cess ingunnerywas the Shiftin importance attached to nunierical
aptitude as a requisitefor gumiery training. In the early days
of gunneiy training, a method of sighting was used which re-
quired thegunnerto make rapid arithmetical calculations. Later
on, this type of proficiency became relatively unimportant, since
compensating and'-computing sights' performed all the calculations
that were necessary. Increasing strem was placed on the smooth
manipulation of equipment, concurrently with reduced demands
upon the gunner for mastering of theory and -factual information.
This in turn meant increasedemphasis on perceptual and manipu-
lative aptitudes .and reduced emphasis upon intellectual, qualities.,The need for gunners was not determined solely by replacement
requirements'but alsoby requirements for gunners for new squad-
rons and groups. The flow of gunners was reguated' by such
factors as the capacity of available -training installations and the
number of men who were initially available for training asgun.
ners. Consequently, up -until the initiation of the B-29 training
program,, aptitude requirements could not -be used to indicate
which men should be assigned to gunnery schools.

Although in most cases the training program determined the
nature of selection research, in some instances developments in
selection techniques resulted in changes intraining. For example,
studies of attitudes and motivation of gunners, originally done forpossible use in selection, resulted in valuable suggestions for the
improvement of training. Again.studies of the -use of the B-29
pedestal sight manipulation-test indicated that it could be used as
a training device as well as a selection test.The interaction of selection and training was nowhere betterillustrated than in the"B-29 gunnery program. Since the total
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njim~zber of men needed for this tYpe of training was less than the
total numaber of gunners to bie trained, It was possible to send
mgen with~most aptitude into B.-29- gunnery,, and to send men with.

V less aptitude to B-17, B-24, and other types 4f training. And'
since-men were being systematically selected for B-29 training, It

F was pos~ible-to pitch the B-29 training program at-a higher'leve
than was possible for other gunnery programs,-. ...

The process of training provided a further means ot selecting-
gunners by the elimination of those-men who failed to meet mini.
mum requirements for proficiency in training, Thus selection
tests, were supplemented by a practical, job-ample test of the
gunner's ability to perform in a situation that was &*. step closer to
his ooinbat job. This, chapter wi~ll conclude with a -discussion-of
the-e limination policies followed in the AAF Training Command
gunnery pchools,. ... .* .

EXPLORATORY STUDIES OF TESTS FOR THE SELEcriOoFm
GUNNERS

In September 1942, when the- three Psychological Rosearchi-e-
tachments. at Tyndall, Harlingen, And Las 1regas were activated,

utheir mission i.nclude4j two areas of investigation: the selection of
graduat gunners to .be trained as -low-altitude bombardiers and
the.construction of aptitude tests for use in the selection -of stu-.
dents to be given, gunnery ti aining. The selection program for'.
low-altitudebdrbardiers; soon became a matter -of routine admini-
stration, and the activities of the -detachments were centered _
-~Around the task of developing a selection'test battery for flexible-

gunnry 1 The teiting battery tobedeveloped for the selection of'
flexible gunnery, students would eventually be used by .the AAF -

Technical Training Command. The -policies of that commandre-
quired that the battery be suitable for-mass administfation within
a- time limit -of approximately 2 hours

Degcription of 'Characteristics to -be-Measured' .s-

The existing gunnery training -program largely shaped th early
selection program, for the job description upon .which the first

irchoice of tests was made included- for the most part the factors
associated with success in~gunnery school. Other factors assumed
to -be associAted with success in combat were given little weight.

ITbhis work wasn don* under the direction of Maj1. C. W. Drown and M&J. Roger W. 'Ruseell t
£ ~~~~~~~at Las Vegas, Capt. Glen Finch and Capt. John T. 1)e talnean a.Ncoa

Hobbs and Maji. Glen U. Heathers at Tynd*alt

'*See chapter 5 for a More thorough discussion-6t the aptitudes considered relerant -te-,
gunnery.
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Description of the gunner's job In terms, oi, relevant behavioral
characteristics were -based upon talks with school officials, on In.

terviews with successful and unsuccessful gunnery students, on

examination of instructional materials, on- observations made by

psychologists going through the regular, course of training, and

on study of ellmlnation polces.
At the time of this initial job description the ellinination -poll.

ties in force resulted in eliminating approximately 5 percent of
the students in each class. The reasons for elimination at this

time were as follows: (a) physical-medical, (b) military disci-
Sln,() fear of flying, (d) information proficienyel anl

,proficiency, -mnd (f)'firing proficiency. Atten tion was directed

primarily toward the last three of these reasons in the formnla,

tion of initial efforts to predict failure in gunnery training.

Using these reasons for elimination as .a guide, tests which pur-

ported to measure those abilities and aptitudes likely to be asso-

ciated with success in training wee selected, and new teats

designed for gunnery selection were constructed.

Tryout of an Exporatory Battery ,

The abilities and ,ptitudes which seemed to have'promise of
being related to sucicessful, performance included the,, following:
learning, mathematical abityi verb al facility, visual perceptual
skills, mechanical comprehension, motor -coordiiiation, interests
related to the job, and requisite personality traits. It should be
noted that this description of factors pertinent to the gunner's
duties was based on the course of instruction followed in the fall
of 1942. The- gunnery course was subsequently modified many
times. The "traits remained important but their relative signifi-
cance changed.

The battery of tests used in the selection of low-altitude bow -
bardiers, which is listed- in Table 6.1 along with perktinezit informa-
tion concerning the test.,provided one explraitor1battery for the
- tion of flexible gunners. Tests 1 through 7 were printed

"' ts, and numbers 8 through 10 were apparatus tests. This bat-
tery was administered to all gunnery students as part of their reg-

ular school program. Having put into effect an initial battery
which, it was anticipated, would yield -data on a variety of 'apti-
tudes, work was begun on the planning of specifically designed
new tests, and aso on investigations of the criterion.
1lT the absence of a criterion of combat proficiency, the decision

was made to use -uccess in gunnery school as the best substitute
criterion. Investigationobf criterion measures in use at the gun.
nery schools led to the conclusion that the best measures available
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in theschools were: (a) air-to-air firing scores, (b) ground range

firing scores, (c) academic grades,. and (d) graduation-ellmina-

tABIS 6A..--Iitial exforatorv .battery f avidtioi cadet & -eaijfltaon to
or p~red~ikj,werny prqfleieiscp

(Beplember-qoreumbsr 19 IS) °. - •

T.t Area Sorerng
weight I weight formulae

-Tests of mathematical knowledgeand reasoning;' -....... 20
1. Numerical operations ------ 5 --- (R-3W)/4
2. Mathematics --- .------ ..- --- C1708A-- 10 R-W/4
3. Numerical approximations ......------ 5CI706A,.. 5 2R- WA2

Tests of alertness and obsrvation- -.....----------- *. .------ 20
4. Spatial orientation ----------- -- CP501B. 10 2P,2W/5
5. Speed of identification--- .. ------- CP60A. 0 - !'"

Tests of technical Information and-InteresL -------------. 20
6. Mechanical principles -------- ------ C1903A__ I. 10 R-W-20
7. Technical vocabulary ------......--- CE505r. 10 2R-W/2

Tests of psychomotor abilities.. ........ .---..... - . 40 ---
a. SAM-visual coincidence reaction time-.CP613A. 15. - 60 trials
9. SAM discrimination reaction time -..... CP611D..- 1so trials

10. SAM two-hand coordination ....- CM101A-- 10 - trials

Total-.-. 100 100

'These weights, which, were- Initially assigned for selecUon of D-8 Bombardiers. were
used"in arriving at a composite score on the 10 tests. The weights Indicated-were applied
after correction for their respective standard deviations.

a 3coring formula after correcting for sigma difference.
'See Aviation PsychologyProgram Report No's. 4 and 5 for reliability IAgu.

tion. The performance required of a gunner on air-firing mis-
sions superficially appeared to approximate more closely- the per-
formance required in combat than the other measures. At,
Tyndall-and Harlingen, however, the reliab)ility of air firing scores
ipproached zero. At Las Vegas the coefficients of reliability for
air gunnery scores for classes 42-39 through 4.2-44- ranged be-.
tween .32 and .44. By combining air-to-air firing scores with
caliber .30 ground-to,-grduiid firing scores, the raige of reliabilitles
for these classes at Las Vegas was raised-to a'level of 050 -to 0.69.

The preliminary battery of tests described above was adninis
tered to more than.2000 gunnery students at the 3 schools in Sip-
tember and October of 1943.3 Data on the Army General Classi-

TABLE 6.2.-In tereorrelations among varioui criteria used (October 194)'

S iTyndall TydaU Harlingen 'Harlingen L"m Vegas lAs Vea
School class criteria 42-42 42-43- 42-41 42-42 42-41 4

(N=161) (N=132) (N156) (N=75) (N=227) 'N=202)

Academic grades vs. air-
to-air 'sores.. . 0.05 -0..7 0 0,14 0.01 '0.05 0*'0

Academic gradea v.2
ground range scores,-- .15 ,2188

Ground range-scores .22s.3air-to-air s --

'The number of times In 100 that a coeMcient as large-as each one obtained would be
expected to arise- by cb nee Is Indicated by the following system: No-asterisk: itore than
5 timesin 100 : 0 : between 1 and 5 times In 100; **: l-s than 1>time-In 100.

'Ground-range scores were- ayallible for Las Vegas data -only.

'Intercorrelatlons of these tests, based on Mcoies of K" studcnts in the 3 schools are-
presented -InTabie 1,-AppendixD.
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fication Test (AGCT) and Army Mechanical Aptitude, Test (MA)
were obtained from the Soldier's Qualification Cards (form 20's).
Data on each of the four criteria listed above were secured fromschool reords. Validity- coeffcients were computed.for each, claie

separately.The intercorrelations among the criteria are shown in table,6.2.
The fact that these correlations were low' was interpreted to imply
that each criterion measure should be treated separately in the
statistical- analysis. It Was noted, however, that some promiseof
a relationship between ground range scores and both air-to-air
firing and academic grades appeared. A low correlation between
air-to-air firing and academic grades was found in all, three
schools.

In the prediction of air-to-air firing scores, it Was found, as
shown in table 6.3, that most of the validity- coefficients were low
and that considerable variation in the values appeared. Certaintests- appeared to have possibilities, including Mechanical Prin-
ciples, C1903A,.Two-Hand Coordination, CM101A, Visual Coinci-
dence Reaction Time,'CP6I3A, and theArmy Mechanical Aptitude
Test (MA). The composite score on all 10 aviatibn cadet tests
also showed -promise. Speed of Identification, CP61OA, and Spa-
tialOrientation, CP501B ad CP503B, yielded fairly high coeffi-
cients in. some classes. It was noted, however, that among the
tests enumerated above, only lechanical Aptitude yielded coeffi-
cients which were sufficiently homogeneous statistically to permit
combining the groups for determ'ination of a correlation for the .'
entire population. Th e primary implication of theae results was
that further work on the standardiiation of air-to-air firing and
an Increase in the reliability of criterion scores-might permit pre-
diction of piroflciency in this area by the ,tests used, with some

.degr e of consistency. ' '
Usable data on ground range proficiency were limited to" clases

42-40, and 42-41.at La Vegas. The erun limied sor wasa
composite vaue-bined by combining scores earned on Skeet,

Moving base, Moving Target, the .22 Caliber Range, and the B. B.
Ralge. For these data, as reported in table 6.4, the apparatus
tests--Visual Coincidence Reaction Timo_ CP613A, Two-Hand
Coordination,, CM!01A, and Speed of Icction, CP611D--ap.
peared most promising. Coefficients of 0.23 and 0.25 were ob-
tained for composite scores on the10 aviation cadet tests. Several
'f the printed test appeared to have some possible value for,'pre-
dicting ground range scores..

The validity coefficients against academic grades, presented in
table 6.5, were noticeably higher than those found for the other
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criteria., Among the tests which had relatively high vaidities
ere Technical Vocabulary, CE505C, Mathematics, CI708A, Nu-

merical Operations, C1702B, AGCT, and MA. The composite
score on the aviation cadetttests was also high, with a median co-
efficient of 0.45 for 14 classes. The values for AGCT and MA,
which had median coefficients of 0.38 and C-32 respectively, were
given special consideration, because scor a opn these tests were
ailrea~ available for most gunners prior t their assignment.
Examination of the data presented in table 6.5 revealed consider.
ablevariation ih the size of the coefficients, an observation which
was borne out by analysis of-their statistical homogeneity. Of all
the tests, only two showed an amount of vari~ion small enoughto
be expeeted to arise by chance asoften as b times. in 100. J;
though the reason for this variation cannot definitely be assigned,
bbservations of gunnery schools at this time suggested that vari-
ations in te;ting and training conditions for the academic criterion
probably paovided the chief somrce~of variation.

Biserial correlation coefficients of the various tests with gradua-
tion-elimination are Dresented in table 6.6. Interpretation- of
these resuts is, complicated -by the fact that in computing the co-

efficiezifs- on the -Harlingen data, the standard deviation on the"
test was determir.d4 for graduates only rather than for the total
group. This means that the reported biserials are probably over-
estimates to some extent. To overcome this difficulty, coefficients
were determined for 825 students in 3 -classes at Las Vegas; but

TA iL 6,6.-Bbierit correlations for is proposed gunneryj selection tests ana.
composite score on 10 cad3t classification tests against graduatio*-uimi- -
nation fiom gunnerl schbol-(October49ovember 1942).

• • " Harl]lngel
Tft cde I.

Vegas'K, U,--D' " ma.

Mech. prin. C1903A 3.89 8.73 6.95 0.16 . 0.24
Numer. Cr1.7021 16.25 18.30 6.13 -. 17 .34
SpeeddentCP81A 25.73 1.93 1.50 .60 .42"

- C1708A 11.24 7.05 5.71 .38, .82
Numer. apprC.1708 . 4.......0. 08k 5.30 .36 .22
Tech. ioc.---- CE505 21.03' 10.25 13.59 .41 .20
Spatial orient .------- CPSO1B. 503B 47.80 42.12 12.52 .24 .17
Speed react... ......... CP611D 95.55 82.18D 20.18 .82
Two-Hand Moord1A 52.97 51.20 10.61 ,09 -
Visual coincidence-. ---------- CP61A 51.01. 48.50 8.32 .15 --

,Composite (10 tet.)328.76 281.47 54.84 .44 .63
-A------ - 111.791 101.68 12.96 .42 .35

105.411 98.15 15.49 .25 .32'

I For the Harlingen data, Ns=621 and Zg=91 percent. -In computing the blieral r's, the
SD of the graduating grou~p was used'as an estinmate of the SD of the totalgroup. ClaSNO
42-40 through 42-45 were used.

I For the Lai" Vegas data, Nt=825 and Ps In unknown. Classes 42-d4 through 42-46
,were used.

2 For N=825 and 1=01, a biserts r as large as 0.14' would be expected to occur by
chance less than 5 times In 100; a biserlal r as large as-0.18 would be expected to occut
by chance less than -1 time a 100.

N Is somewhat smaller beause of missing data.
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fr this-group the value of p. Is unknown. 'It appearAjfrom the

~tively h igh correlations (generally above 0.30) for both popula-

tions. The -comhposiW, score o n thet 10' tests showed a correlation

4 of 0.44r in the Harlingen data- and- 0.53 In the Las 'Vegas data,
which was considered promising. In an effort -to *ascertain 'the
maximum efficiency to be expected in predicting academic grades,
anijltiple correlation analysis of data for one class In each of the
threeschools- was carried out For m~ch school, the last class on

which complete test-data were avaaA6 was used. The particular.

rtests upon Wvhich the multiple correlations were based, were Me-
chanical -Principles, C1903A, Speed -of Identification, CP6O1A,
Mathematics, CI7Q8A-, Technical Vocabulary, CE505 C, AGOT,

ndMA. For comparison, the multiple correlation of AGCT and-
MA with academic jrades waz computed. The rxesults, are pre-_

TA4BLE 6.7.-Th. prediction of. academic gradii~,y -two te~'t batteries In "OK
of three-gunnery schools (Octo~ier.Noi embe 93

I Tyndall Hrin La Vega
&las 42-44 VIs 4-5 clu 2-1

Testbatery(N=71) (N=58) (K=202).

AGOT,.MA, mech. Princ., CIPOSA-
Sped-t dent. P1A1 0.66 04

at.C170BA; and Tcch. Vocab..

AOQ.T and MA --- .49 49- .26

'sented-fi table 6.7. 'The values found indicated that the addition'
of- certain 'of the aviation cadet tests consistently-resulted In- In-
creased, prediction. However, it was noted that the galmdpj pro-
dictive efficiency_ over the use of AGCT and MA only were small
enough to be expected to arise by chance more than 5 times In 100.-

A multiple correlation analysis of the prediction of- air -ta
firing scores was made on data available for 174 stu&.0ts in Class
42-42, Las Vegas. This class was -chosen because the reliability
of air-to-air firing scores had been founid to be 0.41, the .highest'

value obtained. For this class, the multiple correlation of Me-;

chanical Principles, C1903A, Speed of -Identification, CP61OA,
Technical, Vocabulary, 0E505C, Spatial Orientatibn, OP60iB,
AGOT, and MA with air-to-air firing scores was computed. Ex-

cept that Spatial Orientation, CP5O1B, had been substituted for

Afathem atics, -C1708A, the battery was the -same -as-that used for
predicting- aca demic se-ores. It, was found that-the- multiple c6rre-.

j~lation for-the-six tests was 0.38; While tLo comparable figure for

AGOT- and- MA only was 0.20. The values obtained were such as
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to-make further study of-the-problem of predicting air-to-air firing

appear derirable.

THE DEVELOPMENT OF THE APTITUDE TEST FOR AERIAL

GUNNERS, AC3OA

Teas Uted asaJ A'B for AC30A

The initial exploratory studies indicated that Army General

Classification Test scores were reasonably dependable as tredic-

tors of- academic success but that they were not, so effective with

respect to air-to-air firing. Further work was accordingly ori-

eiiteii rn terms of developing a ,new test which would supplement

AGCT-in the prediction of gunnery proficiency.

In developing the new*gunnery test, consideration was given to

the results already reported and to variousless systematic studies

of a variety of tests. In all, 62 different tests were tried out, in-

cluding a number of tests developed by the-gunnery detachments.

Table 2, appendix B, reports validity coefficients f6r 38 of these

testi~dpon which information is available atthe time of this writ-

ing. These results, interpreted in the light of experience with the

various tests in gunnery schools, were used in formulating hypoth-

eses regarding the most-suitable tests for use in gunnery selection.

It was also decided that a printed test would be best adapted to thi

testing facilities available at the stations where gunners were

selected. On the basis of available evidence, nine tests were chosen

as primary sources for items for the new test, which was called

the Aptitude Test for Aerial Gunners and was given the code of

AC30A. Validity coefficients for these source tests, reliabilities
where available, and the part of AC30A derived from each source

are presented in table 3, appendix B. The validity coefficients
were based on various populations, in-the three schools. Table 4,
appendix B, presents a summary of all intercorrelations whicrh

were available for use in plan ning the new test. The populations
on- which these inter~orrelatiorts were based are unknown.

Validation of Aptitudt Test for Aerial Gunners, AC30A

'Table 6.8 identifies the various parts of AC30Aand ' peCiiles the

amount of time allowed for each part. Since the ?Iane Name
Memory sub-test and the Guniery Learning sub-test involved al-

ternating periods of study and testing, the time alloted to each of
these activities is also specified.

During July and August of 1943, AC30A was administered to

approximately one thousand basic gunnery students in Classes

44-35 through 43-38 at Buckingham. Tue intercorrelations
among the nine parts, total scores, and three criteria, together
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with validity coefficients for each part and for total score against
each criterion are shown in table 6.9.4 Each- of the parts had a
validity coefficient with score on the Gunnery Final Examination
(Form GFC) which was significant at the 0.01 level. The validity
coefficients against ground range scores and air-to-air firing scores
were relatively low, none of these being higher than 0.11. Since
AGCT scores wereLnot obtained for this population, the extent to

TADBL 6.8.--Format of ,the Aptitude Test for Aerial Gunners, ̂ ACSoA!

Part Name Activity Time..

I Technical voabulary..._.... Test--..... 15
it Plane name memory section A (front sllhouette)_ I.... Study---" -_ 4I Tmt .. 4

J-Study.... t
Section B (ide silhouette)------TCS_.. 4

III Gunnery learning section A (611 buffer unit). - .. Study---- '2
1 Test--,----.-. 2

,Section B (aerial cannon)- ... . Study-. 5-
4

Secti C (Martin turrtY................ - S tudy ---- 21 - Tert---_ 2
V . Mechanical princtplee.-t...-- ..... 15
V Gunnery mathematics sectiou A_._-. --- T--.-. 5

Section B ------------.-.- T-...- ------ 10

VI Speed of Identification ..... .- Tes_.-__ 4

__ _ _ _ _ __ _ _ _ _ _ __ _ _ _ _ __ _ _ _ _ _82<

' The s-orlng formula for-this te,.t (AC30A) is the number of answers correctly marked
minus % the number of answers marked Incorrectly. (The mzxlmum possible scorls 211).

which AC30A fulfilled the function of supplementing AGCT was
not answered by this study. Moreover, the low intercorrelations
among the-criterion scores were considered to indicate aneed for
further efforts to obtain better criteria of gunner proficiency. In
the absence of specific reliability, estimates for the criteria, this
interpretation of the results was necessarily tentative.

During. the early part of 1944, a systematic study of the predi-
tion of gunnery proficiency was undertaken. One class (44-4,
Buckingham) was chosen for detailed study. In addition to
AC30A, the Aviation Cadet Qualifying Examination, AC12.T,
three motion picture tests, the Plane Formation Test,. CP805B,
and the Angular Judgment test were administered. A Biograph-
ical Data Blank designed for gunners and the Opinion^Pol for
gunners were administered also. As criteria, Gunnery Finil Ex-
amination (Form GFC), Skeet Range, Moving Range, ShdtU:n-

L Turret Range, Jeep Range, and Jair -Handy _ (E-14) Trainer

scores were obtained."

' feStatistUcal computationu were done by the Psych, logical ,Scction, Office of- the Surgeon.
-headquarters, AAF Training Command.'

'This study was planned and supervised by Capt. lason Halre and Capt. Theodore R.

Valiance. Description of the various ran;es and of th. - Jam-Handy (E-14) Trainer are

given, in chapter 9.

703326-47-6-
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TAxKZ 6.10.- n tercorrelao'oni among criterion score used for vulidagioti of
the experimettal test(battery (class 44-4, Buckingham; N varies frm g4".
to t77; January 1944) 1"

SI S * 4 5 6
1. Ouer= flnal -it+ 0.11 0.06 0.06 0.03 126.3
2. Skeet - -- o.1' N .53 .16 0.06 .03 61. , 10.88. Moving bas ... 1 .-1 --,-- - .16 .11 -. 04 53.6 9.2
i. Shotgun turret... .A6 .16 .16 --- - .16 .0 64.5 1.15. Jeeprang....... . .06 .06 .11 .16 " .02 2&8 5.1
4. Jam-ilandy .03 .08 -. 04 .0? .02 4.2 1

Table 6.10 presents the intercorrelations among the six criteria -
-used in this study. Except for a rather high correlation between
Skeet Range scores and Moving Base Range scores, and for some
tendexicy for the three shotgun ranges (Skeet, Moving Base, and
ShotguiniTurret) to be correlated with each other, the -results gave.
noreason to believe that the, varibus criteria were-related to each
other. The reliability of the separate criteria for -this group is
unknown. Intercorrelations. among the 11test scores are shown-
in table 5, ,appendix B.. - , .

TABLz 6.11.--Vaidiy coefficients for -experimental tcst battery Wit each of
seven criteria of gunnery profjicincij (class 44-4i Buckingham; N varies
from 166lto 9;; Je9nuairi 1044)1

-Criterion "

Te GO Skeet b sIn Shotgun Jeep, Comp. jam-
bas iturret range

ACT ------ -. 30 -0.03 -0.C5 0.02 0.01 0.00 0.08
M ..----. , .35 .11 .. .09 .02 .1t --. 04
AOiJ-..... .47 .16 .05 .10 .0? .10 -Z0AACl0A..4 .15 .15 .I .01 .15 .04Planeo formation CP8050_. .103 .05 .07 .06- -.,06 .13 .01

Angular judgment-.. .. .24 ;09 .04 A5 .1 .25 -. 01Bit. oa veloc. CP20 --._. -. 06 ,-1;09 --. 05 -. 07 .05 -. 01 .01 "
Ident. of veloe. CP205-1-I. .03 ,21, 07 .08 .16 .20 .10
Est. of rel. veloc. CP205-III. .06 .05 0. 11 .02 .07 .09 -. 10
Biographical data.--_.;_ ... 14- .01 .04 -;03 -. 03 -. 03 -. 09
Orinlda pl-.03 .04 .08 -. 01 -. 04 .0Z .10

I Positive correlations Indicate that "goodness" of' performance on the. test a as oclated
with "goodness" of Performance on the criterion.

For N=166, a coefficient as large as 0.15 would be expected to arise by chance 5 Ume
in 100; and'a coefficient as large as 0.20 is likely to arise by chance 1 Ume In 100.

Validity coefficients for eacl of the tests against eachcriterion
are presented in table 6.11. It was noted that +both AC30A and
AC12J yielded somewhat higher validity coefficients than AGCT
or MA, not only for the Gunnery Final .xamination but for most
of the other criteria. For this sample, the values for MA were

gThe multiple correlation of AGOT and MA with GFO vz,!- 0.35; the zero-order coeffclent
of AC3O " with GOF was,0.41.
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somewhat higher than those for AGOT. The results also sug-
gested that the Ang'ular'Judgment Test and the Identification of-
Velocityv Test, CP205-II, had some promise as predictors of com-
bined scores on the four ground range criteria., None of the tests
included showed any appreciable degree of -correlation with the
Jam-Handy (E-14) scores. On the whole, this study indicated
that the tests Included were not particularly effective In predicting
any of the criteria except Gunnery Final- Examination ewcareis.

THE DEVELOPMENT OF GUNNERY STANiNES

Additional Statistical Studies
In the fall of 1943, a study of the rediction of gunnery pro-

ficiency was carried out, the results of which were later used in the
deerinti onofgunnery stanines. The study was, organized

around- aviation cadet aelectionahd classification tests and existing
stanine scores. Criteria used were Gunnery Final Examination
-(Form GFC) scores, Jam-Randy (E-14) Trainer scores, ground
range s@cores, and ait-to-air 'firing scores. The population used
included -194 students -in 'class 43 -45, and 173 students in class
4S-48, at Buckingham, all of whom had previously taken the avia--
tion'-cadet se-lection and classification battery. Statistical analyses
were carried out for each class separately."r

Table 6.12 presents only those vjalidity coefficients for age,
stanines, -and strength of interest in becoming a bombardier, navi-
gator, or a pilot which, were sufficiently high -to be expected by
,chance less than 5"times in 100. All validity coefficients, together,
with distribution constants, are presented in Tables 6 and 7 in
TABLE-6,12.-Validity coefficient, of age, atrenptk of interest, and aviatio

cadet atanines woith four gunnery- citeris (classes 4S-45, N=1#4p; axd
4$-48, N1:;7S; .Buckinghamn, November-December 1948)1

Gunnery final Jam-Hardy Percent bits Percent hits
(GC sA~res ground ranges ai ng

Class class class Class

43-45 43-48 43-45 43-48 43-45 :43-48 43-45434

Age ------------ - ~ -- -- -.. ~ 01701
-Bombardier F------ - ------ 0.7---------- 0.17

Navigator stanin --------- .250 .250- --- ---- --M----- -.1 -- _ .1-
Pilot stanine -.-- - -- -. ------ *31* .53. ... -01 ------- ---- 0_
Augmented pilot stanine -------- 34*52O- -. . .200
Strength ot Interest bombardier-. --- 2*17. '

1This-table Includes only correlations sufficiently- large to be epected to occur-by chance
less than 5 times-in 100. An asterisk to the rIght of a coeffcient Indicates that It Is suff-ciently large to be expected to occur by chance lost than I time In 100. Further data asvalidity- coeffilents'for. this study are presented In- tables 6 and 7, appendix B.

IMa). John V. 31cQuitty was responsible for these studieo.
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appendix B. It was found that stanIne scores for tbombardier,
navigator, and pilot had validity coefficients for predicting Gun-
nery :Final Examination (GFC) scores so large as-to be expected
by chance less than 1 time in 100. The pilot stanine yielded
romewhat higher validities than the other stanines for this cri.
terion. Of the othercriteria, only air-to-air firing scores in claw
43-48 yielded, validities which were significant at the 5 'percent
level. Here again the pilot stanine was slightly higher.

In table 6.13, all validitycoefficients for the various tests Which
were sufficientlrhigh to be~expected by chance less than 5 times in
100 are presented. Valid'ity coefficients for all tests used, together
with distribution- constaA ts, are presented in tables 6 and 7 In%
appendix-B. It is noted tsat a number of tests showed moderatlY
,high coeffiients with GunhieryFinalExamination scores. Resuljts
on the:prediction-ofJam-Hidy (E-14) Trainer scores were low
and inconsistent; while for ground range scores virtually none of
the tests showed promising correlations. For air-to-air firing,
Inone of the validities for class 43-45 reached the level required-for.
inclusion in the summary tables, but'a number-of coeffiientsi-sig-
nificant at this level were found for class 43-48.

Among the various tests, Technical Vocabulary hPilot, CE505C,
Technical Vocabulary- Bombardier, CE505C, Spatial Orientation
II, CP503B, and Reading. Comprehension, C1614G, seemed most
promising in so far as their validity'coefficients against Gtinnery
Final Examination (GFC) scores and against air-to-air firing
scores were concerned.
Thie Gunnery Stanines

The consolidation of the AAF Technical Training Command

andthe AAF Flying Training Command made possible the intro-

duction of more elaborate procedures for the classification of gun-
ners. A large proportion of candidates for gunnery training
were routinely tested by the'Psychological Research Units and by
the Medical and Psychological Examining'Units. These.-units had
experienced personnel and were equipped to administer -both
printed and psychomotor tests, thus making possible more flexi-
bility in testing. "

Coincident with the validation of the aviation cadet selection.
and classification tests with gurnery criteria, there were similar
investigations of the validity of these tests with the criteriaof suc-
cess in tech -nical training schools. In addition, personnel were,

sent to the European Theater of Operations and to-other-theaters
to -investigate theefficacy of the existing .election procedures as-
well asto obtain-a better description of the various air-crew jobs.
These data, together with those reported al ve, were used to ar-
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rive at stanines for the various combat crew members. Since the
majority of enlisted aircrewmen were given gunnery training-"
well as technical training, the; clasMification program had, to take
into consideration tfe problenis involved in the 'prediction of sue.
cess in both types of training and duty. In September 1944,
stanines were prepared for Radio Operator-Gunner, Mechanic
Armorer-Gunner, and Aerial Gunner.-

The factors making powible more refined and extensive classifi-
cation procedures for the selection of gunners, however, were in
no way related to those determining the need for gunners. The

TABLE 6.13.--Validity -coefjlients of cadet classiflcatLion tests with four gus-
nery criteria (classes 4$-5, N=194, and V-48, N=17S, Buckingkam,
November-Deember 1S .' .. . .

Gunnery final Jam-Handy Percent blt Percent bit*
(GFC) sores Ground rauges air-to-air

T.Wt Code ' _____ ____

F .Clasa- Class. Class Class

43-45 43-4s 43-45 43-48 43-45 43-48 4-45 4i:48

Tech. vocab. pilot CE505C_..0.45 0.31' 0 .. 0.16 0.250
Tech. vocab. na.. CE505C__I .26 - .15
Tech vocAb. bomb CE5050-. .19' .22 . . .16

Mecb. prln. C1903A ....... .5 * .46 * 0.14 2-0.17
Xech. o CI905A..... .$1 * .36 * --.15 .15

Reading eomp._. C16i40_ '..28 *. 41' ..5 - '23 . " 15

Speed of IdeUt...... CP6IOA...... .?S .14'.Z........
Spatlal orie. I.. CP5OIB ......... .30' * " ' .19 -

Spatial orie. I!.. CP503B_ .32 * .16 - . -" - "
Dial tab. read .... 0P22-21A ... .1? - -

Math. A .-------- O1702H- --. 16
atb. B..... 1706A., .1T .15

012061.
Numer. oper.B .- -...--. 15Nutner. oper. IF... -. 20 -

Complex co CMT0...... " .40 ' -. 15 -t Disc; reat. time.. CP611D.... - -. 27 a " "
2 -Hand coord..... CMIOIA .37 0. . .. _..'_.
Alming stress..... CE211A ........-. A.1s .6

1 This table included only correlatlois suffclently large to be expected to occur by chance
less than 5 times In 100. An asterisk to the right of a coeMcient .ndlcates that it-is suM-
clently large to be expected tooccur by chance lcs than 1 time In'100. 'Further data ox
'a li Ity coefflcients for this study are-presented In Tables 6. and 7. Appendix B.

'need for gunners exceeded the supply of candidates* making the
application ofa selection procedure superfluous, since all'available
men had to be trained and used. Classification continued and.
stanine scores were recorded in service records in case it became
,possible at sometime in the future to select men for gunnery train-
ing. However, -up to the time when B-29 gunnery training ex-
panded, late in 1944, the prospects for initiating a gunnery
selection program were remote. .
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RESEARCH ON PERSONALITY FACTORS ASSOCIATED .WITH
SUCCESS IN GUNNERYTRAINING".

Introducion.-In view of the situation.s of marked strers to
which the gunner was likely to be exposed, and of the: ifecessity
that he -be able to function under these circumstances, the impor-
tance of obtaining stable, well-adjusted Individuals for this job
was recognized as an important area for research In gunnery
selection.

Considerableliterature was'available from both army and'civit-
ian sources describing previously tried approaches to. problems of,
measuringpersonality It was necessary to verify the hypotheses
underlying their development-in order to obtain evidence to sup-
port their use as selection devices in flexiblo gunnery. Adminil -

stration to large numbers of men in the army also permittd
refinement, of. the instruments, which' in most instances,'hadbeen
originally validated on small homogeneous groups. "

Studies of ex-combat gunners:-The, first step in the investiga.
tion of personality variables which ight 'have been associated
with success.in gunnery training was the exploration of the. &d-
justment of returnee gunners from various theaters of operatin.
It was found in these studies, for example, that 24 percent bf the
men studied had experienced -a degree of combat strain sucienmt-
to interfere with their functioning as gunners, and that an addi-
tional 50 percent showed moderate signs of combat strain, It.
was also found that men who were better able to- witstind-co-
bat strain were more likely to be men who, (a) had had a satisfi ' -
tory adjustment in early life, (b) possessed superior.inteligenc%,
and (c) were married. Age did not isem to" be a factor In combat
strain., It was concluded that men who would-not be likelyt
show combat strain would be those-Individuals who were: psycho-
logically secure in their group relationships, in their family reia-
tionships, and in their religious faith; who were independent i who
had clearly defined purposes and goals;, who were superior in
ability; and who were of stable disposition.8 This study' rein-
forced the hypothesis that there was a need for the coisideration
of the problemof predicting combat adjustment, and, in addition,
it presented some leads as to possible factors' which might be
measured- by tests designed for use in a selection program.

Development- of the -test for emotional securiy of basic gunners.
-- As a first step- in investigating personality variables which-
might have been associated -with the-combat effectiveiiessf -gun-

'This- tudy was ,conducted by- Dr. Carl i. Rogers, assisted by Capt. Wilbur S. Oregory
and Lt. Thomas P./Uallagher. Further lhformatlon on th.-study is presented In chapter
10.
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ners, ft was decided to investigate the possibilities of a projective
technique, similar to Murray's Thematic Apperception Test.'
The principles used in the development of the Thematic Appercep-
tibn Test were used toguide the development of the'Test for Emo-
tional'Securlty of Basic Gunners. It was believedtlhat in reacting
to pictures susceptible of varying interpretations, gunners might
give responses indicative of instability and insecurity more freely
than they would in a conventional attitude questionnaire.

The Test for Emotional Security of Basic Gunners consisted of
32,pictures, reproduced on slides. Each-picture was projected on
ascreen, and the subjects were required to indicate their reactions
to each of the pictures, in the first edition of the test, by writing
frcee responses, and, in a later edition, by checking alternatives pre-
I-ented in a check list All but five of the picturs included one or
more -individuals with whom the subject might identify himself,
and many of- them involved some war motif (e.g., soldiers diving
for a slit trench, American prisoners on Bataan). On the' check
'list, tlhe alternatives presented were of the following nature: "A
wounded straggler who *cannot keep up with hi.4 buddies." "This
soldier has just found the body of a friend," "An artilleryman
relaxing during a lulHn a battle,. "This soldier realizes that every
day will be like this until he is killed or the war is over" and "This
man is fed, up withwar."

In a preliminary study of validity, the criterion was an anony-
mnous questionnaire designed in accordane with the findings of
Rogce's 4 udy of the adjustment of ex-combat gunners (see chap-
ter 10). 'This questionnaire was designed to measure such fac-
tors as degree of independence, planity-of purposes and-goals, and
security in social groups, in family relationships, and in religious
faith. It contained 38 items, of which 18, were concerned with
attitude.9 towards gunnery and twenty with -security factors.
Weights were assigned-to responses on the basis.of judgment of
psycholboists, with positive responses indicating security and neg-
ative responses indicating insecurity. The distribution of ob-
tained scores on the questionnaire for 99 gunnery students yielded
a mean score~of 156 with a standard deviation of 7.2.

To obtain a preliminary- estimate of the diagnostic value of the
test in multiple-chOice form, separate item tabulations were made
for the 25 highest and 25 lowest scoring individuals on -the ques-
tionnaire. Differences between the two groups with respect to
responses to pictures did not prove to be great; about one-third
of the pictures -yielded some reliable differences between the

*This work was primarily the responsibility of Lt. Gerald IL Pascal, assisted by LtU
William Y. Este. t
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groups. Since about twice as many of the statements yielded-dif-
ferences significant at the 5 percent level as would be excted Ion
the basis of chance alone, it was inferred that the multiple-choice
picture test had some promise, but that extensive research would
be needed to develop an effective 1nstrumen of this type. it Ws
Ioted that, ingeneral, the group judged as insecure on the basis
of the questionnaire scores tended; to select more frequently the
responses involving anxietyor dread.

The Test for Emotional Security of basic gunners, with the re-
suits of this exploratory investigation, was forwarded td the AAF'
Redistribution Station at Atlantic City with the suggestion that
the test might be more fruitfully studied using psychiatric and
non-psychiatric cases among gunners returning from combat. :

Studies of attitude scales.---The next step in the exploration of
personality variablesassociated with efficient performance in gan-
neryWa~S an~investigation-of attitUde-. 0  it was first necessary-to
select the areas of attitudes to be investigated, and to determine
practical means of reliably measuring them.. The areas of attl-
tudes selected for study were attitudes toward the ,Army in gen-
eral, towards flexible gunnery, and towards related activities..
Aloseleted: for study were more ge-eralized attitudes which
might possibly be symptomatic of basic personal adjustment It
was assumed that a preponderance of negative or hostile-attitudes
as revealed by a scale coveriig the above areas would indicate Ttt'
the-candidate for gunnery trainingwas a poor risk. However, it
was agreed that this information on attitudes must be interpreted \
within the general frameworkiof the aptitudes of a particular in"
dividual as measured by qtier classification tests. The ,goal was
the unification of the -results of attitude measurements, and of.
aptitude measuremehts into composite indexes.

The attitudes were studied by means of a multiple-choice type""
of questionnaire, called the Opinion Poll, to which the candidate
responded by checking one of five alternative statements. Typical.

A- examples of the items used, are: "A man would be a better gunner
as a sergeant than as a corporal," "Married men should not be
sent to flexible gunnery school," "A man who has always been a
pacifist would not make a good flexible gunner," "Very religious
men do not make good gunners," and- "The chances are that when"
a flexible gunner does get hit, 1il1 get it ini the head-"' Using a
separate answer sheet, the candidate indicated the degree of his
agreement or disagreement on the followving five-ppint scale:
Strongly agree, Agree, Undecided, DisagrF ,, Strongly disagree.

23This work was primarily the responsibility, of-Lt.-erald R. Pascal assisted-by T/Sgt.-
Hyma Kants.
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All items were not s -iled in the same direction, and, in addition,

statements were phrased in-both negative and positive terms in
order to minimize the set which often contrlbutesI.0' the "halo
effect." '

The scle as finallydeveloped had 78 items. There was notime
-limit, but the scale took about 35 minutes to complete. The scor-
ing formula made use of a weighted scale ranging from 1 to 5.
The scoring key was based on the judgment of a group ofpsychol-
ogists concerning the significance rf each iten--in terms of adjust-
ment. The scale was found to have a satisfactory reliability
(r= .87, N= 210, Kuder-Richardson Formula 21),. The validity
coefficients obtained in an exploratory investigation of this scale
are presented in table 6.14 below.

TABLE 6,14.-Validity coefficients of teat of attitudes toward flexible gunnery
againet various criteria-of success in'the basic gunnei-school, and against
judgmient of adjustment made by interviewers (Buckingham, January

Cla .X Criteria Validity, coeffelent

4A..210 O __--0.03
44-4...210 SkeLtt.......______ - .04

210 Moving base-. ------- .09
,44-4 _.___ 210 Shot gun turrt _. .... -. 01

210 Jeep. -. -- - --- -. 0444-4, 210' Jam-Handy. - ... .1044-4 ..... - 210 Interviews". 1 - •43
1 R~iability coereleu of Interviews Is- 0.79, computed by Kuder-Richardon Formula

No. 21.

It can be seen from the data in table 6.14 that the attitudes as
measured by this scale did not correlate significantly with any of
-the measures of- performance. However, a correlation of 0.4-
was found between scores in -this scale With the estimates of the
adjustment of gunners made by psychologists on the basis of an
interview with 210 members of class 44-4, at Buckingham.' The
reliability of the judgments of the interviewers with reference to
the adjustment of thesubjects was estimated to be 0.79, using the
Kuder-Richardson, Formula 21.

The fact that the attitude scale was not significantly related to
various criteria of performance in gunnery training does not defi-"
nitely invalidate the scale as a possible instrument for the selection
of gunners. The -need for using combat performance data was
recognized to be especially great in the case of attitude studies,
but the validation of this scale against combat criteria was never
accomplished.

Studies-&o biographical data blanks.-Another possibility ex-
plored was the Biographical Data Blank11 The Biographical

It This work was primarily the responsibility of Capt. Lawrence M. Stolurow, Lt. William
B. Schrader, Cpl. David Gordon, and Pfc. Arthur Feiner.
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Data Blank, CE602D, was developed 'in the. aviation cadet classifl-
cation program. In the initial tryout, the onlymodification intro -
duced was the substitution of "Gunnery Training" for "Aviation
Cadet Training" in 2 of the 65 items. The remaining items co-"'
ered general matters of personal experiencesoand activity prefer-.
ences. In this form, the blank was administered to 315 gunnery
students during the fall of 1943, and an item analysis made by
correlating of the, various items with total score on Gunnery Final.
Examination (F0xm GFC). A new scoring system for the blank
was deve6iped in accordance with evidence obtained from this
ite -analysis. The blank was lengthened by adding 2 items on.
experience with firearms, 8 items on experience with small group.
leadership and teaching, and 1 item on, attitude toward keing a
gunner.

Result4 on the usefulness of this revised blank. in predicting
various criteria haVe been reported on page 76 in' connection-
with the experimental test battery used for class 44-4, Bucking-'
'ham. It was found that the validity coefficients for this instru- "
ment were uniformly low. On the strength of this exploratory
study, it "was decided that the use of biographical information of'^
the type included in the Biograplical Data Blank was not partic-
ularly promising. -Effort was directed toward the development of
other 4instruments.,

Studies of forced.choice inventmories.--In further exploration of
means of measuring personality as it might be related to success
in gunnery training, an investigation was made of the possible
utility of am, "instrument similar to the Personal Inventory,
DE201C.12 The inventory used in this study was a revision of
the original form, as modified for~the Army by the AAF Redistri-
bution Center, Atlantic City, in,,'March; 1944. The inventory con.-
sisted of items related to pastexperiences, to preferences, and to-
interests in various occupation!s aid hobbies. The items covered
certain areas_ designated asJ.,abits, temperament, hysteria, hypo .
chondriasis_School, family, occupation, values, paranoia, interests,
and phobias Candidates were required to choose -between two.
alternative statements, which, in many cases, Were not logically
related to each other. Thus, a choice was forced between alter-
natives difficult to compare. Examples of items from the inven-

* tory are:
" I would rather see a good I would rather read a god book.

movie.
I am more noisy. I am mo'e lazy.
The original -format of the Personal Inventory wac-retained In

'This 'work was primaril th-o responsibility of Lt. Gera Tt. Pascal and T/Sgt. HyMa
Kalts,
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the experimentai-form, although experience later-suggested that a
standard multiple-choice format would have been more readily
read and scored.1'

The revised inventory was given to a mixed group of 30-combat
-returnee enlisted men and 106 noncombat, enlisted men. The re-
suits of this study are presented in table 6.15. It can be seen that
the ex-combat men obtained higher scores on the inventory, which
was indicative of greater maladjustment within this group. The
difference between the mean scores of the two groups was signifi-
cant, the probability of such a difference occurring by chance
being less than five times in one hundred.

TABLE 6.15.i-Validity of the revised personal inventory, D,201C; mean
scores obtained by ex-conbavt men, and men with no combat experience
(Buckinghao, April 1944)

M SD Diff t

Ex'-combat men SO- 15.20 4.40 -2.41 1 2.43
Noncombat men.106 12.79 4.84

1The obtalned'value of t is:of a size to-be expected to arise by-chance less than 5 times

In 100.

The same groups were given the Opinion Poll, which was de-
:scribed on page 81, in order to -determine whether ex-combat
men and noncombat men could-also be differentiated on the basis
of their-attitudes. The difference between the mean~scores of the-
two groups-on the Opinion, Poll was not significant. (A "t" value
of 1.22 was obtained; a "t" value of 1.96 would be required for
significance at the 5 percent level). The two groups were there-
fore distinguishable on the bgsis of adjustment as measured by
the Personal Inventory but were not distirefuishable on the basis
of attitudes, as measured~by the Opinion Poll.

The next step in this study of the Personal Inventory was tho
investigate the relative significance of various groups of items.
Items were categorized into various areas, as indicated in table
'6.16. 'The data in table 6.16 suggested that the areas of tempera-
menti hysteria, and habit were most significant in discriminating
'between ez- ombat men and noncombat men. Further develop-,
mental Work on an inventory of the type described seemed
indicated.

Sumngry. -In summary, it was concluded that the exploratory
studies conducted in the areas of attitude and adjustment ineas-
urement were promising and little more. Results on the Qpirdon
Poll indicated that fairly reliable-scores could be obtained on this
-,test, and that-thes_ scores showed a moderate degree of relation-

Is For further-Informatlon on- the revised Personality Inventory and the procedures used
In- the- revision, see report No. 14-of this series.
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ff ship with interviewera' judgments on attitudes. The correlations
of these scores with-selection tests and available gunnery criteria,_
however, Were-unifomly low.

TABLE 6.16.-Number of items from revised personal inventoryj, DR 201C,
classified in each of 11 types which correlated With total score 'at the 9
percent level and I percent ilevel of significance W=138, incWliin .10 re-
turned combat gunners; Bu.,kingham, April'1941)

Typeof temNumbr o Nuber Number
Typo fitItems- o a dicrmnating discriminatins

Ite s percent level' at 1 percent level&.

H sei----- --------- 14 9

"c o l- - --- - -5 111
-aiy-- - ------- '2 0 A)

occupationl.--------------0
VsuU----- 22 2,

Paaoiabi-- -- -------------- 1 42

~- --------- 59 32 25

'An Item was considered acceptable at the 5 percent leyel It the poIntbiseiiat 6oo11ffceutx
we're 1sumfciently large to be'expected to ariso by chance less',than 5 times In 100;. 4t-the

1percent level, less tban- 1 time In 100. -

STUDIES OF THE VAUJDITY OF APTITUDE TESTS USING.

GUN CAMEFA SCORES AS CRITERION-
Studies of the prediction of proficiency on gun cameraperform-

ance, carried out in the summer and fall of 1944 in cooperation
with the AAF School of Aviation Mvedicine, diffdred from earlier

studies chiefly in the greater attc,-Jion given to ,questions of ei-
perimental design. and control apd in the relatively small ,number
of subjects used.14, Two separate studies -were carried out, in each
of which 16 graduate gunners trained on, the Martin-:kurrdt andi
16 graduate gunners trained on the Sperry- upper turret-were used&
The twvo studies were uniform in design up to the completion: of.
the third gun camera mission. Moreover, il; turned out that -the

var'lation introduced after the third mission in the second study,
produced no statistically reliable shifts in gun camera proficiency.
'It was possible to combine results from the two studies in -theb
analysis of the effectiveness of prediction, alth-ough the studies.,
were conducted: at different times. However, for a few of the
tests used, it was found that the test performance, of the-ne3
tested later differed from that of the group, tested earflier ,by a

statistically reliable amount (CR greate thn3Os aiiy,

1- These studies wcre carried- out under the supervision of Capt. MoncrIet 1. 5zith, of

the School of Aviation Medicine and Capt. Zason Haire. They were asted by,'i~T
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coefficients for these tests were .computed separately for each
study'.

Printed tests Included in this study were: SAM Arc Estimation,
Rad Distance, and Rad Length Test (no code); SAM Angular
Judgment Test, Parts I, II, III (no code) ; and Speed of Identifica.
tion Test, CP610A. Apparatus tests included: Electronic Pilot
Pursuitmeter, CM815A; Timing Reaction Test, CM504B; SAM
Visual Coincidence Reaction Time Test, CP613B-3; SAM Two.
Hand Pursuit-Test (Thurstone), CM81OA; and SAM Self-Pacing
Discrimination Reaction Time Test, CP611E. In addition, three
synthetic trainers used in gunnery were administered as possible
selection tests. These included: Panoramic Gunnery Trainer (De.
Vry), Mark iUi; Jam-Handy (E-14) Trainer; and the, E-8 Spot-
light Trainer. All apl~aratus tests, i9ncluding the gunnery training
devices used as tests, were timed to give each rhan 8 to 10 minutes
of performance., The same battery of 'tests was given to Sperry
and Martin gunners, except that the Sperry gunners were tested
onran E-8 Spotlight Trainer modified to permit the-use of Sperry
eqdipment. It was found that scores on the Panoramic Trainer
and on the Electronic Pilot Pursuit Test varied sufficiently in the
two studies to prevent-data being combined for the calculation of
validity coefficients. : .

The gun m-efa/a-scores used in this study included were different
for Martin and Sperry gunners. For Martin gunners, two scores
were used: circular error scores, which measured in mnils the gun-
ner's deviation from the correct point of aim; and "percent hits,"
the proportion of scored frames in which the gunner's point of
aim Was within a distance of-15 "ails from the correct point of aim.
For-,Sperry gunners, three scores were used: tracking error scores,
the distance in mils from the center of the sight to the node of the
attacking plane; framing error scores; the absolute magnitude in
mils of-the difference between the Wingspan of the -plane and the
separation of the v,rtical extensions of thesight reticle iand track-
ing and framing errors, the sum of the two. A more detailed de-
scription of the scoring--procedures is presented in the gun camera
section of chapter 9.:

The reliability of gun camera scores for three missions was
estimated to be in the 0.60's for both Martin and Sperry 6cores.
Reliability for all six missions was. somewhat higher. Further
discussion of the problens of determining reliability of gun camera
scores and further data on the various -estimates of reliability
obtained are presented in chapter 9.

Validity coefficients obtained in this study Were uniformly low.
Only the SAM Two-Hand Pursuit Test (Thurstone), CMS01A,
showed promise of predicting proficiency for both Sperry and
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Martin gunners. For this test, 'the validity coefficients'for pre.
dicting scores on the first three missions (Martin), And the scores
on all six missions (Martin) and for predicting coniined tracking

• and-framlngon all six-missions ($Perry) were sufficiently large to
be expected to arise by chance less than 5 times In 100' In each

instance. Although these studies were as carefully controlled A
possible, the difficulties of maintaining uniform conditions for gun
camera firing and the small num1er of casea prevented the estab-
lishment of any clear cut conclusions 'from the results obtained.
The validity coefficients obtained are presented in Tables 6.17,
6.1-3, and 6.19. ..

THE SELECTION OF B-29 GUNNERS

The evidence from combat theaters and from research projects;
as summarized above,, was clear in indicating deficiencies in the
existing program of selection of gunners. With the advent of
training of gunners for very heavy., bombers, a concerted effort
was made to establish a more effective selection program. The

TABLE 6.17:--Correlation of test scores witk gun camera scores: Martin turret
(32 Martin gunners: Ju1d-Septecm ber 194J5) a

Circular errors Perceut bits

Test - I

r 1-3 1.-4 1-3 1-4 1..

Arc estimation tost:T ota ....... . 0. 0 ~ 8' 0.05 -0.12,01 -o. .
,Part r- 27.84 .18 .1 .01 •
Part II 8.31 -. 05 -. 13 -. 14 - -.
Part II-,-- ------ 29.18 .00 -.06 -. 13 -. 09 a 20

Angular Judgment:
Total 'score ........ 48.47 .08 .09 -. 02 -. 01 -.01

Part I 21.82 -. 01 -. 03 -. 08' -. 10' --. 01
Part It- 12.97, .80 .28 .28 .24 .24
Part Ill ..... _13.69 -. 06 .02 -. 20 -. 10, -._10

Speed of Identfication CP610A_-- 38.31 .16 .25. .18s .82 .82

Visual coincidence CP813B-3.....- 43.91 -. 15 .03 -. 20 .05 .05

Two-band pursuit (Thurstone), 575.72 .40 .43 .34-' .36 .36
CMS10A.

Self-pacing discriminatiou reaction 397.54 .20 .38 .18 .32 .32
time test. CPSIIID.

Timing reaction test, CM504B:
Correct responses ----. 79.12- .22 .18 .13 .10 .10
Errors........... 128.41 -. 14 -. 13 -. 14 -. 10 -. 10

Jam-Handy trainer._-- 6.68 .12 .19 .01 .07 .07.

Spotlight trainer _ 3..... 3,565.40 .01 .07 -,04 .01- .01

SSligns of coeMclents have been adjusted -so that a positive correlation Indicates that
"goodness" of performance on the test, Is associated with "goodness" of performance on the
criterion.,

For N=32. a cocfl dlent as large as .35 would be expected ,to occur by chance 1" times In
100; and a coefficient as large as 0.45 would be expccted to occur by chance 1 time in 100.
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TABLE 6.18.-Correlations of test #core# with gun camera Scores: Sperry tur.
ret (3 Sperry gunners: Jly-September 1945)

., Correlations

Test MTracking an4
Tracking Framing framing

Missions Missions Missions

1-43 1-4 1-3 1-4 1-3 1-4

Are estimation -tes-t
Total score .--.-- 89.60 0.19 0.01- 0.10 0.02 0.20 0.02

Part I.. 90.62 .27 -. 06 .17 .12 .31 .08
Part I - 28.94 -. 09 -. 10 .33 .10 .20- -. 01
Part 111 30.03. .15 .12 -. 18 .. 11 -. 03 -. 02

A-6gulsr Judgmentt:
Total 50:32 :04 .05 -08 .15 -.031 .06

Part I. 21.78 .10 •.09 .03 .27 .13 .21

Part It.':---------- 14.75 -. 02 -. 20 -. 18 -. 15 -. 17 -. 21.
Part II.- 13.78 -. 03 -. 06 -. 07 .16 -. 08 .06

Speed of Identification. CP610A- 42.03 -. 261 -. 08 .03 .19 -. 10 .05

Visual coincidence. CP6133-3 _-. 41.75 -. 13 -. 08 .17 .31 .10 .14

Two-hand pursuit (Thurstone). 585.91 .11 .37 .07 .35 .16 .43
CM810A.

Self-pacing discrimination reaction 412.00, -. 15 -. 08 .02 .11 --. 04- .08
time test. CPSIL

Timing reaction test. CM504B:
Correct responses- 73.78, .0T7 .27 -. 18 .01 -. 07 .12
Error-s_--103.22 -. 02 -. 23 .15 -. 06 .0T  -. 10

Jam-Handy trainer ----- 6.81: .14 .10 .06 .20 .12 .17

IgSigns of coefficients have been adjusted so that a positive correlation indicates- that
goodness" of performance on the test is associated with "goodness" of performance on the

criterion.
.For N=32' a coeffclent as large as 0.45 would be expected to occur by chance I time

In 100.,

TABLE 6.19.-14orrelation-of teat scores with gun camera scores for-each ex-
periment for tests where scores differed from experiment I to experiment 11
(Julyl-September 1044)'L

Sperry gunners (N=16)

Test Mean -

Tracking- Framingk- Track ard frame
missions missions -missions

1-3 1-6 1-3 1-6 1-3 1-4

Experiment I - -

Electronic pilot pursuit test. CM8I5A.. 1.49 -0.44 -0.45 0.12 0.03 -0.1 -0.21
Pnnoramlo trainer:i

Panoramic trainer: -. .

ls 226.88 .22 .02 .02 -. 33 .10 -. 22
Percent hits- . .........------ 20.94 .21' .09 .12 .02 .21 .04
Time on target-. - .--------- . 631.56 -. 16 -. 01 .03 .33 .08 .26
Spotlight trainer --------- .. --- - -. 24 -. 05 -. 16 -. 13 -. 26 -. 12

Experiment tr

Electronicpilot uursuit test. CM815A__ 2.26 .37 .42 .12 .41 .36 .60Panoramic trainer:I " 2 .-
Hits ----------- . . 105.19 .19 .23 .08 .32 20 .43
Percent hits --------- ---- -11.18 .19- .45 .10 .20 .2f .47
Time on-target; ....---------------- 354.00 .172 .39- .14 .29 .24- .48

'Correlations were computed for each experlm'ent-reparately for all testsion which mean
score In-the two-e6periments differed by an amount.-so lerge as-to-be expected to arise bY
chance -le3s than 1 time In- 1000 (CR of 3). * Signs are adjusted so that a- positive--r
indicates -that "goodness" of performance on the -test Is associated with "goodness" of
performance-on the criterion. ForN=16, an r as large as 0.50 would be expected-to occur
by chance 5 times in 100; and- an r #,,sIrgeas 0.62, 1 time In 100.
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TALE 6.19--continu•

Martin gmnsers (*=Is) .

Circular error- Percent bits-- .

Teo Men mission@ miswuo a

, 4 14 1-4.

• Jr~Xperlmemt I "

Electronic pilot pursut test, CM815A_ 1,,2T 0.07:1 -0.1i -0.03 -0.2i
Panoramic trainer:.
Hits - - -..............--- 191.94, .08 .20 .09 " 22Percent bits -------- - 18.50 -. 15 .10 -. 23 -. 13
Time on tg622.44 "-.22 - .08 -. 31 -. 1

Rzperiment Ii
Electronic pilot pursuit teet. CM815A.,. 2.73 .29 .35 .31 .31
Ponoramlo trainer:
Hits ------------- ------. 95.19 -. 16s -. 14 -. IT -. 0?
Percent bits ------------------------ 7.75 .05 .02 .03 1 .11
Time on target ..............-. 274.06 -. 10 -. 09 .12 -. 04

program set up for the selection of B-29 gunners was based on
information obtained from the studies on the, selection of gunners
for light, medium, and. heavy' bombers, and it Was patterned on
the selection 'program usedfor the classification of aviation cadets.
The objective of the program was to select, from the available per-
sonnel for gunnery training, those men who were most likely to
-succeed as B-29 gunners. -.- ' . ." -, .- 4 ,

Deficiencies in training accented the need for proper selection.
Many practical difficulties, such as shortages in equipment 'and iW
trained instructorsi prevented the immediate institution of a
standardized training program for B-29 gunners. This made" it
all the more important that a carefully designed and executed.
selection program be used if combat requirements for good gun-
ners were to be even approximated. - "-

Although stanines for the various light, medium, and heavy
bomber gunnery jobs were introduced in the aviation cadet selec
tion and classification battery inSeptember of 1944, these scbres
were not actually used at first for the classification of gunners.
Gunnery training absorbed all available manpower after men had,
been selected for other types of training. Since the number of
men to be trained as B-29 gunners constituted only a ,small pro-
portion of the total number.of gunners to be trained, it was possible
to select men of the highest caliber for this difficult and responsible ,
job. Thus, for the 'first time, early in 1945; a prog.an for th a
selection of gunners could be applied. After several months, the
ratio of -B-29 students to other gunnery students increased, -and,
in addition,'the total number of gunners to be trained dropped'off:
However, during most of the period fromi January 1945 until the

end of the war, the pool of candidates for gunnery training was"
divided into two general categories, B-29 gunners and other
gunners.

703326-47-7
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O,9gDecember 194,4, adirective was seht to the AAF Training
Command and subsequently to the Central School for Flexible
Gunnery, by Headquarters, Army Air Forces, indicating the deslir.
ability of carefully''dssifying men to be trained as B-29 gunners.
It was pointed out' tat the job of the -29 gunner in operating
remotely-contrlled'turrets wasmore complex than the Job of the
gunner operating locallycontrolled turrets which were mounted
on a bomber which flew at slower speeds and at lower altitudes
than did the B--29. It was directed that all candidates for 8%-29 p
gunner y training take the aviation cadet selection and classifica-
tion battery and be given gunnery stanines in accordance with
certain prescribed procedures.

In carrying out this directive,, the problem of selecting B-29
gunners, was broken down into, two specific" problems, each of
which requr.ed-a different solution because of basic differences in
the population to which they applied. •

One of these problems involved setting up k permanent program I
for the selection of3-t29 gunners. This problem wrs/met by' de-
termining & routine procedure for selection prior to the entrance
of. candidates into B-29 gunnery schools or into a technical school
which led to gunnery training. This selection program was accom-
plished by a method similar to that in use for the selection of
bombardiers, navigators, and pilots. "

The second problem involved setting up a temporary- program
:for the screening of potential B-29 gunnery school candidates from
menalready committed to sornetype of technical training. These
men were in a technical school and thus had passed -beyond the
stage at whichthey could have been economically rerouted through
usual classificationprocessini. An effort was made to select the
best qualified men to proceed to B-29 gunnery training upon corn-
pletion of their technical training. No single Procedure for the
-electionof-these men was possible; therefore, specific procedures
had to be worked out to fit the particular circu stances in ea.h
area of technical training. This temporary program of selection
was) terminated as soon as the permanent program became fully
effective.

The permanent program. for the selection of B-29 gunners fol-
lowed the procedures diagramed in figure 6.1. Once technica
training schools -had been exhausted as a source of men to be
trained as, 13-29 gunners, there were three norimal sources of
supply of -candidates for this type of training, the AAF B61
Training Centers, the AAF Personnel Distribution Command, and
enlisted~permanent -party personnel of stations in the AAF Train-
ing Command. The Basic Training Centers supplied-men who had
pas.ed the Air Corps qualifying examination and who were cur-

190.
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rently reaching the induction age. The-total number of men in the
Basit,,Training Centers who were qualified at the time of the
initi!tion of the B-29 selection program was approximately
4A60 men. -Of this total, approximately' 70 percent failed to
qualify for training as bombardiers, navigators, or pilots. The
flol from the Personnel Distribution Command materially de-
creased as thnie went on and eventually becare an" unimportnt
source of candidates for gunnery training. The flow-,from perma.
nent party personnel ,was rather sporadic and unpredictable and
did not constitute a major source oof p:rsonnel. Thus,, after the
initiation' of the B-29 selection program, the chief sources of
personnel for gunnery training were the Basic Training Centers.

The program designed for the temporary selection of B-29
gunnersr.quired that all men- who were in technical schools and
who had not previously taken the; aviation cadet selection and
classification battery be .examined. Students in the airplane
mechanics schools at Keesler Army Air Field and Amarillo Ar-my

Air Field were tested at the Medidaland Psychological Examining
Units already in operation at those stations. Students in the
pregunnery remote-control turret courses and in the pregunnery
armorer courses at Lowry Army Air Field were tested at the
Medical and Psychological Examihing -Vnit No. 9, which was re-
opened for'the-speclil purpose of examining these men.15

The scores used for the screeniig of B-29 gunners were deter-
mined on the basis of the number of men needed for B-29 training
and the percentage of candidates who could.be expected to qualify
for training on -the basis of the scores established. The minimum
aptitude scores used were as follows:

]*r trainivg as .a B-29 Career Gunner and Armorer Gunner, a stanine of
six (6) or above.

Fo--'training as a B-29--Remote-Control Turret Gunner, or as a .B1-29
Airplane-Electrical Mechanic Gunner, a Mechanic.Arm~orer Gunner staninie of
six (6) or above. • '

For training as a B-29 Atmorer Gunner, a Mechanic-Armorer Gunner
stanine, of five (5) or above.

For men who -had been tested with the aviation cadet selection
and classification battery prior to I September 1944, and-for whom
there were no recorded gunnery stanines, a bombardier stanine of
5 was used for minimum requirement for B-29 gunnery training.
Men returning from combat .who were-candidates for B-29 gunnery
Itraining-were retested if P.ey did not have a gunnery stanine. At
first, combat returnees were given a one stanine point bonus but
this procedure was later .done away with. Effective -26 March,
1945, the aptitude requirements for all B-29 gunnery specialist

Is For a description of the battery used -and procedures followed In administration, see
fleporLNo. 2-In this serleti.
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positions were changed to" require an Armorer Gunner Stanine of
five (5) or better. For men previously tested and for whom
'the Armorer Gunner Stanine was not, available, a Bombardier
Staniie of five (5) or better was substituted. On I July 1!945,
when a new classification battery was' introduced, a rmninum
Aerial Gunner, Stanine of five (5) was required for all t yeS.Of
very heavy bombardment gunnery training. The procesing of
men for the B-29 gunnery training program began iii January,
1945, and' continued until'shortly after the capitulation of Japan.

! ELIINATION PROCEDURES IN AAF TRAINING. COMMAND
GUNNERY SCHOOLS'

Introductloi " .. ,i . . . .,

The problem of selection of gunners was considered to include
not only selection by tests prior to training but also the selection
which-occurred through the operation of elimination policies in thi
gunnery schools. Improvement. in elimination procedures wasconsidered desirable as a means of improving the average pro&-
ciency of gunners as~igned. to combat crews. " "

Flist Proposalsfor Improvement in Elimination Procedures' ',
Early attempts tO effect -impro- ehient inw eliminationw procedured

stressed two basic points: (a) the motivational value'of a definite
elimination policy, and (b).the need for a standard procedure Of
elimination, designed so that a gunner's ProS'ects of elimination
would depend on his proficiency, and not upon the particular.
school or class in which he received his training. , ".

As an argument for at least some type of elimination .olicy,
especially since some schools were eliminating very few students,
it was urged that creating a training situation- involving the'.
definite possibility of' failure and elimination would increase the
motivation of students. Five percent elimination was arbitrarily
set, on the basis of the best available, judgment, as the minimum
percentage desirable iw basic gunnery training... It;

The various types of measures that each school' was employing
at this time- as grounds for elimination were reviewed, and it Was
decided that-the most promising, in termsof relevance to gunnery
proficiency and amenability to standardization, were (a) air firing
scOres, (b) ground firing scores, and (c) acadeinic~grades. It Was
further suggested that those students be considered, for ,elimina-
tion who *stood in the~lowest 4 percent of their-class in air firing
profeifncy, in the lowest 4-perceit iwground firing pi'oficencyl and
in the lowest 2 percent in academic proficiency. It was also pro.
posed that each 'school continue its own method of scoring in
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these-areas until some standardized methods for use in all schools

could be developed. Late in 1943, this suggested policy became
the official policy for elimination from basic gunnery training
as stated in directives issued by Headquarters, AAF Training
Command. - * '

Attempts at Standardlzatlo"
investigations of air-to-air and ground range flring.-The first

investigations of -air firing at Harlingen And Laredo led to the
strong impression that air firing scores were extremely unreliable,
due to the large number of uncontrolled. factors operating in this
situation, as has already been noted- in chapter 5. A similar sit-
uation was found to exist in ground range firing. Firing was
conducted under a variety of conditions, and scoring was not
always -carefully supervised. Schools differed with respect to
the.type and size oftarget used. Attempts were made to persuade
training officers at the various schools to stamidardize air and
ground firing situations. In addition, a form for reporting scores
weekly to ,the "Instructors School was prepared and distributed.
On the basis of the returns each week, -statements were sent out
to all gunnery schools summarizing the differences in scoring -and
in elimination rates among schools, as one means of pointing out
the need for standardization.-

Construction of achievement tests.-Variations among schools
in the measurement, of gunnery knowledge was reduced by the
developrint, and: adoption of the Gunnery Final Examination
(discussed in chapter 7). The use of scores on this examination
as a basis for elimination was directed by AAF Training Command.

Survey of Elimination in Gunnery Schools

In December 1943, a survey was made of -student elimination in
five successive cla:sses in each of six gunnery schools.. 'The results
of this study are presented in table 6.20. It was found that
marked variations in percent eliminated appeared among the '-
schools and among classes in the same sdhooL Scores obtained
from administration of the Gunnery Final Examination for each
school varied appreciably from school to school, so that the
application of a fixed cut-off score on this test would have resulted
in marked variations in percentage of students eliminated in the
different classes. .

There was, however, no'reason to believe that the method of
assigning gunners to schools would result in marked variations
in gunnery ability from school to school or from class to class.
As a check ofi this viewpoint, examination was made of mean
Army General Classification Test scores in four -successive classes
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TAIiLZ 6.20.-Percestt of students limninated for vadrou,.v,,n*rV 'd~fei**eW
at eix bask gunnery school., ive classes (October.Novomber 1#4) 1  .

PERCENT ELIMINATED FOR AI1k-TO-AIR FIRING DEFICIENCY

,Class bae Laredo Ilarligen Laa Vou Kinman Tradalt

0.00 1.35 2.30 0.36 2.20 0.8
.00 1.60 2.10 3.87 .00 1.59
*5 .00 4.41 3.10 .18 .63 " .00

IM6- .00 .00 .40 .90 2.50 3.24
.00 1.61 1. 0 1.10= .00 2.32134. eu .... =...2 .00 .1.79 1.84 .58 1.07 1.60

PERCE.4T ELIMINATED FOR GROUND FIRING DEFICIENCY

43-4---- 6.2 . 0.00 0. 1.00 0.43-44-. . .. . 1.93 - 0 .00 .0 .00 " 31

43-46- ... S;] o .70 .00 .56 L94
434--- - .480 .018 .00 ,.as ""4 I. an, . .7.. :.0o ..5 .04 .52 L25

PERCENT ELIMINATED FOR ACADEMIC DEFICIENCY (AS MEASURD BY GUNNERYFINAL EXAMINATION, FORK 0) "

43-44 .... 1.74 '8.89 -. 40 .00 :- 5.68
43-45...... 1.05 1.47 5.40 .56 - 1.06. 154
43-46.. . .00 1.58 2.90 .18 125 1.51
4347- .00' 2.15 3.10 3s .00 1?L

Moan ... .87 2.18 4.30 .26 1.1 . 2.7

PERCENT ELIMINATED FOR AIR-TO-AIR FIRING GROUND RANGE FIRING, &ID
ACADEMIC DEFICENOY ., -. . ..

434--1.21 3.15 -6.00 0.54 8.93, 5SAW43-44-........-.i--- 3.67 5.49 8.50 .37 .00 7,62-
43-45 ' 2.10 5.88 9.50 .74 t15 ." 1 .5
43- .48 1.58 4.00 1.0 5.31 6.69
48-47-- 2.10 6.45 5.20 2.64 .00 1.97.

meau ..... 1.86 4.51 6.64 A7 8.40 6.8"

'The N's In all cam are approximately 400.. .

at Buckingham. The variations obtained as shown in Table 6.21
did not indicate that large shifts in ability were;occutTing as far
as this index was concerned. , " "" " '

TAiLE 6.21.-Army general classification test scores for four -"ucceaiv.
classes (Buckingham, July-August 194)

CMass j N' X- D

436-31_ _ 110.4- 11.
43-32 335 106.4I 12.1
43-- - 175 110.5 1 14.7
434-------- 331 110.3 12.1

First-hand observation of testing, training, and firing condi-
tions at the gunnery schoolsgave strung support to the view-that
the use of a relative system of elimination (a fixed- percentage

eliminated in each class) was superior to a static system (fixed.
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cut-off score, on tests and ranges) in view of conditions existing
in gunnery schools.

Changes.1n.Ellmnation, Standards

During,1944 and 1945, certain changes in elimination standards
Were brought about. Perhaps the most important of these
changes resulted, from the introduction of phase checks. (See
chapter 8.) These instruments -permitted the elimination of stu-
dents deficient in the care of their. equipment. Also, early in
.944, air firing :scores were: dropped as a basis for elimination g

because of their unreliability and because the development of
Position Firing called attention to the lack of similarity between
air firing aind the guiner's job in combat. Although much effort
was devoted to the development of gun camera procedure and
scoring as a substitute for air firing, this measure was not de-
veloped to a point -which would permit its routine use for eliminat-
ing gunners. ,

The conversion of phase check scores into a, 5-point scale, with
a converted score of 1 considered a failure, was relatively well
receivedby the gunnery schools. Gun camera scores were inter-
preted by use of a similar conversion table. On the basis of this
experience, a program for developing similar norms for Various
ranges and tests was-under way at the close of the war. Such a
development would have been a step in the direction of uniform
elimination procedure.

Critique of Gunnery Elimination Procedures,

Throughout the war, certain fundamental difficulties stood in
the way of a rigorous uniform elimination policy. Although at-
tempts were made, as described above, to improve elimination
methods, these efforts did not succeed in eliminating the three
basic difficulties described below.

1. The lack of an established criterion of gunnery proficiencu to
provide a basis for elimination.-It was pointed out in chapter 5
that adequate methods of measuring the ability of gunners to
aim and shoot at attacking fighters were never established. It
was also never found to be possible in training to simulate more
than roughly the conditions under which the gunner performed
his combat job. Thus substitute criteria, which were based on
various devices and procedures used in training, remained inade-
quate. The elimination policy inevitably reflected the deficiencies
in the substitute criterion.

2. Th, need to graduate a relatively definite number of student
gunners each week for assignment to combat crew training.--The
practical problem of always filling this need, which varied fr6m96
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time to time, was solved to an extent by the creation of pools of
graduates from which the training air forces could draw. The
possibility rnt somewhat increasing the size of basic gunnery
classes in ,the event that a greater elimination- rate was deemed
desirable was always limited by the barely adequate number ofmen available for possible training as gunners. Due to the ratherrigid nature of the military training. situation, there Was always

the necessity of graduating a minimum, number of students each
week from each school, regardless of the proficiency of the men
graduated. This forced attempts at reduction of variability in
elimination rates and. also encouraged the graduation of an excess
number of men in each class, a practice which .iever incurred
censure as, did the failure to meet a quota

*, 3. The lack of strict enforcement of elftnination procedures.-
Each gunnery school in the AAF Training Command developed
with a certain degree of autonomy. This fact usually lead to

* compromises between programs of strict, specific standardization,
urged by individuals in the Central School, and the more or less
laissez-faire approach desired by local school authorities. The
result was that the schools conformed to certain broad require-
ments in the determination of elimination, but to a considerable
extent eliminated whom they pleased in a way that pleased them. §

SUMMARY
Efforts at 'esearch in gunnery selection were handicapped. by

two major problems: first, the difficulty of obtaining adequate cri-
teria for the validation of gunnery selection devices; and second,
the stringent limitations upon the amount of selection of gunners
which could actually b6--done during most ofthe war. The early
validation studies indicated that the acquisition of gunnery knowl-
edge could be predicted with moderate success, but the effective-.
ness of tests for predicting skill in the use of equipment remained
unknown because of inadequacies found in the criteria used.
Efforts at obtaining better criteria for use in validation led to ex-
tensive changes in various phases of gunnery training- described

" elsewhere in this report, but did not achieve the goal of providing
adequate criterion measures. The most elaborate experimental
studies, using gun camera scores as a criterion, although based
on a relatively small -number of cases, suggested that skill in use
of equipment was not likely to be predicted with a high degree
of validity by the carefully selected performance tests tried out.,
With regard to gunnery selection, the various studies were useful
in determining stanines for the selection ('f B-29 gunners.
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Final ,th e predominantly negative results obtained in moslt

studies served to stress the importance of concentriiting ,effort
upon the improvement of gunnery training as the more promising
approach to the. improvement of gunnery proficiency..; • '
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The Development of Achieve,
I.

ment Tests
Capt. ,AWRENci M. STOLUR,

.. *,t . " ' • -'- :. . ' ' ", . " '

ROLE OF TESTING IN FLEXIBLE GUNNERY PROGRAMAchievem e n th Iram "' " "

ement Tst in-the Flexible- unner Progr , ""'

The role'of achievement tests, although relatively insignificant.
in the early months of flexible gunnery training, gradually grew
in scope and importance as the war went on. .,,li general, the

V various *uses that were made of such tests, and the varying,
emphasis that was placed on them,. tended to.reflect more basic
and underlying changes that were occurring in the training of
gunners. It is convenient, therefore, to consider the changing
role of tests in terms of three broadly defined periods of gunnery,

* training. The first of these was a period characterized by many-
differences in instruction and in testing procedures among the.
basic gunnery schools; the -second, a period in which -attempts
were made to make the instruction and testing. of gunners more
uniform through indoctrination of instructor -personnel; and the

i third, a period in which both instruction and testing were rela,-
tively standardized, 'and were controlled to a considerable extent'
by policies and specific directions emanating from the CentralI: School'. " . . ,,, , ..-. , :

, Peribd of decentralized instruction and testing.-The early
training of flexible gunners was governed by certain requirements, --
in terms of subject matter, training procedures, and, hours of
instruction, that were set forth in directives, but classroom instruc-

* tionwasa highly individualistic affair. Instructors prepared their
-lesson plans- and organized their courses with a minimum of
supervision and guidance. As part of their duties, they developed

* written examinations, administered them, scored them, and ap-
praised the results. All of these steps were likely to be performed
in a multitude of haphazard ways, reflcing the limited back-
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ground and ingenuity of individual instructors; even elementary
statistical considerations were usually ignored. Some schools
used tests prepared by their own personnel as one-basis for evalu-
ating the final achievement of students and for eliminathig- the
poorest students (see chapter 6), but most instructors looked upon
achievementltests with misgivings as to their importance and as a
rule did not take them seriously. ., ,

The general level of achievement testing in gunnery in late 1942
is indicated by the following qudtation from a report describing
tests used at Las Vegas:

a. Length of examinations.-For the most part examinations have been
extremely short, i.e., some final examinations consist of 15 or 20 objective
questions. ofb

;Tpes of eation. in examinaton.--The examinations contain many
true-false and completion items. Many of the questions are so obvious as
to require little knowledge of the subject matter of the course. No attention
has been paid to the gradation of questions in terms of difficulty.

c. Weights of items in examinations.-No good rationale has been discov-
,ered for the weights assigned different items in a test. It Is -repo ted that
sometimes the weights are assigned by the instructor in the course. This
would be a source of unreliability inasmuch as several instructors teach the
same subject.

d. Administration of examination.-Reuorts have been made that often
the instructor goes over the- exact questions to be asked just before- the
examination. Evidence for collaboration 'among students appears to be
plentiful

e. Scoring of examinations.-A very considerable number of -errors in scor-
ing the examinations was noted in the studies of reliabilities made to date.
Rescoring W'a, necessary. in all cases.1 

... . ".

Attempts to standardize training and testing.-At the same time
thatattempts were madd to standardize all areas of gunnery train-
ing, so that all gunners would know how to do their job in the
same way, efforts were devoted to improving the examinations
used in the gunnery schools and to making them more uniform.
Because the construction and administration of examinations was
the responsibility of instructors at each school, first efforts in this
direction- consisted of indoctrinating instructors in the fundairen-
tals of test construction. A manual entitled "How to Construct a
Test" was prepared in 1943 by personnel of the Psychological
Research Detachment -(Gunnery), and provided the basis for
such indoctrination in the Central Tstructors School. 2  In this
manual, instructors were urged to take the following factors
into account -when preparing achievement tests for use in their
courses:

1. The necessity of adequately reflecting the content of the
course in each test, without undue emphasis being placed on only
a few aspects of the course..

I This report wat prepared by XaJ. Clarence W -Brown, director of. Fayehological Research

Detachment at Las Vegas.
s This manual was preparedby MaJ. Roger W. Russell.
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2. The desirability of using objective type questions, in order

to save time in administration and -scoring, and to make scoring
more standard. Multiple-choice questions were recommended as
being most applicable to gunnery subject matter, although the
use of true-false and matching questions was discussed and recom-
mended in certain cases.

3. The desirability of expressing each questionas clearly, sim-
ply and. briefly as possible.

Althoughthese attempts at indoctrination in testing procedures
were elementary, it was noted that some instructors improved in
their ability to .make effective use of achievement tests. Most
instructors, however, continued to use tests simply to verify class-
room impressions of students. More attention was paid to item-
construction and validity than had bden~true in'the-past, but little
more than lip-service was paid to the proper technique and pro-
cedures of standardized test administration.,i Period of centralized t sting.-With the gradual standardiza-

tion of course content and training/procedures, it becamepossible
to prepare centrally some examinations that could be usedin all
schools. This was felt to be desirable for two main reasons: such
examinations would serve to provide relatively standard measures
useful in standardizing instruction and evaluating student achieve-
ment and they could-'be constructed by personnel with specialized
testing experience. Early forms of (a final comprehensive exam-
ication, embracing all coprse material taught in basic gunnery
schools, were prepared by personne in Psychological Rscearch
Unit No. 11 (Gunnery), and were directed for use in all sch00s .
There was some resistance to the use of such- standardized exam-,
inations at first, but their use was gradually accepted and they
became an integral part of the training program; .

Once standardized examinatiors -had been developed for use by
all schools, the indoctrination of instructors and supervisory per-
sonnel in testing procedures shifted from an emphasis on the
techniques and principles of test development to the proper admin-•istration of examinations, and' the correct interpretation of results.

manual, "Written Examinations," which covered the pro-

cedures to be used in the administration and the scoring of tests,
the analysis of data, and the reporting of results,, was prepared
and distributed to the instructors at *all of the gunnery schools.
The manual provided a check list for the -tst administrators and11 proctors indicating each of the -steps to be accomplished before
the test was given, when it was given, and afterthe test was over.

Instructors became less important in testing because most
schools began to use separate personnel for the-administration andscoring of tests. The- Central School became responsible for the
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development'and revision of tests, the Supervision of their publi-
cation, the preparationfof directions for their administration and
scoring, the establisinent of norms, and the construction of
certain statistical report forms.

Uses of Achievement"Tests in Flexible Gunnery Program
During thelater period of gunnery training, the Final Compre-hensive Examination provided the. most reliable scores on which :

to base graduation and elimination, and this became its w'cMary
function. Its use for this purpose tended to increase the motiva-
tion of students, and also to enforce a standardized program of p
gunnery instruction. '

The error item avalysis report form.-In order to make the

Final Comprehensive Examination an instrument of standardiza-
tion, an "ErrorIten- Analysis Report Form" was developed. This
form contained th!.- information indicated by the following head-
ings: "Item number/" "Number of students who missed the ques-
tion," "Informatiein covered by the Item," "Where covered in the
lesson plan," and "Where covered in Gunners Information File."
If the test had more than one comparable form, the question num-
bers -of both forms were indicated. The description of the in-
formation covered .by the item was always expressed in a gen-
eral way with as little as possible of the actual item included.
The lesson plan. reference indicated the course hours during
which the particular material was covered. The Gunners In-,
formation File reference indicated a page or. group of pages
which covered the item and related background material.
Technical Order references were given when information was
covered by the lesson plan but not bk the Gunners Information
File. The form was accomplished by the-test administrators and
proctors, and the instructors were not permitted to see the, ex-
amination at any time. The completed -forms were made available
to instructors and to supervisory officers.

Once weaknesses were indicated by a relatively high. frequency
,of student errors, the instructor could refer to the sources indi-
cated and in this way take corrective action- in his instruct'ion to
subsequent.classes. The form, also tended to bring to the atten-
tion of supervisory personnel-the number of students missing'each
item -in the examination, and this-in turn provided a ready means
for evaluatifig the effectiveness of each instructor as well as the
adherence of the department as a whole to the, standardized lesson
planS. Copies of -the form were retained on file at the school for
reference by inspection personnel who were to use it to find
persistent instructional weaknesses for which there was no indica-
tion that corrective action had been taken.

102

- - " ... . -



Other uses of examination.-The following lesser uses were

also made of the Final Comprehensive Examinations and ,of the
various course examinations prepared by the psychological test
section of the Research Division: II .1

1. They were used to provide periodical indications of instrue-
tional efficiency both within and among departments and schools.

2. 'They-were used to.-provide scores showtng relative scholast"
staniing of students.,

3. TheY were used in the selection ot student instructors and
student gunnery officers. •
-" 4., They provided a criterion for the validation of selection tests.

5. They- were used in curriculum-evaluation studies and studies
of the relative effectiveness of different teaching methods.

The effectiveness of early editions of the examinations was
limited by the fact that some students became familiar with
questions beforehand, sometimes due to coaching on. the part of
instructors and sometimes due: to the- circulation of questions
among the students. Attempts were made to keep this kaking
out of information about the examinations -at a minimum by .. ,
classifying all examinations as. confidential, and revising them
Periodically.

Surrmry.-The development of the achievement testing pro-,
gram was characterized bya general trend toward the,separaion
of the duties and responsibilities associated with testing from .the
personnel responsible for instruction, and the concomitant assump.
tion of these duties and- responsibilities by psychologically trained
personnel. Personnel responsible for training were naive with
respect to testing and were characteristically individualistic in
their approach. Receiving gunners from two or three -different
basic ginnery schools made it difficult for the training and coibat
air forcesto set up a stable training program since the gunners
were supposedly trained for the samejob but actually were trained
differently. The standardiz tion of testing which was accom-
plished aided materially in standardizing training.

PROCEDURES USED IN DEVELOPING ACHIEVEMENT TESTS

SIntroduction

One of the principal functions of the personnel in the psycho-
logical tests section was the development and revision of achieve-

- I mont examinations. The Final Comprehiensive Examination and
course examinations were the- principal achievement examinations
developed. With the exception of aiding in motivation, course
examinations were principally effective as diagnostic- devices and
as aids to more efficient learning. Initially, these exaihinations
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were used rather :extensively if not uniformly, and as a result
played'a relatively important part in the training program. Later
on, the extent of their use dropped off considerably. This shift in
use was correlated with changes in emphasis in training from
verbalization to maniipulation and motor shills, and with the intrO-.
duction of phase checks to measure proficiency in these skills,
With this rise in emph".:Vis on the development of skills, less .and'
less time was devoted to lecture and the presentation of theoretical
materials. As a result the only achievement tests in general use
in the gunnery program in 1945 were the Final Comprehensive*Ex-
amination and the Caliber .50 Nomenclature and Part Function
Examination, a course. examination. The bulk of the work of the
test section with respect to revising the Fina! Comprehensive Ex-
amination resulted from clbanges that occurred in gunnery subject
matter, from-the accuniiulation Qf item analysis data, and from the
gradual dissemination of information about examination questions
among students, discussed above.

The following discussion of procedures, used: in the development
and revision of achievement tests will be basedon work done on the
Final Comprehensive Examination. Discussion will be oriented
around the selection of test items and around statistical and edi-
torial consideration&

Selection of Test Items
Sampling- considerations.-A 2-hour period was allotted for

final- achievement testing.in the basic gunnery school ct:'rlsculun,
and it appeared that an. examination including from 135 to 150
multiple-choice questions would be most satisfactory for use dur-
ing such a limited period. In order to distribute items equitably
among the areas of subject matter, the following factors- were
taken into account:

1 The deslrability of representing all significant asl)cts of the
subject matter on the examination. This was accomplished and
checked by reference to the detailed lesson plans on which each
course was based.

2. The desirability of stressing those aspects of the subject
matter that were considered to. be most important, and that stu-
dents found most difficult to master. These considerations were
discussed and checked with personnel responsible for program
planning and with individual instructors.

3. The desirability of stressing those aspects, of the subject
matter about which it was considered important for the gunner
to be able to verbalize. These aspects were determined mainly by
the judgment of members of the psychological test section.

Early forms of The Final Comprehensive Examinations were
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( organized In terms of four separate areas of subject matter: air-
craft recognition, sighting, weapons, -and turrets. The turret
section was composed of several equivalent parts, each part cov-
ering one turret The first three sections of the. test were taken
by all students. In the last section, the students answered the
questions pertaining tothe turret on which-they had been trained.

Later on, the section on aircraft recognition was replaced, by a
miscellaneous section devoted mostly to questions on crewmanship.

Soures o -test items.--In the development of -the original form
of the Final Comprehensive Examination, and in subsequent
revisions, questions were derived for the most part from the fol-
lowing sources:

1. Detailed descriptions of course, material contained in lesson
plan cs

2. Technical literature regarding gunnery equipment and its,
use (especially The Gunner's Information File).

3. The course examinations- developed and used by the individ-
ual gunnery schools.

4. Suggestions from instructors and supervisory personnel in
the iindividual gunnery schools.

5. Suggestions from members of the psychologicaltest section,
most-of whom had some gunnery background. ,

Statistical Considerations '.

Introduction.-The statistical analyses of results of administer-,
ing the Final 'Comprehensive Examination were concerned with
maintaining a high total-test reliability, achieving a high degree
of'sub-test homogeneity, and controlling themean and dispersion
of item-difficulty.

Analyses were based on administration of an experinental or
a final form of- the examination to representative classes-of stu-
dents. As. classes consisted usually of around four hundred Stu-
dents, it was possible in one administration to acquire suitable,

4 samples of scores for all except the turret parts, of the examina-
tion. Obtaining a sufficient- number of answer sheets for each
turret part was made difficult by-the fact that every ciass included"

students specializing in' several different turi.,--ts, and the number.

of students specializing in each turret 'varie., considerably from
class to-class and from school to school.

Discrimination indexes of test items.-Internal consistency -in-
dexes were determined for each item by use of a chart prepared
ofor use in the Aviation Psychology Program.3  The discrimina-

I-This chart wns constructed by' Capt. Frederick D. Davis. of. -Davis. F. B. Item-
Anafysif Data: Thclr Computat on, Intcrprctatlon, a 'Use in Test Construction. Cam-
bridgo: Harvard Graduate School -of Edueatoin. 1 46.

703326-47---S
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tion 'Index obtained by this method varies from --100 to +100.

in general a discrimination index of +20 or greater was used an
the standard-for acceptance-of an item, but in some instances It
was necessary to retain items on the basis of a minimum value of
+18. Items-with negative discrimination indexes were -dropped.

The di~culty-, of test itemsi-Consideration was given to the
difficulty-of items as well as to their discriminating power. Items
on which it- was judged that too high or too low a proportion of
studenti made the correct response were dropped from the test

Improvement oft wrong choices.-In tests made up of multiple-
choice items, -attention was given to the improvement of wrong
choices. Primarily, th~s involved locating wrong alternatives
which- were infrequently chosen. The procedure by which alter-
natives in need of revision were identified was as follows: First,
the proportion -of incorrect responses to an item was divided by
the number of 'wrong alternatives on the item; sec6nd, the value
so obtained was divided by 2; third, any alternative which re-
ceived aproportion -of responses, less than the value so 0b ined
was selected for revision or replacement. . -

Editorial Considerations -•-

In reviewing questions, for inclusion in the Final Comprehen-
sive Examination, a check was made to ensure that the wording
of all questions was not much above the eighth grade level of
-reading comprehension, arad that it was as clear and brief as possi-
ble. Each question-was also checked against the current, lesson
plan to-make sure that the-point of the question-was covered in the
course.. Tehnical questions were checked by individuals'familiar
with gunnery equipment, procedure, ani training.

In general, questions were designed or selected .to cover the fol-
lowing abilities or areas of' information: knowledge of facts,
principles, and procedures; application of facts, principles, and ,-
procedures to new or common situations; recognition, identifica-
tion, and location of parts; and function of parts and groups of
parts.After all questions had been reviewed and approved, first drafts

-of the examinations were" prepared, including directions for ad-
ministration. In. most cases, copies of the examination were lo-
cally rcproduced and tried out before being printed for- general
distribution to all-schools. Later forms of the Final Comprehen-
sive Examination- were printed in loose-leaf form, to permit the
inserting of revised' pages from time to time.
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DESCRIPTION. OF FLEXIBLE GUNNERY FMNAL
COMPREHENSIVE EAIINATION

Introductiot

The Flexible Gunnery Final Comprehensive Examination went
through four major stages of revision, the various forms of the
examination, being designated as GF-A, GF-B, GF-C, GF-D',
GF-E, and GF-F. GF-A and GF-B were comparable forms;
GF-E and GF-F were equivalent forms. The areas of subject
matter covered by all of these forms, the sources of items, and the
general format were very similar. Improvement occurred in the
sampling, of subject matter, in the sensitivity of questions, and in

* the physical appearance and usability of the examination booklets.*
Edch form consisted of about 150 multiple-choice type questions
(five choices for each question), designed for administration in a
2-hour period, and with a §eparate answer sheet which could be
machine scored. Scoring in all cases consisted of totaling the
number of correct answers. . .

Forms GF-A and GF-B

Introduction.-The first form of the Final Comprehensive Ex-
amination, designated as GF-A, was completed on 6' June 1943,
and was administered to classes 43-26 td 43-32, inclusive, at-
Buckingham. There was some delay in its printing, which neces-
sitated the local reproduction. of a temporary form; known as -

3F-B,. for administration to class 43-25. This form did.not
include as many pictorial questions as GF-A, and was not used.
once the latter form became available. The following discussion
will be-based' entirely.on GF-A 4

Format. GF-A consisted of 4 parts and 150 questions, as
follows: . .

Part I. Aircraft recognition.. ----------- ------- 30 questions
Part I. Sighting ------------------------ ; -- -45 questions
Part III. Weapons ......... 45 questions
Part IV. Turrets ------------ ----- 30 questions

Total --------- ----------------------- 150 questions

Questions in the turret part were so worded as to apply to all
turrets studied in the B-17, B-24, and B-25 training programs;
the correct answer to each question would vary according to the

turret speeialty of the student, necessitating separate scoring-keys
for each turret. -For example, questior No. 121 was worded as

follows:

' This test was developed by S/SgtL Marvin Waldman, LL George 3. Wlschner, Ma!. Roger

W. Russell, M/Slt. Jack D. Adams,. and Lt. Arthur L. trion.
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i ~ ~121. Your tiirret Is moul ntb -o ,.tt~
121-A. 3-24 and 3-2c.
121-B. 3-25.
121-C. B-29.
121-D. B-17JE and B-177.121-E. 3-24 and PB2Y.

This, type of question could be used only to cover characteristics
that applied to-all turrets. The necessity of including alternates-I which applied to all of the different turrets, one of which was
correirt for each, -conserved space but limited the effectiveness of
the questions. It was-therefore decided to include separate turret
sections in subsequent forms, involving questions specific to par-
ticular turrets.

Sources and types of questions.-Copies of available gunnery
tests, course syllabuses, technical orders, and manuals were studied
for materials which could be used for questions GF-A. The test
-consisted principally of questions that involved verbalizations
about gunnery theory, equipment, and procedures. A smaller
number of questions included pictures,. about which the student
was required to identify something. A few questions were based
on diagrams. A breakdown of the test in terris of each of these
three types of.questions is-included in table 7.9.

Statistical data.-The distribution constants and reliabilities of

GF-A, based on administration to seven classes, are presented in
table 7.1. . ..

TABty. 7.1.--Reliabilitics and distribution constants for GF-A total and part
scores in various dlaies (Buckinghain, June-Juty 1943)1

CIL 4a 4--26 (N=308) Class 43-27 (N=324) Class 43-28 (N=292)

M OD M SD r M D r

Aircraft recognition. 17.96 3.5 0.46 20.40 3.18 0.38 18.48 3.83 0.52
Sighting...... 23.36 5:17: .58 1 29.81 5.05 .61 25.29 5.62 .5
Weapons_......... 27.89 6.06 .87 30.79 4.50 .52 28.45 5.30 .63
Turrets-.--.- 22.68 2.83 .31 24.21 2.09 .00 23.63 2.96 .43
Total 63.57 13.27 .83 -105.20 11.14" .75 95.87 14.04 .82

I All rellabliltlcs computed by Kuder-Richardson Formula No. 21.
2Additional rellabilities and distribution constants for total scores areas follows:

Class N SD r

43-29---------- - 301. . 100.3& 12.51 0.79
43-30 ...... 354I 103.95 12.41 .79
43-31_______ 303 98.96 12.58 .67
43-32--- - 395 100.90 12.88 .78

Form GF-C

Introduction.-GF-C was the first form of the Final Compre-
hensive Examination to be distributed to all of the gunnery
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schools for their use in determining the graduation-and elimina-
tion of students. It was printed in September, 1943, and was
used until April, 1944. It contained many revisions of GF-A,

. ba3ed mostly on changes that had taken place in lesson plans and
* course content. Some technical errors, and printing errors that

had been found in GF-A were also corrected
Format.-GF-C included the following parts and numbers of

questions:

Part I. Aircraft recognition ---------------- *;...- 25 questions
Part II. Sighting ------------------ -------- 25 -questins
Part III. Weapons -------------------------- 50 questions
Part IV. Miscellaneous ----------------------- 10 questions
Part V. Turrets ---------------------- 40 questions

Total -------------------------------- 150 questions"

There were five separate turret sections in the examination
booklet, each one including twenty questions. Students selected
one of these sections, according to their turret specialty. There-
was one general turret section, which all students took, also includ-
ing twenty questions. ;
wSources and types of questions.-Many,of the questions in GF-C
were taken from GF-A. It was- necessary to construct new
questions for the specialized turret sections; and these were O-.
tained mainly from other tests, from training manuals, and from
instructors. . .

Almost half of-the questions in GF-C were pictorial, about-one-
third were verbal, and the- remaining one-sixth were diagram-
matic. Most of -the pictorial questions were -included in the parts
on weapons and aircraft recognition, although the part on sighting
also included quite a few. The increased use of pictures in- the
test was due largely to a change of emphasis occurring in the
training progran. Nomenclature was- no longer stressediin les-
son plans; gunners were-,required to be able to work wikt;, their
equipment, but were not required to be able to discuss it..

Statistical data.-Distribution constants and reliabilities for
GF-C arc presented in table 7.2. It can be seen from these data
that the test had a fairly satisfactory reliability (0.79), and that
there wa<s considerable consistency in the mean scores as obtained
from the different schools, and also from class to class within" a
school.--

Table 7.3 states the intercorrelations of parts of the test, and
the reliabilities and distribution constants of the parts and of the
total test. All of these correlations are significant and positive.

S S/Sgt. Marvin Waldman was primarily responsible f~r supervising tN development. at

this teat.
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TAuZ .2.-Reliabilities and distribution constants of GF-C total score in
v arious clasee at Harlingen and-Laredo (October-November 194)

Clan school N x ID r2

43-39 . . Laredo-..... 311 11.22 11.08 0.78

43-4_0 Laedo ..... 379 '116.09 9.95 .74

43-.4t_ __ --............ Laredo--. 401 111.01 11.4 .7
4 Harlingen._. 491 117.72 11.14 to .0

43-42 - ...-------------------- 402 111.23 10.78 .76

34[3 . Harlingen. 478 123.00 9.59 .74
Laredo.... 446 114.93 10.7 , .T

4Harlngen... 455 119.20 9.36 .72
43 aredo ..... 393 112.27- 11.15 .78

43-4 - ------ Harlingen--- 440 118.76 10.61 .78l
------ t Laredo-.... 436 113.10 11.57 .80

A Harlingen. 473 123.84, 9.67 .IT4Laredo_. 430 117.84 9.86 " .74

4 &4i " Laredo__... 431 118.00 11.04 .80

Laredo-.--- 114.31S
Total: 43-39 through 43-47_ Laredo 3828 114.35 A118 ' .71

lReliabilltes computed by Kuder-Rlcbardson Formula No. 21.. The number of items In
OF-0 IAs 150.

Form GF-D..,
Introduction.-Form Dof the Final Comprehensive Exaiiina,-

tion was developed after GF-C had been in use in the gunnery
schools about eight months. It was first administered in all the
gunnery schools in April 1944. The most -important, difference
between it and GF-C was that it emphasized even more the iele,;
ments of recognition of essential features of equipment rather
than Verbalization about the equipment:' ' ." "'

Format.-GF-D consisted of the following parts and numbers
of questions: " 

. . ".

Part 1. Aircraft recognition. ....--------------- 24 questions.
Part I. Sighting--------------------------29 questions
Part I1. Weapons ------------------------- 50 questions
Part IV. Miscellaneous------------------------ 7 questions"
Part V. Turrets (5 separate sections) ------------ 40 questions

Total ------------------------------- 150 questions

Part V of GF-D included one section of 10 questions applicable
to all turrets, and separate sections for specific turrets, made up of
30 questions eah.

"/urce and types of questions.-Sources for questions in GF-D
were the same as for previous forms of the Final Comprehensive.
Revisions were made necessary primarily because of the technical
changes that had been made in equipment. More diagrammatic
questions were used in this form than strictly verbal questions,

4 Capt. Alfred C. Jen-en, S/Sgt. Marvin Waldman, SISgt. Robert J. Ellingson, and Cpl.
'Walter Cohen were primarily responsible for the development of this test.
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which was in accord with the decrease In emphasis on the gun-
ner's ability to verbalize about his job. :. t: . • ,..; .

Statistical-data.--Table 7.4 presents the ieliabilities of parts of
GF-D and of the test as a whole. All coefficients Were 'satisfac-
tory-with the exception of the one for the Bendix turret section.
'Table 7.5 indicates the consistency of the distribution Constants
and reliability coefficients as obtained from administration of the
test to the various gunnery schools. The most reliable results.
were obtained for the weapons section. - .

TABLE 7.3.-Intereorretations, reliabilities and distribution constants o[ part*
of GF--C, class 43-44, Las Vegas (N=509) and clase 43-4, "Duckingiam
(N=521, October 104*) .

Num-Part
part ber ot ..f Ds r,Items 1 2 4

L Aircraft rcognlton .... 25 ... .......
Las Vegas -_ 0.37 0.22 0.20 24.14: 2.81 0.40
Buckingham- .... .40 .20 .28 23.71 2.91 .41

Las Vegas ....- 0.37

Buckingham--..--.-- . .40 .38 36.61 3.69 49

3. Weapons_--- 50 -

Las -Vega . - .22 .4ON 30.80 2.26 .27
Bur.klnghtm-- ... .. .20 .34 :._ ".41 3.101, 2 .1

4. Turrets -- 40 --Las-Vegas-- .26- .31 .24 .34- .39 3.76 ;.6.e

ucknga------ . .28 .38 .41 33.74 2.84 85

T tal 15or .0 .----- 
.- . .

La. 127.009-..53. -' "
Buckingham.---- 12.10.

2 Rellabillties and distribution constants based on 580 cases atLas Vegas-and 518 ca "
at Buckingham. All relIabilities computed by Xuder-Rlcnardson Formula No. 21, using all
answer sheet from the classes indicated. Intercorrelations are based on answer- he",.
with no omits or nonread;-

Forms GF-E and GTF-F - - -' " ';" 9J' : . ' ' '
-

Introduction.-Three different examinations were developed in"

this series to meet the needs of the different training programs.

All of these examinations were produced in two alternate forms.

Form GF-F included the same questions as GF-E, but items'wete

arranged in a different order. "

The revision of the GF--D was made necessary by the many

* "changes that had occurred-in the locally controlled gunnery equip-

ment and course content. Some of the schools having reported

difficulties in administering GF-D i,' a 2-hour period, it was

-planned to include fewer questions in GF-E and GF-F and to set
the testing time at 1 hour and 50 min:'tes, The use of both of

these forms in the basic gunnery school.; was initiated in Noveni-
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f ber 1944, and -continued until the close of the war in all of the
B-17, B-24, B-25, and B-26 programs.
TABLE 7.4.-Reliabilitiea and distribution constants for GF-D total and prt

scores bdsed combined data from various gunnery schools (JulyA gus1944)'

N Number 3D 1

• 1or It"" SD

Aircraft recognition -... ... 4,250 24 17.53 3.63- .47
Sighting--- 4.250 29 11.13 4.09 .60
Weapons-..... ; . 4.250 50 35.94 6.24 .76Crewmanshlp. 4,250 1 5.41 1.16 .10
Turretsf:

endx-. . ....-- 250 40 28.51 3.18 .20
Consol. tall .... 500 40 34.29 4.29 .715
M&I~s upper-. .. 1.250 40 34.23 3.62 .54
Sperry ball- L,250 -40 33.50 4.43- .74
Spe, ry upper.....- . 500 40 28.20 5.22 .71

Totl- 4,250 150 112.24 14.93 .87

Data on rel.ibilitles and distribution constants for parts of OF-D for-each gunnery
school are presented separately -in table 7.5. All rllabilltles computed by Kuder-Rich-
ardson Formula No. 2L

The use of the A-26 and B-29 aircraft demanded new gunnery
training programs which differed considerably from all previous
programs. Two new final comprehensive examinations were de-
veloped -for these training programs. The A-26 examination was
printed and distributed to Tyndall for use in February 1945, and
the B-29 examination was distributed to Buckingham, Harlingen, 7

and Las Vegas in May, 1945.8 Both of these examinations were
used-until the.close of the war.

Forna.--GF-E and GF-F for B-17, B-24, B-25, and B-26
aircraft consisted of the following parts and numbers of ques-
tions:

Part I. Sighting --------------------------- 30 questions
Part II. Weapons --------------------- . 45 questions
Part IIl. Crewmanship. ------------- ----- 30 questions

j Part IV. Turrets (7 separate sections) ----------- 30 questions
Total ---------------- ---------------------- 135 questions t

'Capt. Lawrence M. Stolurow. Capt. Kenneth B. Hendersor, Sgt. Ierbert W. Goldstrom,
Sgt. Paul Freeman, and Cpl. William C. Mooney were responsible for the development of this
teat.

I Capt. Lawrence X. Stolurow, Capt. Kenneth B. Henderson, Lt. John G. O'Harz, 8/Sgt.
Lea A. Carey, Sgt. Herbert W.- Goldstrom, SLt. Seymour Kern, szd Cpl. William C. Mooney
were responslble for the development ot these tests.
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TAiLz 7.5.-a.Reliabilitles and distribution conetants for GF-D partacoree at

various gunnry sckoots (Juty.Au4gut 1044)1

" Arcriaft reogtuion (24 Item ) I

SEuckingban. 500 11.73 3.1t 0.6I0,
75arl 70 18.09 536 .65,

In g --- -------- 600 15.50, 3.O4 .4LAr To ----- 1 000-, 17.12 "4.14 , 75

500 6.7. 3.23.4

WAs (5 Itm):50 3804

---- 00 17.93 3.32 .41
500 18.69 2.92 .54

Sighting (29 Item) z
1B kngsn.500- 19.13 3.4, .47

Harlinzen- 760 17.94 4 93116
Kinmn- 500 _ 14.91 '2".92

Laredo- 1.000 17.31 4.12 .. 1
Las VegaS-.- 500 15.33 3.43 I40
Tyndall5 I00 17.37 3.92 .75
Yuma- 500 17.28 3.56 .41

Weapont (50 Items): - .74-Duek i ngb am_ : _,....... 

/0 
80 

."

Harlngen - 750 37.34 5.90 t .74,

Kngman- 00------ 50 32.83 5.93 .6g

Laredo,.0---- -------- 00 36.57 6.39 .8
Las VegaJ-- 500- 37.04 6.03- .76

500 33.62 601 ,7-
500 34.78 5.07 -.69

martin turret (40 Items):
Buckingham-- 250 34.12 2.51 .21

Harlingen--o-d 250 ate 4.73 .83haed...20 34.55 .18 .55

---- 250 33.59 2.66 .61
250 33.72 3.32 .53

Bendix turret (40 Items) :Buckingham_+__;_ 256 28.51, 9.19 .20

consolidated (40 Item):.6
Harlingen-- - 250 35.56 2.5 ,.7

L a r e d o - - - - - - 2 5 0 , 3 3 .0 3 - 5 0

Sperry upper turret (40 Items):

Harlingen. 250 35.02 8.47 .65
250 31.77 5.07 .77
260 33.42 3.71 .62

Las Vegas.-- 250 34.12 3.78 .61
250 33.19 3.24' .47

Sperry lower turret (40 items): 250 26.24 .37 -/ ,7
__gan - 25 2 .21. T

La 250- 29.28 4.05 .47
Las 250 30.16 4.24 .. 6

%All reliabilitles computed by Kuder.RAchardson Formula No. 2Lo . .2L-

GF-E and. GF-F for A-26 aircraft consisted of the following
parts and numbers Of questions: .

Part I. Weapons------------------------------ 45 questions
Part II. Aerial gunnery problems and sighting

station ------------------------------ 0 questions
Part IIL Emergency procedures and equipment ------- 15 questions

Part IV. Turrets-- ---.......- --------- -35 questions

Total -------------------------------------- 135- questions +

GF-E and GF-F for B-29 aircraft consisted of the following

parts and numbers of questions:

Part I. Weapons--- ---------------------- 45questions

Part Ir. Emergency procedures and interphone ------ 30 questions

Part Ill. Aerial, gunnery problems ----------------- 30 questions
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Part IV. Sighting rsttons (,separate sections) 45 questions
41General questions --- -------- 20

Specifte questions ---: --- 25
Total ------ -- - - - -- - -- --- - - -150 questions

Source and- type of questiona.-The sources and types of quas.
Stions for all-of the GF-E and GF-F examiinations were approxi-

mtely the same as for previous forms. Use was made of many-
of the pictures- in the Gunners Information File, which bad be-
come an established textbook in the gunnery schools.

Statistical data.--An experimental -form of the GF-E_ for the
locally controlled turret gunners, designated GF-EE, was first
prepared and administered- at six of the gunnery sehools- for the
purpose of obtaining, data- on -the basis of which refhiemon'ts could
be made -to many of the new questions. Data- obtained in the
administration of this form of the test are presented in table 7.6.

TaBIz 7-.6.--Estimates of the reliability~ of the parts and total. scores of the
experimental edition of the jinal corn een~give examination (form. GF-EE,
six school#, September-October 194 Tir

___ Part__ i____ tems N Part r Total r I

30 176.7

Wepn -----fcado Fo45l -1o5 217sed
Crewmansblp 3n0 on.ftetrrtsctos

teurper rL3 20-2 7

vmersion arersen-rted in. table .8.8.
numr 30 'So .84 '.

The Filc Coprehensive- Exmiato went. thrug foure

'iTonsal ofo whch wunere nuued-cestad af ~cognansghing he urric
luem th eipn, and by f~ tre statistcl osdeainso es e

liablity 7.istifiutycntt and itmdsriitins fthe changes

verson re peseted n. able7.8

114



'ABLX 7.7.-I1nterCorrelation# of-sighting, Weapons, cretvmanehip and total
scores ts~h all prt scores on GF-E and GF-F, and reliabiities of part and

-foal corsalI'schools -(March-Afay 1945)

Parts

Parts I Test N * - Total 1i 8D rs

2- a

2.W[pnOF-F 960 .4---- .45 k86 32.72 5.86 .79

3.Crwanhi - F- U- 1.121 .46 .54--- .72 21.62 3.44 .51
G.C~masl - F-F 980 .33 .45 .09 20.90 2.26 .42

4. Emerson nose-_... OF-U 126 .09 .60 .59 .82 21.18 2.62 .4
Turret.--- ... OF-F 137 A2 .54 -.39 .7V. 21.75 8.54 .51

5. Motorproduc to ---- OF-U 126 .44 .37- .84 .69 2X.00 5.32 .5
Tail-turret..---- OF-F 130 .58 .51 .38 .75 22.66 3.78 .63

6. Bendix--------- GTP-w 239 .42c .51 .36 -.72: 21.33 8.01 .3
Chin -turre___ _-G F-F 51 .59 .50 .47 .81 19.31 4.62 .70,

7. Sperry -------- --- OGF-U 149 .37 .43 .28 .66 23.16 8.89 .6
Upper turret - O-- F-F 51 .48 ;36 .38 .66 *21,00 3.00 at1
.Sperry ball----. OF-U- 77 .47 .62 .4i .81 20.22 4.80 '.i4
(Retractable)-_-2 OF-F Do0 .56 .66 239 .82 19.79 4.00j .. 60-

9. Sperry Bai G.... F-U I50 .45,1 .53 .47 .75 20.05 3.69 .52
(Non-retract.) ---- OF-F 50 .48 .42 .43 .71, 20.72 2.46 .47

* 10. Martin,,,---------OF--E 183 .32 .45 .25 .67 22.85 2.38 .64
* Upper tret --- F-F 218 .40 .39 .26 .:70 22.30 3.41 .53

11: Total O-- --z F-U '1,121 .80 .88- .72 - 93.27 15.20 -. 98

SOF-F 822 .81 .86 .69 -- 93.50 14.87 871

lil parts consisted of 30 Items each, except weapons whick consisted of 45 Items; tiots!

test consisted of 135 items.
'Coreatinsof OF-F total scores with Sighting, Weapons, and Crewinanship based 03_

822 cases.*

in emphasis in training which occurred are-reflected in the- relative.

numbl..r of pictorial, diagrammatic, and verbal items -that are used
in -the different forn1s46f the test (see table 7.9) and in the- pe
cific material covered by the examination questions. The different
forms of the Final Comprehensive Exanminaition were all reliable
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TABLE 7.8.--Distributioi eoutstante and estimates o reliability of part of
B-29 editian of GF-E (Buckixgham, July 1#45)

Number
ote s K 8D Ie

--- - -- .45 431 34.94 5.41 4.14

Emergency procedure and aNterphone... .30 400 23.96 2.50 .23
.30 400 24.7 3:06 .56

Turret-blister -. _... . .45 200% 31.15 3.79 .54
Turret-tall ........ . 45 100 35.78 3.64- .46
Turret-ring -4 .---------- - 100 40.23 2,99 .54
T.urret-4o4*. .... 40 100 38.35 3.21. .43

1 Kuder-Rlcbardson Formula No. 21.

enough to provide relatively stable measures of performance in
gunnery school. They; served as the most important determiners.
of graduation and elimination. The establishmeiit of a Final
Comprehensive Examination which was standard in all schools
was considered to have done much -to improve training and to
increase -its consistency from school to school and from class to
class.'-

TABLE 7.9.w-Types of items aid number used in each part of each/formof the
flexible gunnerty bchool final comprehensive examination,i

Form of test

GF-A GF-O GP-D GF-u &
Items -items items itema

Aircraft recgnolna:

Pictorial- .... 30 12 . 20 _

Diagra mato...-Z 0 1 4
V~ . 01 12 0 .

Total., 30 25 24

Sighting : , .
Pictorial . .............- . 1 - - z
Dlagrammatc ------ .-----. 5 8 9 0 -

. ..... 32 5 9 5

Total - 45 25 29 s o

Weapons: I
Pictorial --- - .. ... 0 43 38 1
Diagrammati........... 0 0 2 1Verbal. -,_--- ------ 45 3 10 1

Total ----- ---------------. 45 -50 50 45

MscellaneouA:
-Pictorial--.: --------- - 0----
Diagrammatco.- --------------- 0 0
Verbal --.-.. .-- 10 - - 1
- Total.- - - - - - - --- - - 10 ___

Crewmanship:
Pictorial.. _... 2
Diagrammat-ic ............... 0-Verbal... -- - - -- - - -- - -

TotaL. ------- 30-
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TABLE of.9.-Typee of items and tumber used -in each part-of each lor pof the
flexible gunnery echool jinal €comprehenive eiamination--continued

'~Form .

o1-A or-4 Or-D, 0-3 &
Items Items Items item

PD ai...I... ..... 0 0 0 14"Disgrammatle. .... --- 0 19 to 0
Verbl._ -.--._ 30 21 10 is

To.ta . .- 30 40 40 so'

PIctorla - ...... 83 71 69 ,14
D5mmmatle 5 28 45 1
Verb 1.0....-. 1 51 so go-

150 150 I150 i135
'ThisI Inanavraevauebae Ion sevediferettrre -

&This is an average value based on seven different turret sections.

- .* - -, .,

. " -"

..-

*1 -

11

1!7



CHAPTER EIGHT________

The. Developmient and Use of

-Phase Checks
Capt. JOHN A, VAIJENTIN31 '

The phase checks used, in the flexible gunnery program repro-'

sNtatu pe of performanc etest that was foundtobefciv
4n training and testing gunneis on the care and use of- their equip-

me Although phase checks had some precedent I ,n the history
of performance testing, their format andthe-procedures for their-
administration and scoring de veloped as the result of a series of
specific solutions to immediate, practical testing and trainifng.
problems in gunnery. * - I .I 1 1

Origin of -phase checks-Phase checks grew. out of a need for a
dependable test of -the gunner's ability to operaWeand--care for hfrs
-equipment. The ultimate -responsibility of evory Surnyier wat te
be Able to aim and-sboot effectively at attackin- g enemy fighter
planes, but the bulk of his work, in terms of time and energy
consumed, consisted of maintaining and readying for use the com;-*
plex toolsof his-trade-his guns, sight, and~turret.

Written tests were prepared early in tli,) program, which Meas-
ured Ijith satisfactory accuracy how much the gunnert knew
about his equipment (see chapter 7). 'The disturbig problem
was that it, was not so important for the gunner to "know" Ahings
about his equipment as to be able, to "do" -things with It. There
was-no-guarantee that the-individualsi'ho scored-high on a writ-

1Paechecks were developed by a group otromfcers and enlisLe4_-men workcing oe
peiod of three years. Those chi~fly responsible were Capt. Lawrence, Xf Stolurow, CPt.

JYohn A. Valentine, Capt. Wilbuzr 8. Gregory, LL. 9erald-1R. Pascal, Lt. John;G 0. OHira,

T/Sgt. Robert W. Rech, S/Sgt. Robert -Ellington' 5/8&t. -Robert 0. Dailnb?idge,. 8/Sgt; -Le
A. are, 5Sgt Mavin-Waidmaa.. Sgt Cyrl A.-Bahl, Sgt. Jack T. Huber Sgt. 7nu

i~~~~ern, ~ ~ ~ ~ ~ U Cpl Pli .ron p.RetH.bbell, Cpl. *John 11. Llckteig,_ Cpl. William

C. Mooney,, anit Pfc. Robert Wilinaski. Technical assistasnce was given by- a num~ber of
gunnery expertiv
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ten examination on the caliber .50 machine gun could strip and
a ssemble or make adjustments on the weapon- with -greater com.
peteTice than those who scored low. What was called for was a
fest of doinV, rather than of knowing.

The first attempts at a test of doing consisted of recording a"
list of steps required of the gunner in the performance of some
limited aspect of his job. He would then be -asked. to do this
part of the job, while the instructor stood by attentively, marking
hin'i either right or wrong on- each step. kscore was obtained by
totaling the number of steps on which the gunner was marked
wrong. Early forms of the phase checks on stripping and as-
sembly of the caliber .50 machine gun consisted of just\0uch simple
listsof steMs. -"

Later modification of phase checks .- Phase checks were origi-
naIly conceived as measuring proficiency, in one 6f the successive*
-phases- of gunnery training. As a student completed- -a certain
part of his instruction, for example on the loading of ammunition
into his 'turret, he would be given a "check" on that "phase"
alone.. The--name "phase check" wa3 thus a literal description of
the -instrumen 's function as used at that time. Gradually, how-
ever, the checks embraced more of the-gunner's job. This ten-
dency was iM accord with the growing emphasis on training gun-'
ners to see the Whole nature of their job, rather than on giving
them instruction and practice in a variety of specific skills -and
dties and expecting them to grasp the over-all implications. In
the closing months of the war some phase checks included all pro.
cedures pertinent to the care and use of equipment, and' were'so,
organize for administrati on- as to simulate closely "the sequence

of activities, 6ther than actual- aiming and firing, engaged in
before, during, and after -a combat mission. An effort was made
to rename these later tests "proficiency checks," but the phrasesphase check," "phase checker," and "phase checking," were by
=then an acepted Part of gunnery Vocabulary and remained so.
Originally denoting Simple, periodic enecks of the gunner's. abilit'
to master phases of his training, phase checks eventually became
extensive measures of his over-all proficiency in maintaining his

equipment and, preparing it for combat use.
The dual function of phase checls.--From-the first days of.phase

checking it was recognized-that these instruments which were so
effective in testing whatVgunners could do with their equipment
were -also useful in training gunnerS. In requiring students to
perform each step of a total job in the correct manner, phase
checks- provided the best possible application of the "learn by do-

$ ing" principlei, and therefore formed a basis for -all ground train-
ing in the care and- preparation of gunnery equipment.
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'Example of,% Phase Checkf In order to make the discussion that follows More meAningfulto the reader, t.he fdllowi section from the most widely used
flexible gunnery )hase Oheck, -'hat on the. stripping and Assembly
of the caliber .50 -machine gun, is reproduced-lhefe. Reading thes
brief instructions to the phase checker, and the -items that foll1w
will jt-rify~such phrases as phase check "atep,' "error," "perform.
ance," and " procedure," 'which, occur fre:quently in the chapter.

FielU6 8trp aznd assernbly.-Fill in, or have the guinnerf1il'in, his
name,, , weapons instructor, the date, etc., in the appropriate-
spaces on the Score Sheet. Blindfold the gunner an-d check to
see that the blin~dfold. is secure and- the gunner can se nothing.
'Then help him put -on~his winter flying gloves. Observe the sun-'

ner tos e h is unusually nervous or ill-at-ease. Do -anythini'.t possible -to put him, at ease before starting'him -on, the phase check.
Tell the gunner: "field -6trip your gun,. No adjustments Will be
necessary." As he starts, put down the e xact timfe he beiins in
the spnce provided- for that purpose on the 'Score Sheet. _Watchi
.to see that he:

(1)- Raises cover aiid checks feedway. .-

(2) Charges gun 'twice properly, making sure cover -is
closed. (Mark an error if cover is- left up.)'J

(3) Makes sure parts are inbatrpsionefer-

(4) Removes the backplate. (MaAk an. error -if he fails--to'
r amove the driving -spring rod assembly compkly -

fromi the bolt'group before repioying the bolt group.)
Removes the'bolt-stud, And removes the bolt group.

()Rotates cocking lever to the reAr. -(Mark ani error if

(7)Relas6thefirngpin -by depressig-the sear.
Derseol bufer d inglcc thiijnrro

if e ull -n olbuffer -group before doing #his.)
(9)Puls ut he ilbuffer and- barrel groups,,part way.

( )Separates oil, buffer and barrel groups.
(1)Removes -barrel group from casing.2a

PROCEDURjES FOLLOWED-IN-THE DEVELOPMENT OF-PHASE
* CHECKS

During the- months' o-f construction of flexible gunnery phase,
checks, a body 'of.'knowledge w~as-gradually Accumulated which

* served to expedite the construction of each- successive >check.

£Standardized Phase 'Check, stripping and Assembly of tev caliber .60 miclnla guni
form.-h. November 1944- page 1. This phase check- i3 repro'-wid In full In appendiz 0,
together with a list of all flexible -gunnery phaso 6hecks prepar%-' by- the Central School.

70332e-47-9
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Some of tLIA knowledge concerned the preparation, and some of
t Ihe scoring and use of phase checks. This section of the chapter
will-be coh~exrned vith-brieiy-describing -some of 'the, more impor-
tant things that were learned about these areas. An attempt will
be ma6ide to stress the points that may have a'profitable bearing
on the application of phase check procedures -to. types of: behavior
other than 4-hatinvolved in flexible gunnery.

4,ledConasideraos

Before.attempting conr ,truction of a phase check, it was neces4
sary to ensure-that the belf~llcr under -consideration was scorable
by phase check methods, This was, ascertainOl& y asking three
questions: (a) was the method of behavior standard, so that allI
students icould~be expectedto perform the saesteps in the same
way and- iai the same order, (b) was the behavior Itself observa-
ble, and,, (c) in cases-where the -behavior was not observable, wasI
it possible to score the product or snutcorne of the behavior?

Standard method of behavior,-The -tioblenm of varitability in-

-of, phase *6hecldng; Students- at diferent -schools often leatned
difeient ways, of per'forming 'certain steps, whereas a phase
check could only be -admiistebred fairly to the students who had
learned the same stepi that Were- included. in the check. This
problem-of nonstandard behavior was solved' by the use of phase
checks as bases-for-instiuction. Because the phase-check included
all-effihe steps that the student had to learn ini order to master a I

*particular area -of hisL job, there-was.,no reason for withholding9
the check from him until he took it as. a test. Indeed', there was
good reason for lietting him study and practice the steps as much
as he wished, because $n preparing himself to -take a phase check
he was directly preparing himself for his combat duties. The
use of phase -check practice in the classroom was therefore en-
couraged, and provisions -were made. to give each student phase-
cheick material to -study on his own. *

- Observability of behczvio',.---In -planning a pl-se check,^it was
found that attention became so concentrated on the behavior Be-

* quence under consideration that the examination function'of the-
phase check was often- overlooked. The gunner's behavior was
most often -obscured- by the locale of the-operation (e.g;, the inside
of a -turret), and by the gunner himself (e.g., during certai fine
manipulatiotis of parts ofthe machine guan). It~ was necessary
to -allow forthe-presence- of an observer wherever possible-; other-
wise an undue proportion of the- phase check would consist of
usually inadequate inspections of. the outcome of-.the gunner's

work.
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Scorabitity of 'behavior oucomv.-In cas where it was neces-

sary to score the outcome of tha gunner's work, eitherbecause the
J. behavior was not directly observable, or because simply watching

the behavior was not sufficient for indicating its correctness, "the
problem was one of finding the most- complete and sure check of
correctness. This usually involved having the phase checker " "
inspect one completed step to seO, whether it had produced the cor-
rect result•
Pireparation, of Phase Check htemi ._

nce, it was determined that a phase check ws feasible, on the
basis of the above considerations, it "was possible to start con-

strueting the work forkt, of the phase check. The basic ,unit of
any phase check was the items. Items were prepared 'vith thi '.
following points in mind: their wording; their discretenesSi; their
s coring; their order; and their closeness t actual :€ mbat confdi.
tions... &lWording.--It was found that unless the wording of each itemn-

-; was accdrate, complete, and' detailed, confusion would, arise at
imes as to its meaning and correct scoring. An example will"
serve to illustrate this point. In most of, the turret phase checks,
one step consisted of checking the gun mounts for security. It
was not sufficient, however, to state.'simply "check gun mounts
for security,;" it Was necessary to. include as much information'as
possible on how this was to be done: "he should try to rock guns
in their cradles, and check front and rear studs and mounting
bolts." The-item'was still not a yery satisfactory one; theire was
too much room. for variation in 'the interpretationi of the words
"try"and ' check." The item was possibly a source-of unreliable
administration, but it had become approximately as accurate ,as
word-.And space permitted. For some steps,, there might U-,one
likely'and frpquentfstudenit error that was- profitably 'pOinted out.
in the w6rding of the item, For example, the simple item "enters,
turret" was improved by the qualifying parenthesized phrase "ff
hegrasps sight cradle or rods, mark an erroir."

In preparing most items, the, problem was primarily one of
clarity of expression. Effort was directed toward making the
greatest 'amount 'of sense while using the smallest number of.

words. In geheral, each item was worded so as to tell the phase

checker quickly what the gunner was supposed to be doing, and,
where necessafy, what exactly const, uted cortect and incorret
perforpn Anee. {

Discreteness.-As the student was scored either right or wrong,

' See page12) of th1is chapter for k briefdlscussiol aso ceck reltabitT.

123-



It

on each item, it was important that the item included only /One

distinct step of behavior. A good test of discreteness was found
to be inquiring if you would know what You wanted to know about
the student's performance in case he was marked an error on a
certain item. Making items discrete considerably increased the
training value of the phase check by specifically indicating to thei
gunner his particular errors., : ... ,.*

It waspossible to carry this objective of discreteness to-absurd
limits. Practically any unit of human behavior may. be subdi-
vided into smaller units, progressing 'from a teleological descrip*
tion of the behavior, to a literal description of what various bodily
groups and members do during their behavior. It was essential
that perspective be maintained regardihg the significance of each
item. It was found helpful to keep in mind the fact that the
phase checker was going to be required- to -observe, evaluate, and
score every item recorded in the phase check, and that he was
going, to.be working within definite time limits.

.Scoring.i-For scoring -purposes, the description of the step it-
self was in 'most cases - enough, rand the phase checker was able
to determine from simply observing the student's behavior wheth-
er or not the step waxbeing performed correctly. In a few-cases,
as mentioned above, observation of the behavior was not sufficient
for scoring purposes, and some check was required of the product
or.outcome of behavioi. .

Attempts were made in some early forms of the phase checks
to provide for an error being scored in the event that a student
" started" to do a wrong thing, or, "tried" to do a wrong thing.
Such scoring procedureswere unsuccessful for two reasons. They
demanded of the phase checker judgments that were too difficult,
and they did ntit allow for the fact that what often seemed to be
a gesture in the directioh of a Wrong performaice might be a nerv-
ous, superfluous movement. In general, the phase checker was
not required to make any judgments beyond determining whether
the subject did- a specific thing or-did notdo it.

Order.-In considering the order in which separate steps were
to be performed during the phase check,, it was necessary to take
into account two factors: how significant a role order played in
the behavior, and, how order might best be-included in the scoring
of the behavior. The following examples from flexible gunnery
phase checks suggest the methods-that were used for scoring order.

Example A': - -

Item 1. "Turns, on master powor switch. (If he turns on any other
switch first, mark an error.)"

mo
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Example B: -
Item 1. "Tuins on main Power circuit breaker.!,
Item 2. "Turns on sight circuit breaker."
Item 3. "Turns on sight switch, (If he fails to turn.on main powercircuit breaker and Sight, circuit breaker ,before turning

or, sight switch, mark an-error.)"

Example C: 0: .. e remve
Item 1. "Removes oil buffer tube. (Mark an error If he removes

either the tube lock or accelerator before doing-this.)"
Item 2. "Removes oil- buffer tube lock. (Brark an error if he- r.-

moves accelerator befo.e doing this.)"
Item 3. "Removes the accelerator."

When it was desired that groups of steps be performed in a
* certain Order, although no order of steps, was demanded Within

groups, some such statement as the following was included in the
necessarily or -logically first item't of each group; "mark an error
if he starts -work on another gr'imp first." If no specific order
was required of the student, it was well to state this fact, em-
ph .ically in the directions to the :phase checker;.otherwise the
fact that items were listed in a- certain order in the phase check
would imply that the particular order used was demanded..

l Simulation of actual combatconditioifs.-As much as possible,
phase check items were so prepared as to require the student to
do the "real" thing. For example, if he was demonstrating how
to load ammunition into a turret, he was -equired actually to load
real ammunition in a real turret. If this principle of realness was
riot adhered to, the phase check situation tended to impose its-
own limited significance on items-. There was. also danger of
making the phase check either harder or easier than the actual
job. For a long time gunners learned to detail strip and asseiiible
the-machine gun wearing blindfolds. This procedurewas-dictated
-partly by combat experience, in that gunners were- actually re
quired to work on theirguns in the dark at some advanced Pacific
air fields. It was also judged, however, that by learning to do
the task under the handicap of a blindfold the gunner would gain
greater proficiency in doing the task without a blindfold than he
would if he learned without such a handicap. An occasion arose
to phase check some gunners without blindfolds who had been
trained to work with blindfolds, -and it was reported that their .
errors increased. No formal analysis was made of the data., A.-
parenly the cues used with effectiveness when the gunners wore-
blindfolds lost some of their effectiveness when the gunners could

, see.
Sumrnary.-The following questior wereI profitably asked con-

*1 cerning phase check items: - -

(1) Did each item accurately, thoroughly. and clearly describe the be-
havior with which it was cohcerned'!

(2) Did each item contain only- one -signifi . st of behavior?
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,(3) Was the scorability of each Im ank hto account?
(4) Was-the icoring of order-of steps taken into iacount, and Was al.

lowance madefor variation in order where applicable?
(5) Did each Item impose essentially the same significance on the -stp

that it would have-in the Job-itself?

Having-,prepared a set of items'that met the -above requirements,

they were g~iven to several qualified individuals for review and
criticism. This procedure usually produced' a number of cor-
rections and valuable suggestions for improvement. In the case
of behavior involving -equipment, -it was especially important that
items be reviewed and tried out. t make sure that the use of the,
equipment was correctly described. For this purpose the aid of
a technical experton the equipment was necessary.

tf

Preparation of Direcilons

Directions for --pha-se checktrs.-After all of the phase check
•items were prepared in preliminary form, and organized into the
most appropriate and efficient groups,,it was necessary to prepare
directions for the, administratioiof the phase check. Typical di-
rections will be found in the phase check on-stripping and assem-
bly of the-caliber .50 machine gun included in Appendix C. Di-
rections always specified exactly thel'conditions for -administernig
and scoring'of the check.. - . k

Directions to be read to student.-In preparing the directions
that the-phase checker read to the student, four major points were
kept in mind: they were made to sound like the phase checker, in
terms of vocabulary and form of expression; they were written
so as to be clear to the students (the word "deviations" was found
to have baffled numerous gunnery students); they covered ex-
actly what the student was expected to do; and they contained
just as much information as a student could readily grasp at one
,time.

Scoring of Phase 'Cheeks

Problems in the scoring of phase checks centered around five
topics: -the scoring of items, the weighting of items, onverting
to part scores, e'onverting to final scores,. and scoring for speed is
well as for accuracy.,

Scoring of items.-It was- decided that each item -on a phase
check would be scored on an all-or-none fbasis. That is, -a student
-was considered as having, performed a step either correctly or
incorrectly. Thenature of a phase check item, in describing one
integral step of behavior, made this type -of dichotomous scoring
most desirable. An additional argument for such scoring came
from the fact that a phase checker would usually be hard pressed
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to make even dichoto1oua judgments about items when observing
a rapidly moving sequence of performane,,Weighting of items.-The problem- of weighttngphase 'check

items arose soon after phase cheoks fae into beihg. Although f
in a sense all phase check items were important, bei 3se each on! '

played an essential role in the total performance, it was Judged
that items might also vary-among themselves-in significance. TheIfirst attempts to.assign weights to items were based on the opin.
Jons of several: qualified gunnery authorities, who selected the.
items they felt to be most crucial in each phase check. The cri.
terion that they most frequently used was that the equipment
would not ope-ate in the gunner made an error on a certain. item.:
'A rather severe scoring procedure was adopted, for these crucial,
or "major" items, as they were called; a student Was consideied to,
have failedan entire phase check if he made an error on one'such
item. Criticism of thir. soring system soon came from.a variety
of sources, aimed not so muchlat the system itself as at thelcholce
ofiters to be considered as cruciO. Conferences were calledin" .

which an attempt was made to pin the discussion dcwn to riUn
arbitrary assumptions regrdliig crucial items.' It was foud,.
however, that there were about as many opinions regarding the

17 relative significance of items as there were gunnery authorities.
The use of major items was discontinued for the time being,, aid
attempts were made to determine the significance of items on
bases -other than personal opinion. ..

Combat records of gunnery equipment-failures Were studied in'
the hope of arriving at certain common malfunctions of equip-
ment which related to specific items on the phase eheiks. Data of '

this sort varied considerably, however. There was apparently
:little consistency In the type. of mistakes that gunneis made in-
preparing their equipment for combat use. ..
onThe number of times that students were scored as being in'error
on certain Items was considered as a possible criterion forassln .'

'ment of weights, in that such data tended to indicate the relative,.
difficulty of masteringthesi items. -Including the factor of rels-"
tive item difficulty in-the scoring would ave enabled the student
to get extra credit for mastering the more difficult item., It'was'
found, however, that such data varied from school to school, and
even from" instructor to instructor, reflecting differences in es.
phasis and quality of training, received by the students prior to
taking the phase checks.

The decision was finally made to dispense with any system oft
Weighting and -to consider all items-on an equal basis.- "

Converting to part scorea.---Most -of the phase checks were or.,
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ganized conveniently into parts, each part relating to a distinct
aspect of the gunner's job. It was desirable to have a separate
converted score for each part :In order to point up for both the
instructor and student possible areas of weakness. ScotAng tables
were constructed, therefore, which enabled the error scores of stu.
dents on each part to be converted to scores on a five-point scale.
(Ideally, a score of 5 would represent the top 4 percent ofithe 'popu.
lation, a score of 4 would represent the next 24 percent, a scoie of
3 the middle 44 percent, a score of 2 the next 24 percent, and a
score -of 1 the lowest 4 percent. Scoring tables were derived
wherever possible from the results, of administering the phase
checks to properly sel~cted groups. In many cases, however, due
to the practical: and immediate necessity of supplying the using
schools with scoring tables for a new phase check, they were con-
structed on an a priori basis, and later revised.

Converting to final ecores.-Once standard scores had been de-
termined for each -part of a phase check, It was necessary to devise
some system for converting these separate standard scores to a
final standard score. This was done by totaling the standard
scores for all parts,.,and then- converting the totA t a five-point
scale' on the basis of a table designed to yield apr oximately the
same ,percentage in each category as are indicated abovefor part
score&. -

Scoring of tie.--For, some types of gunnery performance,
speed was of importance and was taken into account inthe scoring
of the-phase checks concerned with-such performance. For these
phase checks, time data as. welt as error data were considered in
preparing tables for converting scores to standard scores. The
most careful judgments possible were made-in such cases by mem-
bers of the psychological tests section regarding the, relative im-
portance of time and errors. For phase chkcks including time as
a factor of performance, the- student's standard score was deter-
mined by joint reference both to columns of tini limits akid of
error limits. A time-error scoring table is included in the phase
check -on stripping and assembly of the caliber .50 machine gun
reproduced in appendix C.

Changes ir scorig emphasis during war.-During the early
period of flexible gunnery training, when phase checks first came
Into use, they were used primarily as tests of proficiency In the
Training Command basik gunnery schools. They had only- a
limited use as training ai~s, and students did not take them more
than one or two times astests. Consequently, there was usually a
sizable range of errors made on the phase checks. Most other
scores of proficiency at that time were converted to a five-point
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scale, and as the range of errors made such a scoring system fens-

ible for phase checks, phase check error scores were also converted
to a five-point scale as discussed above. As the use of phase
checks in the gunnery program grew/however, the scoring situa-
tion changed. Due to the fact that students were eventually
given opportunities to practice many times on each phase check,'
as well as to take each phase check several times as a test, the
range of errors made decreased to- a very small number. In this
later period, when such conditions obtained, it often became im-
practicable to divide students into more than two categories of
success and failure. ,Scores were eventually used as evidence -of
nmstery of gunnery tasks, and as indications of areas of weakiiess-
on the -part of students...

The Validity and Reliability of Phase Checks
Validity of phase checks.-On logical grounds, the validity of

phase checks was inherent in their nuture, as in most cases the
studefit was. required- to do the same ,things- that he Would even-
tually have to do in combat. The,/conditions under which he
worked Were, of course, never simulate. completely, but it was

'" reasonable to suppose, due to the technical and stereotyped nature
-of the behavior, that- students Who demonstiated that they knew.'
how to perform a step on the phase check Would probably be able
.to perform the sarAe Step-under other circumstances.

Reliability of iihase checks.-Two differences between phase -
checks and otheq. types of tests influenced consideration of the-
reliability of phlase check scores. First, a phase check always
included all of th steps involved *,n a certain performance. . The
application of sampling procedures was ruled out, because-of the
-dual role of phasechecks as training aids-as well as.testing devices.
Each item- earned its rightto be in the phase check due to the fact.
'that it served a purpose in the total performance. This fact also
ruled 6ut the possibility of constructing alternate forms of any
phase.check. Second, phase checks included several sources of
possible influence on scores, -other tbar, student performance.
Scoring of phase checks was influenced .,y the phase check iterns,
by the phase checker's observations and judgments, and by the
type and condition of the equipment used in the phase check, as

* ~well as b; the student's performance.
in an early study the reliability of s-ores on the phase check on,

stripping and assembly of the caliber 50 machine gun was esti-
mated to be 0.65 (Kude.Richardson 7ormula No. 21). That
reliability as measured bytradition!-m. -hods would be low was
ensured by the fact that a larva proportion of phase check items
had approximately a zero degreoof difficu: " FEurt1:er it was iu-
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possible to effect the revisions of the phase checks that these
meaures of reliabilit suggested. It was Impossible, for example,
,to eliminate items of zero and near-zero difficulty, on the basis of
considerations discussed above and it was inadvisable to group.
items together, because of the desirability of using scores dlanos.
tically. ' : I I I

The revision of phase check Items to improve clarity of expres.
slon, discreteness, and scorabllty was felt to be the most effective.
means of increasing reliability. C

Two other factors In the phase checking situation, -the phae
checker and the equipinent, were sources of unreliability. Atten.
tion was consequently pad .to reducng the scoring varlability
caused by these two factors. Although ne formal study was made
of the reliability of phase-checkers' Judgments, It wu recognized
that phase checkers oiftendlffered in their Judgments of perforn.
ance on items. This wadue to much factors as relativ. accuracy
ofobservations and relative expression of leniency. iAnstmt at.
tempts- were made to indoctrinate phase checkers with the nes.
sity of administering and scoring everyphase chack in the same
way. This was theprinay objective-ofthe phase check course
In the Instruct:or School. A manual and a training film for phase
checkers wer also developed and used to teach proper procedure.

Variability In 'equipment also led to variability In sorinig al-
though it was difficult, to Ila this factor from -all the other face
tors Involved In a student's performanon Attempts wern made
to ensure that the right equipmentin iod conditiowas alw susad in, m ohowk&,.. .

DCIPTION OF FLIMLL GUNNTMY PEASE CHIKS

Flexble gunnery Phase ohecks were frst mlmedraphe In,
limited quantities for distribution to the seven bui gunnery
abools In the Training Command. The purpos of the distribua

tion was Partly to iuppl the .schools with standardled phase
Gheaks for their se In t nini and testing and partly to mnu
oritiaism and suggestions for revison of the oheo).. Asteus
of the ' he bocame more widespread, a consderable quatity
of phas eheok booklts and scoreshestt was demanded no o*
in the AAF Trainim Commndbui also In AM training ai- rt es,
and eombat aI form A #KW* was theohe adopted whewr
the matrials we peprd fo publiation In the Central Sho
and tM publiaeton and distribution wen accompllAe by MIP
Training Aids Diviion This s st" had tM advatege of mak*
In# avwflable the reulid quantiisil t phass thes prited Is
durable and nwnmimt tom
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Most of the-phase checks were printed with pages successively
cut back, so that when the student's score sheet was inserted at
the proper place in the phase check booklet-the phase~checker was
able to record a score (either a check mark or a zero) in a space
on the score sheet immediately adjoining a description kf each
item. This system is illustrated in figure 8.1. It had the ad.
vantage of allowing the phase checker to refer conveniently to
item descriptions while observing and scoring the student's per-
'formance. This was especially helpful to phase checkers with
limited experience i ,phase checking. More experienced phase
checkers memorized item descriptions and required the phase
check booklets only for the reading of directions to the students.

The phase checks of the caliber .50 machine gun included items
on taking the gun apart and putting it together, cleaning and oil-
ing it, removing burrs from parts, and making adjustments.
Each turret phase check consisted of items on basic operation, the
loading of ammunition, the harmonizatirn of the guns and sight,
the making of a-preflight inspection, and on procedures for getting
in,-and out of. the turret. The phase checks known as aerial pro-
ficiency checks -covered all gunner activities concerned with a
combat mission, including a briefing, personal equipment check,
gun-installation. and preflight check, loading of ammunition, ditch-
ingprocedure, emergency equipment check, intercom check, enter-
ing:and manipulation of turret, Air-to-air and airto-ground firing,
gun stripping, first-aid, bail out procedure, and interrogation.

USE OF PHASE CHECKS *IN THE FLEXIBLE GUNNERY
PROGRAM

Use of Phase Checks as Tests
Use in basic gunnery school.-With the publication and distri-

bution of the first standardized series of phase checks in the
spring of 1944; phase check scores were used asonie basis for grad-
uation or elimination in basic gunnery schools. Their use as a
means of establishing minimum proficiency requirements was sub-

* sequently directed by Headquarters, Army Air Forces.4 The fol-
'lowing basic principles were adopted for the use of phase checks
in Training -Command schools:

(1) Each gunnery student was required to demonstrate his proficiency b
on all existing phace checks appropriate to the gun position for
which he was being trained. • .

(2) The indexof the student's proficiency was the final converted score
received. A converted score of two (2) was the minimum passing
score for each phase check. •

(3) A converted-score of one (1), indicated failure-on any phase check.
(4) Any student-failing to obtain a minimum passing score on thelast

regularly scheduled phase check was considered for elimination.

4 AAF Traii:lng Standaid 90-1311, 21 June 1945, parauraph 4, page 3
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It also became standard operating procedure- at most gunneryschools In the 'Training Command to include phase check score
sheets among the other records considered by elimination boards
When reviewing -individual case.

Use in trainiing and combat air forces.-The use of phase checks'
ast -sof proficiency gradually extended to the training air forces

and finally to the combat air forces.'herptinw chhy
wvere held by Headquarters, Army Air Forces, is -evidenced by- theI following excerpts from an official AAF'Letter, distributed to'the
commanding. generals of -all air forces:.

5. .It will be the responsibility of -local commanders to insure' that equlj-_
nient reqired for the Administration of Standardized Phase Checks Is 'Procured and mitained, that conditions for phase checking- as specfiedi ante
Standardized Phase Checks -. . are adhered to, and that the individuals ad-
ministering the Standardized Phase Checks are adquately trained and in
sufficient numbers.

~6. Air inspectors. will make frequent and thorough inspection of all flexible
gunnery training aivities to insure that the- Standardized Phase Checks are
administered in accordince with the instructions contained therein . .

Results of testig -with phase checks.-As an -indication of 'the
type of distributions of phase check scores obtained under norzial
operating conditkniis upon, final administration at schools in the
Training Command, figure 8.2 is presented. the Students whose
scores are incXzled in this figure had already taken each phaM
check -at least twice as practice. Study of'the errbr- scores of 'the
th.ree phase checks concerned in .the figure reveals several points
of interest regard;~g phase cl leek scoring.,

P For one thing, it will be :oted that ~the- plottings of the fre-
*quency with which certaiii error scores are obtained create -A
skewed curve. The bulk of the students make from no. errors, to

I' three errors, with: successively fewer students making up'to as,
mnany as 12 'errors on one' phase check (Martin turret).- T he,
ranges of errors are notably small, the greatest range Ibeink fromi
o to 12. This smallness of 'range is appreciated when one -con-
siders, the total'nurnb~k of Items making up each phase check.1 In,
table 8.1, the mean number of errors, the range, of errors,, and the,,
total number of items are presented for each phase check. The

TABLE'8.1.-Mfean errors and range of, errors on phase checks of students at
Laredo Armi, Air Field, with total items for each phase check (Class-S-'U,
August 1945)

N Mean num- Rango of Totil nunm-
4Phase chek N ber ernrs e~rrors ber Items

Care anA eltani ng ----- 101 2.68 0 to 12 '75
Stripping and assembly_.------ 101 2.19 0 to '6- 111
Martin' turret ------ 107 2.58 0 to 9 '148

s AAF Letter 50-79, Headquarters, Army Air Forme3. 11 beceviber 1944, page 2, par&.
graphs 5 and 6.
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average number of errors -on the Martin turret check is 2.58, with
the-poorest student making 9 errors, out-of a to'tal of 143 possible
errors

During their training at combat crew training stations, where
they went after graduation from basic gunnery schools, gunners'
were required to take each phase dieck appropriate to their'guh
position at least five times. The mean number of errors made de-
creased to zero for manly of these latter checks. Table 8.2 pre-
sents the- average number of 'errdrs made on succe 'ssive phasefchecks by students taking part in the first try-out of the continua-
tion program of training for combat crew stations.'.
TABLE 8.2.-Mean error scores on five successiv~e phase, checks ostudent

* gunners at a combat crew training station (Pueblo Army Air. ac, Sep.
* tember 1940)

Ph..e check

31toa numbe 1.6 of6 .e2s maemr.icrmntn0coig0p

The -small range of errors, and the smiall proprtion of -erroih jo

sible in many cases and-inadvisable in practically all cases.* Train-
ing standards for combat crew trining stations therefore required

* that gunners obta in a higher score for graduation than, was r e-
quired at basic gunnery schools.

Two studies were conducted in November 1943,,'which yi.elded
correlations between the existing phase-che cs qin stripping and

TABLE .8.3.-Correlation between strippng and asiembly phaae checks d.-
aveloped at Las Vegas and Buckinghamn and scorii on part HPI (weaponf)
of gunnery final examination (GFC) (Novem~ber 104*)

Phase check scores Part 111, 070 ucore

-Form of phase check r
g K 'I SD I U i

Las Vegas.....-_---- 521 JS 21.24 .1.2 30.19 2.26
Buckicjngam-......--l 509 11 '5 1.4 31.06 t 2.U5

" Score in terms of numibtr of items correctly pei:armed.
2 Score In terms of errors.

*See Chapter 21 for a discussion'~f the experimenlt, -a"s~tion of this training promam,
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assembly of the caliber .50 machine gun and the Weapons section
(part III) of the Gunnery Final Examination (GFC). The re.
"ults of these studies are presented in table 8.3 Little correlation
was indicated between performance, on and knowledge regtri,1g
theweapon as measured by these instruments.

Use of Phase Checks In the Training of Gunners
Use in basic gunnery schoo!s.-It was recognized soci! after

their first inclusion in the-Training Command gunnery school pro-
grams as testing devices, that phase'checks also possessed consid-

erable value for training. The principle of "learning by doing"
waseimphasized and the use of phase checks in the classroom, and
by s;i-dents during their study periods, was encouraged.

Thn.ollowing excerpt is from a-description of the basic gunnery
program as developed- by the Central School:

Performance or "phase" checks have been developed which are not con-
sidered primarily as tests of ability but rather as training aids for" the de-
velopment of adequate skills. In the proposed program there occurs a very
minimum of classroom lecture. Even the teaching of part functions and
cycles of operationvof the caliber .50 machine gun has been planned in such a
way that the gunner is actually performing with the gun throughout the
period of his learning. The main stress of the new- program is upon "opera-
tional exercises" in which the gunner, during his training, goes through
exactly the same stepshe will be required to perform when he joins a combat
unit.

Use in training air- forces-It was the success of -the training

program at Pueblo, however, that finally forced on the attention of
gunnery authorities the effectiv& use-that could be made of phase
checks inthe training of gunners. Phase checks were established
as the bases for all ground training in the care of equipment in-
the combat crew training statons. Each gunnery student at
these stations was required to take at least five phase checks on the
cailiber .50 machine gun and on his turret specialty during his
course of ,training. Following is a resume of the use of phase
checks for training and testing 3-17 gunners included in the
standard lesson plan for combat crew stations. Each "unit" re-
fers to a period of training devoted to the care of equipment, and
was coordinated with other aspects of crew training. "Some units
have been omitted.

Unit 1-phase check: Complete phas6 check on each turret, in iddition'to
Part V of tli e Caliber .50 Machine Oun-Care and Cleaning Phase Check.
If a student has not studied his assigned turret in basic gunnery school, he
should be taught the complete phase check for his turret during this unit..

Unit 2--Practice exercise: Students who have received a "perfect" score
in Unit-i will'be excused from thi exercise and from Unit 3 ,as well. Those
,who have made "perfect" -in the t-irret ipase check but not in the weapons
part will le sent to weapna -labratory Zor this unit. Students who have
not been phase checked or have t completed their phase check in Unit 1,
will complete their phase check i1 this' pod. ,

The rest of the students will be paired 0ff by the assistant chief'instruetor-
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before -tids unit begins, on -the basis of similarity ok, errors in the Unit 1
phase check. Each instructor will then take a pair of students, point out
their errors, and then make them correct their own- errors by perforiming
the phase check steps correctly. In correcting the student's errors, instruc-
tors should supply any additional instruction necessary for a complete under-
standingof the phase check steps. If time is available, students will use the
coach-pupil' method nad give the phase check to each other. Students will
be rotated with the weapons laboratory so that no men ire idle.

Y nit 3-practice exercise: Each pair of students will be assigned to one
turept. as in Unit 2i They will phase check each other, 'each performing the
complete phase check. Instructors will supervise to see that students are
perf~rminj the steps, of the complete phase check properly. They should
stress that proper use- of the practice exercises will help\ eliffiinat malfunc-
tions and braking of equipment in trainingi aircraft. Instructors will use
the weekly agmament report on equipment /broken on the line as an object

'lesson in preventive maintenance measurei.
Unit 4-phdse check: All students will bephase checked.during this Unit.

Assistant chief instructors will rotate students with the weapons. laboratory
in order to keep all men busy. Students attaining "l&rfect" will be excused
from further class periods up to Unit 7, but they must report to earth class
to be excused by the assistant chief instructor. Thnse who~inade "perfect"
on the turret partof the phase eheck but failed onche weaponspart, will be
sentto weapons-practice exercises until they attain "perfection.

Armorer gunners willbe given a complete Practice exercise on the Bendix
Chin Turret.

Unit 10-practice exercise: Same as in Unit 2. Students who attained
"perfection" on all previous phase checks will be excused. 'Excused- students
will be those who have not only received a perfect score on their assigned
position phase check in Unit 7, but also have made no errors on- Parti I and
iir of the phase checks on their two ic6ndary turrets. All other men will
be given practice exercises correcting mistakes made- on their last phase
checks, both -primary and secondary. Students who havenot been taught all-
secondary turrets are to have practice exercise on the remaining turrets.'

Aerial proficiency check.-The ultimate develop men of phase
checks as training aids was reached With the constriuction of what

were known as flexible gunnery proficiency checks. These checliA
embraced everything that a gunnei' might have U,do before, dur-

ing, and directly after a mission except aiming ;and shooting

activities, and were so planned and prepared that actual combat

conditions and sequences of activity were closely simulated. - In

going through the steps required by such a check the gunner not

only learned specific procedures but also gained a sense of his
whole job.

EVALUATION OF PHASE CHECKS IN FLEXIBLE GUNNERY

It is impossible to estimate accurately how much the use of

-phase checks contributed to the proficiency of gunners in caring

for and preparing their equipment. Despite their theoretical

advantages and valae, their actual worth was always subject to

' I the effective-use made of them. Although they were adopted for

use as tests of proficiency in the Trining Command gunnery

schools early in 1944, they were not wi ly used in the training of

t InItru~ctors aufc and-Lcsson Plans, Standard Flexible GUnICrY Program for B-17 and

R-2. Combat Ci'io Tralng- Stat ions, CSFG, 30 Oct. 1044, pages IV-4 to IV-7,

703329.--47-310
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gunners until early in 1945, when the aerial warfare of Europe
was already drawing to a close. Many of the B-29 gunners in
the Asiatic-Pacific. Theater were trained and assigned to combat
duties before theappropriate phase checks had been developed and.
distributed. Some of the most. inclusive phase checks for the
training of gunners, the aerial proficiency checks, were brought to
completion at just about the -time the heavy bombers, for which
they-were prepared, were being replace'd in strategic importance
by .the larger and more formidable very-heavy bombers.

Withthese limitations in mind, it is felt that phase checks were
of definite value to the flexible gunnery program, in the following
two -ways :.

1. They provided an excellent-means of training gunners to pre.
pare and care for their equipment correctly, which was the most
important secondary aspect of their job. Each time a gunner per-
formed the procedures described in a phase check booklet, he was
learning to do part of his job in a way that had proved to be
efficient and safe. The use of phase checks in training also en-
sured that gunners were being trained to do all of the thinis
determined to be essential in the correct discharge of their duties
in caring 'for equipment.

2. They provided a means of ensuring that every gunner who
graduated from basic 1unnery school; or from a combat crew
training station, had reached certain standards of proficiency 'in
the care of equipment.

It was apparent to those who had oce'asion to work with phase
checks in the guinnery training program, that essentially the same
testing and training procedures might be applied effectively to
many other areas of milii~ry and civilian per'formance. As a
direct test of the individual's ability to do an actual job, the-phas
check has the advantage of almost complete validity over more
indirect measures, such as written examinations. Phase checks

also provide a -sound basis for training by describing accurately
and completely how the student should go about his job. In the
AAF aircrew trining program, phase checks were constructed
and used in the training and testing of bombardiers. The.British
Royal Air Force made consicerable use of phase check procedures
in the training and testing (if gunners using English equipment.
Possible civilian applicatiol3 are too many to enumerate ad-
equately. -Suggestive examp\ss are.phasa checks on the operation
of a lathe; the overhauling f an automobile engine; surveying
procedures; cabinet making; r-nd appendectomy techniques.

/
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VPSUMMARY
Flexible gunnery phase checks consisted of complete, detailed

descriptions of the behavior involved in operating, caring for, aid
checking gunnery equipment. They were organized interms of

discrete units of behavior to permit accurate scoring when used
as a test and accurate diagnosis of student difficulties when used
as a training device. They were first used as tests only, but Were

I gradually used more widely as bases for training gunners in the
care of their equipment in the AAF Training Command gunnery
schools and in the combat crew training, stations of the training

i air forces. They were'instrumental in standardizing the tiaining
of gunners in,the care and use of their equipment, and they pro.
vided a means of ensuring that gunners reached -certain standards
of performance in such areas. The use of phase checks or of
similar performance tests in other types of training programs,
both civili an and military, would appear promising.
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CHAPTER NINE--

The Evaluation of Training
Devices and Procedures

Capt. THEODORE k..VALLANCE "
ane

Lt. WILLIAM B. SCHRADER

INTR~f.DUCIION

During the period between the -two, wtrs, and through- part of

the period just preceding World War II during which the Army
Air Forces was expanding, the field of f-ible gunnery lay in con-

siderable neglect. With the realization of the importance of

heavy bombardment aircraft :and of their defense from fighter

attack, interest 'in the training of gnneri was rapidly revived.

The people originally assigned to t.evelop a new flexible gunnery'

program displayed marked energy and ingenuity. Starting with

practically no background in gunnery and very little equipment,

-they accomplished a great deal in setting up efficient physical
plants and devising clever and worthwhile- training methods and

devices. It was unfortunate, however, from a psychologist's or

an educator's point of view, that the work was not .preceded -byr more careful planning and experimental evaluation of'a psycho-
logical nature. Such work might have prevente, 'the adctption

and subsequent entrenchment of several training loctrines and

procedures of doubtful value, and might have fostered the more

rapid development of educational techniques -long recognized for
their value.

The original Psychological Research Detachments, in seeking

suitable measures of various aspects 'of gunnery proficiency, soon

realized the lack of integration in gunnery training methods and

in methods for assessing such train'Ing. A serious need was ap-

parent for further research directec :owartl the establishment of

a satisfactory criterion of gunnery p±coficiency and the improve-

mnent of gunnery training methods.
The many difficulties involved: in thL :!evelopment of a suitable
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IV

criterion of gunnery proficiency are described in chapter 5.' The
following pages are devoted to summarizing experimental evalua-
tions of specific methods used in the training of gunners. The
procedure will be, in general, to describe briefly ,a training device
or procedure, to show its place in the training program, and then
to summarize investigations of it, giving significant data on the
reliability of scores obtained, the amount of learning realized, and
the degree of transfer of training to selected criteria. The mate.
Srials are presentedin the approximate order in vhich a gunnery
student would meet each type of training situation while going
through school: Ranging and Tracking Trainers, Deflection
Trainers, Shotgun Ranges, Machine Gun Ranges, and Air Train.
ing Procedures. Within each category,,the individual summaries
are presented in the approximate chronological order in wh'ch the
training method, was introduced into-the program. Two studies,
difficult to classify, and a Summary conclude the chapter.

RANGING AND TRACKING TRAINERS

In tVie earlier days of flexible giunnery training, it was-consid-
ered necessary to give much tr.ining in. estimation of range.
This was due largely to the .Tequireiments of the apparent motion-
system of sighting then in us, wherein the gunner usedhis sight
to estimate the range of a target plane, to determine the speed and
line of its apparent motion, and to predict, on the basis of this-
information; where the plane would be by the time his bullets had
-covered the estimated range. The gunner could then point the
guns at this predicted aim-
The Reffectone Trainer

Description.-=Several devices were used -to train gu nners -to

estimate range. Araong those most widely used was the Reflec-
tone Range Estimation Trainer, a device measuring about i( feet
in length by 5 feet in height and 2 feet in width. The gunznr
looked through an aperture in one end anti saw a reflection of -
model plane whose apparent range was varied by varying the dis-
tance between two mirrors by means of an ele -,rically-driven
system controlled by the student. A dial near th(. student re-.

corded the simulated distance; in addition there were switches
controlling the direction of movement of the plane and a knob by
means of which its attitude could be varied. The gunner's task
was, knowing the wingspan c the plane and the- diameter in mils
of his sight reticle, to adjus; the apparent range of the plafie to
any given distance (usually '.,00 yards, since this was considered
a critical range for opening fire). The device could also be set
with the plane at some select'd range and-the student required to
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report the simulated range ofthe setting; this Was considered i
static situation, however, and its use was not encouraged. Some
of the early work of the gunnery psychologists was concerned
with the evaluation of the Refleci9ne Trainer. The studies sum-.
marizedherewere concerned with the amount of learning realized
on the trainer and the reliability of the scores obtained.' Lack of
an external criterion prevented studies of the validity of the
trainer.

Learning and reliability studies under classroom conditid.-'-
The Reffectone Trainer was observed' under both classroom -and
controlled conditions. In classroom procedure the students were
divided into coach-and-pupil pairs. After taking his place at a
machine, the pupil attempted to identify the plani and give Its
wingspan. After correction by the coach as necessary, the stu-
dent then calculated, or remembered, how much of the, radfus of
his sight would be filled by a plane of the indicated, wingspan. He
then began actual practice at estimating this range. With the
plane approaching him from a distance of 1,000,yards, the pupil
would stop the machine when he judged the plane to be at ,600
yards. The coach reading the dial, informed the pupil of the
direction and magnitude of his error, and r-ecorded his error
score. Four such settings were made on each of 10 machines,An,
which different planes were mounted, after which the procedure
would be repeated with the coach and pupil changing places.
There was reason to believe that coaches were not as :precise in
their scoring as they could have been. .

An analysis of the scores of three classes revealed that very lit.
tle learning took place during i5 trialh 6f-ten settings each, The
data are shown in figure 9.1*

Rdliability coefficients for one class (43-22, Buckingham,
N=108) were computed using the Kuder-Richardson Formula 20
and found to be 0.75, which was considered satisfactory. It was
recognized that this value depended upon the carefulness of the
coach in recording, scores as well as upon the consistency of per-
formance of the pupil.

Studies of learning under controlled conditions.-Two experi-
mental observations were made to study learning, since it was
clear that several uncontrolled factors were influencing the scores
derived from the classroom situations.

The 'first experiment employed as subjects 20 students fr in
Buckingham class 43-22 in their sennd week of training. None
had any previous experience on, tlae, oiner; Ten machines were
used, containing planes assigned in random order with regard to

These experlments, were designed, conducted, and 3rtcd by Lt. George, J. Wiucbnei.,
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the four wingspan classes (30, 35, 40, and 50 feet.) The subjects
were divided into two-equal groups which were run separately on

alternate evenints, with each subject rmaktnK four consecutive
estimates of 600 ye::*4s on each- of the 10 machines in rotation, a
total of 40 settings pr session. Subjects were instructed to note
their scores after each setting. All subjects were available for

three sessions,, but only half completed the final session, admini-
strative difficIties p-ecluding the presence of the otherhalf of its
last session.

kThe second experiment was planned to simplify the student's
probleim and to facilitate learning of a specific performance,

nam?,lyl the setting of a single plane at a giVen range. Two train-
ers were used, both containing Japanese fighter planes of 35-foot

wingspan class. The 10 subjects, not gunnery students, were to
stop the movement of the plane as it reached 600 yards from an
original distance-of 1,000 yards; otherwise stated, they were to
stop the movement when the plane filled 7/ of, or slightly more

than half, the radius of the 70 mil sight. Each subject made 40
successive settings daily for five successive days, for a tofal of 200
settings. Knowledge of results foll6wed each setting. "

The results of both experiments are given in figure 9.2, each
point representing the average setting error for one session (40
settings). In the first experiment the difference between the first
and fourth sessions was 10 yards. In the second experiment, the
difference between the initial and final sessions was 18 yards.

In both experiments, statistically significant drops in error

occurred only between the first and second trials. The fact that

all plotting points for the, second experiment were below those for -

the first was probably due to the greater ease of the task in the

second experiment, wherein the subjects had to deal with only one

wingspan apdo0nly two machines. e s r
Qualitative observations and interviews with the subjects re-

vealed that from the time the subject turned off, the motor switch

the plane moved approximately -another 20 yards. There ap-

peared to be little doubt that the subjects learned to use time cues,

brightness cues, and possibly sound' cues inherent in the machine

in order to improve their scores. As a result of these studies, the

amount of time scheduled in the curriculum for practice- on this

trainer was considerably reduced.

Evaluation.-Although the trainer could be used to assist in air-
craft recognition training, and also o give the student practice in

deciding which w.ingsan class a g. ;en plane fell in,, it seemed

that the primary conltributibn of the trainer should be in the direc-

tion of improving the student's abil: to differentiate different

145

- -_



propo 'tonsin hi sigs tretcle filled, by various planes, assuming
that this ability w" RubJect to modification. The data reported,

dd nMA indicate that the trainer modified this perceptual ability
& Opreeiably. There was also good reason to suspect-that the Irt.
iprovement realized In both the classroom and -te experimental

situation wasdue not to improvement in the discriminatory abil.
Ity, but largely to such things as adaptation to the nachine, adjust.
ment tovariabllity between machines, use of extraneous cues, and,
particularly, compensation for the amount of error previously in.
dicated on the dial without regard to how much of the radius
actually appeared to be filled. It will be noted that In no t as did
the mean error of the settings decrease by more than 14 yards for
the apparent range of 600'yards.

The Full Seale Range Estimation Range
DesMcption.--In.an attempt to provide some realistic training

in the recognition and estimation of range of aircraft, several out.
door training rangea-were constructed at various gunnery schools..
Ingeneral, these ranges consisted of a large open area across one,
end of which was a line of sighting statio'ns equipped with 70 mil
sights; at proper distance in front of' this line there were large
signs indicating ranges, usually in miltiples of 100, yards. Stu.
dentscalled out their estimates of the rangoof airplanes approach.
Ing at low altitudes, and, instructors in the target planes used the
signs 'as a basis forfradoing the correct range to instructors and'
students. This was admittedly a very crude sort of training
method, and not at all amenable to objective evaluation. A me.
chanical recorded was developed at one school but was not adopted
as standard equipment.

U#e of gun camera in range estimation training.-As computing
sights became available it became possible to obtain through, the
use of the gun camera a measure of student performance In op.
erating the sight. The proper operation of a computing sight"
required that the gunner mechanically adjust a variable set of ver.
-tical lines in the reticle to make them equal to the apparent wing;
span of the target plane and at the same time keep the center of
thereticle on the plane's nose. The Full Scale Range Estimation
Ranges, as they continued to be called, offered possibility for eco-
nomical pracdice of the skills involved, with evaluation of perform-
ance being accomplished through the use of gun cameras, mounted
on the sights, which would photograph both the approaching plane
and the sightreticle. Las Vegas and Kingman gunnery schools
were primarily responsible for developing this rango.

Evaluation of use of gun caM er.-Early In 1945 an evaluation
of this training was directed. Representatives of the Research
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Division reported to Las Vegas to observe training and obtain ex-
posed film for analysis. There the sighting line mounted 12
Sperry upper turrets and 12 Sperry lower ball turrets. Each
student received 2 hours of turret operation on .the range. The

' last instruction period was devoted to exposing 25 feet of film per

student, each- firing at 4 attacks, with the camera operating
throughout each attack. In scoring, the tracking error for -a
-given frame was defined as the distance in mils from the center
of the reticle to the nose of the attacking plane; the ranging error
was defined as the difference in mils between the vingspan of the.
attacking plane and the distance between the adjustable vertical-
lines of thesight reticle. If less than five frames per attack were
scorable for ranging error or tracking'error, the attack was re-
jected. If a student was scored on less than, two valid attacks
with respect to either ranging or tracking, his film, was rejected
altogether.

Scoring and analysis of 8,500 feet of film, tho3 exposed, revealed
some interesting facts. Of the total amount of film exposed, only
about 4,000 feet were scorable according to the criteria mentioned
above. The rejection of film was mainly attributable to difficulties
with photographic techniques. Improper labeling made the dif-

I ferentiation of film from upper and ball turrets impossible. Data
are reported for the total amount of _-arable film. The- - were, on
the average, 3.6 tracking attacks per student with 11.5 scorable
frames per attack, and -3.2 scorable ranging attacks per student
with 8.6 scorable frames -per attack. Tables 9.1 and E4;2 present- .

the data on the reliabilities of scores obtained. The last column
presents estimates of reliability for total score on each pair of
measures studied, based on the Spearman-Brown formula.

TABLE 9.1.--Intercrrelations of Sperry ranging errors: Means and standard
deviations, in mils; and product moment coefficients (Las Vegas, first quar-
ten, 1945)

Variables correlated N M D r r

Attack 1-- -114 10.11 5.88 0vs 0.32 O.4*
Attack 2..... ..... 114 10.98 7.45

Last attack ------------------------ 114 10.84 7.20 .40vs .40 .51
Next-last attack ......... - - 114, 10.20 -6.91
Average od . 114 10.23 5.71

vs I .41 .5Average even attacks ---------------- 114 10.80 7.15 1

Reliability corrected by Spearman-Brown formula. •

'Tho project omcer for this study was Lt. Estan W. floy, who wa% assisted by Lt. Tnomaf
P.Gallagher.
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Wis-seen thAt-neither ranging,,hor tracking scores based On the
smal number of scorable attacks -obtained tinder the established

proceure, a sificiently high reliability to provide a f ully Bsatis.
factory-meaux.,e of a. student's-proficiency. .

TABLZ 9.2,-Iter'eorrela~tions of Sperry tracking errors: Mlean. and standard
deviation'in A-il; -and produt momentcoejficients (Las- VlegA., fit quar-
for, 1945)

Variables eorn.Iat*4 N S D rt r

Attack 1- 492 7.51 3.589 .4 06
Attack 2~.192 7.10 3.12

Last attack ------- 192 7.20 3:.261
vs.44 .61NextIs tak .. ~.. - ~ 9 6.40 2.74

* Average, odd.---...-..-..---------- ------- 192 7.51 3.28.5

A'r,7age even tak .,~.. 192 6.91- 3.00

IObtained r.

Conclusions.-As a result of -this stiidyitas recommended -that
unless the amount of film ex~osed could be sufficiently increased
and the developing and scorigoth film done wt xrm
care, the use of film on the range -should be eliminated as super-
fluous. the observed shortcoming of the- ueOf gun camera film
on the range was recognized as- not due-ito-the ineptness of those
who planned it. The limited amount bf filma available was'insuffi-$ cient-anid could not be increased because air- training commanded
first priority_,on film stocks and processing facilities; the range
used- only odds and ends of film left over. It was pointed out,
however, that the practice realized by gunners in loading and-
operating gun cameras would-be worthwhile as -training in transi-
tion to the air phase, but the time and personnel required for
developing and scoring the filmj was considered as not worth the
small and dubious benefits derived.

ACAF Range Estimation and Aircraft Recognition Trainer
Another device considered for teaching range estimation was

one developed by the Royal Canadian Air Force.
Description.-This was a device which-consisted of -three main-

parts. There was a set of 12 gimbals, -mounted in 2 banks of -6
each, 1 approximately 2 feet above and to the- rear of the other.
Each gimbal mounted a Mark 11A fixed optical sight (a Canadian.
model siriitlar to-the N-6) which showed-a 70-mul reticle; a trigger
button-. was located on-the right handle of each unit. There was
a-motion picture projector which-used a 16mm. film- of A. minutes
duration showing head-on attacks- by German and Allied aircraft.
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I.
And there was a paper tape recording machine synchronized
with the projector. From the start of each attack an auto-

* matically energized solenoidcaused a key to record along one edge,
of the tape each 100 yards of progress represented by'the picture. -

The recorder also contained- a recording key for each sighting-
station, which registered when the student at each station, indi-
cated, by pressing the trigger button, the apprdachingplane tobe
at any specific range. The amount of error in each student's
estimate was read through a transparent scale based upon, the
distance between the 100 yard marks.

The-device gave practice in the recognition of aircraft and' in
learning the amount of a sight reticle that would'be filled by a
wingspan of a given length at a given range. However, since
these two things could be taught by other legs complicated mrea~ns,
it was decided that the trainer' would be evaluated for its. 6ontri-

bution to the guner's ability to. makde the perceptual judgment of
.just when a knoM proportion of the diameter of the sight reticle -_T

was filled, i-Y the expanding wingspan of an approaching plane.
Experimental procedure.-Twelve basic, gunnery stiden4' who

had- completed 4 weeks of training, including sighting, and the
use of optical sights in the estimation of range, served as subjets
in the experiment.3 Nlneteen trials of '20 attacks each -were
given in 9 sessions-overka period of 17 days. -Before each attack
the name.of the plane, its-wingspan, and the approximate propor-

p tion of the reticle which the wineipar should -fill at 600 yards
rangewas read to the subjects. After each attack the apparatus:
was turned off, and -the ranges which the subjects had estimated -

to be 600 yards were read by the experimenter. After each trial
the subjects were given a 10 minute rest, during which time the
film was rewound. The same film was used throughout the exper- -

iment. The twelfth trial consisted of an individual test-Ior-each
subject, the main purpose of this being to determine the suggestion
effect occasioned by the ability of each subject tochear the buzz Of-
the recorder each time another subject ind.'cated his judgment that

the target plane -had reached -600 yards. The nineteenth trialf

was also an individual test intended tb determine.whether or not

individual performance as measured at trial 12 had been improved

by further group practice,
Two measures were used and computed for each trial: (a) the

arithmetic means of errors, i.e., tht mean-of estimates regardless

of whether over or under 600 yards, ind (b) the stahdard devia-

H tion -of the actual estimat-s. The ;omputation of the second

'ro experiment was directed by-CaPt, Theodora valinnee, asslstedby Lt. 'James. F.

Lawrence. - -
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mleasure turned. out to have been- somewhat superfluous since itU correlated 0.993 with the-first.
Experlimentalresult8.-The results of the practice are shown In

tsble .9.3 and are graphically portrayed inK figure 9.3.4 Learning
did occur in the early trials, but it is seen that there was no
definite trend, of. improvement beyond the seventh- trial. Results
on the- two individual trials, (i2 and 19) were not conclusive.

I!Trial 19 was given after the students,,had completed their .gunnery
* training, so-that the relatively poor performance on this trial'as

attributed in- part to loss of interest in the experiment. Scores
on -trial 12 suggested that the .effect of hearing the buzzers on
the group trials was not particularly -great. .

N Mean. Imean
Tial (uget) ror Trial uu;iNt

'(ugmns) ero jugens error

1.....- -- ------- 212 49.84 , II_. 239, 20.71
2 -- ------- 224. 30.021 'Teat 1 12-. 240 21.71

'I ..~........------- -3 :2S90 1I... 240 - 22.94
4"_...---- 240 241 14... 240 18.58

.---- 240 214Z 15 239 16.28
240 , 18.60 is.~ 239 24.06

-- - ,-- 240- 19. 79/1 17... 239 20.84
3.........-. 20 72.00] 18. 239 15.80

240 i 11.58"-....-
.?...- -~ 40 17.6;0 Test 2 19... 240 25.27

As a result of these findings it was i kcommended that the
trainer bie adopted for general use as a range estimaiition trainer,
but nothing came of this becaus6% it, was later decided to, reduce.
the emphasis on training in range estimation,_.

The E.Spotlight Trainer

Background and description.-Ohe of the earliest -tracking--
tranling procedures in -flexible gunnery .made use of a turret
situated in a- shed, -the ceiling of which- was a quarter of~a sphere,-,
having a radius of About 10 feet, with-its lowest -part approxl--

mately on a level with the top of the turret. Painted 6yi, -this-
ceiling, were several curved and straight lines. -It was the- task-

of te gnne inthe urrt t trckfoll')wing these -lines. After
ofte unri h urtt rc

a few minutes of this practice guinners -usually becam~e bored and
lost interest. The advent of -the E-8, -Spotlight -Trainer greatly-
improved-. the value of this generol -form of, tracking p-ractice.
The E-8-consisted of -ftee VaItS~ -an &Icrcll-hvncmcn

* trolled projector which projected- a moving spot of light on the

' 7in most Instances where learning curves are-pres' -;I they are-aceompanted'by abe
to pivde more accurate numierical data.
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I:Ii I
ceiling; a photo-electric cell mounted on the turret in place of

guns and har.monized with the sight; and a shot and hit counter

unit which recorded shots when the-student had his triggers de.

pressed, and hits whenever the photo-cell Was pointed directly it"

the spot of light-while the triggers were depressed. The recorder

contained a sounder which could be set to represent either shots

or hits. The E-8 appeared to be quite well constructed, for only

a relatively small amount of mechanical failure was reported.

The sound of shots being firedor of hita-being scored enhanced

students' interest in the practice.
The value of the trainer in the form just described was limited

by the facthat the sight had to be pointed directly aLt the target

(spot of ight) in order for hits to be recorded. Cleary the

trainliig was of io value in developing proficiency in ising the

Position Firing system of sighting, which required'the laying off

of deflections varying in size, according to the angle of the target

from the bomber's line of flight. That the trainer was of Value

indeveloping familiarity with the turret and skill in its manipula-

tion was never seriously questioned.
The Sperry Gyroscope Company developed a variation of the

E-8 for use with computing sights. -The problem presented by

this modification required that the gunner, by controlling the

sight's adjustable reticles, frame a variable-sized spot of light

which moved about the ceiling. With the sight pointing directly

at the spot and the- reticles being the proper distance apart, hits

would be recorded when the gunner pressed his trigger. Al-

though this form of the trainer provided probably useful practice

in the operation of computing sights and produced satisfactory

motivation of- students, the scores which it yielded were not very

reliable. Attempts were- continually under way to improve the

device. Qne such improvement was on the verge of adoption at

the close of the war.
Reliability of sco res.-At one time the scores on the Spotlight

Trainer were used as a part of the gunner's perinanont record. /

A reliability study on this .trainer was conducted, using the

records of approximately 300 students, each of whom fired 2 trials

of 1,000 shots. . The students were divided at random into 43

groups averaging 7 men each, axid each group was assigned to

-a specific turret. Prior.to the first te:t trial, each subject had had

approximately -3-hours of actual turre, manipulation. The-second

test trial was given I week after the first and was preceded by

an hour of practice. It was found t'at a gain in percent hits

G This Invetigation was conducted and reported by t. John 0. OHara.
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occurred on the second trial, and that this gain was significant at
the I percent level, as reported in table 9.4.

rABLz 9.4.-Test-retest, reliability of E-8 spotlight trainer scores and reliabil-
ityi of gain on necond trial for trials of 1,000 shot* each (approximately 300
cases, Duckinghaif, April 1944)

Mean ?ereent DDf eia.i~Tra a 6) E Dd Reilabilll~r"
Tria ! eanhteren*" 8D P, II of one, trial

S1---- ------- - 84.44 12.06 0.7131" 4.44 0.42

2- 71.88 12.75 .701

I Product-moment coeMclent corrected for heterogeneity of samples. See May, U. A. A

method of correcting coeMclentz of correlation for heterogeneity In the data, . Stm.
psvchol., 1929, 20, 86-92.

iA difterencq as large as that obtained would be expected to-arise by chance less than 1

time In 100.

As a means of determining whether significant variationi in
the scores obtained by students assigned to different turrets oc-
curred, the reliability of the difference~between the' -mean of each

'of the 43 sub-groups and the mean of the total group- was calcu-
iated. It was found that 18 of the 43 differences were reliable
at the I percent level. It was considered that this variation wiLs
the result chiefly of differences in the functioning of the various
trainer units, since the 43 groups were formed unsystematically.

The correlation between scores on the two trials Was found
to be 0.61. It was believed, however, that this was an over-esti-
mate of the reliability in view of the evidence of differences among
turrets. As reported in table 9.4, the estimate of reliability, after
correction for heterogeneity among th.e groups, turned out-to be
0.42. As a further estimate of reliv,bility, Spearman rank dif-

ference correlations were compute& for each of the 43 groups

separately. The mean of the rho's so obtained was 0.42. This

value may be considered to be a conservative estimate of the
reliability of these scores.

On the basis of this study, it was recommended that scores on

the E-8 trainer not be used to compare students with 'one another.

t Learnting on the E-8 Traine.-That learning could be obtained

on the Spotlight Trainer was shown in a study conducted at

Buckingham in 1944, wherein 20 untrained gunners were given

27 trials of 10 minutes each in the Martin turret., The mean

percent of hits on each trial is reported in 'table 9.5 and 'figure 9.4.

It will be noted that after about the twentieth trial proficiency

ceased to be improved appreciably.

L The project offcer for this study was Capt. Maon laire, ',bho was assisted by Sgt.

Rudolph Goodman.
70332e-47-11
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TABLZ 9.5.--Learning on the R-9 aPotlight trainer: Mecan percent hits ob.-
taiied by 90 untrained subjects on9 each of 97 Kriat. (Buckingham, *tr9- 7
quarter, 1944)

Toil 1 Trial

- - --- --- --- --- ---- -- - -- - 7.074.5'

4 ---------- ----- 56.5 1 - 77*7
--- ------- 61.9, 19...... 78.4

*:---------- 63.8' 2'7.

9 -- -------- ----- -70.2 23.-- - 78.8

t1- ------------ --- - ----- 69~O.0 .. 76.1

22- -L -------- ------- 70.2 749,___

Transfer~ -of tralizin.-It was generally akreed'that ti6 Spt
light Trainer was probably an excellent practice- device, but no

-objetive tests of the validity of this agreement were conducted,
until the 3d quarter of 1944, when an experiment was conducted
in collaboration with the Department of Psychology of the, School.
Of Aviation Medicine for the purpose of determining the-influence6

~;on gun camnera proficiency of practice onr the- Sperry modificatio-n-
of the Spotlight Trainer.' The details- of the'pr etest and post-test
gun camera missions and the method of scoring, gun camera -film,
are- described in the sections of- this, report dealing. With the ,-D.eV,),y

PanoamicTrainer and With the gun camera.--
Following -the -3 pretest gun Camera, missions,- the'16 graduatfe

gunners who -flew their'missionr in .the Sperry upper turret were
given 24 trials on the Sperry moulification of the'Spotlight Traier
at an -average rate of -2 trials di ly; .eAch trial lasted -for 1'5 mm-_
utes. After thi's practice, the subjects flew- threae p~ore gul'
camera :missions as before. The pretLest and post-test scores, and .
the magnitude and significance of their differences are Abow*-'n
in tablei 9.6. .

TABLE 9.6.-Gin camera proficiency as influenced by practice on the S-Perry
spotlight trainer: Afeans, standard -delviftions, and significance of dIfe.
ewzces bctween means of mil crrors in frakJing and't racking with ti 6~erj
upper turret on 3 -nissions before and a! te3r Practice owt the spotlighta',Or
(N=15, Laredo, third quarter, 1944)-

Missions 1-3 Missions 4-4 ns 5~df .

N U SD U D

Tracking-- 15O 8.99 1.78 .7.63 2.02 1.37 0.541" 2.54

Framing-_ 15; 7.41 2.92- 6.82 1.85 .69 xs .6i

'Difference would1 occur by chalice less Lban- 2 Unme4In 100. -

lile n ISt ie C. Paye-9rpeeidteRect ilt



The Sperry framing error showed no significant change as a
consequence of practice on, the Spotlight Trainer, but the Sperry
tracking error showed a decrease significant at the 2 percent level.
Despite the unreliability of scores derived from the training
period (see beloW) the trainer apparently did give some worth.
while practice in tracking. This ifiterpretation must be consid.
ered tentative in the absence of a control group.

Information on the reliability -of the scores derived from the,
Sperry modification, of the E-8 was obtained in this study.
Though, no data were reported on the reliability of the training
scoresthe report of the project indicated that within a single day
-the scores obtained varied as much as 1,000 percent, and that

within the entire period of training they varied 10,000 percent,
making a detailed statistical analysis of the scores hardly worth-
while.

B-29 M anipulation Trainr"

Description.-The -only-ground range used in thd B-29 training
program which involved a -relatively new departure ywas the
Maniplat,16n Trainer. On thisrange the gunner, using standard
B-29 sighting equipment mounting gun cameras, was required
to track and frame fighter planes flying attacks on ground posi-
tions. The gun camera film provided a record of performance.
(A similar range had been used at Kingman in training basic

gunners but this was never adopted as a part of basic gunnery.'
training.) 

"

Learning on the B-29 Manipulation Trainer.-A learning curve
for B-29 tracking and framing scores was determined on the

basis of the-performance (f 202 gunners, in clags.225 at Bucking-
ham.8 Class-225 was one of the first classes to-use this range6as
part of the 12-week course for B-29 gunners. Data represent
scores-made on-practice during February and March of 1946. -In
addition to scored trials, the gunners were given an unspecified

amount of "dry tracking" practice on this range during this
per'pd. Moreover, since the trials were given at intervals of

about a week, training on other ranges and trainers may have

affected proficiency. The learning curves for average errors in
tacking and-framing are shown in figure 9.5, and the supporting

data in table 9.7. It is apparent that improvement occurred on

this trainer, and that the improvement in scores was relatively

more rapid during the first two trials. However, at least four

trials on this -range appeared to be desirable.

s 6,;ihl study- was made by Lt. IngrahamI Humphrey and CpL Jerry ibas.
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T'MZ.9.7.-Learxirg curve data for tracking and ranging error* on B-es
matinlation trainer (N-'SO, class 225; Butckingham, February-MarcA

Trial Framing error Tracking error Trial ramng error Trackng errr
i(In m1i2) '(In mile) (in milo) (in milo)

i.15 I2.93 3I - - -------- 3.76
2 .. 94 j 2.41 3.- -  .-  -  .98 1.92

No studies of reliability or validity of this range were done.
'It was apparent that the practice on the use of equipment provided
on this range was quite realistic. In view of the fact that combat
type sighting equipment was used, it appeared that practice on
this range had-a reasonably good chance to transfer to proficiency
intracking when the turret is mounted in an airplane in flight.
In the absence of a specific validating study, no adequate estimate
could be made of the degree to which such transfer, if any, would
occur. ,

The AN/APG-i5 TI Trainer (Radar)
Desciption.-The introduction of radar equipment to make

possible bomber defense during night missions provided a newtrainingproblem. One particular type of radar equipment, desig.

nated the AN/APG-15, permitted the gunner in combat to aim
at approaching fighters by super-imposing intersecting cross-hairs
in the- center of a small oscilloscope window upon a spot of lightappearing on-the same window. By moving his ,guns, the gunner

caused a radar attachment to search, various areas of the sky for
planes.. When, a plane was. picked up, a spot of light appeared
on the oscilloscope. The gunner tracked the spot of light. When.
mounted in the tail position in B-29 aircraft, the AN/APG-15
device was used in connection with the usual equipment for the
remote control of B-29 tail guns. When- AN/APG-15 -equipment
was used, the gunner had to moye his guns downward when the
spot of light appeared above the intersection of the cross-hairs,
to move his guns to -the right when the spot of light appeared to
the left of this- intersection, and vice versa. This was a reversal
of-habitual;modes of response in aiming and tracking and required
an adjustment somewhat similar to that-required in the-traditional
mirror-drawing experiment.

The AN/APG-15 T1 Trainer was designed to duplicate, in so
far -as possible, the gunner's task in using AN/APG-15 radar
equipment in tracking. In this trainer, the gunner used the
scope" and the sighting station for the remote control of his

"guns." The -path of the spot which indicated the successive
locations of an attacking plane was controlled: by- appropriate
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cams which provided target paths similar to those to be expected ,
in combat. The fact that in combat the gunner had to relyduring night attacks entirely on the information giyen by his

radar equipment tended to enhance the similarity between trainer
and combat conditions.

Reliability of AN/APG-15 T1 scores. An experimental study
of this trainer was carried-out-at Laredo during June-and July of
1945.'

A total of 18 graduate gunners were selected at random from
the pool of students awaiting training. None of thece students
had had previous experience either with B-29 sighting stations
or with radar equipment. 'The students were given a short orien-
tation course covering the purpose of the study, w~ere familiarized
with the function and oPeratioii of the pedestal sighting station

used in the B-29 tail position, were given 10 minutes of practice
manipulation, and were shown a training film on radar 'equip.
ment. They were also given an initial trial of 8 minutes duratidn
on the trainer as part of the orientation.
A total of 11 training trials, each" involving four 2-minute

practice periods, was given to each of the 18 subjects, One trial
was given each day. Scores were obtained from error integrator
units mounted on the trainer,' which provided an index of the
amount of angular error in azimuth and in elevation, separately
during the course of each trial

Estimates of the reliability of total-scores on 11 trials, presum-
ably obtained by use of. the Hoyt method, were obtained for each
t peof score. For all 11 trials, theoreliability of azimuth scores
was estimated to-be 0.84; that of elevation scores, 0.86' "

Learning on the AN/APG-15 T1 Trainer.-The change in pro-
,i lt ficiency during the-course of 11 trials is shown in table 9.8 and

in figure 9.6. It was found that-a considerable amount of leailn-
ing occurred during the training. The curve for azimuth tracking

'. appeared to show more improvement during the later trials than.
-j was the case for elevation tracking. These scores, however, rep-

resented two aspects of the underlying performance of tracking.
It was recommended that at least 11 trials of 8 minutes each be
provided for practice on the AN/APG-15 TI Trainer.

No studies of the validity of this trainer or relationships with
other trainers were carried out. The trainer was judged, on the
basis of the evidence of learning and of the relatively high relia-
bility of scores, to be a satisfactory training device when properly
maintained.

$The project ofcer for this experiment was Capt. Alfred C. Jensen, -assisted by CpL
Walter Cohen. LL Ralph F. Wagner assisted: materially In doveloping the-tralner to Its
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TABLE O.8.-The course of proflciency on AN/APG-isTi trainer: Means and
standard devieitaons of accumulated angular error scores for azimuth and
elevation on Ii successive trials (N=18, Laredo, June 1945) .

AsImuth Orror, Etewatlou.rgors

X X 80] D

138. 6S7,T 401 99
_- 37 ST 462 D7

3 -- 36/ 155 441
361 56 414 85
522 41 389 566_. 291 45 372 61.

I_ 289 2M' 314 34
3-9 29 414 41

S ,42 26 369 28
0.-, 441 22 375 45

232 28 399 89

It is interesting to note that the AN/APG-i5 Ti Trainer' oceu-
pied a unique position among flexible gunnery trainers, in that
its development was undertaken concurrently with the develoP-
ment of the AN/APG-15. gunnery unit itself., In every other
known instance of synthetic trainer development, the trainer had
to be improvised, some time after the equipment concerned had
been in production or even in combat. By being planned, along

with the radar gunnery equipment, the AN/APG-15 Trainer -was
ready for use with,a minimum of delay after it was needed.

DEFLECTION TRAINERS' " -

The most -omplicated and difficult task in gunnerT involved
the coordination of the motor skills required to operate a turret
or hand-held gun, with the ability to judge accurately id then

apply the amount of deflection required- for each of a 'largevariety of fighter attacks. :Much time-and effort, we're devoted.-to
developing devices which would give gunnery students initial
training aid continuing practice in the requisite skills..

The Waller Trainer " -

Although originally developed for the-Navy, the Waller Trainer
became oneof themainstays-of the Army's flexible gunnery train-
ing program, particularly for the training of 'basic gunners.

:1 Description.-Designed to duplicate the gunner's problem of
sighting,- aiming, .and-triggering in so far asit could be simulated
by a ground training device, in which no live ammunition was
fired, the trainer was necessarily elaborate. It required a spe-

:A
cially designed building to provide space for a large screen- on
which fighter. attacks were projected.. This screen took the form
of a segment of the inside surface of a sphere, covering almost
1700 in azimuth and about 55° in elevation. The large screen
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surface v'as intended to correspond roughly to the segment of the
sky- which the typIcal -gunner might be required to Aican, for
enemy aircraft and in which his fire would be effective. A batery
of five synchronized motion picture projectors was required to
depict events occurring in various areas of this "sky." Attack
films for these projectors were obtained by-photographing fighter
planes attacking a bomber.

For dealing with these attacks, the gunner was provided with
equipment bearing sighting devices similar, to those in use on
combat planes. Although his guns did not resemble machine 4

guns in appearance, the grips -were designed so that marked
vibration could be:introduced into them. In some training instal-
lations, combat-type turrets were mounted in order to give the
gunner practice in turret manipulation. Intercommunication
equipment was also included. In addition to, giving the gunner
practice in its use, the interphone equipment provided means forindividual coaching by an Tstructor without interruption- of the
firing, for simulating plane noises typical of combat, and for

~giving irnifimiate knowledge of correct timing and firing by

sounding a tone whenever a hit was scored. This tone, usually
termed the, "beep-tone, because of its high pitch, could be turned
on or cut off by the instructor.

The'scoring system for this trainer provided for recording both
"shots" and "hits," The number of- shots was obtained from a
counter which accumulated units at a constant rate during each
period when the gunner was pressing the trigger. The number
of hits was obtained from-.a counter which accumulated units
at the same rate .whenever the gunner had his sights properly
aligned and was triggering. The correctness of the gtnner's-
sighting was determined by a,:specially designed film (called-the
scoring band) synchronized with the attack film so that if the
sights were lined up properly, a photo-electric system Was acti-
-vated. The design of a scoring film presented serious technical
difficulties, since it -had to correspond to the correct point of aim'
at each point of an attack. During the greater part of the war,
the usefulness of the Waller Trainer was severely impaired by
the difficulty of obtainingattack films representing typical pursuit
curves and scoring-bands appropriate to these attacks. Moreover,
the maintenance rf uniform sensitivity of the sensing, system rep-
resented a pers"Aent-problem.

Irt addition to scorable -attacks, the Waller Trainer films i n-
cluded so-ca!.ed poiit-of-aim attacks, in which the correct point
-of aim was shown. This feature was~intended to help the gunner
learn the correct deflection for various phases of the attacks.

The typical installation provided opportunity for four students

i 162

--



to fire and receive scores at one time. Equipment: was included
which permitted eight additional student 'to track the airplanes
with swivel-mounted wooden Iguns."' it was frequently noted,
however, that gunners did not find this "dry tracking' practice

* interesting..
Reliability of scores.-In, May'of 19,43, a study of the reliability

of Waller Trainer scores -was carried out at Buckingham In an

effort to evalilate the desirability of using these Scores. a3 A basis
for eliminating students from gunnery school.10 In this study,, -.
two methods of scoring performances. were considered. The first,

which was then in- use at Buckingham, involved computing the
percent of hits,.and'then assigning systematic penalties for devia-'
tions from the optimum number of shots and for deviations from
the optimum number ofbursts. The "optimum" number of shots
and bursts and the system of penalties for deviations were deter-
mined by expert opinion. The second method utilized the number
of hits during a -trial directly. Reliabilities of scores-obtained in
accordance with each of the two systems were obtained by analysis
of the training. -records of students' iij Class 4326, Buckingham,
and by training under controlled conditions a group of 12graduate

. gunners, students in the Instructors School, who. volunteered to -
,, serve as- subjects. For the school records, reliability of scores.
I (of gunners in class 43-26, Buckingham) on 2 test films was-

-found to-be 0.19 for the more elaborate scuixng-system and -0.01
-K for- :hits- only. Under experimental conditions, however, the
( reliabilities of the scores of 12 gunners -were found to be 0.44 for.

- the adjusted scores and 0.59 for the hit scores. Moreover, a
reliability of 0.80 was obtained for hit scores when scores on 8
tests were combined. These results were interpreted ,s i ndicat-

-. ing that improvement in -reliability of Waller Trainerscores was
, needed- before they could properly be used. as an adequate index

of proficiency, and-as -showing that such improvement -'ouid be.
sb5tained:-by proper control of testing conditions.

t Learning.-,As -part of the study described above, a learning
-curve based on the records of the 12 Instructors School students
for each of 12 trials was obtained. All trials "were conducted on

- Test Film 101. The course of learning on:-liis film, as indicated
by mean score on each trial, is shown in figure 9.7. It was con-

- cluded from these data that a marked increase in proficiency
occurred and that it was probable that further increases would-
occur with further training.

In the summer of 1945, a more elaborate study of learning on

' This study was done by LL -Arthur L. Irion.
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this trainer vz6 carried out at Laredo.11 This experiment was
designed to explore the rate-and extent of learning on the trainer,

the effect of practice on the training.films upon performance on
test films, and the effect of the "beep-tone" upon performance.

For this studyj 64 men awaiting assignment to gunnery training

were selected at random. Following an orientation in sighting
Inethods, they were given a pretest on the trainer, using Test

I Film 7, without the "beep-tone." They were- then d. vided into 4
groups of 16 each in such a way as to-give each grotup approxi-.
iately the same mean and standard deviation on pretest scores.

In accordance withi the objectives described above,, the daily

training programs for each of- the 4 groups were des;.ndd in'the
following manner:

Grbop I gunners received training on 3 training films and ,ere then tested
on Test Film 7 daily. They were given knowledge of their risults by use of
the "beep-tone" on the first 8 test trials only. (They had this information on
the training films during the first 4 days).

Group II gunners received the same training films as Grouip I and were
tested on Test Film 7-daily. However, they were given knowledge f their
results by use of the "beep-tone" on the last 5 test trials only. (They lad thii
information on the training films during the last 4 days).

:1 Group III gunners received no practice on the training films, but were
: tested on Test Film 7 daily. They were given knowledge of their results byji use of the "beep-tone" on the first 8'days only.

Group IV gunners received no practice on the training films, but were-
I tested on Test Film 7 daily. They were given knowledge of ther results by'
i the "beep-tone" on the last 5 days only.

By this arrangement, it was possible to estimate the contribution,
to proficiency made by the -training filnis and to obtain informa-

tion regarding the effect of withdrawing the "beep-tone," a point
of some importance in d&aling with the argument that this signal
was used as a "crutch"by students to the detriment of their mas- -

tery of the trainer. - -

It should be noted that the use of only one test film, althoukh
desirable in simplifying the experimental design, had the disad-
vantage that students might become sufficiently familiar with the.
specific attacks in the test .lm that their score reflected this

fariliarity as well as skill iL the procedures the test film' was

designed to measure.. - .

Each gunner fired from the same gun position in the same'

trainer during each trial., This ;irevented distinguishing between

'! variations in scoring sensitivity of the 'particular positions and

individual differences in proficienw. However, since each posi-

tion was fired an equal number .f times by each of the four
groups, variations in scoring amo ' g the positions did not enter

into the group results. The possi)-lity that the equating of the

°nThis experiment was conducted by Lt. Danh J. HItston .. 1 Lt. Esten W. Ray.
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four groups was invalidated to some extent by variations in-soro
ing was not Investigated.

The basic results of this study are presented in table l9 .

Certain combinations of the data: to facilitate comparisons pro.
vided the basis for Figures 9.8 and 9.9. On the first test trial,
the groups receiving the training films showed a superiority which
they maintained at approximately thesame level during the eight
training trials. It was further found that the groups receiving
knowledge of results excelled their counterparts who were not
receiving knowledge of results by a rather uniform margin
throughout the eight trials. When the groups receiving the
"beep-tone" were reversed following the third trials, the relative
proficiency also was reversed, but the "no-beep" students improved
during the final four trials by approximately the same amount as
the students who received knowledge of results in this form.
Although the design of the experiment prevented the determina-
tion of a learning curve which would be representative of the

TABLE 9.9.-Mean Waller trainer scores on, eight successive trials for-four
groups of previously untrained -unnery students trained under four dif-
ferent systems (N=16 for each group, Laredo, July 194 $Y

Training alma -No training Alms,

GroupTp Group Group

1 107 '91 91* 43

2.-- - - - 126 * 87- 710 77
S---- 1420 92 77* 76

4- 123 170* 98 116
126 190* 115 136*

- ------- 193 237*- 146 166*
164 1991-P 156 170*
210 2430 168 8$

I All entries obtained from graphical presentation of data In earlier report. An asterisk
following an entry indicates that members of the group heard the "beep-tone" immediately
following each hit scored during the trial
course of' improvement under uniform traininig conditions

throughout the series of eight trials, the similarity in the trends
shown in the four'curves appearing in figures 9.8 and 9.9 sug-
gested that marked improvement in proficiency did occur under
each condition of training and that further trials under these con-
ditions would be likely to produce additional important increments
of proficiency.

The E-14 or "Jam-Handy" Trainer ..".

The "Jam-Handy," or E-14, Trainer was oie of the oldest and
most versatile devices used in the training of flexible gunners.
The name "Jam-Handy" came from the name of the organization
in Detroit which originally developed the trainer for the United
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States Navy. The original purpose of the unit was to provide a
small, compact, and portable practice device for maintaining the
proficiency of gunners while on board ship. After adoption and
modification by the Army Air Forces, it was given the official

* catalogue name, E-14, but in use retained the traditional name;
"Jam-Handy."

DescHription.-Although the trainer underwent minor and major
modifications from time to time, it may be described as follows:

The device utilized two synchronized 16 mm. projectors situated
approximately 12 feet from a screen measuring 12 feet by 12
feet. One of these projected motion pictures barefully: designed
to-simulate the scene presented to a gunner by a fightir airplane
attacking his bomber. Not only the attacking fighter,; but also
appropriate parts of the bomber appeared on the screen. The
second projector, synchronized with the first, projected a spot ofpolarized light. upon the screen at the- correct Pogint of aim for
each part of the attacks shown. Situated in front of, and some-
what below, the level of. the projectors was a sighting station
usually mounting a model of a hand-held or free-swinging gun.
The student operating this gun might be required to wear polaroid
glasses which prevented his seeing the correct -point Qf' aim
which appeared on the screen. His task was to maintain the
correct point of aim without this aid. The instructor, however,
could, see both the correct point of aim and the student's-point of
aim, which appeared as a spot of light on the screen. The class-
room provided space for as many as 10 students, of whom-all but
one were necessarily spectators at any one time.

In testing situations, the gunner always wore polaroid glasses.
The instructor was furnished with a score sheet on Which were
printed standard-size ring sights similar to those projected on the
screen. The first time the student's point of aim appeared during
any attack was considered the first burst of fire. The.instructor
observed 'the point where the first burst struck the screen and
made a mark on his printed ring sight representing the gunner's
point--of aim in relation to the true point of aim as shown by the
center of the projected ring sight. In scoring, a plexiglass
template, containing 10 concentric circles, the largest of which
was equal to the diameter of the largest circle in the rin'g sight
on the instructor's score sheet, was used. The template was laidover the score sheet, and the student-w~s given a score from 0 to
10 depending upon the nearness to the center of the ring sight of
his first burst as indicated by the instructbr's mark. First bursts
falling directly in the center of the ring sight were given a score-of
10,'and those falling within the ring sight but not in the centerwere given scores ranging from nine down to one, depending upon

703326-47-12

169A _ _ _ - _ _ _ _ _ _

-. -'4



their distance from the center. First bursts falling outside the
ring sight were given scores of zero. -

From the standpoint of sound .teaching procedure, the Jam.
Handy possessed several highly desirable characteristics. These
may be summarized as follows: The trainer made possible stand-
ardization of ilstructibn wherever used. It was possible to de-
sign films for the trainer in which the sequence of the attacks
might be-controlled so that the student could fire at attacks which
became progressively more difficult throughout the course of in.

i struction. In this Way the student faced a task equal to his

ability, and -could more easily acquire proficiency at the more
difficult levels. It was possible to provide -periodic reviews of
training and to organize the material into a schedule optimum
for learning. It was possible for the trained instructor to train
and coach his students at all times. By use of the gun projection
lights and the projected ring sights the student could have imme-
diate knowledge-of the success or failure of his firing.

Early investigations.-The earliest investigations Were pri-
marily concerned with improving the reliability of the s-oring
procedures. As an example, one scoring procedure in use in- 1943
required that the -instructor rate the student's performance, in
terms of a number of errors, such as, "fires too soon," (before the
plane comes into effective range) ; another was, "fires too late,"
(waits-too long) ; others were "doesn't fire enough bursts," "fires
too many bursts," "too long bursts," or "too short bursts.' For
each such criticisi the instructor deducted a certain number of
points fromn the possible total score of 100 which-the student might
attain. In addition to such a rating as mentioned, the instructor
made three additional general evaluations of the student's per-
formance in terms of handling of gun, of "aptitude," and of
"behavior." It can readily be seen that rapid ratings on such
as the above might -have .low reliability. An early report de-
scribed this scoring system and pointed out itd weaknesses.12

'No data were given on the evaluation of the scoring system.
It was at this time that the scoring system described earlier

was conceived; sho;o y thereafter it was put into effect experi-
mentally at Buckingham, where it was evaluated statistically
and found to be quite satisfactory when properly used. For
example, in late 1943 an experimental test was made on the E-14
Trainer using the first 10 attacks of the film known as "Review
on Quarter Attacks." Is An analysis of 250 complete records
revealed the following reliability coefficients (scores on odd-num-

2This aalySIs waS made by Maj. Roger W. Russel.

"Lt. Arthur L. Irion supervised this study'
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bared attacks vs. scores on even-numbered attacks, corrected by
Spearman-Brown Formula) : . "

1. The reliability of frstust-burstcor o was 0.82.
2. The reliability of third-burst 'core was'0.83.
3. The reliability of ftirdburst score 0 s 0.91. '

These reliabilities were among the highest ever attained for
performance on any criterion of gunnery proficiency. The fol-
lowing conditions prevailed at the time the experimental observa-
tions were made: The scorers had been well-trained previously in
their tasks, and were motivated to do a careful job. Each student
was tested according to a prearranged plan, and on exactly the
same attacks as every other student. Each student was scored j
on the first and third 1ursts of these attacks. An officer was

present at all times supervising the testing."
Thus, with the exercise of proper care it was possible to obtain

a. satisfactorily reliable score while using a subjectively based

scoring system. It was this scoring system that was subsequently
adopted for use throughout all gunnery schools and made manda-

tory in the directives which prescribed the manner in which
flexible gunnery training would be conducted.-

Mechanical scoring modifications.-Although the template scor-

ing system -described above was kept in continuous use. through-
out the history of the E-14 Trainer, several devices were pro-'

duced from time to time which attempted to provide a mechanical

scoring system for the trainer, eliminating the role of the instruc.
tor as a scorer. .

The Infrared Scorer.-One mechanical scoring device wai de- -

veloped for the Navy and was known as the 3A;-20A. In this'

device the projector which ordinarily projected the correct point

of aim contained a film which projected a spot of infrared light

2 inches in diameter on the screen at the correct, point- of aim.

With the infrared filter in front of the projector, the student could,

not see the correct point of aim. The gun operated' by the student.,

contained a photo-electric cell which, when the gun was pointed at'

the correct point of aim, was activated by the infrared light

reflected from the screen; a dircuit was :then closed which allowed

an electrical counter to record "hits." It was then possible to

compare the number of hits recorded with the number of shots

also automatically recorded whenever the student pressed his

trigger, and thus to arrive at a percent hit score. The proof-

section of the Research Division conducted a series of tests using

gunnery school students, and reliabi)ItY coefficients for the scores

we'e computel from the data obtained. Although neither -the raw

data nor the computations made from Phem is currently available, 'j
it is known that the original infrared coring system was found
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to have unsatisfactory reliability for use as a measure of gunner's
proficiency on the E-14 Trainer. The principal source of diffi-
culty seemed to be in the sensitivity of the recording device to
fluctuations in line voltage. Subsequently, a secondmodel of the
same device known as the 3A-20Bf was produced and- procured
on a loan basis from the Navy. Some further experimental
observations were made which revealed the device to be consid-
erably improved over the- original model, but 'nevertheless, still
subject to variations in line voltage which seriotsY- disrupted the
reliability of the scores obtained.

Finally, a third model, 3A-20C, was received and tested at
Laredo.14 Thirty graduate gunners fired at the 22 attacks of a'
test film~once on each of 3 consecutive days, and the scores for each
attack were recorded from the infrared scorer. Reliability co-
efficients based on hits obtained and on percent of hits obtained
were computed. These are reported in table 9.10.

TABLr 9.10.--Reliability. of scores obtained from infrared scorer, model jA-
2OC• Meansi, standard deviations, number of cases,. and inter-- and intra-
trial reliabiliej coefficients in terms of hits and percent of hits obtained
(Laredo, June 1945)

Hits .. Hits Percent bits

Trial " Trials
N M 8D N r' N rs

L... 30 454 128.5 0.63 1 vs 2 30 0.17 30 0.05
2..... 30 532 103.1 .60 1 vs 3 24 .08 24 .15
3--.: 24 437 97.6 .71 2 v3 24 .14 24 .17

1 Uncorrected p oduct-moment correlation between 11 odd-numbered and 11 even-num-
bered attacks of each trial. All r's significant at the 1 percent level.

' Not corrected.

Although the intratrial reliability approached adequacy, coeffi-
cients between trials showed that day-to-day scores had very
little in common. Thus, since the scores did not seem to permit
meaningful comparisons of individual or group scores from day
to day, its adoption in place of the subjective system described
above was not recommended.

The ISCO Scorer.-Shortly before testing the 3A-20C, another
device, known as the ISCO (Industrial Specialties Co.) Scorer,
had been thoroughly tested by the Central School. Arrargements
had been made to procure the ISC0 scorers in considerable quan-
tity, and it was recommended that the 3A-20 scorers be dropped
-from- further consideration.

Description of the ISCO Scorer.-The ISCO scoring device con-
sisted essentially of the following:

1, Lt. lerbert D. Werwath was project officer for this study. Tests were conducted and
data analyzed by Cpl. Walter Cohen.
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A spe ial projector for drawig 35rm. film strips dontinu-
ously through two apertures, one aperture in the front, the other
in the rear of the projector. This projector moved the film in

[ synchronization with the standard 16ram. projector, but at a

greatly reduced speed. This-projector replaced the original E-14
projector used to project the correct point of aim on the screen.

2. Two sets of specially prepared 35mm. film strips. One set
was for the front projection aperture, and the other set was for
the rear aperture. Each set consisted of two strips of film. One
strip had photographed on- it a series of curves representing the
vertical components of the point of aim for the attacks, and ran
through the projection aperture horizontally. The other strip of
each set had curves whikh contained only the horizontal compo-
iments of the point of aim,,and ran through the projection aperture
vertically. When the two strips of a set were drawn across the
same aperture at right angles, the transparent curves intersected
each other at a point which, as the resultant of the horizontal and
vertical curves, represented the correct point of aim. This correct
point of aim was projected from the front end of the projector to
the screen-and also from the-rear end into the-lens of -the scanning
tube.

3. The scanning tube was mounted at the rear of the projector
and was mechanically; linked to the gun by a system of rods and.
gears so that it exactly duplicated the angular movementU of the
gun. Thus, when the gun was aimed at the correct,-point of aim
on the projection screen the scanning tube was also -aimed at the
correct point of aim coming from the rear of the projector. W eji-
this alignment was achieved by correct aiming of the-gii, the
scanning tube passed the full illumination of -the 500 watt pro:.
jection lamp into the photocell. ... -

4. The scoring system consisted of two counter dials, each of
which recorded at a rate of 550 rounds per minute. The shot
counter was activated whenever the student depressed his trig-
gers, and the hit counter whenever the gunner had his trigger
depressed and also Was pointing the gun at the correct point of
'aim.

Test of the ISCO Scorer.--In the evaluation study 5 an attempt
was made to get at the reliability and stability- of the scores ob-
tained with ihe ISCO Scorer.

One hundred and one basic gunnery students, all having com-
-plet d approximately 8 hours of training on the E-14 Trainer,
serveA as subjects. The special testi-.- '1lms supplied by the
Industrial Specialties Company consiste,'of ,a series of tail cone

The project officer for this study was Lt. ierbert D. rwatli. azlstcd by Cpl. Walter

Cohen.
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attacks* presented in random order. It was not feasible to give
exactly the same test to, each student. However, since all attacks
wdre from the tail cone, it-appeared likely that most of the students
would fire at equivalent attacks. After each -attack, the experi.
menter reiorded the scores obtained by the -gunner.

An analysis of the results of this study,, presented -in table 9.11,
indicated the scoring device to be fairly consistent during the
firing of a series of attacks. One of the factors that appeared to
be lowering the reliability was an excess of fly-through attacks" in
either :odd -er even numbered attacks; fly-through attacks were
particularly difficult to track and aim at properly. Twelve cases

TABLE 9.11-AMeans, standard deviations, and reliability ocfwients obtained
by using'the ISCO E-14 scorer on a single trial of 10,attacks. (Laredo,
4th quarter, 194)

-Tips of sncore N I 8 D rT ,p ot eor N• M 8D r (correctedls

Percent hits- .... 101 26.29 13.29 0.58 0.73
HIts ----- ---------------- -- 101 273.85 153.83 .63 .78Percent hits (excess fly-through attack, 89 26.01 13.81 .66 .80

removed).
Hilts (excess fly-through attacks removed)-., 89 269.80 157.71 .69 '.82

Speai, man-Brown formula. . .,

in which there was a minimum of two fly-through attacks in
excess for either the odd or even attacks wereeliminated. After
the data from these 12 cases.were rmoved, the remainder yielded
an odd-even attack reliability of (..80 -(corrected by. Spearman-
Browri formula) for percent hits and-0.82 (corrected) for hits.

To obtain information on the consistency of the machine over
a period of time, means for the men tested during each of the 8
days 'were compared. These means, shown in table 9.12, indi-
cated variations greater than chance would account .for (see
analysis of variance in table 9.13).

TABLE 9.12.-Daily means and standard deviations obtained on ISCO E-14
scorer by subjects tested on different days (Laredo, 4th quarter, 1944)

Day N Mean hits(10 attacks) SD

- 13 229 113.54
2 - 10 154 141.118- 14 . 249 116.94
4 -------- ---------- 9 - 833 184.51

22 216 63.43
. - . 14 385 183.307 .. ... .. ... ....---.. . 4 26d 82.20

S -- . ...----- . -.-.-. ----------.. 15 364 155.1p

Even when the factor of film differences, as represented by the
number of fly-through attacks, was examined, it was noted that
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diMculty of attacks- was equally distributed over the different
days, and that no drop In means could be attributed to an excest
of fly-through attacks.

'TrBIs 9.13.,-Analysie of variance ford~tily variations in scores obtained onJSCO scorer (Laredo, 4th quarter, 19I)
dt sum at square Variants

Betwta d1y .. . . ...... 31,302.82 | 83.0 51.$3within days -. 93 1.810.019.24 204 221tal -------- 100 2,392,282.0 -_-___!

F-rstio: 4.265. F-ratio required for significance at 1 percent level: 2.8.

As a result of the test conducted, a number of recommendationsI were made for modifications in the device which would possibly
minimize the variations in score from day to-day and also allow the
device to be used with other than the hand-held type of gun.
Some time later plans were produced for connecting the ISCO
Scorer to turrets to be installed in E-14 Trainers, and also plans j
for improving the scoring device as used with the: hand-held'.
guns. A few months before the end of the war it was decided'to 4
procure the ISCO scoring device as modified according to recoi-
mendations from the Central School for use throughout the gun:.-
nery program. However, with the ending of the War the contract
was cancelled.

Use of E- 4 Trainer as criterion.-Because E-14 Trainer
scores could be. obtained with fairly high reliability under care-
fully supervised conditions, the trainer was frequently used as a
criterion of gunnery prbficiency, both in the evaluationof training
devices and in an effort late in 1943 to develop abattery of selec
tion-tests for flexible gunners. An example of the use of the E-14
as a criterion in evaluation of training devices is seen in the
section of this chapter where an evaluation of the DeVry Pano-.
ramic Trainer is described.

As part of a project (see chapter 6) directed toward the devel-
opment of the battery of aptitude tests for gunners, a number of-
the tests used in the selection of aviation cadets; together with
sine-tests developed specifically for gunners, were administered to,
a class at Buckingham, and correlations with the E-14 Trainer
were obtained. Scores on. the E-14 Traier were obtained by, the
reliable method described -on page 9.19k kid correlated with the

, tests:listed in table-9.14.

The correlations shown in table 9.14 are all low, the highest
being 0.12 for the electrical maze part of the Aviation Cadet
Qualifying Examination. An observation of the psychological-
functions used on the Jam-Handy led to th2 conclusiort -chat three
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factors were predominatingly involved, the perceptual one of
judging the position and line of apparent motior- of the attacking
fighter, the informational one of knowing necessary leads, and
the psychomotor one of tracking the fighter. In view of this,
higher correlations were expected with tests of perception. It
may have been that the" psychomotor factor far, Outweighed the
perceptual factor in attaining success on this trainer as measured
in this study.

TABLi 9.14.-Mean, atandard deviations, and product moment eorrelations of
experimental battery scores on the Jam-Handy. trainer (c¢i. 44-,, Buck.
ingham, first quarter, If4)

, 'hTrO" With X aaM- llD

1. Ariy general elassificaton __ -0.04, 271 110.21 14.29
2. Mechanical ap titude- ... 068 224 106.42 14.84

-8 &Plane on- -. 075 277 169.07 24.15
4. AaUinJ6JUd( 3t I .g " .005 27 27.61 8.225L .vUo eJo: - ...

,Quallfrins -AC127J(total wre)-...- .049 277 158.838 37.18
Part K;-ElectricaWXMae ." .124- 2P2 17.95 5.14

* : Part 11. Gottachaidt 35uret.,.... .. -. 038 222 27.33 8.19
Part Ill. Line length.pclul distnnce .044" 222 41.57 10.70
PatE IV. Judgment- .-. .039 222 18.65 8.18
Part V. Flying intor;iTat. ..s.... .030 222 22.14 5.85

, -Part VI. Meehanieal princlple_._.... .065 222 83.02 9.45
-8. Gunnery apUtudet 7

Test -030A(tot aor.)._._... , -. 059 277 126.41 26.59
- Part . Gunner. Inter t.. .. -. 076 222 18.42 4.67

Part II. Plane memnory ...... _ -7,049 222- 21.42 7.65
Part II. Gunnery learning-.... -. 041 222 27.99 6.38
Part IV. Mechanial, principles.. .012- 222 17.72 4.52
Part V. Mathematics..=. ___ -. 027 222 15.49- 4.41
-Part., VI. ,Speed of Identiflcation_.._- -. 016 222 26.80 7.66

T. Blograpbical data blank-- ..... .090 277 7.87 8.18
,. nstlmatlon of.veloclty.....-. ..__,. -. 005 271 22.74 5.18
9. Identifdeation of. velocity- . -. 098 I 277 30.13 5.65

10. Estimatlon:of relative Telocity. - "..011'. 277 29.19 5.72
11. Opinion poll -. 095" 208 283.73 20.96
,12. Techulcal vocabulary.-- - .023 152 105.36 16.10

IN for~the mean: andstandard deviation; for the'rzit may Scmetimes be a little inCller. -

Table 9.15 shows the intercorrelations Of Jam-Handy with the
other -criteria. None of the criteria coire!ated significantly with
Jam-Han -y. -

TABL 9.15.--feans, standard-deviations, and intercorrelatiota of crairia for

expermental battery (N=046-277, class 44-4, Buckingham, flrst oi-.rter,

Criterion 1 2 3 4 [5 64 K .1)

1. Gunery final, o ............ o.10 o 0.02 0.055 0.02 126.3
2. Skeet xbooUng .------ ----.-. 0.108 . - .526 .158 .01 .080 61.8- 10.76
3. Skeet with moving base...... .107 .526 --------. 161 .108 -. 041 53.6 9.17
4. Turret-mounted-sbotguns. .... 082- .158 .161 1. -5 .071 84.5 8.77
5. Jtep-pulled targets; machine .055 .061 .108, .165 -.... .023 23.8| 5.12
6. Jam.,Hsndy ............----------. 028- .080 -,041 .071 .023 --- 4.2- 1.26

Oome time before the investigation just referred to was under-
take l, a printed examination known as AC30A had been de-
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veloped as an aptitude test for flexible gunners; :as part of the
validation procedures for this test, correlation coefficients with
the Jam-Handy trainer were determined. Again the correlation
coefficients with the Jam-Handy trainer were determined. Again
the correlation of the totaL test and its parts with the Jam-Handy
scores appeared to be very low. They are reported in detail in
chapter 6.

AAFSAT Synthetic Trainer

As the program for the training of B-29 gunners got under
way, the Strategic-Bombardment Section of the Army Air Forces .

Board came out with a synthetic trainer for B-29 gunnery based
on the E-14--or Jam-Handy, trainer. Research personnel were
sent to Orlando Where the trailer was located to conduct an
experimental investigation of the trainer.

Description.-The trainer that the Board had developed was a
standard E-14 Trainer With B-29 pedestal and ring sighting sta-.
tions installed. It was frequently referred -to as a dual projection

trainer because the combining glass in the sighting head had been
replaced by a mirror which projected an image of -the sight reticle.
onto the screeni. As the attacks developed on the screen it was
the gunner's job to track and frame the oncoming plane. The-
instructor observed performance, and when he decided that ithe
gunner was properly tracking the plane (defined as having the
center of the sight-reticle on the image of-the fighter), and framing

it (having the circle- of dots appromately the diameter of the,
plane's wingspan), he would close a switch which would cause a
counter to register "hits," opening it when the student got "off"
the target. In the observations summarized her'e three observers
were fised in the scoring. The method of combining their observa-
tions is not clear from the report, which reads- "One member of
the experimental staff read the B-29 Synthetic Trainer clocks
which Were -used to record the number-of rounds fired and the
length of time the observers individuaily held down their keys,
expressed in terms of rounds fired during that time." It is pre-
sumed that clocks recorded a number representing rounds fired
each time the subject pressed the trigger. Since the method of
projecting the reticle onto the screen involved removing the

gyroscopes from the -sights, it is possible that the gunner's task
was- changed significantly by the resultng disturbance of the

t! inertia and balance of the elevation system. I
Experimental procedure.-The ob~srvations at Orlando 16 were

~undertaken to answer the following -questions:-

" The project omcer for this study was Capt. Alfre-l C. ensenf, assisted by Idt. Clarence

W. Willey and-Sgt. Carl Martens.
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1. How long should a student operate a sighting station on the synthetie
trainer during one period?

2. What'is the optimum number of periods of Instruction to schedule on
any one day of thli gunnery course?-

3. How can the student learn most expeditiously to track sand frame" smoothly T"

4. Do gunners differ basically in their ability-to adapt themselves:to IB-29
gunnery training, and if so, how can naturally superior gunners be selected?

S. How much training 13 necessary to bring the student to a satlsfaetory
level of ability in tracking, ranging, and in simultaneously tracking and
ranging?

6. What is the place of the AAFSAT Synthetic Trainer in a course of
instruction for B-29 gunners?

Forty-two" gunner.s -of unreported background and ability fired

10otrials, one trial daily, using the pedestal sighting station, and
13 trials daily using the ring sighting station. Each trial was of'
four minutes duration and consisted of 16 attacks-of unreported
duration and direction of origin. -

Results.-'The results of these trials, converted to percentage
of hits, were used as The basis- for determining the curve of learn-
ir-Y for the pedestal and ring sighting stations, which are pre-
sented in 'figure 9.10. The data, ,re given in table 9.16.

In aiother set of observations 5 bombardiers (group A), 10

ex-combat gunners (group B), 10 graduate gunners (group C),
arid 10 inexperienced (presumably naive or untrained) gunners
(group D) fired 10 trials, 1 trial daily, using the pedestal sightiniijgf

station. Each trial was -of 4 mihutes duration and included .16
attacks. The results of these trials, converted to percentage of-
hitz, were used as- a basis for determining learning -curves by,

groups for the pedestal sighting station; These data'are shown.

graphically in figure 9.11. and are given also in table. 9.17.

TABLE 9.16.-Learning on the AAFSAT B-29 synthetic tralner:, Means and,
standard deviations of percent of hits scored by trials on ring and pedestal
Righting stations (N=42, Orlando, July 1944)

Pcdestal station Ring station

Trial
M ~SD - US

1----- ----------------------. 17.72 7.8. 14.98 4.73
2 ............---- 32.07 11.19 18.01 5.35
--- - 30.20 - 12.29 19.61 7.59

4 .. . ................. --------- 35.29 9.43 18.98 4.92
,5 34.99- 8.77- 20.07 5.61.

S.._ 36.05 - 10.19- 20.60 7.34
7- ----- 34,03- 8.fI - 19.60 8.38

-s --------- .--------- 39.49 9.98 21.29 6.07
* 37,28-' 11.46- 22.55 8.6510 -.......------------- 39.89 7.57 20.87 7.02S- 23.48 6.8412 .............. 25.17 -C,5S
1 - ---------------------------- -- - 21.40 7.80

_ _ _ _ __3_ _ _ _ _ -- - - --- - - - - -- - - - - - - - -

The same- four groups of subjects completed 13 daily tials
from the ring station, trials being identical with those in other

situations cited. The results were cony. ted to percentage of
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hits and plotted as a learning urve by groups for the ring sta-
tion. The data are shown in table 9.17 and are graphically rep.
resented in figure 9.12.

Ten gunners, selected for their superior firing records on the
trainer, fired 44 minutes consecutively from the ring sighting
station in an effort to reveal 'symptoms of fatigue and derive an
-indication of the optimum amount of time that should be devoted
to the trainer in a single practice period. The results of this
practice, converted to percentage of hits, are plotted in figure-9.13
and shown in table 9.18.

According to data shown in table 9.18, there was no serious
decline in efficiency throughout the entire work period.

The statistical reslts of the observations reported above do not,
in themselves, furnish satisfactory answers to-any of the original
questions, primarily because of the low reliability of daily scores
as indicated by an average inter-day correlation of 0.29 for the
percent of hit score on the pedestal sight and .51 for the same
score on the ring station. See table 9.19.

TABLE 9.17.-Learning on the AAFSAT B-29 synthetic trhiner: Mean percent
of hite scored by trial, onpedestal and ring sighting stations (four groups
of subject.: A, 5 bombcrdters; B, 10 combat gunners; C, 10 graduate gun-
ners; D, 10 untrained gunners, July, 1944).

Podestal station Ring staUon
Tra

... A B C D A B C .D

1 .11.2 15.8 12.8 9.1 12.2 17.2 13.6 15.5
2__ 20.7 26.5 18.0 25.0 19.0 19.0 16.5 18.0
a 19.1 18.1 -.17.8 19.0 23.5 24.6 13.3 19.0
4 26.2 26.9 23.4 18.0 20.9 V.5 16.3 19.1
5 ..- - 18.0 '20.8 28.7 17.5 24.8 28.3 16.2 18.5G. 21.7 26.1 22.3 17.8 25.7 26., 15.5 17.3
7. 14.2 23.5 23.2 22.2 21.3 24.3 17.5 16.0
8 27.6 24.0 28.2 18.8 26.2 21.5 li! 7 21.1
9 26.4 25.0 25.7 23.5 27.7 23.8 18.. 23.0

10 "- 28.9 27.0 28.6- 16.0 28.7-, 24.0 13.6' - 21.2
S0.8 26.6 17.4 22.9

S2____._. 28.5 - 23.7 19.4 : 1.0
------ I17.8 29.6 23.6 ZA

TABLE 9.18.-Influence of fatigue on performance on.the AAFSAT B-29 syn-
thetic trainer: Mean percent of hits scored on 10 consecutive trials (N=10,
Orlando, July 1944)

Trial Mean percOnt Ti1 Mean percent

-hitsU c ot-hits

' 136.8 6 .... 4c.h
2..43.7 3 7.7

40.6 8 89.8
4 43.7 9 87.9

36.7 3.4.............. . '39
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TABLE 9.19.-Reliability of AAFSAT B29 synthetic trainer: Intercorrela.
tions of daily scores in tnte" of percent hits ndde from pedestal and ring
ighting stations, (N=42, Orlando, thirdquarter, 1944)

Days PedetQalRa- L

1 and .. 0.47 0.42. 12' and ,3...-----------------------------------
2 and .40 .87 2
4 and 4 .___ .26 .39 "
6 and 5-.. .... .. 4 .49

* - and S8 .....__ . .. ,.07. .54 7S and 9.O .7 and 8 .11 ,68 9
l and L' .... .0 .6
11 and 1:. 40 1i
12 and 131...... 2.33 12
5, 6, 7 and 8. 9. 10 40 .69 13
S. 9, 10 and 11. 12, .74 141-5 and 6-10-_ . .82 '".15 .

Ave'age for pedestal sight, lines 1-9, =.29- ,
' Average for ring sight, lines 1-2, =.51

Discussion of results.-It will be noted that the reliabilities
obtained- for the ring station became satisfactory when scores, tor
3 and 5 days were combined. ,

Data are reported in table 9.20"which suggest ihat observer.
iagreement in the scoring situation ran quite high, ,but the nature'

of.these data is not sufficiently known to allow further elaboration.
The fact that the ring station was approximately twice as far

from the screen as-the pede'3ta1 station precluded direct compari-
sons of data obtained on performance at the two stations.

Although the statistics resulting from these, observations were
not very fruitful, considerable insight into the operAion ofi the
trainer and into problems related to it Was gained, which enabled*
the observers to give at least partial answers to the questions-
posed at the beginning of the investigation.

1. How long should a student operate a sighting station on the
trainer continuously during one period?-In the fatigue experi--
inent, 10 gunners operated the -ring station continuously for 44..

TABLE 9.20.-Reliability of 18 observers in scoring 160 attacks on theAAFSAT B-29 synthetic trainer, (Orlando, third quarter, 1944)

Observ~ers-
correlated

- SDI Ms SD 2 r

1 vs. 2

'- Deaton....-............ Clapp-.......... 20.09 14.27 20.19 19.67 0.71Surbaugh ...... Sullivan --------- 28.01 17.38 26.31 20.72 .37
Trott& - Taylr........- . 40.63- 25.02 31.22 22.68 .82

rry. . M-G-nns .... 24.22- 15.59 31.91 26.21 .71
L Mayer .o -. - 25;41 l.54- 31.56 15.315

An dereo -. on......ns.... 13.41 11.31 13.30 11.99 .79
P- ilnn ......... Gregory- - 19.38 16.77 15.03 13.70 .84f -iurman..-.. Adams-_. . 33.84 22 67 34.19 22.33 .85

a- Garrison -------- Phillips---.-. 1819- 13.17- 20.31 14.08 .77
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minutes. The results can- be noted in table 9.18 and figure 9.13.
There was no serious general decline in efficiency during the
period of firing. It was the general belief of the subjects, how.
ever, that they experienced slight muscular fatigue after approxi.
mately 20 minutes of continuous operation, and that some eye
fatigue was apparent-at the end of 44 minutes of practice.
Since no gunnery school schedule was likely to permit as long a
-period of uninterrupted practice, there was no concern that a
practice session might be continued to the point where fatigue
would seriously reduce training efficiency, providing sufficient

* motivation was maintained. I

2. What. is the optimum number of periods of instrci.tion to
schedule on any one day of the gunnery course ?-In light of the
preceding paragraph there would be no objection to scheduling a
number of periods of instruction on any 1 day of the gunnery
course. Within the limits of such scheduling ordinarily en-
countered in gunnery school programs, fatigue of the student was
rnot likely to prove-a serious factor, if motivation were maintained.

3. How can the student learn most expeditiously tb track and
range smoothy?-It must be expected that some students will
show a high degree of skill as soon as initial orientation to the
sighting system is accomplished, while others will exhibit little

4 proficiency no matter how long their training -is continued.
Others will show varying -degrees of sudden or gradual improve-
ment. Efficiency of learning with this trainer, as withany other,

depended on providing a* good training situation and maintain-
ing strong motivation. The subjects manifested a very satis- '

factory degree of motivation throughout the entire seiies of tests.
This motivatior probably resulted from a confidence in the value
of the trainer which was shared by the subjects and the experi-
mental and instructioxial staff, a constant effort of the instructors
to improve performance, and the availability of quantitative
scores which were accepted by the subjects as adequate in spite of

. i the recognized subjective element in the observers' judgments of
performance. Duplication er improvement of these conditions*
in regular gunnery school instruction on the B-29 E-14 Trainer
was believed able to provide the -maximum possible degree of
progress in the acquisition of tracking and ranging skill

4. Do gunners differ basically in their ability to adapt them-
selves to B-29 gunnery training, and if this is true, by what means
can the naturally superior-gunners be selected?-The first part of

*;this question has been answered affirmatively under 3 immediately
above. The naturally superior gunners might have been selected
-by trying them out in- actual operation of the sighting stations of
the trainer. About 5 trials of 4 minutes each were believed ade-'

F I -
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quate to indicate the subsequent general level of performance;J,,ow^ ever, fin'al. judgment on this point was not justified by the
data derived from the experiment.

5. How much training is necessary to bring the gunnery student
to a satisfactory level of ability in tracking, in ranging, and in
simultaneously tracking and ranging?-..-In the light of results
available, the experimental staff believed 120 minutes of .actual
operation by each student representeda practical and conservative1: standard for gunnery school use of the trainer.

6.,. What is the place of the AAFSAT Strategic Bombardment

Section Synthetic Trainer in , course of instruction for B-29 gun-
nters?-It was recommended that the B-29 E-14 Trainer should
be considered as a possible means of giving ground training to
B-29 gunners.

The DeVry Panoramic Trainer
An example of the findings of psychological. research resulting¢

in the rejection of a proposed gunnery training device is -seen in
the story of the DeVry Panoramic Trainer (3A-11-Mark I and
3A-11-Mark II).

Description.-This trainer was a device composed of a hydrau-
lically operated turret mechanism upon which was mounted a
motion picture projector unit. This unit projected on a stereo-
scopic screen (two ground glass screens approximately 2" x 2/2.1"

in size) photographs of various pursuit curve attacks similar to
those found on Jam-Handy (-F,14) films. The student sat in
the turret with his face against a view-piece, containing a stereo-
scopic lens arrangement, and viewed the attacks as projected on
the s.-reen. By proper manipulation of the turret, a ring sight,
cast on the screen froni a second projector, could be moved to the
proper point of aim with reference to the attacking plane. When
the student aimed properly in both azimuth and elevation, two
slits in attached scanning bars became aligned, allowing light to
reach photo-electric cells. The photo-electrically activated scor-
ing mechanism recorded the number of shots fired and the hits
obtained. The student was immediately informed of his hits- by
a red light flashing on the screen. The machine contained enough
film in a continuous loop for a 43 4-minute run presenting 14
attacks. At the end of each run the device automatically stopped
and could be started immediately by pressing a button.

Experimental evaluation 1.-A preliminary evaluation of the
Mark I version was conducted at Buckingham in November of

S, 1943.17 For lack of a more suitable criterion the E-14 Trainer

[I '? The project omcer for this study waq Capt. Theodore RI. Valiance. ie wis assistod by
39L Rudolph Goodman.

I 703328--47-13
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was chosen since it could be scored with satisfactory reliability.
Thirty students in their third week of gunnery training were

3 obtained as subjects and given a pre-test on the E-14 Trainer
using a film known as "Various Attacks," showing a cycle of 25
attacks coming from varying directions. E-14 Trainer personnel
were informed of the nature of the test and carefuly instructed in
the scoring of first bursts to assure a standard measure of per-
formance. All subiects fired and were scored on the same at-
tacks on both the pre-test and the post-test. The subjects were
divided into two equal, groups on the basis 6f pre-test perform-
ance. The control group continued with the regular gunnery
course, which included instruction on the E-14 Trainer. The
experimental group, in addition to the regular training in the
gunnery course on the E-14 Trainer, received 20 trials of 44
minutes each on the DeVry Trafier, 3 trials on the first day, 2 on
each of the next 7 succeeding days, and 3 trials again on the ninth
day. The same practice film was used throughout. Scores by
trial and by day were recorded in terms of percent hits. -On the
tenth day both groups were post-tested on the "Various Attacks"
film on the E-14 Trainer.

Resudts, Ezperiment 1.--The" data are presented in table 9.21
"below.- ' . . -

.TABLz 9.21--Mean., stndard deviations, difference and significance ,of dif-

ference in gains between. control and'experimental groups on initial and
final tests on E-14 trainer (Buckingham, December 19$:)

. Pre-tmt Post-tet
* - .. D- Pro-post- iffer-

testgain gain
lk SD X SD gai

ixprlmental group 15 121.8 24.2 181.3 86.5 65.5

Control group .......- 15- 123.1 23.9 182.5 32.8 59.4 6.10

I The difference in gains would occur-by ehanca about 9 tImes In 100, and Is not considered
rellable..

With a t of 2.26 required for si, nificance at the 5 percent level, it,
is clear that no sigldficant difl.-ences were found in the mean
gains of the two groups from th -pre-test to the post-test. The
absence of a difference may, it is 'rue, have -been due in part to
the difference in the tasks: the 1. 14 was a hand-held, or free,
gun situation, whereas the DeVr3 involved manipulation of a
turret. Nevertheless,. whatever t" benefit to skill in judging
deflections that may have accrued \ oem practice on the DeVry,
such benefit did not show up in the _F 4 situation. I

Some -additional observations were i ade- regarding the opera-
tion of the DeV-:y, which pointed out , 'eral practical objections
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to the device: The continuous loop of film involved considerable
maintenance. The light- slits in the scoring mechanism- Were too
small to permit a sufficient sample of successful shooting. The
fluctuations in score due to fluctuations in line voltage were so
great that differences in scores from student to student could not
be relied upon as indicating differences in ability. The films sup-
plied did not specify the speed of the bomber which rendered
the trainer useless for Position Firing training. N'or did they
show any point of orientation on -the gunner's Airplane, necessary ,
iu determine angle-oft and thus put Position Firing rules into
effect The fact that only the student could see his performance
linmited the instructional possibilities of the trainer.

On the basis of these findings and observations the recommen-
dation of the psychologists that the trainer not be adopted for use
'in the Training Command was followed.

Modifications- and later rnodes.-This was not the end of the
DeVry, however, for soon a modification kit was, provided which,
eliminated the scoring difficulties, and included new films with'
orientation points so that the student could determine the angle.
off of the attacking -fighter.. No tests were conducted of the
trziner with the modifications included. Shortly after thi modi-
fications were made on the Mark i Trainer, a new model, the
Mark II, appeared. This model embodied all the improvements
of the modification kit and was in addition much more stable
mechanically, involving very much less maintenance. .

Experimental evaluation 1.-An exPeriment'was conduicted in
collaboration with the Department of Psychology of the School "
of Aviation Medicine which was designed to determine the influ-
ence of practice with the DeVry (Mark II) on gunnery proficiency
as iaeasured by the gun camera. The experiment had other pur-
poses but enly those related to the DeVry are described here.'$

All -subjects in this experiment were graduates of, the Basic
Gunnery School at Laredo, and had Army General Classification

* Test scores of 120 or better. The 16 men concerned with the
DeYry had been trained in the operation of the Martin turret..
On the first day of- the experiment the subjects were pre-tested on

the DeVry Mark II for about 15 minutes.
Each subject was given three -carefully controlled -gun camera

missions in the Martin turret of a YB-40 airplane, (a modified
B-17 equipped with both Martin and Sperry upper turrets),
each mission- consisting of 6 attacks by a P-40 airplane. Three
attacks began at the 9- o'clock posilion and 3 at- 3 o'clock; all were-

Thi -project was conducted In collaboration with the School of Aviation Medicine, rep-
resented by CapL Moncrleff H. Smith. Cap. Mason HI2re and S/Sgt. Ritner C. Pyn repre-
sented ihe Research -Division of CSFG.
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flown on pursuit curves. Despite great precautions, conditlon3~beyond the control of the experimente.rs resulted I A,.,many abortedt

attacks and hence incomplete missions. Gun camera filni'-were~developed overnight and were given a prelminary scoring next
~morning so that subjknts could know the nature of their per.

formance of the preceding- day before the next mission-that after-
noon. The method of developing and. scoring the gun camera
film was by -this time fairly highly developed and standardized,
and is reported elsewhere ihnthis chapter; suffice it at this point
to sayr that reliability of scoring in this study was satisfactory,

After the 3 gunnery missions were completed the 16 subjects
were given 4-trials daily on the DeVry Mark II for 12 days. Ap.
paratus difficulties prevented each gunner from completing more
than 44 trails; each trial consisted of 44 attacks.

Following practice on the DeYry Trainer the subjects were'
again given 3 gun camera -missions of 6 attacks each using the
same procedure as before. Table 9.22 summarizes the measures
of the gunner's proficiency on the three gun camera missions
before and after practice on the trainer. .

TABLz.9.22.-Gunnery.profleiency ongun camera minion* before and after
practiceon panoramic gunnery trainer: Means, standard deviation, on pre-
test and post-test, and dfference and significance in circular error , in mil#
(Laredo, 3d quarter, 194;)

MISIOln 1-3 MIsalon 4-4

,_ _D M. ISD
Circular 6rror IS: 25.80 6.28 25.65 5.35 0.15 1.50 0.101

sFor denhltlon of freular error, "o p. 22.

The data in table 9.22 indicated that there was no significant
change in the gun camera performance of the subjects as a con-
sequence, of the intensive training on the DeVry Panoramic
Trainer. However, these findings appeared not to 'e definitely
against the DeVry, for, as pointed out elsewhere in the, chapter,
it is altogether possible that the subjects had reached their --liling
of gun camera proficiency long before receiving, the benefith. ok
the DPVry, -making it unlikely that performance on the last
missions could have been raised by any means.

Rank-order correlations were computed between scores on the
DeVry and scores on the gun camera. These indicated only very
small-:relationships among the scores, suggesting that either the
two tasks or the several -scores -had very -little in common. 'This
argued against the suggested use of the DeYry as a selection test.
for gunners. See table9.23,
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hi crs oi th D Vr-panor-

eular errors) and -hit aiid percent 4 creoiteD~y aoai
trainer (N-10 Laredo J.tdquarter, 1PJ4)

- Average circualar error

1-14

D*Vv7 bits.------------- -0.22 -0.12
De~vm' percent bits- ---- - ~---- - 0.20- 0.18

Learning "n the DeVry.-O bservations -made during the period
of -prAct!V'e on 'the tra iner revealed further information. Scores
on the trainer -are shown ,in figure 9.14,-and'indicate considerable
'improvement during the first 8 days of training. The decline
during the- last 3 days may have been due to decline in motivation
of the sub'jects. -The two trainers and the four -films used. In the
training period showed considerable differences among themselves.

*Trils, for each gunner were counterbalanced, 30 that each gunner
used each film in- each of the two apparatuses equally often* during
the first eight days' of training. 'This counter-balancing -plan*
-could notb b e followed- during, the last four days because of main-
tenance difficulties with apparatus No. 2. An analysis of vari-
ance in the-trainer scores, shown In tabile 9.24, indicated th~t
differences In scores due to the apparatus used accounted forT most
of .the variance in, the mean total scores for-the entire ttaining
period. That is, differences between scores of the-gunners could
be almost-entirely accounted for by the use of -different-films-and
TABLrz 9.24.-Analyui. of tvariaii~o 6f percenthits atcores, ilms. 1 and * and*

fim. 3 and 4 -groupd-DeVr* panoritmid. Traiir Mark 11 (Laredo,Id

Sourc of Sam of meanF.5
variation squares square -v 105 .01k

Individual ...- 15 44,409.98 2,960.61 1.99 -2.41 8.52
'Apparatus l.. 1 43,108.14 43 108.14~ 29.02 -4.54 8.68

Apx Fllm ............ 1 1:000.14 1,000.14 1.49 4.4 8.68
Ini AV -1 7245.6 4,809.71 3.24 2.41 IC52
Indiv x FIm............ 15 - 18,710.74, 1,247.28- 1.19 2,41

Total ... ]63 226,085.28 ------

* -Table of -mes=$

.Films 1 and 2 -Films 3sad 4 fAverabe of 4 films

Apparatus. -- 209.13 162.19 I185.66 1
Apprts~- 253.13- 222.00-I 237.68 1

Avraeof 1and 2_ .. 281.18 192.10 j211.61
1Y s~tfos requlid for signilcante at 9-percent-leveL
P L? ratfos required, for significance at I- percent level.
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different traihlng apparatuses'rather than by,differences In their
Individual abilities. .11The weakr -ss In. the scoring mnechanism made Itself fappatrent

- during the tralhing rerliod., It, was found -to be very difficult to
maintain uniform. sensitivity of the photoelectric -scoring system
from day -to day by the use 'of the calibration technique pr -ded
for the' devicem

Re8ult -and conclusioni.-As a result of these finding It was
reconimended to higher headquarters thiat the trainer was, "not
yet a(. --uate for general distribution as a training- device or as-&
test of, gunnery proficiency." As a result of this- recommendation

* all, developmnental Work on the device was cancelled,.

SHOT, GUN RAGE

Introduiction
*Shot gun ranges were used very early in the development ~oi

gunnery -training, and persisted until-the end of the Iwar. Their.
underwent various modifications- designed to increase -their simi

'I arity to gunnery methods in -use in combat and to adapt them to.
new develop ments in -sighting methods and in equipment. In spite

of he iffrenesbetween shot gun Kfring on the various ranges
and the Sring of machine guns in arlcobtmnygner
eofficials attached definite imp ortance to .shot gun firing as part of .

the, training ofigunners. Nevertheless, -various studies Were car-
ried out In on effort.to discover the adequacy of these rges.1

Skeet and, 1ts.Modifications
In the earliest days of -the gunnery- progiamj the well-known

sport of skeet -possessed two advantages as a gunnery trainer:'
rfirst, the fact -that it required the gunner to track and lead 4 mov-o

ing- t-trget; and second, the fact that equipment and trained:,in-
ii structors -were already available,, These advantages of conven-

tional skeet became of less importance as clearer'-cotceptions of the*1 gunner's problem' were developed, and as other trainers were con.
structed. In the meantime, however, skeet had.--tken- on various

h forms having somewhat greater face validity. Conventional -skeet

was no longer required after Decemiber 194, and modified skeet

was-dropped-in May-'of 1944. ~ oiia om ke a
Description of-the Skceet Ran ge.-In-iso~~,,1frrsetws

-fired by using ani unmodified 12-gauge shotgun, in accordance with

29Studles,of the rellability ot the sho)t-gUnVA1-ZCS, uulo33 othborvlse spclfled,,were- carried

WVere carried out by B/Sgt Burton R. Wolin And-L. Wiliam~ B. Sebrader, under-the dire*-

toofCapt. Lee 0. Garber.
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a standard jzed course of shots from each of eight positions of
varying dei~ees of difficulty, at clay birds ejecte&-by-traps so as
to follow a-standarized flight course. The instructions-, givenrth
gunner were designed only to permit him to attain -the highest

Dossblescor In terms of number of birds shattered. A reliabil.
ity for this type of score was found to be 0.84 .(correcte by
Spearma-rOwn) for odd'25 vs. even 25 shots i a study done at
Tydl 11~ jj4720 wever, in --the same report- questlklns were
W ased as to the -itteat,-to which skeet resemble& the job, of the
gunner In comloak.

A variety of relatively minor modifications of- skeet developed
early in, response to, experience with its use "in Uizining. Among
other things, the procedure was varied by giving students, slightly-
more practice on the more difficult positions, -and by eliminating:
the eighth , position, which requir ed almost vertical, shooting.
Later, during the summer of 1944, shotguns provided with spade
grips and mounted on sWivelti, to, incrreAse, their similarity'-to
hand-held machine guns,' were -introduced.

gunerohi clsse,4441,32,93at Laredo, a learning curve
wasobtine fo sket, ths.,odified.' Since Instructors were

perittd t us 8qf he 6-rund~o eah t~altogive each-i-&
Adul.guneraddtinalprctie n psiio-m hich gaehim.

fire- oe pevius rienatin -ria. Rsult, peseted Ihtable
9.25 and shown graphically in figure 9.15, indicated that 'an up.
ward trend in scores was apparent, but that the trend was ,rela-
tively slight when measured in terms of birds shattered in a given.

trial.t

-JrA ning oLer.nV he v S detafi skeRang sd means~e ond I:mrof~

15.7, 62.S
- 165 66.0

The average gunn erappeared to-be-learning relatively lItti on,

the skeet ran ge. No formal investigation of the validity- of- con.-

stead,-skeet was displaced by basic -deflection firing, -a-close couh'-
terpart, on-the-basis of thejudgment of experienced- training'per-

"This sudy was 4cne by -Lt. Ge*rge I7 Wtschner and Sgt. OkmftM mum..
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sonnel that the Basic Deflection Range resembled the gunner's
problem in position firing more closely.

Basic Deflection
Description of the Basic Defection Range.-rssentally, the

Basic Deflection Range included the modifications of skeet de-1scribed above, with one additional innovation. An iron eight

Including three concentric rings was mounted on the shotgun bar-rels, and these'ere designated "l," "2/' and "S" fads as required

to apply position firing rules, These rings were so designed that
by sighting along the appropriate ring and a post mounted on the
end of the barrel, it was possible to score hits. Proponents of
skeet believed that this range helped to give the gunner confidence

sin ighting. systems, and it provided a simple introduction to' the
use of sights and firing.

Reliability of Basic Defleioti Range scores---A study of the
reliability of basic deflection scores, conducted at Laredo in No-
vember 1944 and based on the performance of 95 students firing.
25 rounds on each of 6 successive days, .jave a- reliability for -the
total score of 0.87. .The'Hoyt method was used. For the. same
data, the reliability of the last 8 trials, of.'25 rounds each, turned
outto be 0.82. "

L rning on the Basic.Deflection Range.-A learning curve for-
basic deflection firing was obtained -on the basis of scores of 149
men, members of class 44-37 at Laredo, who fired on this range as
part of their basic- gunnery training. The results, presented in
figure 9.16 and table 9.26 revealed that appreciable improvement
occurred on the first 5 trials but that the remaining 2 trials yielded
little improvement. This-indicated that learning did occur under
usual training conditions; and suggested that at least 5 trials were
effective in producing gains in proficiency. '.

TABL '9.26-Learning -curve data for basic deflection range: Mean scores
and percent hits for 7 succeasiv6 trials of 5 rounds each (N=140, elms
4-.-7; Lajedo, August 114) -

TZlal )Mean scor a Percent hits

1.21. 42.2i --2 - ' 11.6 .40 46.4-.
2- 12., a- 51.2

4- 18.4 .84 53.6'---. 14.8 .32 67.1
14.1 .35- 56.4
14.6 .36 53.4

The value of the Basic Deflection Range was assessed in a study
carried out at Kingman.21  In this study, the effect upon moving

"Ths Jtudy-Is described In the section on the-Moving Base Range. p._195.
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base and gun camert scores of the elimination of. basic deflection
firing from basic gunnery training was determined. Since the
design of the experiment involved the Moving -Base'Range as a

central feature, the description of the procedure followed will be -

presented in the following section on the Moving Base Range. It
may-be noted here, however, that the results of t1- , Yingman study
gave no reason to believe that the elimination of basic deflection
firing would have any appreciable effect on proficiency in- moving
base or gun camera firing.

Moing Base Range ,
Description of the moving base range.-Thedistinctive feature

of the variation of skeet known as the moving base rahge Was the
fact that it required the-gunner to fire at a moving target from a
moving base.- In this range, the moving targets were skeet birds;
the moving base, a truck maintainifig aspeed of 15 to-25 M.P.H.,
while traveling around a large elliptical- track. Typically, the
shotgun which the gunner fired on this range was mounted on a
swivel and equipped to provide as much resemblance to a hand-
held machine gun as possible, Since gunners: were not likely: to
have'had much previous experie3ce in firing frGiM a moving.mount,'
the range provided an, opportunity to experience the influence of
this movement'on the path of lie shots; fired. While the other
shotgun ranges were being reduced in. importance in gunnery.
training, moving base advanced from,,8 hours and 150" rounds in"
August 1943 training standards to 16 hours and 300 rounds: in
the May 1944 training standards. However, the gunner "was
forced to rely largely on the instructor to know where to shoot..
and, as a result, this trainer failed to .give the gunner the oppor-
tunity to. gain increased confidence in his, ability to use correct.
sighting methods. . • "'!

eliability of Moving Base Range scores.-A study of the re-
hlibility of the Moving Base Range as it was functioning at Laredo

in November i944 showed a value of 0.91 for total scores on 10
trials of 25 roiunds each, as computed by the Hoyt method.
(N=229). For the last 100 rounds, the reliability *aS estimated

14 at 0.80 by the same method. A satisfactory consistency of scoies

apparently existed from trial to trial. (An earlier study of reli-
ability in February 1944 yielded a .vaWe of 0.68 for this range,

based on scores of about 250 basic gunners-at Laredo).
Learning on the Moving Base Range.-A study of-the learning,

curve on Moving Base Range was conducted at Kingman. The,
interpretation of the results, presented- in table 9.27 and shown

"This study was done by ILt. Ralph F. Wagner and Lt. Thomas P. gallagher.
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graphically in figure 9.17, is complicateu b:j The fact that the 51
gunners Included in the determination received 3 trials of 75

TA BL 9. 7.-Learnngrcurve date for moving be rango: Kenn percent Aitz
and standard error 6f means for 1 succoas ive tria4 of n roundi #a*A
(N=51, Kingmon, August i944)

22.9 •4s
-  24.2 .ill

3_ 27.0 1.81/
24.6 1'
25.6 1.45

6 '26.2 1.467 - - - 31.6 1.21
8 '37.4 1.50

9-- $r.2 -14

1.-.34.0 1.41
12 39 .... as.3 4

%Approximately 3 weeks Intervened between trial 3 and trial 4.

rounds each during their basic gunnery training, and then received
an additional 9 trials of 75- rounds each after they had completed
basic gunnhery taining. The data indicated rather clearly that
improvement in score occurred with practice, and that 3 trials of
75 rounds each failed, to exhaust the possibilities for relatively
rapid improvement. The drop in score following the period of 3
weeks. of other gunnery training may have resulted from lack of
practice, from an interference effect of other types of gunnery
training on moving base proficiency, from reduced effort -by stu-
dents or instructors on the early post-graduation trials, or "from
some other uncontrolled shift in firing conditions' which-occurred
during this period. The rather'erratic performance of the gun-
ners during the last5-5trials implied aned for caution in interpret-
ing the results. However, a rough estimate of the number of
trials during which scores improved rapidly would place the figure
at between 6 aid 9 trials, which wouid involve firing from 450/to

* 675 rounds on this range. The maximum~allotted to this range at
any time in gunnery training was SOO rounds.

S A validation studyof the Moving BaseRatge.-The value of the-
Moving Base Range as a trainer was seriously questioned as a
result of an evaluation of 'this range and Of the Basic Deflection
Range at Kingman which was done in the summer of 194&.
This study -undertook to determine the effect of basic deflection;
and of moving base, both separately and- together, upon gun camn-
era scores. As an additional outcome, an estimate of the effect of
basic deflection training upon moving base proficiency was ob-
tained. In- this, study, a total of 153 basic gunners were divided
at random into four groups as follows:

"Thig experiment was conducted by LL Ralph F. 'wacner and Lt. Thomas P. Oallagher.
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Group 1 (35 men) omitted training on tl z. Basic Deflection Range.
Group 'II (37 men)' omitted training on the Moving Base Rang.

-'Group 111 (41 men) omitted training on both the Basic Deflection and

Grop V 40men) rs"ivod the usual'6 weeks of basic gunlnery training,Ih~ruswihoitdsm o,41tho h riigwr ie
drill or squadron duty during the free time thus made available.

The first set of results of this experiment provided an evaiua.
tion of basic deflection. A comparison of the moving base scores 4

of group I, which omitted basic deflection, wt hs o ru V
Which had two 2-hour periods of basic deflection showed--a slight
and unreliable difference In favor of the group who had fired basic
deflection, as shown- In table 9.28.

The second set of ,results In this study was based on gun camera
scores of gunners Biring from the waist gun position. All gun
camera scores used were obtained during 2 successive days of ftr
Ing. Prior to these days, every student had flown at leat oneJ
gun camera flight. Airplanes were loaded in such ~a manner that
each of the 4 groups was represented equally In-each bomber. -In.
structors were given a special orientation on the -procedure. to'be
followed during these daYs. 'Of the-6 -ttacks fired at oneach

day, the third and fourth-were used foriicorlng where the film was
clear enough to be scorable. For wai~ gun attacks, scores, were.
obtained for about 77 percent of the gunners Included In the ex-

TABL 9.2.-Effect upon minov base scores of elivitinating training on basis
* deflection rang# (Kingmran, August It.")

Moving base none,

*N DIN 'OR
8D

0"up1V Training laclund - 2.40 11.L1
1=0e i~to 40 - 27-.00 6.42

'~A difference as large as 140 and Is the ex1ftcd~ldrectlon would be explcted-to-araes by

cbi~ce approximately 4 time. Jn400. waa

TARLz 9.29.-Effect of- eliminating baic defleectnado moving bass on gus
camera scores: Mean gus oamera sicori:-.6vaWtgun firing) for guwwsr
trained under each of four training regimei (K n gman, August 1944)

GrouO r-(No basic deflection).. ........-. 23 52.2 3.9
Group JI-(No -moving'- ba)-_. 23 49.1 8.6
Group III-(No basic deflection or mialng bas)- 35 51.1 5.0
Group IV-(Umual gunnery training) 1...-----501

I U sa gunnery training- Included 2 hours on the Baste Defliection Range and 16 hours 02
the "Moving Bae XtAg.

'198' .

WIVE _"4



periment. These scores were'based upon from 1 to 4 scorable at-
tacks for each subject retained. The results obtained on waistgun firing, whichrequlred the gunner to take deflections In aiming,
are reported in table 9.29, No differenie.e of a size greater than
those to be expected to arise by chance appeared among the 4
groups.

The absence of marked .variations in the -gun camera scores
among the four groups suggested that the dropping of Basic De-flection training or of Moving Base training would have relativelyslight influence on the gunner's proficiency in sighting, at least,- as
measured in the gun camera situation. Of course, this expei-
ment does not provide proof that these ranges are without value
for gunnery training; but it does suggest that whatever contribu- "
tion to sighting and tracking'ability they might make is adequately
taken care of by-the other ranges and trainers.

.High Tower L
Description of the High Tower Range.-The High Tower (or

shotgun turret) range represented another variation of skeet. On
this range, the student fired a shotgun mounted in a Crocker-
Wheeler turret (atype of turret not iused in combat aiicraft) at 3
regulation skeet [birds ejected from a high tower. This, range
required the gu#wier*to track and aim by manipulating a turret
It also gave experience in sighting, using an optical sight; The
similarity to thf gunner's job in aerial combat was~reduced by dif-L
ferences between the turrets used on this range and the various
turrets used in' combat; by the need~for an arbitrary sighting-sys-
temr used on this range only; by differences between the flight-
course of the birds and that of' atacking fighters; and by the fact
that shotguns rather than machine guns were fired.

Reliability of High Tower Range scores.-A study of the re- '

liability of scores on this range carried out in November 1944,.
and based on the records of 82 students -who fired&.3 trials of25
rounds each on each of 2 successive days, gave an estimated value'
of 0.67 for all 6 trials. The firing, was done-as-part tf their gun-
nery training. The Hoyt method-wAs'usedl:;" .dqteindAtion.-
By the same method, a value of 0.72 was found for the last 9 "
tria ls. cf

U * Learning on "Hi.qh Tower Range.-A learning curve for this
range waa obtainci by an analysis of records of 258 ,tudents;in
Class 44-30 at-Laredo, who fired 7Ttrials of 50 rounds each during
their training. These results are shown in table 9.30 and figure
9.18.. Although it' is noticeable that a marked improvement in
performance occurred on the- second trial, further trials appear to
show little upward trend. In terms o:: the training program in
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TABLE 9.30.-Learning curve data for high tower ran ge: Mean scores, stand.ard errors, and percent hits for 7 consecuttve trials of so rounds eaoh
(N=258, class 44-40, Laredo, July 1944)

Trial WeAN east Percent hits

-- 24.5 0.44 49.0
30.8 .37 60.1

8 - -- 31.0 .44 62.080.2 .40 60.4
- 29.9 .39 59.1

" *--".29.6 .40 53.2
31.3 .Z2 5; 4

operation at the time this study was done, results indicated that
two trials of 50 rounds each would be sufficient to bring aboutmost of the gain in proficiency attained.

Giant Skeet

Description of the Giant Skeet Range.-The Giant Skeet Range
resembled tle Basic Deflection Range in that the gunners fired
shotguns mounted so as to resemble hand-held machine guns.
The guns were equipped with iron sights withi three concentric
circles corresponding to 1, 2, and 3 rads. The defledtion usedfor"
targets approaching at different angles.corresponded (in name)
to the appropriate deflection required by Positipn Firing, for thesame angles of approach. The Giant Skeet Range differed from-

ordinary skeet and basic deflection in that the traphouses were
100 feet apart and 20 feet high, so that -the students were given
greater opportunity to track befoire firing at the bird.

Reliability of Giant Skeet Range score.-In the study of this
trainer conducted at Buckingham in June of 1944, a reliabiliy of
0.70 was estimated hiy applying the Spearman-Brown formula to
an average intercor relation of 0.165 for scores on 12 trials of 80
rounds each.24 The scores of 20 subjects were used in these calcu-"
lations. Kuder-Richardson formula No. 21 yielded an estimated
reliability coefficient of 0,77 for total scores on '12 trials ,360
rounds). The-subjects in this study had not had previous gun-
nery training.

Learning of Giant Skeet-A learning curve for the same 20
gunnery students -on this range was deterrmined as part, of the
same study. This curve was based on scores of all students who,
fired Giant Skeet, since examination of the data gave no evidence
of any substantial difference in Giant Skeet proficiency betweenF the experimental and alternating experimental groups. (The.,
data were derived from the experiment described below). Each
group fired 2 trials of 30 rounds each on each of 6-successive days.

This investigation was conducted by Maj. Roger W. P lsell, assisted by LL Williaml X.
Zstes. Lt. William D. Schrader, Lt. Esten W. Ray, and S. Alexander N. Levine.

' 703326-4-4T14
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Evidence on the course of learning for Giant Skeet ispresented izi
figure 9.19, and table 9.31. It is apparent that appreciable gains
in'proficiency occurred for these inexperienced gunners.

A validation study of the Giant Skeet Range.--As part.of the
same study an effort was made to obtain a preliminary estimate.
of the value of this range for teaching, the Position Firingmethod
of sighting. The criterion used was number of hits on the DeVry
Panoramic Trainer, a device which required the gunner to manip-1 . ulate a turret in order to score hitt on pursuit curve attacks. (A
more detailed2 description of this trainer is presented earlier in

tlis chapter).. In spite of certain dissimilarities between the two
trainers, it Was believed that improvement in know;ledge of the
Position Firing method of sighting should be reflected in increased'
proficiency on the panoramic trainer, which required the appliua-
tion of position firing rules.

TABLE 9.31.-Learning curve datafor giant skeet: Mean percent hits for 1
successiwe trials of 30 -rounds each in Giant Skeet firing (N=20, Bucking-
ham, May1944)

Trial M n percent bite Trial Mean peicent hito

1 : 25.71 7 5 7.3

2 35.0 8 LT39.0 9 5Y.7.e 44.7, 10 " 5,.0
t .0 1 ... .... 53.0

In this validation study, 40 untrained gunners were divided at
random into 4 groups of i0 each. The first group (experimental)
received an initial explanation of correct procedure for Giant
-Skeet firing, followed by 12 trials of 30 rounds each at-the rate of
2 trials a day. The second gr6up (alternating experimental): re-
ceived the, same training on giant skeet, and in addition received'
a trial on thePanoramic Trainer following each Giant Skeet trial.
It was believed that the alternation between the two trainers
might facilitate transfer. The third group (control) received no
training. The fourth group (alternating control) received- no
Giant Skeet training, but had the same training on the Panoramic
Trainer as did the alternating experimental group. All four
groups were given a single trial on the Panoramic Trainer as a -

pretest~and another trial as a post-test. The training of the alter-
nating experimental and alternating control groups, Was not fully
effective because of difficulties with the scoring mechanism on the'
Panoramic Trainer. These difficulties were, however, equivalent
for both *of these groups.

The results of this experimdnt are presented in table 9.32. It

was foundthat the experimental group ,as somewhat superior in
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proficiency on the Panoramic Trainer- to the, control grouip and-
that the alternating experimental group was somewhat superior
to the ialternating control group.- However, the samples used
were too small, in view of the size of the differences obtained, to
permit the formulation of definite conclusions regarding the value

gunnery program, so further studies of it wvere not carried out

MAHN UNRNE
-Introduction

The, evaluation of machine gun ranges was complicated, by the
fact that- various modificatibo were introduced in these ranges
,from time to time to bring them Into line with newer develop-
ments in gunnery methods and equipment and by the relatively
large amounts oi-lspace and equipment; utilized by these'ranges, a
condition which maide standardization difficult. Variations in
mhaintenance -of equipment, In the scoring of -targets, and in
weather conditions were difficult or impossible to control properly

ITABiLE 9.31--Validation of Giant Skeet using Panoramic trainer as a criterion

Protest Post-tost DE

Alernain epeimntl 10 54.1 27.8 2042. 10.4 a a

10 50.0 26.8 183.4j 50.8'10

I hs au wud aepitd(oats ychne ewen2 nd3 _tms__10

9 This value would be expected to asise by chance betweeni -0 and 30 -times in 100.

on these spra wling outdoor installations, so~that the interpretation
of scores was difficult. However, machine gun ranr.;- played a,
definite role in gunnery training throughout the war,' and a numr-
ber of studies were conducted in an effort to evaluate existing and
newly developed machine gun ranges."

Moving Target Ranges (Hand-held and Turret)

Desciption.-The Moving Taxget (or jeep) Ranges derived
their- name from the fact that or, these ranges the gunner was

required to fire at a large cloth target (usually providiig a scoring,
26fltudles of the reliability of the machine gun ranges.-unless otherwise si,%cilled 'we"

carried out by Sgt. Alexarder Levine under the direction of Lt. Eaten, W.--Ray. Studift;Ot

the learning curves, unless otherwise specli 'ed, were crrIed-out by_"i8gt. Burtai I. W0112
and Lt. William B. Scbrader under the directlan of Capt. Lee- 0. -Garber.
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area of 6 feet by 6 iet) wbfch Was drawn across theline of fire
(usually by a Jeep). In accordance with the type of equipment
provided for firing, each range was designated Moving Target
(hand-held) or Moving Target (turret). These ranges Were dew
signed so that the gunner fired on the target at each of 2 distances;
namely, 200 yards and 400 yards. -The target was drawn around
an oval track during firingat a speed of approximately 25 M.P.H.
In the earlier period of gunnery traning, caliber .30 machine
guns were used for most of the firing on Moving Target Ranges,
but'by the summer of 1944, these hadgiven way to the caliber .50,
the weapon fired in combat.

Reliability of scores.--Several estimates of the reliability ofMoving Target Ranges were obtained in 1942. Scores of 254 stu-
dents in Class 42-44, at Tyndall, yielded a reliability of 0.19 for
caliber .30 firing on Moving Target (hand-held). This was based
upon scores on the first 100 v'. the second 100 rounds fired, With
the resulting correlation coefficient corrected by the Spearman-
Brown formula. During the same year, a study of the reliability
of caliber .30 firing on the Moving Target (hand-held) Range at
Las Vegas showed a reliability coefficient, after correction -bySpearman-Brown formula, of 0.58 for tha first 250 rounds vs.,last
250 rounds. The size of the population'is, not known. Scores.on
253 students on the caliber .50' Moving Tar ,t (hand-held) t
Tyndall yielded a corrected coefficient of 0.15 for first 50 vs. ast
50 rounds. In the-same study, a value of 0.03'was found for'the'
reliability of scores on first 75 vs. second- 75 rounds fired on the
caliber .50 Moving Target (turret) Range, on the basis of 252,
case. ,

Xi1i November 1944, reliability estimates were obtained-for call-
ber .50 firing on the Moving Target (hand-held) Range at Laredo.
These estimates were based on ;the records of 130. stidents who
fired 180 rounds at the 200-yard distance and the same number 6f
rounds at the 400-yard distance on each of 3 successive trials.
For the 200-yard distance the reliability o the sum of scores on'all
3 trials was found to be 0.70, and the reliability for the sum of
scores on. trials 2 and 3, 0.67. For the 400-yard distance, the re-
liability of the sum of scores on all 3 trials turned out to be 0.56,
'with a value of 0.54 for trials 2. and 3. For total score on both.
distances, a reliability of 0.74 -.as obtained; the-correspondingvalue for the last 2 trials being 0.71. All reliabilities in this studywere obtained by the Hoyt method.
In connection with the reliability study conducted at. Laredo,,

correlations between scoresat the 200-yard range and the 400-
Yard range on the Moving Target' (h, d-held) Range were corn-
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puted for the scores of the same 130 students. For trial 1, thls
value was 0.08;,for trial 2, 0.10; for trial 3, 0.30; and for the
sum of 3 trials, it was 0.31. These results implied that th. dif-
ferent distances imposed somewhat different but related 'tasks

d,' upon the gunner.. • :
efuness of the Moving Target Range.--No learnig curves

or yalidity studies are available for these ranges. On logical
grounds it appeared that the firing of the caliber 0.50 weapon was,
an experience which had possible. training value. Both on the
hand-held and turret forms, ofthis. range, the student received
piictice in using the same equipmed he would use later in com-
bat; However, the fact that these,,ranges required the use of an
arbitrary sighting system represented a very severe limitation,of
their all around usefulness as a training device. On the whole,

these ranges probably had their greatest value in enabling the
gunner to become familiar with the firing and maintenance of the
machine gun and to practice controlling it effectively either by
proper handling of his hand-held gun or by proper manipulation
of his combat-typ turret .:, , .. ".

Bunst Colto " 6

Deacrption.-Eicept for a small amount of firing on the Pro-
ventive -Maintenance Range, a range used to teach prevention and
correction of malfunctions, the gunnery student received his first

, experience with the caliber .50 machine gunWhen he fired on the-
Burst Control range. This ran'geprovided a stationary target,:at
a distance of 1,000 inches from the firing line, at which the gun-
ner fired using a hand-held machine gun. The gunner's scorewas -the number of hit3 falling *Within acircle 161 inches In diam-

eter. Since experience had led gunnery experts to believe that 12
rounds constituted the optimal length of -burst for many flexible
gunnery conditions, the gunnier was taught on this range to be
come familiar with the 12-round burst, and at the same time to
hold the gun'steadily on a statioliary target while firingthe'burkt.

Reliability of scores.-The reliability of scores on this range
was estimated in November 1944,,on the basis of scores earned by
226 basic gunnery students at Laredo, who fired one trial of five
12-round bursts on each of 6 successive days as a part of their
regular gunnery training. Using the Hoyt method, a value of
0.84 was obtained for all".six trials (360 rounds) and a value of-
0.80 obtained for the last three trials (180 rounds).

Following 'the introductior of the improved K-7 gun mount, it
was found that markedly higher scores were being obtained on
this range. A study was initiated to estimate the reliability of
scores under the new conditions, giving consideration also to the
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relation between the size of the target circle and reliability of
scores.26 The firing was done by 50 students in Class 44-52 at,
Laredo, selected ait random from the class, wyho completed fift een
12-kcound bursts on the first day, and twenty 12-round- bursts, on
the second day.

The relatio'nship bitween target diameter and the estimated,
reliability for 35 bursts (420 rounds) was as followa:

2-inch diameter ------------------------------ 0.61
4-inch diameter ---. 80.
64inch diameter -- -------------------.---- 84
8-inch -diameter-------------------- r----------- .88 *I

10-inch diameter-------------------------------- .89

All reliabilitleB were computet by- the -Hoyt formula. The values
obtained for the three larger sizes were considered sfitisfactofy.

Learning on the Burst Control Range.-S-tides- of the learning
-curve for the Burst Control Range were,- conducted both for the
older mount and for the 'new K-7 mount. For the older mount.
the data were based onl the records of 130 students in Class 44-3
at Laredo, who fired a niininum, of 15 bursts of 12 rounds each. -

records of the 50 students whose scores were usedin the relialbility

study. Table 9.33 and figure 9.20 present data for -the" -oder
mount using a 10-inch diameter target and- for the K-7 mouint-for -

6-inch and 10-inch 1diameter 'targets. Improvement in kcokes oce-
curred in each instance. Interpi-etation of the data, for the K-4
mnount is- comnplicated by th'e fact that the first 15 and the, last 20
trials were fired on differ ent days. The results suggested that,
although improvement was most conspicuous during the 'early

TABLE 9.33.-Mean kite per burst on successive groups of'-three -12-rot'sw
bursts on burst- control. range.

01d mount' I IK-7 mounts

Trial10 inch diameter 6 inch diameter 10 inch diamete -

target target' target 1

1-32.13 2.53 5.0
4- -- --- --- 2.26 3.23 6.13

8- --------- .27 -3.30 6.52
3.59 3.41 6.1?

13-5... ~ -.---.- 3.61 -4.41 - 7.80

S--3.87 7.33
26-7 --- ------- ----- -----. 4.48-- - - - - 8.06-

' 2-27............------ - -4.28 7.91,
31438__ ~ - 4.76 8.44

3~.354.51 8.40

* N=180, Class 44-37, Laredo. Aug. 1944.
2N= 50. Class -44-52, -Laredo, Dec. 1944.

"This study Fwas conducted by CiPt. Lee 0. Oarbtr Ai gt. Alexander N. Levine.
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trials, some additional gains continued to appear during 35 or
Smore d:,-round bursts.

No'validation of this range wa-iearried out. It was considered
that the Burst Control Range helped to familiarize the gunner with
the operating characteristics of his, weapon and to enable him to
practice controlling the pattern of his fire-burst. Its lack of
value for sighting, tracking, and turret manipulation training
were self-evident. Inclusion of a moderate amount of training on
Burst Control early in the gunner's training appeared to be justi-
fied in the absence of definite evidence on its conribution to gun-
nery proficiency. - • -... --.: -

The Poorman Ran" e
Description.-The Poorman Range-required the gunner to take

correct Position Firing deflections'while firing caliber .50 machine
guns at a stationary target. The underlying principle upon
which this range was based was the res6lution of the pursuit
curve into two components: one transitory; the other, rota-
tional. The translatory component was provided by having a
small model airplane move in a straight line. A rotatory com-
ponent was taken care of by introducing a rotation of the base on
which the turret was mounted. This rotationhad the same rates
as, but was opposite in.directibn to, the rotation which the gun-
ner would have to give the turretin tracking a pursuit ship flying.
a particular type of attack on his bomiber. The sights were ad-
justed in relation to the guns so that the gunner sighted on tie
small model airplane referred to above, but the guns were bore
sighted on a stationary cloth target 1,000 inches away. The use
of this fixed target was made possible by the fact that perfect per-
formance on this range -resulted in an exact -compensation for the
counter-rotation initroduced,.n the turret base. This'arrangement
-required, however, that~the gunner be unable to sight-directly on
the fixed target. -. .

This ingenious range had several' limitations. It could not
duplicate pursuit curves in which fighter aircraft attacked from
above or below the bomber, since rotatory Wmvements in the tur-
ret base were in azimuth only, never in elevation. In addition to.
this limitation, the range did not adequately give the gunner the
illusion that he was seeing a pursuit curve, which made 'practice
on this range seem somewhat artificial' Finally, it was necessaryI

to tell- -the gunner the angle-off of the attacking plane at the be-
ginning of the attack, although in co-abat the judgment of this
angle represented an :important part of he gunner's job in apply-
ing Position Firing, rules.f A scoring procedure for Poorman Ra -e targets was developed
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empirically on the basis of a simple analysis. It was found that
among 7-systems of varylrg'degrees of complexity, the convenien:

method of counting hits fajing withina 20-inch (diameter) cirelk>
yielded the highest reliability coefficient. 2f This method of sco..

ing was also Wellsuited'to introduction for routine use. (Detaij
of the statistical- analysis are not available). . -

Reliability of scores.-An estimate of the-reliability of Poorna
Range scores was obtained for the Martin turret positions at IAi
redo as part of a learning experiment-to be described below. ii
this experiment, 20 gunnery graduates who had not previousl,
fired on the Poorman Range received the following practie
Trials involving the firing of 60 rounds each were fired on each of
the 5 available attacks in. sequence, which procedure, was con.
tinued until each gunner had fired 3 times on each attack, for 1i
total of 15 trials. A correlation of 0.30 was found 'betweel!
scores on trials 1-5 and those on trials 6-10, and a correlation oi
0.22 was found between scores on trials 6-10 and those on tri ii
11-15. The correlation between scores on the first five and last
five ti'als wa 0.36. From these values, it was estimated, by- up.
plying the Spearman-Brown formula to the average inreorwqh.
tions, that the reliability of total scores on all 15 trials Was 0.6.

Learning on the Poorman Range.-The first study of learninj
on the Poorman Range Was'based on scores obtained on the Laredi
range in September 1944. At this time, each position- was de;
signed to simulate a particular type of attack. The position us

represented attacks having 0", 11Y, 22 ', 45", and 90" as theli
initial angle-off, and closing according to a pursuit curve patbj
Previous experience had indicr.ted that the various positioni
varied markedly in difficulty. --

The design of this study was-based in part dpon practical-coni.
siderations in order that the method'used in the experiment cQuk.
also be followed in routine firing in gunnery schools. Specfleali-
trials were defined in terms of number of rounds -(60 rounds of
ammunition to a trial) instead of the number of attacks presented

to the gunner. Moreover, the firing, was done so that all eauii
ment was used at all times during the firing. Since the stander4
equipment for the range at-that time included 5 turrets, each pre-
senting a different attack to the gunner, the guriners were divided
into 5 groups, each group beginning its training on a different
position. In order to provide a simple, orderly sequence of train-
ing on the 5 attacks, all-gunners advanced, after each trial, to the
next moi'e difficult attack, except of course the gunners who fired

rrThis particular target design and the method for scorln It were conceived b7A.

Clarence F. Wilile. - .
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I

on the most difficult attack. These gunners proceeded to the 00
attack which called for no-deflection firing and was therefore the
least diffcult attack. Changing to a new attack after each trial

was considered desirable on the assumption that the gunner's

learning problem was to master a technique for dealing with

varied, attacks, not to master each individual attack.

In determining the learning curves for data collected under this

experimental design, it was found to be desirable to analyze the

data in terms of aimoving average, each point of which was calcu-
lated on the basis of the scores of all gunners on each set of five..
successive trials. Any series of five successive trials was called a
cycle, since during such a series each gunner fired from.each posi-
tion. Scores were comparable froni cycle to cycle inasmuch as all

gunners received the same training on each cycle (only the order
being varied). This method for analysis of the data was neces-
sitated by the fact that scores from trial to trial were- difficult to
compare because the interaction betveen gunner ability and

position difficulty became relatively blarge when the positions varied

greatly in difficulty and the size of each subgroup of gunners was
small.

Table 9.34 and figures 9.21 and 9.22 present data for perform-

ance on successive cycles of firing oni each of the 5 attacks, and

for the performance on, all 5 attacks combined. It will be noted

TABLE 9.34.--Learning on the Poorman Range (Martin turret): Mean percent
hits on each cde for each position and jor total score (N=20 gunner,
graduates, Laredo, September 1944) " "•

Postlon' -

Cycle - Tta

S 11 ' 22%0 . .45 9

1.77.1 77.1 69.8 47.4 33.7 61.0
2 82.2 81.6 70.8 -52.1 35.9 64.5

3 84.6 84.2 73.4 55.7 37.5' 6T.1

85.1 87.5 73.8 53.8 38.3 67.1

5 85.7 89.8 75.0 57.1 39.1, 69.8

86.0 91.8 74.9 59.5 '28.9 70.2

7..... .-------- 85.4 93.9 78.2 57.7 42.1 71.1

....-----.......- 85.4 94.2 77.8 59.8 42.7 72.0

9- . 87.0 92.7 78.4 04.0 42.8 73.0

10--- 89.5 92.8 77.4 62.4 41.9 72.8

91.2 93.1 79.6 65.1 48.1 '75.0

12 92.9 92.7 80.1 65.5 44.0 75.0
194.0 91.4 79.1 6 ' 45.6 74.6

-thar although only 20 gunners were used in the study, the average

score-for each cycle was based on 5 trials of 60 rounds each, fired
rfby each of the 20 gunners. It must also be kept in mind that

each cycle overlapped with each adjacent cycle, since 4 of the 5'
trials included were identical between adjacent cycles.

~1The data indicated that learning progressed some~4hat more

rapidly on the earlier cycles and tended to level off during the
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later cycles. Examination'of the scores on individual positions
showed that all except the 00 position showed fairly typical
trends. The irregular trend of the 0° performance may possibly
have reflected habit interference, sincqe the shift from the 900 to
the 00 position marked a sharp change in the responses required.
Unfortunately, it happened that considerable difficulties were
encountered in maintaining the harmonization-on the turret which
provided the 0* attack, so that the more piobable interpretation of

i -the 1-rregularity considered it an artifact- produced: by equipment
difWculties.

A further study of learning on the Poorman Range was made
after thisrange had been modified so that various attacks could
be presented on the same position. In this study, hand-held
guns, on which a K-13 sight was mounted, were used. Since the
K-B sight was of the compensating type, it was necessary for
the gunner only -to maintain the center of the sight reticle on the
target plane; a problem considerably less difficult than that pre.
sented by the fixed optic sights used in the earlier experiment.

In this study, 24 gunnery graduates who had not previously
fired on-the Poorman Range, an&24 gunnery students who had
not yet begun gunnery training, were used.28 The three. attacks
used were designed. to represent 600, 70, and 900 pursuit curve
attacks. Careful control was exercised oier the'duration of each
attack, over the distribution of fire during each phase of the attack,
and over the harmonization of the guns. A new scoring system
was devised, since the introduction of the compensating sight
made inadvisable the use of the simpler scoring system described
above. Instead, a system involving a set of concentric circles,
beginning with onie having a radius of 2 inches, scored 10; the
next with a -radius of 4 inches, scored 9; the third, with a radius
of 6 inches, scored 8; and so on until a circle of 20-inch radius
with a score value of 1 was reached. Scores for eath trial were
determined by dividing the total score by the highest score at-
tainable in the number of rounds fired, and multiplying the result
by 100.

In this study, both groups of 24 gunners were divided into six
sub-groups, each of which fired on the'three attacks in a counter-
balanced order., Each trial consisted of two presentatorid of
the same attack, a maximum of 20 rounds being available for each
of the two presentations.

The recording of scores included a notation as to whether the
first bullet struck the target on the right or left side of the center

* . line. Analysis of these results indicated that both trained and

*OLL Victor A. Reinders conducted znd reported this study. He was assited ,by Sgt.
Eviyn W. Harkrader and Cpl. George Massarsky.
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untrained gunners showed a tendency to track too slowly with
compensating sights. The ratio of strikes on-the side of the tar-
get representing too slow tracking to strikes on the other side was
1.5 to 1 for the untrained gunners, and 1.3 to 1 for the trained

- gunners.
Table 9.35 and figure 9,23 present the average scores of the

two groups on 18-trisds. 'It was apparent that learning occurred
mnost rapidly in each group on the first 10 trials but that some
slight improvO'ment was found in later trials. ' It was foundthat
the untrained ga'inery students overtook their more experienced
fellows by the time the third trial was reached, after which the
curves rah along- together during the remainder of training.

TABLE9.35.-Learning on the Poorman Rnge (K-Is sight): Mean percent
of perfect scores for 24 previously untiained gunners and for 2-4 gunnery
graduates -(Laredo, April-May, 1945)

Tralned tray ne
Trial gunners gunners

---------------- 50. 5.3

. ...- _ 59.2 53.5
-- 55.8 55.8

$-- 61A62.0-

___65.1 66.1
--..... __"" 55.4" 66.5

64.4 60.9
7_ _ - 69.2 64.7$--71.2 "6.0

9.-. 70.9 1.810 ... 73.4 69.2

721. 12.212'".. . . 67.5 69.3

13_. ---------- 73.3 '12.1

73.2 72.1
--..-- .71.3 73.6

- - ---.... 73.0 4.

'On 2 additional trials. It was found that If the target plane were held stationary. thi '-

mean score was 73.0; and that It the target plane were held stationary and no bas rotatlo)

introduced, the score was 85.9.
2on 2 additional trials. with stated rewards for Increases In proficIency. cores wer

69.0 and 71.9.

For the untrained gunners included in this study, the 19th and

20th trials were, used to determine whether increased proficiency

might be shown if additional motivation were provided. The

specific motivation involved the promise of special privileges to

gunners who attained certain scores. Instead of increased scores,

however, a slight drop in averages appeared.

For the trained gunners, trials 19 and 20 were used'to determine.1
the effect on scores of certaiin modifications of the grnner's task."

On the 20th trial, no base rotation was used and a fixed aiming

point was provided in an effort to determine the limiting score

attainable under these much simplified conditions. The value

Nvas found to be 85.9.
Usefulness of the Poorman Range.- ThZ Poorman Range was
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considered to be useful for giving experience in -the:use of combat
equipment under conditions favorable for instruction. The
greater realism which it provided, together -with the fact that it -
required the use of Position Firing rules, made it especially valua-

" ble as a trainer on the use of sights other than computing or com-
pensating. In the absence of specific validating studies, the.
actual contribution of the Poorman Range to sighting profliciency,
could. .not be evaluated. However, the limited opportunity for
'variations in the attacks presented on this range emphasized that
its main contribution lay more in the fact that the gunner got
realistic practice in using his hand-held gun or turret than in,
bringing about improvement in ability to use his sights effectively.
for many varied attacks. ." "

OQ-3 Radio Controlled Target Planes " , " ' .

Description.-The OQ-3 radio controlled target planes provided
an opportunity for gunners to gain experience in tracking, rang-
ing, and firing at aflying target. 'The target, actually used was a
large model airplane having a wingspan of 12 feet and a fuselage.
length of 8 to 9 feet, powered by a twin-cylinder 8 h.p. engine.
This model plane had rudder and elevator controls which could
be controlled through the mediuh of impulses transmitted by
radio from a ground unit. Take-off was accomplished by use of
a catapult; and landing by use of. a parachute which the "pilot'
on the ground could open as necessary. The repair of planes shot
down was, in general,, relatively easy.",, ,

The fact that. a gunner, using combat 'type equipknent, shot
caliber .50 ammunition at a flying target which could occasionally
be shot down (sometimes in flames) provided a realistic and
stimulating experience for gunners. With B-29-sighting equip-
ment, which involved computing sights, adjustments Were made
which enabled the gunner to use normal firing procedures at any
range between 250 and 450 yards with satisfactory results. It
was found .i a tryout of the equipment that a trained B-29 crew
was able to bring down two of the planes, using 246 rounds of
ammunition on the first, and 220 rounds on the second. A count

of the number of hits revealed that approximately 4 percent hits
had been scored. Other firing showed much lower scores in per--
cent hits. No'specific evidence of the reliability.of this range is

. j available.
'~ The OQ-3 Range,appeared to be useful as a motivating device

and for giving experience in firing live ammunition under rather
realistic conditions. Because of the large-number of radio main-

IJ

Lt Cameron C. Stineman was responsible for the setting up and operation of the expert-

Mental OQ-3 Range at Laredo.
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tenance and airplane repair personnel that would have been re.
quired to permit its extensive url for training, It was never
adopted as- a part of gunnery training. Learning or validity -
studies on this range were not carried out. The ease with which
hits were-obtained depended for the moit part on the type of
attacks flown; it was possible to maneuver the fighter so that
thousands of rounds could be fired without obtaining hits. Un.
fortunately there Was no way to standardize the types of attacks
flown.-

AIR TRAINING PROCEDURES

The aerial phase of flexible gunnery -training was considered
the culmination of the basic-course. Important-and elaborate-as
it was, the air training phase was beset with more and greater
problems of attaining maximum realism, learning, adequacy of
scores, and adaptation tO changing techniques than any other
phase of the gunnery course.

A FJhin

Depription.-For the dration of the flexible gunnery training
program it was:common p , actice to give flying experiencerdurinig
the last 2 weeks of training. In the early days of the program
this experience consisted of taking the gunners up in two-seated
AT-4 planes and allowing them to fire caliber .30 machine guns
from the open rear cockpits at the Gulf of Mexico or the deserts of
the West. The next step included firing at flag targets which
were towed in courses parallel to those, of the gunners' planes;
the air-to-ground and air-to-water firing was kept in the curricu-
lum as a familiarizing experience.. In 1943, a large number of
twin-engined AT-18 airplanes became available, and in these were
installed turrets modified to mount caliber .30 machine guns. It
was customary to paint bullets several different colors so that
several gunners could fire from one plane at the same tatget and
have their hits later identified by the color of paint that had come
of' on the target. As combat types of aircraft became available,
the gunnery trainee's job in the aerial situation came to simulate
fairly closely the situation of combat in so far as his equipment
and immediate surroundings were concerned. That the .type of
sighting problem the gunner had to solve in training bore little
or no resemblance to the combat sighting problem remained the
principal drawback of this type of training. Nevertheless, for
1ck-of a more suitable air firing situation, the practice of firing at
flag targets was continued. ' "

Reliability and learning.-Since the air firing situation appeared
to some to simulate "real gunnery," it was standard policy at one

/
/
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time to use air firing scores as a basis for eliminating students

from -gunnery training. Because of the importance of a reliable

elimination criterion, several reliability coefficients were computed
by the Psychological Research Detachment at Buckingham.
Total scores for odd numbered and even numbered missions were
correlated for, 14 basic gunnery classes representing 5 schools;
these coefficients ranged from 0.05 to 0.80, with more than half
being below 0,50 (gunnery classes at that time, 3d quarter of
1943, contained about 400 students). On the basis of these
findings it was recommended' that air firing scores no longer be.
considered in eliminating students from gunnery training; thq
recommendatibnm was adopted.

A careful examination of the conditions obtaining in air firing
revealed an almost complete lack of standardization. Several dif-
ferent sizes of target were used, range of firing varied from 100 to
400 yards, and pilots engaged in mild acrobatics to relieve the

ied i of-tlie routine, thus effectively terrorizing, and otherwise
incapacitating many a green student. Record keeping Was very
haphazardly administered-in one case a student was marked
"Failed to fire" and yet received a score for the day, andin another >I a student fired two rounds on one mission, made one hit, and so
received a score of2 50 percent for the day.

Evidence of. learning in the air firing situation was lacking;- -

some performance curves plotted for several classes revealed
random variationg throughout the series of 6 missions. These
curves are not reproduced here because 'some of-the -ba e data

are no longer available. "
Variations of " firing.-Modifidations of air firing procedures

were conceived from time to time, particularly after the inception .

of Position Firing. One of these involved dropping brightly col-.

ored dyes into the water over which firing was being conducted,
* in such a manner that gunners in a plane flying by them in a

straight course at an altitude of about 100 feet would have to

apply proper Position Firing leflections in order to hit the colored
area. A similar lay-out for air-to-ground firing was designed

and adopted at the schools situated in the arid regions. Although

no evaluations of these simulated pursuit curve ranges were con-'

ducted, it seemed likely that of the several methods of conducting

air firing these ranges offered the best opportunity for the student

to learn to apply Position Firing deflections, for the reason thait

the gunner received immediate knowledge ,of the results of hs

practice. s .,
Coneusion,.-In summary! 'it appeared that students derived

little if any sighting proficiency from practice in the air firing sit-,

uations. Probably the greatest value dur'ved was a familarity
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with the operation and manipulation of gunnery equipment whilt
airborne. Both as a sighting trainer and as a criterion of proft.
ciency, the air firing situationv'a)-conducted at this time appeared
to be practically worthless... :

The Gun Camera In Ylexiblo Gunnery Training

The gunnery program floundered along with little hope of find.-
*ing a criterion of performance outside actual combat until toward

the end of 1943 when it became apparent that the i se of the gun
camera might lead the- way- to the answer. The gui. camera was
a small electrically driven camera using film 16mm. in width and
50, feet in, length. It was mounted on or near the gun sight and
to6lk pictures ordinarily through the sighting head by means of
a periscopic arrangement which allowed the camera to see the
samethizig that the gunner saw, while using the sight. The cam-
era thus provided a record of just where the sight was pointed
and how it behaved.,in relation to-the target. This procedure was
immediately hailed'by many as the answer to their wishes, but thi
numerous complications irising when it was put into use soon
proved, that their relief was premature. After more than two
and a half years of development and experiment, a large amount
of information has been gathered about gun camera use and some

tenable conclusions attained.
Desciption.-The role of the gunnery student in using the gun

cymera in air training was much the same as that of the)gunner
ini conibat with the exception that he was not bothered by the
vibration of recoiling guns, or seriously concerned over his'chances
of returning alive to his base. His problems remained to track
the attacking plane and allow proper deflections (if using E non-
compensating or noncomputing sight), to manipulate his sight
controls to "frame" the turret (if using a computing sight), or
just to- keep his sight reticle on the target (if using a compensat-
ing sight). The instructor had additional duties consisting pri-
marily of carefully watching the simulated attacks beihg flown.
to determine, if they resembled real attacks; then closing a stvitch,
which started the camera, and opening the switch again at thc, end
of the attack. As the gunner pressed his triggers a little pointer
withdrew from the camera's field of view, thz:s allowing the scor--
ers to know'when the gunner was "firing." Th:, pursuit pilot was
briefed to make his "attacks" toward the shaded side of the
bomber, so that the lens of the camera would- not , pointed into

the sun, and, to make them as consistent as possible :,,.cording to
some plan previously arranged with the gunnery instr:,itor and
the pilot of the bomber. The- bomber -pilot had to take :.-re to
.fly his plane as smoothly as possible and along courses which -,th
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he aid the gunnery instructor knew about in advance. All of this
was done in order to standardize the procedure-as much as possi-
ble. .

Scor1ig.--The scoring:of gun camora film, -whilematheinatically
simple enough, was a tedious chore and, because humans are
subject to boredom and resultant iiefficiency, was itself .subjr.
to,much error. Film was normally scored through the use of the
Ampro Scoring Viewer, a unit embodying both a 16mm. projector

- and a translucent projection screen through which the pictures
were viewed. It was possible to determine readily linear din.
tances on the screen in terms of mils, and thereby measure with

a properly scaled rule the various kinds of sighting errors made
by the students. To minimize the scoring routine, only -every
loth frame of each attack was scored. It was- determined that
scoring every loth frame gave as reliable a score as scoring-every
frame or every alternate frame. The various scores derived'fronm
gun-camera film were generally expressed in terms- of mil errors

and may be described as follows:' .,-

1. Film exposed through computing sights:: ' -

- a. Tracking errors: the distance in mils between the nose of
the fighter and the center of the sight reticle.- - -

b. Ranging errors: the difference in, mils between the wing-

span of the plane's..image and- the width of the opening -in. the
-, movable sight reticle. This movable reticle appeared, as two

! Vertical lines in the Sperry K-3 andy -4 sights and as a .var~abl

sized circle,-of dots in the Sperry K-15 and the General Etlvtric

sights for the-B-29.-
2. Film exposed through--compensatng sights :- .

a. Because. of .the me nism of'a compensating sight, the guns

would be pointed at the; piVop~r point of aim- -if the center of the
reticle appeared to be on the nose of the attacking plane. There-

fore tracking error; in terms of mils distance between 'the nose

of the fighter and thc ;center of the sight reticle, was used as the

score.
3. Film expposed through noncomputing and -noncompensating

fixed sights: £

a. At waist gun positions, notinounting computing, or compen-

sating sights, the gun camera installation included an assessing
unit which automatically showed on the film the correct point of

aim and the proper line of deflection. Scoring amounted to de-

termining themil distance betwe n this poLt and the nose of the
plane. . similardevice, developd by the Navy, 'as used with

turrets nor equipped with computing or compensating sights. A

full description of these assessing devices is contained in AAF
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MWanual No. 25, "Gun Camera Manual for Flexible Gunnery Train.

b. For purposes of research, film exposed through noncomput-
ing, noncompensating ("fixed") sights on turrets was scored
through the use- of a deflectometer. The camera photographed
the attacking plane and &so, two graduated scales .which showed,
in mils, the azimuth and elevation-of the guns with respect to the
bomber's position. By m.aeans of A device based on the principle
of the compensating sight, the path of the -bullets was projected

1,aona viewing screen along with the picture of the attacking plane;
the scoring consisted of measuring the distance between the nose
of the attacking plane and the point at which the bullets would
have intersected its line of flight. This score,-in mils, was called
'!circular error.".: " ••

c. Much time was saved, however, in scoring film taken through
fixed sights on turrets if an arbitrary all-or-none "hit" score was
used. Defining a hit as a. circular error of not more than 15 -mils,
a-circle 30 mils indiameter could be-centered on th6 path of the
projectiles and a hit scored if the center of the at-acking plane
was within that circle. The rank order correlation between this
score and the circular error was found to vary between 0.89 and
0.96. . -.. . • '" .

Factors affecting reliability of. gun camera scores.&-Because
miuch Iiiportance was attached to the reliability of gun camera
scores, a number of efforts were made to identify sources of un-*
reliability in thee scores, both by surveying.Qperating conditions
and by conducting experimental studies. As discussed below, the
main requirements -for. obtaining reliable scores centered in con-
trolling flight conditions and scoring procedures ai,,k, in obtaining
afilm -record of adequate length.

Conditions of flight affecting reliability.-Factors-under c,:'idi.
tion of flight'were:

1. Variability in attacks. In so far as the differences betweezi
attacks represented different levels of difficulty foi the gunner,
attack differences contributed-to the unreliability of scores.

2. Variability in the course of the bomber. -Though it was less
difficult to control the course-of the bomber than the Course of the
attacking fighter, some -unreliability in scores was accounted for
by differences in the smoothness with which the firing ship
was-handled from one attack-or mission to the next-

3. Weather. The weather Was a determinant of the smoothness
of flight of both the fighter and the bomber, and variations in
weather from mission- to mission were frequently large and there-
fore contributed to the unreliability of a score derived over a pe-
riod of several days. ,
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4. Harmonization. There was also the possibility tbi%, the bar-
nonization of the camera with the sight may have shown slight

differences from mission To-mission. t

Conditions of scoring affecting reliability.-The second factor
-influencing reliability of gun camera scores was an administra-
tive one. Scoring of film could be-done accurately and had to be
done accurately if satisfactory reliability was to be obtained. In
three of the studies summarized in this section especial care was
taken to ensure that the scoring process was reliable. Daily
samples of film were rescored and -if divergences between the
scorers' and checker's results appeared, the whole batch of film 4

would. be rescored. Needless to say,, the threat of -having to re-
score a large amount, of film provided strong motivation to the
scorers to exercise utmost care.

At one time it was suggested that a grading scale be adopted
for general use in the gunnery schools which would allow a,stand.
pxd comparikson of a gunner with his classmates. This scale was
to-make use of the combination of 'two scores: a subjective, quali-
tative rating, called an assessment, and the objective score as
derived by the gun camera department. To investigate the mer-
its of such a proposal, film from approximately 200 gun camera
missions from Laredo classes 45-4 and 45-- was examined, -and
the 20 clearest films taken through computing sights (Sperry ball
turret) and the 20 clearest films taken through non'computing
sights (Martin turret) were selected. 0  The score for the com-
,puting sight film was the sum of the tracking errors in mils, and - j
that for the fixed sight film was the sum of the directional
(whether too high or too low) and the deflectional (amoint of de-
flection) errors, also in mils. The assessments were based on,'
general effectiveness, tracking error, tracking smoothness, fram-
ing error, and framing smoothness for the computing sight film;
and for the noncomputing (fixed) sight film, general effective-

*ness, deflection, -line of apparent motion,,and smoothness. After
assessment the performance was given a rating of one to- five.

The scores originally derived by the film scoring department for
final grades were used, and at a later date the film scoring depart-
ment rescored this same film. Four experienced enlisted men as-
sessed all of the film twice on successive days. Correlation co-
efficients were computed between the two sets of scores and be-
tween the two sets of assessment ratings. These are shown in'
tables 9.36 and 9.37 and clearly demonstrate that there was very.
little similarity between either the sets of the scores br-the jsets
of assessments and also that two combinations of assessment
ratings with scores had very little in common.

30 The project omacer for this investigaion was LL Eaten W. Ray.
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TAB.LE 9.36.-Reliability of Gun Camera Assessment: Correlation between
ftrst and second assessments: Each computation basedon 2 attacks for
cash of 20 gunnery -students (Class 45-4 and 45-5, Laredo, February 1945)

Computing ight Noneomputing eight
rater number rater number

I 2 a 4 1.2 4
item 1-general effectivess--. 0.45 0.32 0.6- 0.29 0.38 0.45 0.39 0.29 V
Total Assessment sum of 5 .46 .49 .80 .52 .29 .44 .01 .83

TABLE 9.37.-Reliability of gun camera scores: Correlations between first and
second scoring of film and between first and second composite scores based
on combination of scores and assessment grade ratings; cach computation
based on ,2 attacks for each of 20 gunnery studeits (class 45-"4 and 45-5,
Laredo, February 1945)

lt score is. lit composite vs.
2d score 2d composite

Computng_ 2e. , 0.43 d'41

Reliabilityi under experimental conditions.--Since it was impos-
* sible to control completely the first two sources of unreliability,

! the most important actual determinant of reliability appeared to,
be the length of the sample obtained. In two studies 31 conducted"

jointly by the School of Aviation Medicine and the Central School

for Flexible Gunnery the problems and the possibility-of obtaining.
satisfactorily reliable gun camera records were demonstrated. 6

Experiment I.-One experiment, whose purpose was tomeasure
the amount of transfer from practice oi. the E-8 Spotlight Trainer
and-the DeVry Panoramic Trainer to the camera criterion, yielded
much information on the reliability of gun-camera scores. Thirty-
two gunnery graduates were divided into two groups of 16 each; ,

one group was given three gun camera missions in the Sperry
upper turret, followed by intensive training On the E-8 Spotlight 1
Trainer and then three additional gun camera missions as before.
Each mission for each man consisted of 6 attacks by a P-40 air-
plane under standard conditions. The other group was given
three gun camera missions in the Martin turret, followed by in- •
tensive practice on the DeYry Panoramic Trainer and then three -

more gun camera missions -as before. During the missions, the
members of the two groups were flown so that-influenc,. of varia-
tions in bomber and fighter pilot, weather, illuminatio. and

%0

31-These projects were conducted in collaboration with the School of Aviation Medicine
Randolph Field, Tex. Capt. Mason Haire, and S/Sgt. Riner C. Payne represented the Re- -x
search Divisionof CSFG, and Capt. Moncrleff 1H. Smith represented the Schocl of Aviation
Medicine.
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supervision were equalized for all subjects. Films were developed
overnightand given a preliminary scoring in the morning, so that
gunners could see the results of the preceding day's mission before
the next flight in the afternoon.

• In table 9.38 are shown inter-mission rank-order reliability co-
efficients for the tracking and framing errors of Sper.Ty gunners
and the circular errors of Martin gunners. The small size of
these coefficients indicated relatively little relationship between
the missions.

When the intramission reliability of gun camera scores was
considered a- similar picture was seen. Table :9.39 shows intra-
mission rank-order coefficients obtained for the mean scores on
odd-numbered attacks and even-numbered attacks on each ission

separately, and for the first three missions and the last-three mis-
sions. These coefficients were not corrected by the Spearman-
Brown formula.

Experiment 1.-In another study doneat Laredo--in. collabora-
tion with the School of Aviation Medicine, more evidence of the
nature of gun camera score reliability Was found. This study-
was primarily concerned with determining the amount of iearn
ing that would be realized by 32 graduate-gunners on 10 successive
gun camera missions. - ,

TABLE 9.38 -4"-eliability of gun camera scores: Rank- order -correlations of
scores on single missions in terms of tracking aiid framing erori of '1d
graduate Sperry gunners and of circular errors of 16 graduate Martin gun-
ners (Laredo, id quarter, 1945) , .

Sperry gunners . .

- Tracking errors. - F inig rois . ,

1 2- 3 4 5 6 1 2 3 4 5 6

1 ------ ------- 0.16 -0.20 0.36 -0.65 0.67 0.32 -0.42 0.06 o08 ,_0-:.0

2 ----.-.16 -------.- 50 .08 .50 .22 -0. .-. 03 42 .42 34 .
3-.--.20 .50 .46 .56 .4 -. 42 -. 03 _ .7 -1 .26
4 ....... .36 .08 .46 .31 .23 .06' .42 .17 " . ,261 .2f

5---- -. 65 .0 5631.80 .08', .4 -. 19 .26 ' .*
6------.1. 67. .22 .45 .23 .80 -. 03 8 .25 .27 -

Martin gunners circular errors

-1 2 3 4 EtA

-- - - -- _0 .6

1..----- -0.58- 0. 0.56 0.42 A
2 ................. 0.5 .07 .47 .42 -.67
2 -- -------------. o.02 .0-- ---- -- -. 01 .2.0.... o .7 .29 .02
4 --------------------. .56 ..... -01 . . .36 ()
5 ---------- -----. .42 .42 .29 3.41
e ----------------- _ . .29 -. 67 .02 ) . .i

Iniumclent cases.



TAsta 9.39,-Re liability of gun camera scores: Average of rank order C'orre.
lation coeffitients of scores on single inion. in term. of Sperry mil track.
in;- and framing errors. andt of Mlartin-mit circular errors made by is Vrad.

itas Serr gunes cnd'f gaduteMartin-gunners (Laredo, id quarter

isteSprr gna nd15grd~e Missions . sox All

Sperry trmcklnc error i 0.5 .5:020

Sxengraduates who had specialized in -the Martin turret and
16 who had-specialized in the Sperry lower ball turret were given
10 successive guin camera missions over a period of 17 dttys
Since the operating mechanisms of the lower ball turret and the
upper locat turret were considered to be similar, the Sperry gun.i ~'ners were given their gun camera missions on. the upper local- tur-,
ret. A mission consisted- of six attacks for each man, three be-
ginh~ng from -the 9, o'clock position and three from 3 O'clock; all
were pursuit curve attacks. Bombers, fighiter piloi*, and'in.
structois were alternated among the subjects so that the influence
of each-variable-would be equal for all subjects. At the beginning
of ear.stak the instructor- stakr'ed both cameras, or if the attack
appeared to 'be wrongly made, he would inform the -gunners, and
also the fighter Pilot. In this way it was possible to ensure that
-both gunners operating at any one time fired at the same attacks.

-Again rank-order coefficients for odd and even numbere at-
tacks within each mission were computed and averaged. These
are repoted in table 9.40, as raw'coefficients, not corrected by-the
Spearman-Brown formula.

Although the average intra-mission reliabilities came close to
beJ ,ng acceptable, therT was- sufficient variation from one mission
to the next to prohibit accepting any one mission as a reliable -
TABLE '9.40.-Relialjility of gun camera scores: rank order -:orrilations of'

scores made on odd and even numbered attacks within a Cingi., mission, *
terms of Sperry iti tracking and framing errors and of- Martn mil cir-
ctdar error# mnade by 16 graduate Sperry gunners and 16 gaui6Mri
gunners. (Ldredo, fourth quarter, 14)Mri

Measurement 1 2 ,3 4 5 6 1 8 9 lAers"g

0.78 0.52 0.53 0.44 0.86 0.47 0.94 0.64 0.66 0.46 0.68

Martin t
Circular ero .---55 .54 .X2 .64 (1) .58 .29 .68 .79 .74 .60

2 Mission 5- i omtted- because of in~ufflatent data.
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I index of- the gunner's proficiency. Table 9.41 summarizes the
degree to which scores from anyone mission would Predict scores

on any other mission; the average intercorrelations presented
here -show -again that one mission was not sufficiently representa-
tive of a man's Performance to be used as a criterion of~hs--ability.

TABLE 9.4.-Reliability of gun-camera scores: Average of rank order inter-
correlations of scores oni single missions, in terms-of SpcrvyI trackino and*
framing eri-ors-and 6f Martin circular errors made by 16 graduate Sperry
gunners and 16 graduate Martin gunners. (Laredo, fourth quarter,, 1944)

Sperry tracking Sperry framing MarT~t crcula
error

Average -h- 0.05 0.42 *0.26.

Since'a single gun camera mission was not sufficiently stable to
-be used as a measure of 'proficiency, it was necessary-to determine
how many such missions were necessary to produce satisfactory
reliabilities. One' approach was to consider -the correlations
among va rious -combinations of scores. For instance, the scores
on odd -numbered attacks, and even numbered attacks. throughout

- ~ any-two missions could be correlated; the same could beidine with
odd and even numbered attacks for Any number of. missions, taken
together. Also, the total scores for groups of miissiois could'be
combined and correlated with total scoreg of other g-;oups of mis-
sions. ]Both of these._processes were carried out. The latter
method was consid ered -to fov ide a more adequate, estimate of

*reliability. ,The results are given-in table 9.42.

TABLEr- 9.42.-Reliability of gun camera Beores: Rank order intesreOrretatione
between scores made on odd ~and even -numbered attacks within groups of

* missions, and between scores -mnade on-group's of missions by 16 graduate
Martin guinners'and 16 graduate Sperry gunner* (Laredo, fourth quarter,
1944) .'-

Odd vs. even attacks within groups-of missions

.- ~Sperry tracking Sper-ry f raming Martin circulai

Average-rlii) within pairs ot'inii8,ons_. 0.61- 0.63- 0.64
1 st 5 mss ions...... .77 - 67 .75
2d 5 missions- !:-,.. :go.S .85
1st 3 .50 I.51 .8T

.a .575- .86

10 m iions .- -- -------- 886. .91

RANK-ORDER CORRELATIONS BETWVEEN GROUPS or MISSIONS,,

A~~~ ~ era mssion _ W2 - 05 05

Avrae rho between pairs orfiaos. .~ .905
4 Od vs ven mison-- .1678'.7
Ist 5 Ys. 2d 5 mnissionh_~ A&~ .75- .56
Uissions 1-3 VS. .45 I.63 .79

-Missions 1.6-vs. ..,j0.92 .9 .94
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V
No Spearman-Brown correction was applied to any of these co-
efficients. -.

It can be seen that pairs of missions provided a somewhat more
stable-score than single missions, but that the scores still were not
satisfactorily reliable. For these data it appeared that five was
about the minimum number of mnissions that could be given and
still provide-asample of performance adequate to serve as a cr1-
:terion of a gunner's proficiency. It must be emphasized, though,
that unles's the conduct of'such missions had the closest supervis
ion it was, possible to have variation from mission to mission
which might completely destroy the reliability of the scores.

It was alsao possible to compute reliabilities for these data by
groupiulg the scores by days rather than by missions. There were
;6S days on which all gunners flew. The correlations between
scores- grouped according to the daV on which they were made
were somewhat higher than when scores were grouped by mission
number, which supports the contention that the influences of vari-
ations in type attack, turbulence of the air, state of equipinent,

TABLE 9.43.-Reliability of gun camera scores: Rank-order correlations be-
tween scores made on odd and even numbered attacks with data grouped by
days :rather than by missions, and rank order correlations between scores
made'on succeeding operational days by 16 graduate Sperry gunners and
16 graduate Martin gunners (Laredo, fourth quarter, 1944)

ODD-EVEN ATTACK RELIABILITY COEFFICIENT8

5 July 11 July 17 July 19 July 20 July 21 July Average

Sperry tracking -. 0.76 0.43 0.91 0.86 0.91I 0.50 0.19
Sperry framing.-z . .70 .42 '.52 .54 .51 ..62- .56
Martin cire. eror-..__-._ .55. .81 (I) .43 .32 .32 .72

DAY AGAINST DAY RELIABILITY COEFFICIENTS

Siperry tracking:
I July ------ ----------- 0.20 -0.14 -0.49 0.44 -0.26

11 July.. .. . 0.20 .----- .37 -. 24 .69 .30
17 July-.-.. - -. 14 .37 ...... .42 ;31 .08
19 July.-,_ -. 49 -. 24 .42 .. ----- -. 58 .20
20 July---- .44 .69 .31 -.-. 58 { -. 16
(Average Rho=0.08)
21 Juiy-- -- -. 26 .30- .05 .20 -. 16 ----- --

Sperry framing:
7 July ... ...... 0.04 0.16 .31 .0.54 0.34 -

11 July. ... ,..-.. 0.04 . .44 .36 .26 .41
17 July_. .16 .44. ----------. 49 .54, .44 -

19 .31 .36 .49 3.64 .52
20 July -... .54' .26 ,.54 .64 .. .40 ---.--
(AverageRhe-=0.40) 4 4
21 . 34 .41 .44 .52 .40

Martin, circular. erroir: .

7 July............----- 0.41 . -0.04 0.45 0.2b
11 July... .0.41 ... . .01 .21 " .24 ...
17 July------------.. -------- - .-------.-.--------- --.41--
19 July ---.....--- -. 04 .01 - --------- -. 04 -. 14
20 July --- .45 .21 . . ---. 3-7
(Average RhoO.13)
21 July--- - .29 .24 - .14 .37 .-..- -

I Insufflcient data.
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morale of the gunners, etc., were acting in different strengths
from day to day. See table 9.43; Spearman-Brown corrections
have not been applied to coefficients here reported. • - I

One instance In which lack of facilities for adequate control of
conditions invalidated data derived by means of the gun camera
is seen in the air phase of a study conducted by personnel of the
Research Division of the Central School in cooperation with the

Army Air Forces Board at Orlando, Fla. The ground phase of
the project Is summarized elsewhere in this chapter and con-

cerned the evaluation of the E-14 Trainer modified for use in-
training B-29 gunners. In the ground phase a number of sub-
jects were given practice on the -device,. and curves of learning
were plotted. . -'

The air phase was partially an attempt to validat the training
received on the ground trainer against gun cameraas a criterion-
of proficiency. 2 Thirty-four subjects, 5 combat bombardiers

* (Group A), 10 combat gunners (Group B), 9 graduate gunners
(Group C), and 10 untrained gunners (Group D), -were 'each
given 4 missions in both the ring and blister positions of a. B-29.

* Each mission consisted of 6 simulated attacks by a P-51 airplane,
from-the 3 o'clock and 9 o'clock positions beginning 1,000 to 1,500
yards out. The bomber flew at an indicated air speed of approxi-
mately 200 m.p.h. and pt an altitude of approximately 10,000 feet;
attacks conformed to- the pursuit curve pattern as clbsely, as-
possible. The report (published by the AAF' Board) does not
-indicate the lapse of time 'between missions, the method of- alter-
nating the subjects froiw one position to the other, whether the

right or left 'blister station was used,. or the alternation if both
were-used. .

The film, exposed through the sighting 'heads, was scored for

tracking error- and framing error, the former in terms of the mil

distance between the center of the reticle and the center of the

attacking plane image, and the latter in terms* of the mil differ-

ences between the wingspan of the plane image-and-the diameter of'

the reticle. Shortage of film required that the cameras be run at a,

slow speed, producing about 60 frames of exposed film per attack.

This further necessitated that every fifth frame of film be scored

instead. of every tenth in order to obtain 10 readings per attack.

The report does not mention precautionary -measures taken to,

ensure reliable scoring.

The fact that the scores derived from the gun camera film

were of unsatisfactory reliability precluded the drawing of de-'

32 Project- Ofmcer for this Iirvestlgation Was' CaPL Alfred 0. Jenzen, -assisted by-Lt. Clar-

ence F. Willey and Sgt. Carl H. Martens.
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' fensible conclusions from the data obtained. Evidence of this-
lack of reliability is seen in table 9.44 which gives mission-to.

mission correlations obtained from both ring and pedestal sights. 
The highest of these inter-mission reliabilities was 0.56. No-

4 intramission reliabilities, correlating odd versus even. numbered
attacks, were reported. :

Learning as measured by the gun camera.-From the foregoing
passage pertaining to reliability and the -lack of it in ordinarypractice, it can be surmised that under the conditions usually

obtained In the gunnery schools there would be little if any evi-
dence of learning on gun camera missions . .

One of -the studies referred to above (pp. 227) In the discus.'
sion of 'eliability was concerned with the learning evideaced by
32 graduate gunners on 10 successive gun camera missions.
Sixteen of these men had been trained on the Martin turret in
gunnery school and received their 10 experimental missions in
that turret; the other 16 had been trained on the Sperry turret

' '" and received their missions in -that one. Each mission consisted

of 6 attacks per subject, 3 from the 9 o'clock position and 3 from
3 o'clock; all attacks were flown on a pursuit curve. In filming
the attacks all cameras were under the control of the instructor's
switch, which was closed only during satisfactory attacks.

.. TA 9.44.-Reliability of gun camer scores: Product moment correlaton
between scores on single minions anid between combined scores on pairs of
missions, in terms of tracking, framin , and tracking-plus-ftaming error*
made from tpodestal -and ring- sighting stations (Orlando, third quarter,,

and dstal station Ring staion

r'am- Track Framing-

p rm- Track ml-,. ' ~In r ng r traeA7;g r nK1 n Ptr= r

I and 2 4" 0.39 0.54 6 14, -0.01 -0.13 -0.10
2 W- 3 -.12 .20 .05 2N .50 .80 .A
3 and 4 24 .27 .47 .38 is .5 -. 16. .13
1-2 and 3-4 .... 24 .89 .06 .15 16, .50 .01 .41
1-3 and 2-4 .- 24 .39 .6M .46. 16 -.11. . .37

At the end of the- 10th mission the tracking error at'. framing
error scores for Sperry gunners and the circular error sco-.z for
Martin gunners were computed-and plotted. The data are sho -,. .
-in table 9.45 and the curves plotted from 'the data are given in
figure 9.24.. .. .. .. .

230



a

j
*~ S It.

M(AN IRRORS IN ~CS
_

______ 3 3

______ I--- ~~~~1if
II __ /

~1; *

.e.

ft * *
F, *

*

itA * / -.

~ _____ _____
-I. S -

Iii- I-1 qtl
4

-. 5!!

I - ____ -* /
S.

1 5
S /

-; * S
S - -- -

S 5..

tI
I

H -______

231

-



TAzLz'9.45.--TA. course of gunnery profl4pency: mean and standard devia."
tion of ml traking. and framing errors-of 16 Sperry punners and circular
error,.of 19 Martin gunners on 10 succesive misions (Lre do, fourtk
quarter 1.44)

Million nuimber

Measurement - ,-

... .. . 2 3 4 5 6 ' 8 9 10

Sperry gunners

Me a-n A 8.08 6.85 8.48 10.22 8.25 11.22 '5.90 9.38 6.63

UD..... -- 3.55 2.48 1.82 2.12 4.85 8.18 4.22 1.35 8.38 1.61

rraming error:
Mean-_ 6. 6.82 6.5B 7.42 7.70 6.45 6.75 5.85 6,02 6.82
, liD . -.. 3.32 2.20 1.72 4.88 2.78 2.80 '2.58 2.52 1.68 2.30

Circular error: iCiuan @tig. __ _ 24.SC0Z3.85 21.15 24.28 8.05 24.35 24.6? 19.50 25.32 22.88

8D___ 5.22 5.48 4.40 4.55 6.75 7.18 5.28 3.85 6.85 5.50

-* There was no consistent trend of improvement.-or decline in
proficiency in any of the measures excepting Sperry framing, in
which case the average error score for the first five missions was
significantly worse than that obtained on the last five missions;
this difference was probably due chiefly to the ,poor performance
on-missions 4" and 5.

The intercorrelations of Sperry framing errors for the 10 mis-
sions are reported in table 9.46.

TALz 9A6.--Intercorrelations of ranks in profency in framing of '1 Sperry
gunners on 10'euceeurive mieion-(Lredo, fogrth quarter, 1944)

i ! :"Mission.$

Ai 2" 5 6 7 8 3___O_

0.31 0.29 -0.03 0.34 0.06 0.42 -0.05 0.59 -0.22
2.:__ 0.3t, -- .37 .15 .24 .31 .43 .05 .64 , .20

.29 .37 .4I .10 .41 .24 .28 .88 .11
4 -.03 .15 .47 .44 .68 .48 .38 .28 54
5____ .34' .24 .10 .44 --------. 51 .64 .44 .43 .44

.06 .31 .41 .68 ' .51 ___----,82 .60 .53 .04
7-- - .42 .48 .24 .48 .64 .82 _ . 68 .68 .19
8-- - -. 05 .05 .28 .38 .44 .60 .68 T;2 .639_-.59 .64 .33 .28 .43 .53 .8:8 .27 N-- .21

-. 22 .20 .11 .54 .44 .W4 .69 .63 .21 -

Considerable evidence of learning was found, when the sub-
jects concerned wer, untrained gunners, as shown in another
experiment done in collaboration with the School of Aviation
Medicine in October of 19,'. -

In this experiment, 54 men. were selected from the pool of
men awaiting entrance into Basic Gunnery School. The only
requirements were an Army General Classification Test score of
110 and a record of no previous, gunnery experience. The men
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were divided into 3 groups of 18 men each and arbitrarily assigned
to the Sperry upper turret, the Martin- turret and the waist gunposition equipped with the K-13 compensating sight, all in YB--G

airplanes; subjects remained it these assigned por'tions through-
out the experiment. Each group was given a lecture on the
equipment it would use, and the Martin gunners received an in-
doctrination in the principles of position firing. The groups
assigned to the turrets were given 8 minutes- of practice on the
Spotlight Trainer, and-:all 3 groups were given a familiarization,
flight:of about 1 hour. At the conclusion of these familiarization
preliminaries the subjects began a schedule which called for them
to-fly a mission each afteenoon and see the results of their firing
the next morning when the film of the preceding day was given a.
preliminary scoring. Each mission for each subject consisted
of six attacks, three from 3 o'clock position and three from 9
O'clock. Waist gunners shifted from .one gun to the other after
three attacks from the first side. The same scores as in the
experiment last described were used. In addition, the Sperry
gunners received a combined score consisting of the sum of the
average tracking' error. The score for waist gunners was
average tracking error, measured as the distance between the
center of the sight reticle and the nose of the attacking plane,
since the ,proper point of aim With the IC-13 sight was always the
'nose of the attacking fighter. "

Untrained gunners definitely showed increase in proficiency in
the gun camera situation. Table -47 shows the means and
standard deviations- -by mission for each group of gunners, and
table 9.48 shows the comparisons of the first and last five missions.
In ,each case the product-moment correlation between the two
arrays was taken into account in computing the standara error of
the difference. .

Table 9.49 summarizes the resiults of a comparison between
the performance of gunneiky graduates in the earlier experiment
and the untrained gunners -used in this. experiment. Although
the data were obtained in, different experiments, every effort was
made to maintain exactly comparable-conditions between the two,
studies. The results indicated that although the trained Martin
gunners made reliably better scores and the trained Sperry gun-
ners made reliably better franing scores on the first five 'trials
than did the naive students, no differences appeared between the
tVo groups on these scores on the second fiv.e trials* On Sperry
tracking scores, the naive gunners did reliably better than did
the trained-gunners both on the-fir - five and second five missions.
No explanation of the superiority of the naive gunners on thi
score was found. There was no re'-son to believe that selection

703326-47-16
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of the untrained group could have affected this difference, or that
differences in, the firing or scoring procedures could have influ.
enced the results

Conclusion regarding learning as measured by thegun camera.
-The learning situation imposed by the gun camera procedures
was not very favorable to improvement. Even in the experi-.
nient-s just summarized, the gunners 'had no knowledge of results
until the morning following the mission, which represented hore
individual treatment and a higher degree of knowledge of-results
than was probably possible in large scale training Programis;
only the naive subjects showed any improvement, and this im-
provement ceased to be significant after five missions. Although
these findings were based on a rather small number', of subjects;
they clearly suggested that the amount f gain in proficiency to be
expected from gun camera training was not great. - -

Validity of gun camera scores.-There is little that can be said
of the validity of the gun camera procedure, except that it wis
the closest, reliably scorable approximation to combat that was
attained in the flexible gunnery program.

For some time a series of attempts were made to increase the--
realism in the gun camera situation by firing blank caliber .5.

TABLz 9.47.-T. course of gunnery proficiency: Meaan-di standard deviation
of 'mil tracking and framing errors of Sporjr-iiiiners, of mit circular errors
of Martin gunners, and of tracing errrs of K-13 waist gunners on 10
successive gun camera mizjions, lli gunners untrained (Laredo, fourth
quarter, 1944)

Mission numbor .

1 2. 8 - - - -

'pef ngunnere
Tracking error:

Mean-.... 8.48 8.55 6.45 8.22 5.18 7.08 6.90 5.50 5.62 5.72
8D..... .- 1.91 2.56 2.45 0.74 0.98 2.21 2.19 1.29 1.08 1.72
N------ 16 17 17 17 16 17 17 17 16 17

Framing error:
Mlean--' --. . .65

. ........... 11.41 8.72, 13.15 11.55 8.10 8.72 5.50 5.90 7.38 6.48
N...- .... 8 3.25 4.54 7.03 5.48 5.25 2.07 2.42 2.58, 3.20

17 14 16 15 17 17 17 16 17Trackin'g-plus-
traning error:

VHean __ 24-65 17.28 19.72 17.72- 13.22 15.78 12.38 11.40 13.00 12.20
8D. -- . 13.26: 4.68 4.46 7.26 6.18 5.20 308 3.15- 3.15- 4.31,
i,8 17 14 -16 15 17 17 17 16 17

Martin gunners'
Circular error:

Mean . 36.55 35.50- 25.78 24.88- 29,28- 20.45 24.72 21.62 21.05 19.75
,8D-9.02 15.98 7.82 -6.89, 7.59 7.49 6.37 5.84 5.04 8.78
N .. 17 18 12 18 17 18 18 i18 18 18

K-IS "W'o~a

Me. .r 10.50 9.68 9.00- 7.62 8.32 3.02 7.55 7.20 7.28- 7.40-
8D..... 2.83 2.92 4.48 2.30- 2.44 2.28i 1.65 1.62 1.48 1.69
NI 18 17 12 17 18 18 i 18 18 118 17
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ammunition during gun camera exercises. Although this corn-
bination sounded like an excellent idea at first, it turned out to
be replete with difficulties, Which greatly impeded its development
to the usable state. The principal difficulties seemed to be that,
the slower rate of fire and the greater recoil of blank round&
combined to produce excessive vibration of the gun, which made
It very difficult to obtain clear pictures, and also caused rapid
deterioration of gun mounts. Frequent malfunctions were caused.
by accumulation of carbon in the moving parts and in the- recoil
booster.

A Frangible Bullet Trainer, described elsewhere in this chapter
may besaid to have had a higher face validity than gun camera,
but the level bf development which the frangible bullet technique
had reached at the cessation of gunnery training did not permit a
score sufficiently reliable for use as. a criterion of gunnery profi-
ciency. It is possible that ffi~ngible bullet training contained
greater motivational possibilities, -since- it actually involved shoot-
ing guns instead of a camera at a target, but there was no quanti
tive -affirmation or denial of this possibility. It is regrettable,
that no experiment was performed' to- evaluate frangible bullet:
training in terms of proficiency with the gun.camera.

TABLz 9.48.-Thecourse of gunnery proficiency: Means wd standard devia.
tions, difference, -standard errors of differences, and t of mean difference,
in mil errors made on first 5 and second 5 of 10 successive gun camera . .
sions, in terine of tracking and framing errors of Sperrygunners, circuit,
errors of Ma7tin gunners, and tracking errors of K-la waist gunners, all
gunners untrained (Laredo, fourth quarter, 1,9)44)

Sperry M

SSper perr trackinug cicar K-l
tracking, framing and cirularframing error traeking

N 17 17 17 s18 1
Misulons 1-5:304

II 4Mean_ - 6.95 10.80 17.62 30.45 9.,
. 1.08 2.98 4.02 6.60 2.05

Mimlons 6-10:
. 6.15 6.75 12.90 22.75 1.6

SD-- -- 0.93 2.14 2.35 3.88 1.04
Difference 0.80 4.05 4.72 7.70 1.43- 0.30 0.74 0.97 1.29 0.36f I_ 2.68 5.4600 4.8600 5.97*0 3.9540

IThe number- of times -in 100 that a value of t as large as each one obtained would be
expected to arise-by-cbance Is Indicated by the following system:

*between 1 and 5 times In 100.
•less thau 1 time In 100.

Concluding statement regarding. gun camera.-In summary, it
-seems that the gun camera left much to be desired as a trainer.
The reliability was at best lower than might have been hope.
and- even this was obtained only with great care and by rigiI
control of the situation, which was not ordinarily achievable it,
training programs. The nature of the task made it impossiblb
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te -have immediate knowledge of results. It was an'expensive
training situation, affording, for a large outlay of men and ms-
terial, an amount of aiming practice measured in minutes rather
than hours. But whatever its shortcomings as -a trainer -may
have been, the gun camera remained the only usable criterion of
proficiency available at the close of the gunnery program.

The Firing Error Indicator •,: -"

One of the areas of flexible gunnery traininig to, receive earliest
and most prolonged investigation was the aerial firing situation..
The attainment of reliable scores was the principal problem which
was brought into focus by the early policy of eliminating gunners
on the basis of scores made in firing at -flag targets towed- parallel
to the firing planes. Early studies showed that air-to-air firing
at flag targets had very low reliability, As pointed out elsewhere
in this chapter. From the point of view of training, a second
and more important problem was that of obtaining immediate
knowledge, of results of firing. The Firing Error Indicator,

TABLE 9.49.-The course of gunnery proficiency: Medns, differences, standard
errors of differences and C.R. of differences betioeen graduate avtd untrained
gunners on first 5 and second 5 of 10 successive missions, ,in *terms of nil
tracking and framing, and tracking-plit-frami-uj errors of Sperry gunner.,
and of mil circular errors of Martin gunners (Laredo, July 1944 axd
October 1944) -

FIRST FIVE MISSIONS "

Sperry Martla
Sperry Sperry Tracking- circular-
tracking framing plus.trami~ error

ean (trained)-; ---- 16 8.?1 7.20 16.05 23.92
Mean (naive) ........- -18 6.91- 10.80 17.62 30.45
Difference 1._.__ -1.6 . +3.60- +1.57 +6,53
SE difference- 0.52 0.94 1.41' 1.84;
Critical ratios a -..-------.-- -3.2140 +3.84#1 +1.11 +3.550*

LAST FIVS MISSIONS

Mean (trained) . - 16 8.28 6.25 14.50 23.28
Mean-(naive) 1.. .- is 6.15 "S.75 12.90 22.75
Difference' - - - - - - - - - -

- ----- _- [ -2.13 +0.60 -1.60 -0.53

SE difference ------------ - - 0.40 0.77 0.93 1.42
Critical ratios a --- -- - -5.38. _ +0.65 -1.63 -0.37

A plus sigr. indicates superior performance by the trained groups; a minus sign Indicates
superior peitormance by the naive group.

2 The number of times in 100 that-a critical ratio as large as each one-obtained would-be
expected to arise by chance-is indicated by the following system:

No asterisk: more than 5 times In -100.
0 between 1 and 5 times-n-1O0. -

-*Oless than I time In 160. " "

originally developed under a National Defense -Research Commit-

tee contract as an aid in. antiaircraft training, came- to -the atten-
tion of gunnery psychologists in l9'V , and appeared to have
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promise of becoming a means of attaining both requirements of alt
adequate air firing, situation at one time.

Description.-The Firing Error Indicator, hereafter referred
to as the FEI, may be described, as an acoustic-electronic device
for determining the position 'of % projectile when it was at its
closest point to the target. The device, consisted fundamentally
of two parts: a transmitter located in the target and a receiving
station located in the firing plane.

.The transmitter consisted of a small, battery-operated radio
transmitter whose carrier frequency was modulated through the
arency of two micr'ophones by ballistic shockwaves originating
*from projectiles passing in the vicinity. The nearer the trajec-
tory, the stronger would be the shockwaves incident upon the
microphones, and the greater the modulated radio signal recorded
at the-receiving station.

The two microphones were ordinarily mounted so as to face
. to the right and left of the gunner as he fired at the target. Their

diaphragms were purposely tuned to two different audio frequen-
Scies, for example, 1620 and 2400 cycles per second. If the gunner
shot on, the right side of the target one microphone would receive
greater excitation from the bullet's shock wave than the other.• "'The two different excitations weie transmitted to the- receiving
station, which separated them and gave the observer at the
receivingstationthe following information: (a) the position of
the projectile relative to the target at the moment of passing
(right or left) And (b) the approximate mini; .*i, distance of
the bullet from -the target.

Early tests.-Early experimental models of the FEI were given
trial application in aerial firing at Buckingham in the latter part
of 1943. These tests were mainly to find out if the equipment
was ready for-more elaborate evaluation to determine its possible-
status in the flexible gunnery program. Much unit to unit varia-
bility in transmitters was revealed as well as adverse effects of
slip-stream noise, and of variability in temperature and air den-
sity. After these early Blhckingham findings, further develop-
mental work was pursued by the Hoffman Radio Corporation and

*the California Institute of Technology as contractors of the
NDRC, and a much improved version of the FEI was brought to
the Central School in the summer of 1944 for further aerial tests.

Ezperimental evaluatiom,-By the first quarter of 1945 it
seemed worthwhile to attempt to determine experimentally the
training value to be derived from including the FEI in the aerial
firing procedures. Although the development and refinement of
the FEI were not yet wholly satisfactory, the device nevertheless-

!d. reached a stage whereat it functioned with high mechanical
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dependability and was free from excessive influences of extraneous
noise and weather variation. Accordingly, an experiment was
designed and carried out to determine if the knowledge of results
of air firing as given by the FEI would improve gunnery profl-
ciency as measured by some criterion of known reliability and.
presumed validity.8u The experiment was a study of transfer of
training in which one group of subjects received aerial firing
practice using standard gunnery school targets and another group
received the same training but was given immediate knowledge of
results via the FEI. The criterion selected was 3 gun camera
missions, each mission comprised of 12 attacks for each gunner.

* Procedure.--Thirty-two untrained gunners showing a repre-
sentative distribution of Army General Classification- Test scores
served as subjects. After an orientation course covering opera-
tion of the caliber .50 machine gun, manipulation of the Martin
turret, sighting, operation of gun camera equipment, safety pre-
cautions, intercom, and an orientation flight, the subjects were
given 3 gun camera missions-of 12 attacks each per man. These
missions were originally intended to serve as pretest-and provide
a basis for dividing the subjects into 2 equal groups, but unre-
liability of the scores precluded both considerations, and the'
subjects were randomly assigned to experimental and control
groups.

In the experiment all subjects fired 10 missions from a B-24
airplane and on each mission fired at one pass (attack) from each
of four positions: right waist position, left waist position, Martin
turret firing to the right, and Martin turret firing to the left.
Each subject was allowed 180 rounds per mission. The- waist-
positions were fitted with iron ring-and-post sights and the
Martin turret with a fixed (N-6A) optical sight..

In order to simulate a pursuit curve and allow the subjects to
apply Position Firing rules, the targets were towed in a course
parallel to that of the firing plane, but in the opposite direction.-
The speeds of the 2 planes were adjusted so that a 2 rad lead was
approximately 45 degrees ahead of the firing plane, a 3 rad lead
directly abeam, and 'a a' rad again at 45 degrees astern. The,
target was usually towed 10 or 15 degrees above the firing
airplane at a miriiruum range of 400 yards.

During and after each pass the FEI receiver operator informed
' the subject over the interphone of the results of his.firing.

The control group fired exactly as the experimental group did
with the exception that they fired at standard' gunnery targets

$ The project officer for this experiment was Capt. James D. CRrson, assisted by S/Sgt.

Curtis E. Muir. rhe experiment was -designed and t-, report written by Maj. John -V.

McQuitty.
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4%. feet x 20 feet, whereas the FEI transmitters were mounted in
targets 41/2 feet x 11 feet. Also, of course, the control group did' not receive knowledge- of the results via the FEI.

After 10 missions all subjects were given 3 gun camera mis-
sions, each consisting of 3 P-43 attacks per gunner fired'at from
each of the 4 previously identified positions. For the waist posi-
tions the film was exposed through K-13 sights and scored in
terms of tracking error. The Navy assessing device was used
with the Martin turret1 which allowed film to be scored in terms
of tracking error. All errors were expressed in mils.

Results.-The critical results of the experiment are shown in
ible 9.50. It is noted that in every comparison bet one the con-
trol group performed slightly though (probably) insignificantly
better than the experimental group (no measures of Ognificance
are available).

TABLE 9.50.-Evaluation of firing error indicator: Mean tracking jrror score#
in terms of mils made from turret and w'aiet positiona by experimental and
control groups (N = 16 each group on * criterion gun camera misuiow,
Laredo, fourth quarter. 1944)

Missloal Mission , MIUlon 8 Total
Poeltion

lip. Con. Rxp. Con. Exp. Con. Z xp. COn.

Tur . .. 62.22 54.10 55.25 41.88 56.58 54.22 57.40 50.25
Wast_._-__ 57.52 57.18 59.40 53.05 55.02 57.75 57.62 55.8

The "reliabilities of the gun camera scores appeared to be
* , satisfactory. For waist'gunners, an estimated reliability of 0.91

for scores on three missions was obtained by use of the Hoyt
method. For turret gunners a reliability of 0.81 for scores on
three trials was obtained by computing the correlation between
trials 1 and 2 and correcting the resulting value by'thG Spearman-
Brown formula.

No'estimates of the reliability of the FEI scores are available
at the time of this writing. Representative scores ,znd standard
deviations are given in t.ble 9.51.
TABLE9;51.-Firing error indicator scores: Mean pereent hits (shot% passing

through bullseye area) and standard deviations for mission. S, 4, ::, and 9
combined, Laredo, fourth quarter, 1944)

M (percentagePsi ot bits) OD

Turret-- - 165.6 9.54-
Walt_15 =  5.51 8.85

Only the data froxn missidns 3, 4, 5, and 9 were at all usable,
since mechanical difficulties encounterod on missioDns 1, ?, 7, 8,
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and 10 'rendered their data not comparable to those from the
other missions.

* Learning apparently did take place on the FEI. Table 9.52
. shows a trend, with variations, toward increasing the numbe- of.

hits scored on successive missions. These data are reproduced
graphically in 5gure 9.26.

TABLE 9.52-Learning on the firing error indicator: Mean number-of hits 1
(shots passing through bullseye area) made from turret and waist positions-
on each of 10 missions (N= 16, Laredo, fourth quarter 1944)

Position 1 2 3 4 5 6 7 8 9 10

Turret- 0.7 2.6 2,7 2.1 3.3 3.5 2.8 10.2 16.6 9.6
Waist __... . 1.0 2.0 4.0, 3.4 2.5 11.5 2.6 13.0 11;1 14.6

Concsions.---Thus it appeared that the use of the FEI under
the conditions of the-experiment reported contributed nothing to
proficiency as here measured.

Miscellaneous problems of the FBI.-One problem complicating
research on the FEI was that of towing the target in a pursuit,
curve with a minimum danger of shooting down the towing air-
plane. The method used in the experiment just described was
very delicate, easy to invalidate, and required that the sight
reticles be alteredso that Position Firing rules could be applied.

At the close of work on the project a satisfactory solution to
this problem was in the offing. The transmitter was mounted on
the nose of a small glider (wingspan approximately 24 feet)
which was towed about 300 yards behind and 45 degrees below
a B-26 tow plane. The pilot of the tow plane, by mbneuvering
in pursuit curve fashion about 200 yards higher than he would
if he were attacking the firing ship, could make the glider approach
the bomber in the desired fashion. Much, effort had to be ex-
pended in learning just how to take off and land the gliders
without crashing them, but the technique proved to be learnable
to a fairly satisfactory degree.

During thea conduct of the experiment just reviewed, other
developments hi the FEI were taking place and experimentation
with other methods of using the device was under way. The
aperiodic system, said to be freer from extraneous influence and
more sensitive and accurate than the resonant diaphragm system
describea in this report, had been brought nearly to a stage of
satisfactory development. Plans were being made, but never
carried out due to the ending of the war, to evaluate the new
version experimentally.

Though fraught with technical difficulties and attendant dis-couragement throughout its history, tht Firing Error Indicator
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was known to be theoretically sound, and thereforesupported-the
hopes of researchers that some day it would provide the answer
to the long quest for an air firing situation which would possess
'the major requirements of an effective leirning situation: real-
ism, analytical and immediate knowledge of results, and reliablo
scores.

The Frangible BulletTraincr

History and description.-Probably the most expensive and
ingenious attempt to attain realistic flexible gunnery training was

eby% hFrangible Bullet Trainer. The idea of a break-represented bthe~rnil

able-bullet which could be fired at armored airplanes as part of a
training program was conceived in 1942. Through the eIdergy
and enthusiasm of a small group of persons the trainer -approached
training.

During the course of the frangiblebullet~s development a variety
of materials was considered for possible use in the manufacture
of the bullets. The principal difficulty encountered was to find
a material which the initial shock of explosion would not rupture
and which at the same time would not penetrate the.armor of the
target plane. With the chelp of the Department of Chemistry at
Duke University, the Bakelite Corporation developed a satisfac-
tory caliber .30 bullet made of.powdered lead held together by a
plastic base. The Bell Aircraft Company produced a large
quantity of a special armored version of the P-63 airplane for
use in frangible bullet training. I.

In addition- to being heavily- armored for the protection of the
pilots and vital working parts, the target planes contained shock-
activated pickups-located just beneath thearmor plate at various
points ;-each time the plane was struck, the pickup nearest the-
point of impact was activated and a mechanical counter in the
cockpit recorded a hit. At the same time a light in the nose of
the plane flashed on, telling the gunner that he had scored a hit.
This descrliotion of the counter and. light system is rather ideal-
ized; in actual npractice its functioning left much to :be desired.

The policy of the Research Division with respect to new trainers
called for evaluation in terms of learning, reliability of scores,
and transfer of training before full ,cale adoption of the devices
into the training program. In the -scond quarter of 1945 the

[ Frangible. Bullet Trainer appeared to bL ready for such evaluation.
A series of controlled flights was planned to derive scores under
conditions as nearly constant as possil .. The purpose was to
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obtain information regarding the course of learning with the
Trainer and the reliability of scores derived.34

.Procedure.-Sixteen untrained gunners were selected at ran.
dom from the pool of students at Laredo awaiting entry In the
basic gunnery course. The subjects were separated into four
crews of four men each; each crew was assigned to 1 of 2 YB-40
bombers and did not change bombers throughout the experiment.
Each gunner flew 18 missions firing at 8 attacks per mission from
the Martin turret Which was equipped with a K-15 computing
sight specially modified to account for the ballistic characteristics

of the frangible bullet. During each attack each- subject fired
approximately 75 rounds; 'the instructor announced to the subject
the ranges for opening and ceasing fire, 600 and 200: yards
respectively. All firing was conducted at an altitude ranging
from 7,000 to 9,000 feet with the bomber flying at an" indicated
air speed of 160 m.p.h. It was originally planned to fly a crew
at least every other day, and every day if possible; neither of
these objectives was possible, and in some instances as much as
a week elapsed between missions due to maintenance difficulties
and inclement weather. The experiment extended over 12 weeks,
and was attended by loss in motivation and lowering of morale
of the subjects. -

Results.-The results of the experiment are summarized in
table 9.53 and figure 9.27. It" is seen that there was evidence of
a small amount of improvement during the course of the 18 mis-
sions, most of which appears to have occurred during the first 9
trials. The number of hits made on the target planes remained
low throughout the experiment; a total of 167,853 rounds was
fired and .3,141 hits obtained, or 1.87 percent. The highest per-
centage obtained by the total group on a single mission-was 3.38,
and the highest for an individual gunner was 10.

The reliability of scores obtained was not encouraging. The
Hoyt estimate of the reliability of indicated hit scores for the
total of 18 missions was 0.59, and the average of Hoyt 'eliabilities
for single trials was 0.07. The Hoyt estimate of reh;.bility of
scores, in terms of the number of times the light in the r,'se of
the target plane flashed, was 0.52 for the 18 trials- combined, ,'nd.
averaged 0.06 for single trials. A product-moment correlatit
of 0.83 was obtained between indicated hit scores and light scores;
if the counter-and-light system in the target planes had been
working perfectly this correlation should have been- 1.00. It thus
appeared inadvisable to use frangible bullet scores to make corn-

34The project ofers for this Investigation were Lt. Daniel J. Ilston and Lt. Esten W.
Ray.
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parisons among gunners regarding their ability to secure hits-on

the target plane&
Conclusions.-Since there was no evaluation of frangible bullet

training against a criterion of gunnery performance, it is, of
course, impossible to speak with assurance of the value of the
trainer as a contributor to gunnery profic:ency. However, if
scores had been sufficiently reliable the Frangible Bullet Trainer
might have been considered by itself an adequate criterion of
gunnery proficiency. It was clear that the trainer suffered from
the same difficulty as the gun camera; namely, its lack of effi-
ciency: during the entire experiment, each gunner received a total'
of about 24 minutes of sighting practice. Although training did

provide immediate knowledge of results in terms of hits, vs. n-
hits, it did not provide information as to the direction or magni-
tude of sighting errors, which made coaching of students difficult.
It may be said, however, that, within limits, the FrangibleBullet
Trainer ensured high motivation on the part of students, and
offered a possibility for familiarizing students with the various
types of tactics in use by the enemy and with ways of combatting
them..

SeiViaTrin MISCELLANY :

Special Visual Training Experiment

Mr. Hoyt L. Sherman, of the Fine Arts Department of Ohio
State University, had conducted some visual training' for the
Navy, on the basis of Which he claimed to be able to improvebthe
acuity of peripheral vision and the ability to perceive relationships
among the components of a whole visual- situation. SeVeral.

interviews with War Department officials cohvinced'them that

Mr. Sherman's training method had implications of possible :value
for training in recognition of aircraft, in scanning and observing,
and in aiming. The Buckingham gunnery school was selected- as

thesite for testing Mr. Sherman's proposal.
Description.-For purposes of clarification, the visual training

program as prescribed by Mr. Sherman will be described here,
and not repeated in the description of the experiment. The

training was conducted ii a large room approximaely 60 by 40

feet in size, equipped with a 12 foot x 12 foot projection screen,

a slide lantern with a high speed shutter attachment, drawing

stands for 20 subjects, and a phonograph. Each subject was

provided with a supply of large s'7e drawing paper and heavy

black drawing chalk. The subjectt were required to reproduce

quickly the forms and patterns which were Do shed on the screen

at exposures of about 1/20 of a sec,'ajd. The. forms -were non-
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geometric and varied In difficulty of reproduction, embodying
changes in size, brightness, number of elements, and plane of
projection. The students wore masks which allowed them to see
the screen but Which prevented them from looking down at their
work. As the training progressed the subjects were moved clbser
to the screen, thus increasing the angle of vision required. Phon.
ograph music was used to encourage -the subjects to relax and
draw more freely. Twenty-four sessions of approximately 30
minutes each were given to the training. ,The subjects were
divided into 4 sections of 20 men each and took the training at
night in addition to the regular training course.

Briefly, it was Mr. Sherman's thesis that his training would
enable the gunner better to do-two things: first, to perceive each
detail of his visual field in accurate relationship to all other de-
tails, and to do this very rapidly and automatically; second, to
see apparent motion and determine apparent position of planes
in his visual field without the need for moving his eyes.- Mr.
Sherman contended that apparent motion would be most. "suc-
cessfully sensed" without eye movement, via the retinal jath of
the target's projection, and that-the sight field must be held steady
in order to "sense the target's tracking pattern." ,

Ezperimental -evaluatiotz.-The experiment 35 conducted to test
Mr. Sherman's training method utilized three groups of subjcta
A drawing group, which received the training as deseribed above,

TABLE 9.53.--Learning on the frinngible bullet trainer: Round# fired, in&5
cated hits, and percent indicated hits made by each of $ crew* of 4 Vm
each, and by the total grGup of 16 subject on each of 18-miaaon,, usino
K-15 Bight (Laredo, third quarter, 10,94)

I MIS[ONS

1 2 3 4 5 a 1 8 9

CREW A'
Rounds fired -- |-- - 2,235 2,340 2.145 2,330 2.375- 2,322 2,234 2.400 2.380
Indicated hits ----------- 9 7- 18 14 33 26 61 14 112
Percent ldicated hits-| 0.40- 0.30- -0.84 0.60 1.39 1.12 2.73 0.58 4.75G R E W B I - ,4 0 2 1 4Rounds ...... ....- 2.4V, 2,11 -. 255 2,257 2,241 2.,368 2.320 2,40 2,042
Indicated bits ----------- -9 14 31 33 29 57 44 9 102
Percent Indicated h .ts3 .8 .66 1.37 1.46 1.29 2.41 1.90 2.88 4.90

CREW C ' I
Rounds fired ----------- -2,245- 2,375 2,300 2,380 2,400- 2,372 2,845 2,400- 2,363.
Indicated hits ----------- 17 22 25 32 12 57 26 31
Percent Indicated hits.-. -.76 .93- .30- 1.05- 1.33- .51 2.43 1.08 1.57

CREW D A j
Rounds fired ----------- 12,345 2,370 2,385- 2,375 2,338 2,400 2.370 "2,865 2,820

* Indicatedhits------.. 5- 26 18- 29-- 25- 48 44 "44' 5
Percent Indicated hlt._li .21 .10 .75 1.22 1.07- 1.92 1.86 1.86 2.41

TOTAL GROUPs I
Rounds fired --------- I 9,225 9,20" 9.085 1.1342 9,354 9.462 9,269 9,565 9,080Indicated hit -. ... . 40- .09- 74 I 01 119 141 206 153 807In icte bits ------ -. 6 -- 40.674 1o

Percent Indicated hits.... .43 .7 1.08 1.27 1.49 2.22 1.60 338

M Project officer in this experirnent was Capt. Uason Haire, assisted by Capt. Theodore
R. vallance and- Sgt. Rudolph Goo(man.
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TABLi 9.53.-(*Cort1rued)

MISBIONS

it 1 12 18 14 jiS 16 17 1s

CREW A'
Rounds fie --. - 2,182 I2,380 2.319 2,400 2,400 2.400 2.400 2.34 5 2.890
Indicated bit$ ----------- 1'31. as0 81 51 39 45 38 32- 65
Percent indicated ht....6.00 2.77 3.49- 2.13 1.63 1.88 1.58 1.26 2.72

CREW 21
pounds fired.. -- - -----2.270 2,255 2,270- 2,255 2.400 2,305 2.375 2,400 .2,365
iniae is--- 33 36' 41 53 37 76 70 68 40
percent Indicatod bit.. 1.45 1.80 1.31 2.35 1.54 3.30 2.95 2.83 1.69

CREW 0l
Rounds fired.--..... 2.337 2,400 2,400 2-,240 2,370 2,390 2,360 2,330 2.340

Indicated hits---=I '.... 25; 35 -34 68 54 64 . 43 76 ' 36
percent Indicated hlta...... 1.07 1.46 1.42 2.95 2.28 2.68 1.62. 3.26 1.54.I
Rounds ie..... 2,255 2.310 2,354 2,277 2.375 2,368 2,380'< 2.348- 2,320
indicatedhits-.......---- 54 34 42 32 55 79 71 93' 31
percent Indicated bits---. 2.39- 1.47 1.78 1.41 2.32 3.34 2.98 4.17 1.34

T02TAL GROUP&
Rounds fired- ----. 9,044- 9.343 9,343- 9,172 9.545 9.463 9,515 -9.423 9.415
indicated bits------..... 243 171 198 202. 185 264 222 274 172-
Percent Indicated hits..71. 2.*69 1.L83 2.12 2.20 .1.94 2.79 233 2.91 1.83

I Crew N's-= 4.
S Total group N = 16. .

was composed initially of 80 gunnery students from class 4S-42"*
-at Buckinghani. An observation group, consisted of 40 members.
of the same class; its members, attended-all of -the Visual trainig
classes, heard all the instruction and saw tie- material flashed
on the screen, but did not participate in the drawing. A second. -

control group was composed of 40 additional stildenta fromn the.
class who were kiven, the pretests and-the -posttests on the selected'
criteria only, and neither saw nor participated in the visual train- .
'ing. Members of all three groups w.ere selected at random., -

-All subjects were -pretested and posttested on five -criteria as
follows:

1. Skeet shooting. This test consisted of 25 shots at the hikh,~
house bird from station No. 5 on a normal skeet range. No firing
instruction was given the subjects eix ept "You muit shoot In.
front of the bird -in order tq hit-;" all ware -intructed in -how to
hold a shotgun and in safety precautions. Approximately 10
men fired on each range;'with each manfiring 5shots andtfhen *
going to the end of the -line to- await his turn to fire again until-
he had fired- 25 shots. Scores were kept by -gunnery -school ini-
'structors; no -score was m arked if a- man -failed to- fire.j

2. Turret towers. Each subject fired at-20 clay -birds- thrown
fro M a 'trap mounted atop a 40 foot tower situated about 50
yards in front of him. The gunner fired -from -an electrically
operated training turret- (Crocker-Wh1,eeler) .on which was
Mounted- a 12 gauge shotgun. Instruct',-n was given just as to
regular gunnery students -and scoring was done by- the intrucedtors
assigned to the range.
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3. Jam-Handy (E-14) Trainer. On this motion picture pro-
jection type of trainer each subject fired at 16 attacks on a film
which showed beam, quarter, and tail-cone attacks. Each subject
wore polaroid glasses so-that he could not seethe projected proper
point of aim on the-screen. No instruction was given in leading
or tracking the target picture. Scoring was done in the usual
manner by instructors regularly assigned to the trainer. The ,
test film used in the pretest deteriorated during the course of the
experiment and had to-be replaced by a slightly different one for
the posttest I

4. Speed of identification test. This was a printed test which
formedPart VI of the aptitude test for aerial gunners (AC3OA).
The-problem for each item was to select from a group of five plane
silhouettes in one column the one which-best matched the standard
given in another column. The test had 48 such items -and'a time
limit of 4 minutes. -

5. Plane formation test. This was a motion picture test de-
I veloped for the aviation cadet selection and classification program.

A grid of 25 squares was flashed briefly on a motion picture
- - screen with 5 airplane silhouettes placed in various positions on

the grid. Tie subject was to reproduce the locations -of the planes
by mairks-on a similar grid printed on his answer sheet.

The pretests were administered just prior to the entry of the
students into gunnery school. Thie visual training ran from 8
September to 10 October 1943. Posttests were administered to
all subjects on completion of the training.

Results.--Table 9.54 summarizes the order of improvement
from pretest to po,test made -by each group and presents other
pertinent -data& •

On three of the tests, statistically significant differences were
found between groups: On Jam-Handy the drawing and control
groups were significantly better than the observatbn group. On
turret tower the observation group was significantly -better than
the drawing group. On speed of identification, the a,ntrol group
was significantly better than the drawing group. On "V:e other
tests no significant differences -appeared. Table 9.55 prest ,s all
the data of the experiment.

In addition to the five criteria mentioned above, the scor%
made by all three groups in -the aircraft recognition course in the-
gunnery school were obtained and studied. There were no re-
liable differences between any of the groups at the end of the
course. ""

Conclusion.-On the basis of the results- of this experiment, it
was concluded that Mr. Sherman's visual training would not
significantly influence performance on the criteria of gunnery
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achievement selected for the experiment. While the training
may have had value in developing drawing skill, it did not seem
to -be of practical value in increasing gunnery proficiency.

-, Aircraft Recognition

Description of training.-Training in aircraft recognition in the
flexible gunnery program was conducted according to the "flash"
or"Renshaw" method as used generally throughout the Army Air

* Forces. The training utilized a small slide projector having a
variable-speed shutter, which was situated approximately 10
feet from a screen measuring about 3 feet by 4 feet. Typically
the training procedure included an introductory long exposure
during which the instructor pointed out the distinctive features of
each plane. Subsequent exposures varied from 1/5 second to

1/50 second as practice progressed; the instructor named each
lane pinediately after exposure. In testing situations student

wrote the name of the plane after each exposure on an answer

sheet and at the end of the period the instructor gave- the correct
answer after students had exchanged papers.

One of the techniques used in the system was the showing of
slides picturing from 4 to 10 digits and islides showing groups
of from 3 to 30 objects, which were presented at increasingly .
rapid exposure speeds. It was the contention of the originators
of the system that practice in reproducing the digits and observ-
ing the number of "counters" would increase thegeneral efficiency
of perception, widen the angle of vision, and greatly increase. the
ability ofstudenti to recognize airplanes-seen for only-very' small
fractions of a second. . . . .. . ,. -' .!-. ' . , ;-

The .digit and counter -training has been evaluated at the
Psychological Test Film Unit and found to improve considerably
the students' ability to reproduce digits and estimate the -number"
of objects presented, but -to have no value as an aid in the
accurate recognition of aircraft as measured by a slide test and
a motion picture test of aircraft recognition.' " -

Influtmce -of seating on test performance.-Not a great deal of
work was doe by the gunnery psychologists in-the aircraft rec-
ognition field, particularly after the=Psychologica1 Test Film Unit
began to devote a large proportion of its facilities to it. 'Ire

study,37 however, was made-of the relationship between a gunner's
10cation in the classroom and his performance in tests of aircraft
recognition. To find answers to this problem, examination-scores
of five flights of basic gunnery st; lents were examined. The

"For- further details In this study see report No. 7- Ir this series,

* "This-study waa conducted and reported by Sgt. Al-dle Lubin, under-direction of Mal.
l1oger W. P.ussell.
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TL 9.54.-A sumiaA1 of results in tho visual tratlnin experiment: Order .A

of improvemext of group;, and statemnt of the .ignificanes of dilefree
obtained' (Butdngzham, September 194*)

PeAr"M Raw

'+: r p g ain. pro- Order of Significance- of improvementTest an 11 t t d

Jam-Handy0....1.. 6 -32.3 1. Drawing._. Observation significantly lower
,. Control ------ than drawing, but drawing not
3o ObservaUon sisnlcaUt.1y better than c rn-

Turrt .12 4.J 1. Observation.. Observation siglicanty better

Towers... -- 2. Drawing__. than drawing.
3. ControL-..-

Plane..-..55 4.3 1. Observation. No significant differences.
FormaUoa-- 2. Control-_,

.3. Drawing-

MSkeeL - .06 3.3 1. Control-_ No significant differencer.
shooting -2. ObserraUon-,

ape" of IdentiA1- .53 2.5 1. Control_._ All differences signiflcakt.
caUon ..-.. 2. Observation-

_. Drawing---

IAll means on the final tests were adjusted for differences in the initial ability of the
group. The relation of the Initial to the final scores was determined and all group* re-
ceived corrections In the final means according to their deviations from-their initial general
mean based on-all three groups. In calculating the gain made by each group, the adjusted
fiW mom was compare with the initial general mean rather than the iniUal mean to

SeehgrotP . of0

test -consisted of 30 slidez, The scores-were identified according I
to the locations of the students' seats in a room of 80 seats, and
divided into 4 groups of 2 columns (from frontto rear) each, and
into 5 groups of 2 rows each. The groups are, referred to as
Coluirn Group A, B, C, and D, and Row Group A, B, C, D, and R.

The approximate average distance of each row group from the
screen is given in table 9.56 together with mean scores made, on
the test.1 The following- statistical analysis summak".-eA the findings.
Using the method of analysis of variance into fo.z components,

the results are shown in table 9.57. The row X colurz, variance
turned out to be larger than the error variance-.. Howe,-.-z. the
ratio (F) between these variances was 1.82. For 12 and 60
degrees of freedom an F value of 1.92 was required for significant-
at the 5 percent level. Hence the interaction was not significantly
larger than would be expected to occur by chance in a -homo-
geneous population, and the interaction of columns upon rows
was not significant. Since the column variance was less than
the error variance, it appeared that thie position in the row i.e.,
the column -in which a student-sat) bad no significant effect upon

! :; the scores."
However, the ratio betwe..n row variance and error variance
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-TAsLz 9.56.-Mean scores made on final test in aircraft recognition coure. ac
cording to mean distance from screen of subjects in each row -group (Buck.
ingham, December 1900)

ea P greo umean Sere: . ~w 'g ~ u P(fe et )

: A.. .. . 12 20.44
- 18 19.63,+ . 24 1856e

D ----- 30 17.50
i N t-..so- 36 16. 1

+'~ I ;I Each group consats of two-rows of students.

was 9.08. The row variance was significantly larger than would
ocur by chance in a homogeneous population.

Thus it appeared that while distance from the center of the
room had no measurable effect on ability to recognize aircraft
presented in the course test situation, the absolute distance from
the screen (which was determined mostly" by the row in" which
one sat) noticeably influenced performance. These findings are
not necessarily at variance with those of the Test Film Unit's
"study, which reported no significant differences between the
2,groups situated at average distances of 131/2 and 26 feet from
the screen. In the study just reviewed Row Groups A and D
averaged 18 feet apart, and the test pictures appeared for only a j
fraction of a second instead of for the much longer time allowed
in the motion picture test used as a criterion in the Santa Ana
study. . -.

TABLZ 9.57.-Analysis of variance of scores on aircraft recognition test; 400
test scores analyzed for influence of position -in classroom containing 80
seats, (Buckingham, December 194$)

Source of varlition df *.unx of squares Variance

.4 172.93 143.23
COWmns-- - 3 11.44 3.81

-- e---- 12 lc- 87 8.65
Error .- ----- -------- 60 28b: t, 4.76

- Totnl............ 79 " 574.0CI.

I The F-rato of rows to error variance Is 9.08, a value which would be expt,%, by
chance less than 1 time In 100.

$ The F-ratio of Interaction to error-variance Is 1.82, a value which would be expte,. Z::
chance more than 5 tines In 100.

Close-up views- as training for long range recognition.-The
problem of -the transfer from practice on the close-up views ordi-
narily used in the flash system for recognition of airplanes at
combat ranges-received some attention- at Buckingham. Because
of the virtual impossibility of reproducing photographically. all
the conditions of the perception of distance, no satisfactory slides
were ever produced for direct training in the recognition of air-
planes at the ranges at which they would ordinarily be viewed in
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flight. Mere reduction of the image on the screen and of retinal
image size have been shown to be thoroughly inadequate, the
size constancy phenomenon operating to stabilize apparent dis-
tances despite reductions in retinal image size brought about by
moving the viewer farther from the screen.

At Buckingham an attempt was made to- produce some slides
to simulate 300 yard ranges. A ring representing a 70 mil sight
reticle was included in proper proportion to a small picture of the
airplane concerned, which appeared to- observers to reduce the
influence of -the size constancy phenomenon to some extent. K
complete set of these slides was made and used as part of an
experimental curriculum evaluated in a study conducted in Janu-
ary 1944.36

Experimental procedure.-On the basis of a pretest composed

of 1 close-up and 1 simulated 300 yard view of each of 26 aircraft,
240 basic gunnery students were divided into 2 equal groups.
After each plane was introduced to the experimental group, 7
close-up flash views were shown, followed by 7 of the 300 yard'
views. The control group was -given 14 close-up views of each
plane. The 20th hour of the course was devoted to a post-test,
using, for each of the 26 planes covered in the course, 2 views de-
signed (by the AAF Training Aids Division) to simulate a range
of 1,000 yards for viewers seated 15 feet from the screen. . ,

Results.-Variations from :zhe experimental' design required the
elimination of data on 10 planes on which the number of training
views at 300 yards did not exactly equal the number bf close-up
training views. The post-test data were for32 items (16 planes)-;
The results, reported in table 9.58 in terms of correct recogni-
tions, show that no transfer from practice on the 300 yard-views
to recognition of the 1,000 yard views was realized. The results,
wi.le showing no difference between the post-test means of the
two groups, do indicate a difference in variability significant alt
the 2 percent level.

Reliability.-Though no data are available on the reliability Qf
scores on the tests ordinarily given in gunnery schools, it seems
fair to assume that satisfactory reliability could be obtained- if
test papers were properly scored. It is unlikely that the method
of exchanging papers among fellow students for grading pur-
poses made for high reliability of test scores.

Learning in aircraft recognition.-Learning is known to have
been obtained in the aircraft recognition course as given in gun-
nery schovls. After a 10-hour course a mean proficiency of 40

2 The project officer in-thls sudy was Capt. Theodore R. valiance, asslsted by dpl. Walter

Cohen, who made the statistical analyals. j
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T~~ 0'8-Trx~ of I1W -r iptn rom cls8up todaxe4R-1Uws ix awrrft
recognition: Pretest and post-test means, standard deviation., dIer"#-u
and critical raio* (Buckingham, January 1944)

• , tqta L Poet-tst- Post-t

Group -Differ. DuferIt e
0rewo i betwee-.

imemo D's On

ntr .. ..... . 58 5.36 120 11.55 4. ! $ 71 m a

10.23 
0.28 1.08 SL51

xperimental- 7.50 4.99 120 11.78 5.15 65 06

I Correct responses out O' 52.
2 A critical ratio as great as that obtained would be exTected to art" by chaice more than

5 times In 100.
8 A critical ratio as great as that obtained would be expected to artse by chanc between

1 and 5timesIn100.

percent correct recognitions, on- a standardized test -of 46 slides
was attained." The data were obtained from a study of classes
44-39 -and 44-37 of the basic gunnery course at Laredo. The
recognition course was divided into three parts: Part 1, inline-
engine planes studied for the first 3 .,ours; Part 2, radial engine
planes, studied the 4th, 5th and 6th hours; and Part-3, twin-engine
planes, studied the 7th, 8th, and 9th hours. The 10th hour was
devoted t-ihe final test, Class44-37 was. divided into 3 groups
of sqpproximately 40 men each; one group took the standardized
test at the:end of Part I of the course, another group took the
same test at the end of Part 2, and the third group took the -test.
at the end of Part-3. The test consisted-of 46 slides, 15 showing
inline, 16 showing radial, and 15 showing twin-engine planes.
Of the- total of 27 planes studied in the course, the test included 19
planes represented by 2 slides each and 8 by 1 slide. The results
of the tests are shown- in table 9.59. -

TALE 9.59.-Learning in 'aircraft recognition: Mean percent of correct re-
sponees in recognition of aircraft at beginning and at various stages
throughout the course; data are subdivided according to type of plans, and

for total teat (Laredo, third quarter, 1944)

Test number Inlin# Radial Twin Entireengines engines engines tet

Pretest (Clau 44-31)_ - 28 19 20
L Group 1 (Class 44-37)-.- -a 20 20 26
2.- Group 2 (Class 44-37).... 34 41 20 32
8. Gro up 8 (Ciass44-37) . 35 44 44- 40

"The project oMcer for this study was ('apt. Lee 0. Garber, asIstod by U/Sgt. Durtoa 3L
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SUMMARY

Rather than attempt to provide a resume of the work described
in this chapter, a table has been prepared which presents in sum-
mary form an evaluation of the devices and procedures covered
in the chapter, and which also represents an attempt to compare
the procedures with one another. The limitations of the methods
used to evaluate and compare the various training methods are
recognized by the writers, and the table in no way purports to
provide definitive and unqualified information. The details of
the derivation of the information used as a basis for the iatings
may be found in the appropria'e sections of the chapter and ref-
erence to them should help to amplify and clarify the information
in table 9.60. ,

The rationale-of the comparisons and evaluations is as follows:
First, training must have validity. Practice in training must

improve skill in the task for which training is given. The value
of a-trainer in doing this job may be estimated in accordance with
the following principles.

1. Training should transfer to some measurable criterion of
the skill which is the goal of training.

2. Learning must occur in training in order that transfer to a.
criterion be realized.

3. Training should have realism-it should resemble the skill
which -is the goal of training; in general, the closer the resem-
blance, the greater Will be the validity of training.

Second, training should have efficiency. Practice in trainihg
should produce measurable results, and should do so with a mini-
mum expenditure of time and effort. In order for training to be
efficient the following conditions should obtain:

1. Training should yield reliable scores representing students'
performance; such scores should not be influenced by weather,
power supply, -or other conditions aside from the ability of the
student.

-2. Practice should yield analytical scores, revealing the ability
of the student to perform the component parts of the training
task; component scores are necessary, for effective coaching.

3. Training should provide for the fixation of successful prac-
tice-by way of immediate and constant knowledge of the correct-
ness of practice.

Third, training should be administratively practical. In order
for training to be administratively practical, the following condi-
tions must obtain:

1. Training should be. economical--it should not require an
excessive -amount of instructor or supervk iry personnel, and the
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* miehnical devieu3 use should notr'equire an undue amount of
maintenance and repair, "otly in time and Inanpower.

2. Training should be dftptable to the changing requirements
or tondlobs oft triining. installatlin should not be so '0on.
g tructed as to cause undue -delay or r-design In keepIn up with
tha~gesin the'gvaof tral ln8. - .,I..

The table appearing'aon pat 258 llsW~ most of the. trainerls
and training met hods used In the flexible gunnery trainng pro.
gram since late 1942, an well an se'veral devices considered for use
but not adopted. Across the top of the table are the characteris.
tics of devices and procedures considered important for effectv*.e

*training., In the body of the table are words which lndlctej , h

the form of's qualitative relative rating the opijilon of a gk'oup
of officers who have been closely affiliated with gunnery trailng a

- and gunnery research for periods ranifg from 2t months- to ~
more than 8 years, Asterisks In the body of the table a idicate%)-1
that no ratfig was stpproprlate or that no data were Iviaeo
which a rAting could -be base&.. ~ ~

The meaning of the terms *used to rate each training method ohi
~ahof the eight characteristics Is explned, below :: .

Doubtful_.___,N*Catlve wi~lts In hM

change in proficny o e r svera trals X
Marke Much chance Arn prof iency, continued' over large ,

I .4. anumber of tii"-. .1c' * ~

S llgh_.,---~.Rsemblanoe only. to limited Spet A olo h
trainer... m

Doubtful---Some resemblance to "the -Cunneren coarbat job , but .;

with important difference&'.
Modrte_...Fair resemblance to important aspects of~ ~i

nor's combat job, without Important dlffewences.
Makd--- Close resemblance to gunner's combat job._q,

4. Retawilt of 'corse unid~r u=ual operatinsg c"&Nit4ot2

Satisfactory-_... Most coefficients aboe,. ~ ~ ~ ?~.

No--*----The score or record of erformaci dos il
nature of e-rors Ink erornanc--_.~ .': , " '

* ..,~Yes_______2,core or record -providFes nfoxmistlon *on naz~of,

-------------. XKnowlosdge of effectvenes of j:ractlce not given, stb-
*. - * dent constantly during, or \'=edlataly following:

Yea ! ------ Student can tell at a times 4how Offictive Is his
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Poor ------------ Extremely expensive.
Fair ---.------ Very expensive, but less so than trainers rated poor.
Good ---------- Expensive, but less so than trainers rated fair.Excellent ------- Relatvy inexpensive.

q ~ ~~8. AdIaptabilit:" •
. Fair --b---- Rigid and resistant to adaptation, without great effort

on the prrt of many people.
Good --------.- Adaptable with only moderate difficulty.
Excellent ....... Adaptable with little or no trouble.

e
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CHAPTER TEN____
I

. Attitudes and Adj of

Lt. ARTHURt L. IRION

INTRODUCTION
Data concerning the attitudes and adjustment of flexible gun- "

ners are contained in a number of research reports on the atti,
tudes of guners at various stages of their careers and under a
variety of conditions. The data upon which this chapter is based
were originally contained in the reports of nine separate studies. :

The first of these studies was conducted in March 1944.1 This
report summarized an intensive study of the attitudes and adjust-
ment of 100 returned combat gunners. The specific orientation
of the report concerned the use of ex-combat gu'nnera in the flex .:
ible gunnery training program, yet much of the data had an irg.
bortant bearing on the attitudes of gunners toward their training,
their combat duties, their assignments other than combat, and
other issues. Like all studies of returned gunners, this study
applied in a strict sense only to the attitudes of men after they'
had been to combat. Application of the findings in other situa-
tions, such as the training which these men received before goiig
to combat, may lack alidity, since the data involve the memory
of the returned gunner as to what his attitudes were many months
previously. .,

A second study of the attitudes of gunners was conducted, in
the spring of 1944, using as subjepts 100 recent gunnery school
graduates. Although considerably less elaborate than the study
just mentioned, it was specifically oriented toward the attitudes
of gunners concerning their basic gunnery training and toward
their attitudes on going to combat.2

Three further studies on the attitudes of gunners returned from ,
combat were summarized in a report published by the Office of

%This study was conducted by Dr. Carl R. Rogers, -."sIsted by Capt. Wilbur S. Gregory.
Lt. William . Estes, and Lt. Thomas P. Gallagher.

*2This study was conducted by Lt. William K. Estes nud S/est. Philip L, Gordon, using
gunners at Buckingham as subjects. Capt. John A. Valentine prepared the summary report.
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the Air Surgeon, Hq., Army Air Forces, in December 1944. In
. ;1i, data were obtained on 2,474 recently returned combat gunners

iitd 2,659 gunners who had been returned long enough to have
b!en assigned to- duty in the training air forc05. These studies
were concerned with the problems of assignment -of returned
gunners, and with attitudes of returned gunners toward a second
tour of combat duty. . I .. .

A.dditional data Were secured as relatively incidental portions
of three studies of gunners'in combat.4 These studies had the
disadvantage of dealing with relatively small numbers of individ-
uals, but their results were important as being the only data
which -were obtained in the combat situation.

A study which compared the efficacy of two training programs
in a gunnery school also furnished some additional data on the
attitudes of gunnery students toward their training.5

The data presented in this chapter deal with- attitudes of flexi-
ble gunners toward various aspects of the gunnery situation.
Attitudes toward gunnery, gunnery training, combat gunnery,
and reassignment -after combat have been measilred in groups of
precombat and postcombat gunners. Also presented are certain
other'attitudes such as attitudes toward the civilian war effort
and attitudes toward the reasons for and the necessity of war.
Because the attitudes of postcombat gunners were likely to reflect
their combat experiences and their psychological reactions to
combat, basic data on the gunner's adjustment in, and following,
combat are presented.

) Hi PRECOMBAT PRK)BLEMS "
The Gunner's Attitude Toward- Being a Gunner..

Attitudes before going to combat.-Several of the studies listed
above dealt with the attitudes of the gunner toward his role as
flexible gunner. These studies revealed, in general, that gunners,
found the gunnery assignment to be an aceptable one. For ex-
ample, 100 gunners, graduating.from gunnery school, expressed
their degree of satisfaction- with being a gunner as indicated in.

s The studies upon which this report was based were conducted under the supervision of

-the Psychological Division, Ofmieo of the Surgeon, Headquarters, AAF Personnel Distribution
Command; Psychological Division, office of the Surgeon, Headquarters, AAF, Contlnantal
Air Forces; and theCentral School for Flexible Ounhery, AAF Training Command.

4 MaJ. Aoger W. Russell studied gunners In the 8th Air Force, Capt. Wll~ur 8. UrecgOr
studied gunners in-the Chins-Burma-India Theater, and Capt. Mason Hairs studied gunners

In the 7th Air.Porce. The', studies were coiducted in the spring and summer of 1944,
5A survey of attitudes of gunners toward their training wis part oIf an experimental

evaluation of a special 8-week curriculum (see chap. 11). This study was planned and
carried-out by LL William B. Schrader. LL Thomas P. Gallagher, and Sst. Alexander N.
Levine, un. :r the-general supervision of Capt. Lee 0. Oarbar.
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figure 10.1. Of this group, 78 percent agreed with the st.ment,! i! "I believe I would make a good gunner," whereas only 3 percent

!,i :t disagreed with the statement However, 23 percent; were unable"-to make the decision. The majority of this r..up also Indicated °

Ia desire to fly and a desire to handle and study guns. The great
majority (81 -percent) indicated a belief that the gunner's task
was as important t. a'hy other job in a bomber. This attitude,
favorable to gunner as a inilitary assignment, seemed to become
increasingly favorable during gunnery training. Of 100 gunnery
students who were interviewed before and after attending flexible
gunnery school, 69 percent indicated a desire to becom~e a gunner
before attending schcol, while 85 percent indicated this desire
after completing gunnery training. Before training, 12 percent

I. of the students did not want the gunnery assignment, while after
completion of training only 3 percent were not desirous of becom-
ing gunners.

Atitudes after combat.-The attitudes of the gunner toward
his role, in so far as this role involved combat duty, seemed to
undergo a marked change as the gunner went from the zone 'of
'the interior to combat and returned again. This could not be
determined with complete certainty from the data which were
available, since these dealt with different groups of gunners in'
pre-combat, combat, and post-combat investigations. There may
have been, therefore, various selective factors operating to pro.
duce the results which were obtained. Nevertheless, the data are
presented, subject to this limitation. ,

Recently graduated gunners expressed their attitude toward
combat as indicated in figure 10.2.

* -, Again, the 100 gunnery school graduates answered the follow-
ing question as indicated:

QUESTION 3. After I Eave completed the required nt¢:w.:er of
combat missions, I. would like to be treated as follows:
10 percent answered: I would like to volunteer for additio .l

missions as long as I feel fit to fight.
49 percent answered: I would like to be given a rest before ro-

turning to combat.
16 percent answered: I would like to be assigned to noncom-

batant luties either overseas or in this
country.

23 percent answered: I* would want to take any assignment they
could give me in this country.

8 percent Failed V.) answer the question.

As will be noted, slightly over htlf of the recently graduated gun-
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ners expressed some willingness for combat in excess of a single
tour of duty..

WVenover 6,00 returned gunners were asked to express them-

. selves on a similar question, only 15 percent indicated a favorable
* attitude toward return to combat, although an additional 16 per-

cent indicated an indifferent attitude. In this case, the question-
and answers were as given below:

QUESTION 4. How strong is your desire to return to combat as
a gunner?

percent answered: 'Very strong desire to return:
10 percent answered: Some desire to return.
16 percent answered: Indifferent as to returning.
27 percent answered: Some desire not to return.
40 percent answered: Very strong desire not to return. "
2' percent No response.

As a further check oi the attitude of returnees toward a second
tour of combat duty, 1,750 returned combat gunners were asked
to indicate a choice between returning to a second tour of combat
duty or being assigned to the duties .of a basic soldier. Even
though assignment as-a basic soldier would have involved loss of
prestige, loss of flying pay, and possible loss of rank, the majority
of returned gunners (55A percent) preferred this status to a
second tour. Furthermore, of 2,659 retuirned gunners, 81.4 per-
cent indicated that they did not plan to volunteer fora second
tour of combat duty,.Approximately 2,500 returned -gunners .were asked to give their '

reaction at the time they first learned that they had been assigned
to gunnery training. Their responses are indicated in figure
10.3. These, same 2,500 returned combat gunners were asked to
give the!v reaction to the prospect of combat, after having com-
pleted training but 'before going on their first mission. Their,
responses are given in figure 10.4. The results obtained from the

I study of the attitudes of ex-combat gunners which indicated that
they had been satisfied with the gunnery assignment and rela-
tively eager to go to combat were in agreement with the results
obtained from precombat gunners (questions 1 and 2). In viewI of the attitude of ex-combat gunners in rejecting a second tour
of combat duty, these data served to substantiate the conclusion
that a shift in attitude from relatively favorable to relatively
unfavorable toward combat gunnery did occur as a result of corn-,
bat experience.6

On the basis of the data presentedabL -e, it was concluded that

I *$This problen Is further discussed In pages 279 to 281 following.
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IF

guners were.typically satisfied with their role in the war. It
appeared, however, that whereas precombat gunners tended to
desire combat experience, ex-combat gunners were reluctant to
return to the combat situation. ,

The Attitude of the Gunner Toward His Training

Relatively little evidence was obtained on the gunner's attitude
toward his training and equipment. A study of the attitude of
100 graduating gunners indicated a favorable attitude toward the
training which they had just received.

QUESTION 7. I feel that my gunnei- ytraining has been:
31 percent answered: The very best training possible.
55 percent answered: Good, but it could have been better.

7 percent answered: Just fair.
4 percent answered: Insufficient.
0 percent answered: Downright poor.
3 percent Failed to answer the question.

In another study, psychologists interviewed 100 gunnery school
students and rated the students' attitudes toward gunnery school.
The interviewers rated 25 percent of the students, as having a very
favorable littitude, 65 percent of the students as having a favora-
ble attitude, 10 percent of the students as baving somewhat un-
favorable attitudes, and none ot the students as having definitely
unfavorable attitudes toward gunnery training. These 100 gun-.
ners were also asked to make suggestions for the improvement of
gunnery training. These suggestions are contained in table 10.1.

TABLE lO..._Suggzstiona made by 6-week gunnery school st udents for im-
proving gunnery training (N=100, Laredo, Januari'1945)

Frequency
Buggestlon in percent

Flight line:
Reduce lost t ----- ---- ----------------- i4
Improve equipment ard maintenancu - 11
Increase flying time-----------------.... 6
Improve avtitude of instructors-------------2

Turrets:
Teach different turrets --------------------------------- 7
Reduce time on theory - -------------------------------- 5
Standardize model on tail turret------------------------ 3
Reduce time on turret drill ---------------------------- 10

Weapons:
Increase time on malfunctions -------------------------. 13
Increase time on nomenclaturd_- 9
Reduce repetition of armament school ------------------- 7

Sighting:
Increase training ------------------------------------ 12
Reduce confusion in instruction -------------------------- 6
Standardize sighting methods ----.-------------------------- 6

Synthetic trainers reduce time on E-14 -.............- ------------ IL Ground ranges:
Increase time --------------------------------------
Improve attitude of instructors-- ---------------------- 2

F 103326-47-1826



These-results are presented In contrast to the results, prep.
sented in table 10.2, which were obtain.d from 54 gunners fit the'
14th Air Forces. It will be noted that the gunners in combat
gave more specific criticisms of training than did the gunners in
the zone of the interior. Combat gunners in the 5th and 13th Air
Forces were also more critical of the general adequacy of the
training which they had received. Each of 50 gunners were
asked to state whether or not he felt that the training he had been

4 given had qualified him for combat. Of these, 36 percent
answered, "yes;" 28 percent answered, "no;" and 2 percent
answered, "don't know." However, 34 percent of the gunners
gave no response to the question..
TAvex 10.2.-Percent of gunners indicating deficiencies in vdrious asp:,,t. of

gunnery training (N=54, 14th Air Force, June 1944)
''!Percent e=rr.3 a

1. Dificulty in manipulating turret and tracking smoothly
while firing livw ammunition in the air------------ 42. rnabili: y to operatW, other turrets on plane in addition to
one on which g-a-rier was trained in State _.26

3. Lack of knowledge regarding preventive maintenance
and correction of turret malfunctions ------- 24

4. Lack of understanding of principles of sighting (where
to~aim) against attacking fighters -------- 15.

5. Problems arising from forniation flying (zone of search,
zone of fire, firing without hitting other ships in for-
mation, etc.) --------------------------..--------- -- 13.

6. Lack of pr6ficiency in working on guns in turret .........- _ 11
7. Lack of knowledge regarding care and cleaning of guns--- 9
9. Inability to recognize naval vessels ------------ . 7
8. Lack of skill in adjustinf headspace ---------- .7

10. Lack of knowledge of principles of sighting '(where to
fire) in ground strafing ------------------------- 6

These attitudes were somewhat similar to those expressed, in a

different type of situation, by 2,659 gunners who had re-
turned from combat. These men answered the following q4ra-.
tion in the manner indicated: -

QUESTION 8. In which one of the following fields of gunnery do
you think you could have benefitted most by addit4nal training
before being sent iuto combat?
58 percent answered: Air-to-air firing.

9 percent answered: Turret operation.
8 percent answered: Sights or sighting.
3 percent answered: Parachute and escape procedures.
3 percent answered: In no fields.
2 percent answered: Range estimation.
2 percent answered: Machine gun ground firing.
4 percent answered: Other (as listed by the gunners).

10 percent No response..
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As was pointed out in one of the original reports, however,

A reservation should be made in Interprating the opinions of the gunners
themselves, since they may not be able to judge the type of training thiat wAl
give them the skills whh -they want. For example, the frequently ex-
pressed need for more air-to-air firing reflects, a desire to become more prfi;-
*cent in air firing, rathe- than an understanding ol how skill in this vital
aspect of gunnery can be attained.

On the whole, it can be stated, on the- basis of the available

evidence, that gunneis typically felt the training program to be

adequate as- a whole, but that they were also critical of some as-
pects of it. The critical attitude toward the adequacy of training

was most clearly expressed by the gunners in terms of specific
constructive suggestions for the improvement of training. That
these suggestions were most clearly formulated by combat gun-
ners and returnees was probably a function of the practical test

to which their gunnery skill had beea put. The returnees typi-
cally felt that the training program was less adequate in the phases
which dealt with manipulation of turrets and sighting of targets

in flight, than in its other phases. . .

POSTCOMBAT PROBLEMS

The-Problem of the Gunners Who Returned frem Combat,

As the war progressed, the problem of utilizing the skills and

experience of gunners who had returned from combat became

more and rniore significant. The problem was significant not only

because the numbers of these men increased rapidly, but also be-

cause the returnees constituted a group of highly experienced,

hence potentially valuable, individuals. Several extensive ifives-

tigations were made to deterinkne the most -effective use to which -
the talents of combat returnees couild be put.

The back ground of the returned gunner.-In order, adequately

to- understand the problems of reassignment of returned combat.

gunners, it was helpful to know something of the background of'

ex-combat gunners, and something of the experiences which these

men had in combat and the effects which these experiences had

upon them. The percentages reported below are based upon ap-

proximately five thousand cases of returned gunners in the train-

ing air forces and in AAF Personnel Distribution Command sta-

tions T

The typical returned combat gunner was 24 years old at the time of his

return. Two-thirds of the returnees were 26 years of age or under.

Almost all (96 percent) of the returned c mbat gunners held the rank of

-staff sergeant or better. (Thus, if assigned -3 instructors they were likely

to rank seasoned instructors, causing resentment.)

'Op. ciL. Footnote 3. -67
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As a group, and despite their comparative youth, returned gunners were
better educated than the average citizen. Of them, 72 percent had 3 years or
more of high school and 12 percent had been to college. (A number of men
had good backgrounds for instructors.)

Only, 20 percent of the gunners were married before their tour of combat
A duty. However, many of the gunners became married, either while in com.

bat or shortly after their return to this country. Very few (12 percent) of
the returnees had any children. (After combat, men wanted to be with
their families. Housing at many gunnery stations made this impossible,caxsing discontent.)cmtyia dicombat gunner who returned had been on between 26 and 50
combat missions during slightly less than 1 year overseas.

More than half (55 percent) of the returning gunners served in B-17
crews. About a quarter were members of B-24 crews, and the remainder
flew in medium bombardment aircraft, chiefly the B-25. Approximately
three-fourths of the returned gunners had been to combat in the European
Theater (England) or the Mediterranean Theater. Earlier in the war,
returnees came about equally from these two theaters but by the latter part
of 1944, many more gurnners returned from Englan. (But most of these
men would teach gunners who wculd be assigned to B-24's and B-29's in
the Pacific.)

The returnees had typically experienced a considerable degree
of danger in, combat. Of those returnees who were studied, 20
percent had been wounded in aerial combat, 42 percent were in a
plane which crash landed or "ditched," and 8-percent were forced
to bail out. Moreover, 20 percent of the returnees had been on
missions in which one or more of the other men on the plane had
been either killed or wounded. The typical returned gunner
.reported that approximately half of his close friends were killed,
missing, or wounded in combat.

That fear was prevalent among gunners in combat is indicated
by the responses of 2,466 returnees 9tudied by pschologists in the
Personnel Distribution Command to the question'which is given
below..

QUESTION 9. How did the fears you experienced in combat
compare with other fears that you have had in your life? The
fears felt in-cohbat:were:,

1 percent answered: Never experienced any fear in, combat.
9 percent answered: Weaker than some-other fe&,4ra.

21 percent- answered: About the same as the strongest fear I
ever felt in another situatioi.

23 percent answered: Somewhat stronger than any other fear.
45 percent answered: Very much stronger than &ny other fear

1-1percenI ever had . .
|1 percent No response.

In view.of the! obvious hazards of the combat gunner's life, and
the reported intense fears of these men while in combat, it was
considered important to ask them how they were able to complete
their tour of duty, what it was that kept them at their job. The
question and answers are presented belowt
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QUESTION 10. After you were as8igned to a combat crew,
which one of the following reasons was the strongest in keeping
Vpt'a there?-
46 percent answered: Desired to do a good job and contribute

my share.
21 percent answered: Preferred flying duty to ground duty.-
13 percent answered: Thought it was the best way to strike an.

active blow against the enemy.
9 percent answered: Liked the excitement of combat gunnery.

,r 4 perceni answered: Didn't want to let the other members of
the crew down by quitting.

2 percent answered: Preferred the duties because I didn't
-want to be called a quitter.

2 percent answered: Wanted the extra money from flight pay.
1 percent answered: Performed the duties because I was or-dered to do so.
1 percent No response.

The answers to this question agreed with data from other sources
which indicated that the most ,important single force that held'

r the combat crews together was the feeling of group loyalty and
the desire to help the rdquadron accomplish its mission. This was,
for example, in agreement with the findings of Rogers who stated
the hypothesis thata high degree of security in a social group
was one important source of psychological strength in combat,
Grinker and Spiegel8 also stress the importance of the ability of
the gunner to identify himself with his social group: his crew, his

0 flight, his squadron, and so on. The following statements of
returned gunners were selected by Rogers as being indicative of a
high degree of identification with the social group aid of the sup-
port which the group, in turn, lent to the gunners.

You felt very close to the crew and would feel "If you can do it, God damn "
it, I can tool" You don't want to let the crew down. After you have been
on a tough trip-like Hamburg, Kiel, or the first Schweinfurt raid, you feel a
sense of pride.

I think 90 percent of the battle -ts morale. We had a good gang. The
other crews thought that we were crazy, we are always having such a good-
time together.

Other important reasons (as indicated by Question 10) why gun-
S ners believed they remained in combat was interpreted, as indi-

ating the importance of the debi -e to fly, the excitement of com.-

bat gunnery, and the opportunity which gunnery offered to strike
a blow at the enemy.

In summary, it may be said that the ;ypical gunner returning

) O;Inker, I. R., and Spiegel, J. P. Men under stres. 'hiladeiphia: The Blakicton Co.,

II
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from the European Theater of Operations was a young man of
somewhat greater than average ability and education. He had
typically been eager to get into combat. Once In combat, he
found the job to be frightening and dangerous. Nearly all of
the gunners suffered the loss of close friends in combat. Many
of the returnees had been wounded or injured as a result of their.
combat activities. The chief motivation which kept these men in
combat under the.e circumstances seemed to be intimately related
to the identification of the individual gunner With the combat
group. Other motives which gunners indicated had been of im.
portance in keeping them in the combat situation were -the desire
to fly, the excitement which combat gunnery offered, and. the
opportunity which was offered to strike a blow against the enemy.

The effects of combat upon the gunner's adjustment.-The con-
ditions under which the gunner operated in combat inevitably'had
the effect of producing psychiatric casualties in a certain propor-
tion of cases. Many of these casualties escaped inclusion in the
studies of gunner's attitudes for the reason that the men involved
were evacuated to the zone of the interior through medical chan-
nels. Of those returnees who came back to the United States
through the AAF Personnel Distribution' Command stations, how-
ever, many were suffering, or had suffered, from some form of
psychiatric disorder. Of 2,659 gunners assigned to training air
forces stations, a large percentage had suffered from some type
of operational or combat fatigue as is indicated in the fAgurea
presented below':

3 percent had been sent to a hospital because of operational
fatigue or exhaustion..

23 percent had been sent to a rest camp bebause -if operational
fatigue.

12 percent had been given one or more furloughs for rez6n of,
operational.fatigue.'

8 percent had been diagnosed as having flying fatigue or opera-
tional fatigue, but had received no treatment for it.

21 percent had been sent to a rest camp routinely, not for opera-
tional fatigue.

33 percent had never had operational fatigue nor had been sent
to a rest camp.

Thus, approximately 45 percent of returnee gunners (in the
training air forces stations studied) had suffered from some form
of personality disorder as a result of their combat experiences.

Rogers' study indicated that an even higher percentage of corn- "
bat gunners suffered, at some time, from combat fatigue or some
similar disorder. According to the results obtained in his study,
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24 percent of the gunners had exhibited severe combat fatigue
and 50 percent of them had shown a moderate degree of combat
strain. "

The persistence of combat fatigue.-Tho effects of the stresses
of combat persisted after the return of the gunners to the zone of
the interior. The return of gunners was accomplished under a
variety of conditions. Most of the ex-combat gunners returned
to this country under the policy of rotation which permitted thegunner to return to the United States after flying a certin num-

ber of combat missions. Not all gunners, however, flew the re-
quired number of missions, nor was rotation the only reason for.
return. The 2,659 gunners studied in the training air forces
were returned to the United States for the following reasons:
63 percent Rotation policy; having flown the required number of

missions or hours.
20 percent Returned because of flying fatigue, after completing

about the usual number of missions.
5 percent Escaped prisoner of war or evadee. (Such personnel

were returned to the United States immediately by
War Department policy.)

3 percent Wounded in acton or injured in connection with air-
1 percent craft. -
I percent Re'tcrned because of flying fatigue or operational fa-

tigue without completing the usual number of
missions.' -

1 percent Returned because of illness, injury, or operations no",
connected with aircraft,

6 percent Returned for other reasons.
1 percent No response. . . "

The persistence of operational fatigue, of course, was dependent
upon a variety of factors including the kind and anmount of treat-
ment, the original severity of the condition, the military assign-
menu of the returnee, and so on. That operational fatigue effects,-
did persist, however, there can be :.o doubt. In table 10.3 data

are presented which show the state of adjustment of 2,659 re-
tuirnees following their return to this country. It will be noted
that the majority of these individuals, in response to a qustion-
naire, showed at least a moderate degree of combat fatigue as
indicated by the frequency of occurrence of the symptoms con-
sidered in the study. ,

I This figure cannot be accepted as representing the nuIibor of cases of severe operational
faugue since many of the more severe cases may have been. evacuated by the Medical
Department, or were not asigned to the trainivic air f .ces.
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Similar results were earlier obtained by Rogers in in intensive

investigation of 100 returnees. It was his judgment that 12 per.
cent of the returnees showed marked effects of combat strain, that
46 percent showed effects of combat strain, 'and that 42 percent

TABI 10..-The adjustnent of ex-combat gunners: Percent showing various,
degree of symptoms of combat fatigue (N=2659 gunners assigned to 2
training air force stations, August-September lPA4)

Percent of gunners answering:
Question A -

Often Sometimes Never

Since returning from combat, do you become eaily
exhausted or all ure4 outT------ - 48.9' 43.6 7.2

Since returnin: from overseas duty, haye you felt
sick to your stomach or felt that you had to vomit? 12.4 45.8 41.6

Do .You find it difficult to concentrate on tasks that
didn't bother you before you went to combat? .... 25.5 50.8 23.?

Do you have shaking-or trembling hands or knees or
muscular twitches? 24.4 51.n- 24.1

Since returning from overseas duty. are you eacIly
confused or "rattled"? 16.2 55.6 28.1-

Do you worry about things or conditions that you
probably crn't change anyway? - 23.4 53.8 22.7

Do you have fears which seem to drive you out of
your mind?- -....... _ _-. 18. 41.9 44.2

Are you now bothered with sleepless nighta*? 19.3 52.3 28.3
Are you now restless or not able to sit still? .... 42.4 45.9 i.

Do loud or sudden sounds make you Jumpy?--.. -.... 40.2 46.1 18.3

Do you feel, "blue" or- depressed? .... 21.2 63.6 15.2

Do you become hesitant and so uncertain of yourself
that you are unable to make a decision as quickly
as you think you should?-------. 15.3 53.9 80.3

3ince returning from combat do you hays nightmares? 10.0 45.3 43.'

showed little or no effect. These results indicated a slightly
greater frequency of maladjustment in the case of those gunners
than in the case of the gunners reported in table 10.3. Oil the
whole, however, there is close agreement of the results obtained in
the two.studies.

Attitudes indicative of combat fatigue.-Rogers gives numerous
examples of statements of gunners which show different degrees
of combat fatigue. Three of these are quoted from his report;
one for a case of severe strain, one for a case of moderate strain,
and one for a case of little strain. The attitudes expressed by the
returnees in these typical statements show marked differences

Attitudes illustrative of marked combct strain:
It was a suicide mission, that's what it wits. Wa sent 11 ships fr6m our

squadron and 3 got back. I'll neier forget tLi as long as I livel To tell the
truth, I still dream of it and when I go arout 3, I'll find myself day-dreaming
of it. When I was home on furlough, I slelpt with my brother and he said
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'-never again!I" because I bad so many nightmarca. When we stot back fromthat mission and walked out of the plane we couldn't talk! Y(ou see planesgoing down all around you and You Just know you're going to be the next.
Attitudes indicative of moderate combat strain:
will do it At first you're glad when you have an easy target, -but toward
the end, even a raid over France no longer looks easy. You figure one shellwill be enough. Toward the end You get more tense on every raid. On'thelast raid I was most tense of all.

10 Attitudes indicative of little or no strain:
01 course, Zwas scared'but I got so I didn't worry too much. 'After acouple of narrow escapes, I felt that if!I had come through those, I wouldprobably last for 50 missions. It did make me pray more earnestly and goto church more, Lthough I've always been a good Catholic.

Th, conditions of combat fatigue.-Rogers also attempted to
relate the severity and occurrence of combat fatigue to various
other factors such as intelligence, early adjustment, and marital~
status. In general, few of the factors seemed to -be of great im-'
portance in the development of combat fatigue, except for the
factor of early adjustment. (Early adjustment, in this case, was
determined from inspection of case history material. Degree of
early adjustment was judged by the same individual who dWag-
nose-d current condition, in most cases). Intelligence showed a
sliglht negative correlaifon with combat straip (that is, the more
intelligent gunners were somewhat less likely to develop comnbatt fatigrue). Marital status did not seem to be a very important fac-.
tor although somne degree of relat '1-nship was established. Early
adjustment, on the other hand, had a definite relationship to the
presence of neurotic symptoms. This relationship is indicated in
tble 10.4.

T ABLE 10..-The adjustmnent of ex-combat gunners: Relationship b etween
present neurotic syjmptoms anrd preservice adjustment (N=98 exccombat
gunners, Buckingham, Janua?y-February 19414)

Current naurotle symptoms
Early adutetTotal

adjstmntNone IModerate Warlced

Marked mialadjustmient-_ _ 13(5.0) 0 (0.5) 3 (0.4)Moderate mnaladjustment~- ---- 10 (15.4) 6 (1.5) 3 (1.0)1
Itl a d sm71 (63.5) 3(0) 0 (4.6) 74Toa... 84 8. 1 6 08

' i~ The numbers It parentheses arc thu numbera which would be found in each cell It pure
ch ance were the only factor operating.I! The problem of determining the tonditioa favorable for thedevelopment of combat fatigue was comr-l 'ce bytefattaa great deal of variability existed in the airi tint of external- stress
which was imposed upon different individuals in combat. This,'
of course, tended to obscure factors of stren& 71 or weakness which
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may have existed within the individual gunner. On the basis of
his Investigation, Rogers hypothesized seven factors or sources of
psychological strength in combat. These were not considered as
factors of demonstrated importance, but only as the-best estimate
of a qualified observer on the basis of an extensive investigation.
Rogers' definitions of these factors, together with his comments
about them, are presented verbatim.

1. A high. degree of security in a social group.-The indiidual who pos.
sesses this characteristic is social, cooperative, loyal to his crew, his team, or
his group, forms strong emotional ties to the members of the group, is
congenial with them.

2. A high degree of security in family relation8ships,.-The man 'Who 4x-
hibits this characteristic has strong and congenial relationships with members
of his own family-parents, brothers and sisters, and/or wife. While not
unduly dependent upon his family, there is a strong sense of support and
security, of psychological backing. In some instances, men who show this
characteristic do not rate high 'in the first characteristic-that is, are not
particularly social or cooperative. In other instances the man possesses both
types of security.-

3. Security in religious faith.-This, in its, psychological effect is very
similar to No. 2, above. The man feels a sense of support and psychological
backing from the forces of the univer.

4. Independence.-This characteristic is shown by the man's economic-
self-reliance, earning his own way through school, starting a new business o
by a more genoral willingness to be on his own, to undertake responsible
ventures. It may seem that this chnracteristic .s at variance with security
in the family and the group. Actually, it is probably the individual who is.
emotionally secure who is able to be geniinely independent.

5. Clear purposes and goas.-It seems to be characteristic of the men who
ean 'take' combat that they are men who are clear and definite in thieir per-
sonal purposes. This was found to be evident in ability to -nake choices, in
definiteness of post-war plans, in clarity of vocational purjPoss, and the like.It probably extends to clear vteivs as to the reasons for :Gghtingthe war, but

our data.do not cover this.
6. Superior-ability,--As has been previously mentioned there seems to be

a slight but definite to.ndwlcy for the-man of superior ability, as measured by
the Army General Classification 9Test, io with,;tand combat better than the
man of lower ability. There is, of course, muc- overlapping, but the mean
score 'for the-group showing little strain is 123, £:.r the group showing much, strain. Is 116.

7. Constitutional stb'lit|i.-Many of the gunners .-ho withstand combat
. show 'a tendency to be more stolid physically than the ...%mbat strain group.

They do not react easily to emotional stimuli, are not ex,.able.
It was concluded in Rogers' study that: A

These are the traits of patterns which seem to characteri2k the group
showing few effects of conibat. Not every trait is possessed by .\ -ry idi
vidual, but it would seem p6ssible to say that any man showing fo.,. or five
of the above characteristics would almost certainly go through comba witha
minimum of strain. Measures could be deviscd to test these qualities -. Ith a
view to testing and improving the hypotheses which have'been stated.

There were, of course, many cases which did not seem to fita,',
of these hypotheses too clearly. Rogers, in pointing this out, cite&
the .case of an individual who had a long history of inferiority
feelings, especially concerning his parental relatinships. He
never made a batisfactory adjustment, prior to entering military
service, and had failed to pass th, Instructor's Cour.e, following
his return from combat. Yet of his combat experie."e, he said:
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Overseas I felt tine. I was scared all the time, but I felt I wasn't depend.
ent upon anyone. And then my parents were proud of me. I had more peace
of mind over.there than I have..had since my return. Over there you onlyworried about whether you would be killed. Everything seemed so damned

fsimple

, Although exceptions did occur, it seemed that a selection of indi-
viduals on the basis of the characteristics found to be most closely
related to the ability to withstand combat strain would prove to
be profitable, though errors in selection for combat effectiveness
might be made in some cases.

In summary, as a result of their combat experience, a large per-
centage of combat gunners developed some degree of combat

fatigue or allied disorder. These psychological disorders per-
sisted after the gunner had returned to the United States. Rig-
orous statistical evidence was not available to aid in determining
individual characteristics conducive to the development of mal-
adjustment in combat. Rogers' seven hypotheses are presented
as being estimates of a qualified observer as to what, these
characteristics might be.

The Problem of Reassignment of the Returning Gunner

The returned gunner represented -an unusual aid difficult as-
signment problem. His prestige, rank, and experienc6 qualified
him for positions of responsibility and made him a potentially
valuable individual for mafy types of assignment. On the other

hand his rank and prestige were often out of proportion to his
ability. Furthermore, the effects of comba'. upon the returned
gunner were often such as to lower his efficiency, to make him
less willing to undergo the rigors of military discipline, and to
render him unfit for certain types of assighment. .

Attitudes toward the returned gunn'er.-The reaction which the

returnee caused in many zones of the interior stations was def.

initely unfavorable. Representative comments from officers who

dealt with these men were taken from interviews or correspond-

ence, and are quoted below:

The problem of discipine is indeed serious. Most of these men feel that
because they have been in combat, the world owes them a living, •

Many of these men have created problems. In the first place, many did
not desire to become instructors and still do not. They came heie with a
"chip on their shoulder."

Personally, I have felt that some of the combat men were on the verge Of
becoming psychopathic cases.

On the other hand, some'of the attitudes expressed toward ex-

combat gunners were extremely favorable, as for example:
This station has received a number of mei. who have returned from combat

duty. These men -have done a remarahle job of adapting themselves to their
new surroundings and in general it is felt 4 hat they are making a major
contribution to our program.
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In view of the complaints and contradictory attitudes of those to[' ~ whom the returned gunners were assigned for duty, several inves.
tigations were undertaken to determine the returnee's attitude
toward reassignment.

Attitudes of returnees toward reassignment.-Probably be-
cause no effective assignment policies were in effect at the time
when the first of the ex-combat gunners returned to the United
States, many misassignments were made in the early period.
This had the effect of producing dissatisfaction among the re-
turned gunners, which in turn, very probably led to the commonly
expressed opinion that returned combat gunners felt that they had
done tl- eir part towards the winning of the war and that for them
the war was over. The findings of i]ogers' study in which the
attitudes of 100 returned gunners were determined indicated the
inicorrectness of this view. According to the results of this study,
the overwhelming majority of returning gunneis indicated a de-
sire to work at a significant job in the army. Forty-five percent
of the group studied indicated a strong desire to contribute to the
war effort by working on an important assignment, while an addi-
tional 43 percent indicated a moderate desire toward the same
objective. Only 11 percent of the group studied conformed to the
expressed opinion that ex-combat gunners did not desire to con-
iinue their contributions to the war effort.

However; when the returnee was placed in a specific assignment,
his satisfaction with that assignment had a tendency to be low.
This was partly a result of poor assignment policies. In ""Ro gers'
study of the assignments of 100 returned gunners, competo.nt
interviewers judged that 60 percent of the individuals studiev!
were poorly assigned. Hence, .it was not too surprising When the
same study revealed that 68 percent of the ex-combat gunners
were at least moderately resentful of their current assignments.
It was suspected, however, that in addition to.simple .:alassign-
ment, other factors were operating to produce dissatisa,,.tion.
Although the returnee had a de'finite feeling that he wanteo; to
contribute his knowledge and skill in some way, he was apt to b,.
inclined'to insist upon his own definition of the conditions under
which that contribution was to be made. In addition, it was likely
that many returnees favored reassignment in a general sense, but
were unable to face a specific assignment with much satisfaction.
There was obtained, nevertelesu, a marked correlation between
the assignment adequacy and the~attitude toward the assignment,
as is indicated in table 10.5. This correlation may be, in part-at
least, a function of method in that the same observers determined
both adequacy of assignment and the returnee's attitude toward
assignment
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The assignment situation seems to have shown an improvement
)y the time the following study of assignmnent satisfaction wasconducted on 2659 returnees at a somewhat later period, who had

been given various assignments in the training air forces.
QUESTION 11. Which one of the following best describes your

mcajor" duty assignment since you have returned to the U. S.?
57 percent answered: Instructor on flying status..
21 percent answered: Ground instructor in gunnery, armament,

'. radio, etc.
10 percent answered: Armament, radio, mechanic, etc. (ground

duty but not instructing).
3 percent answered: Instructor other than the above two

types.
1 percent answered: Clerical or administrative. .

0 percent answered: Public relations.
I1 percent answered: In hospital.
4 percent answered: No assignment. . 4
3 percent answered: Other assignment.

TABLE, 10.5.-The adjustnunt of ex-combat gunners: Relationship betweeln
assignment and attitude toward assignment (N=100 ex-combat gunner.,
Buckingham, January-February 1944)

Adequacy ot assignment. )

Attitude toward Very poo-
Poor Average Good Very good Total

Little or no resentment-. 0 7 2 13 , 1.0 . '-32
Moderate resentment. - 0 22 9 2 1 34
Strong resentment .... ..". ' 14 17 3 0 0 84

Totl 14 .46. 14 i 11 100

QUESTION 12. In your opinion, how well is the Army now mak-
ing use of your ability and experience other than in combat gun-
nery, i.e., your military or pre-war experience such as-armament,
radio, clerical, administrative, etc.? ' .
25 percent answered: Best use of my ability and experience.
47 percent answered: Good use of my ability and experience.
",6 percent answered: Very little use of my ability and expe-

rience.
7 percent answered: No use of my ability and experience.
5 percent answered: No assignment has been given to me.
Considering the typical training of combat gunners, the answers

to Question 11 seemed to indicate that effective use of the training
and experience of these men was being made in their post-combat
Army assignments. The answers to qu.',tion 12 indicated that the
returnees felt that, whatever other conditions might obtain, rea-
sonably good use was, being made of their capabilities in the great
majority of cases.
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QUESTION 13. Which one of the following phrases best de.
scribes your satisfaction with your present assignment?
22 percent answered: Very satisfactory.
46 percent answered: Satisfactory.
14 percent answered: Indifferent.
10 percent answered: Unsatisfactory.
7 percent answered: Very unsatisfactory.
I percent No kesponse.
The distribution of answers on question 13 was highly similar

to the distribution obtained on question 12, and suggested the pos-
sibility, as was previously found by Rogers, that job satisfaction
was positively correlated with assignment adequacy. This same
group of gunners also felt that they were performing in their
postcombat assignments in a satisfactory manner, and that their
work was of a high degree of importance. These findings are
indicated-in the answers to questions 14 and 15, below.

QUESTION 14. How well do you think you are performing the
duties of your present assignment?

5 percent answered: Outstandingly.
6t5 percent answered: WelL"

.2C- percent answered: Acceptable.
2 percent answered: Poorly.
1 percent answered: Wry poorly.
2 percent No response. " _

QUESTION 15. Do you feel that your services as a combai z,.un.
ner are of more value in winning the war than the serices -j..u
are performing in your present'job?
13 percent answered: Services as a combat gunrer very much

more valuable.
10 percent answered: Services as a combat gunner smewhat

more valuable, . I
35 percent answered: Services, as a combat gunner of eqw:'

value to services on present job.
19 percent answered: Services as a combat gunner somewhat

less valuable.
20 percent answered: Services as a combat gunner very much

less valuable.
3 percent No response. ,
Some question may arise in the interpretation of question 15.

Unquestionably the answers-to this queit.on reflected self-instruc-"
tion on the part of the gunners to a greater extent than in the
case of most of the other questions, since % nswers to the question
may have been interpreted by some return ea as a commitment to
return to combat. However, it is to be rvmembered that men
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who had undergone the hardships and dangers of combat would
probably have been inclined to overevaluate rather than under-
evaluate the values of their combat efforts. Probably the best
interpretation of these data is that the returnees considered their
assignments at the time of the study to be of significant impor-
tance.

Attitudes toward a second tour of combat duty.-Toward some
types of reassignment, however, returnees indicated definite atti-
tudes of withdrawal. Particularly distasteful to the majority of
these men was the prospect of an assignment to a second tour of
combat duty. Some of the data which indicated the distaste wth
which returnees viewed such an assignment have been presented
earlier in this chapter (pp. 262 to 265). The attitude toward a'
second tour of duty seemed to have been most greatly influenced
by the reactions of the gunner during his first tour. Those re-
turnees in the Personnel Distribution Command stations who ex-
perienced the greatest or most frequent fear during their first
tour were definitely less willing to return for a second tour than
were those gunners who experienced little or infrequent fear dur-
ing their first combat assignment. These relationships are show".
in tables 10.6 and 10.7. Those gunners who had suffered from
operational fatigue during their first tour of combat duty also

TABrL 10.6.-The relationship between strength of fear on the *first tour of
combat dutyj ad the desire to return for a 8ceond tour (N=2466 return
gunners at AAF Personnel Distribution Command Stations, May-uly 10)

Degree of willingness to return for second tow?

strength of fear on first tourModerately Wil Moderately • VY
willing willing unwilling unwil lag

Perccnt Percent Percent eroent Per e"t
Never experienced any fear in

combat. N 28 39 22 iS 22 4

Weaker than some other fears.
242. 19 30 22 14- 1

About the same as the strongest
fear I ever felt in another ilt-
uation. N 515-.- 18 1 31 20 20 1

Somewhat stronger than any oth-
er fear. N-=587 -9 25 19 28

Very much stronger than auy oth-
er fear I ever had. N =1099- 6 1e 18 30 80

' In answer to the question: liow did "he fears you experienced In combat compare with
cther fears that you have bad in your life?

"Very willing: Volunteer to return (immlately or after a rest of six months
or so).

Moderately willing: No objection to return after c. reasonable rest (9 t6,12 months)
in U. G.

Willing: Willing to return after all trained mnen still in U. S. hIar Metsent. aa 1 nr bu col mo reunt

Modrately unwilling: Desire to continue noncombat flying, but could not return to
combat rfyin g dc2Very unwilling : Would prefer nonilyig duty in 'r,i country.

279



proved to have attitudes indicating a reluctance to return for a
skcond tour. This relationship is presented in table 10.8.

Minor factors which seemed to have a slight influence upon the

TABI_ 10.7.--The relationship between frequency of fear on the first tour of
combat ditty ard the desire to return for a second tour (N=2469 -eturn#*
gunners at AAF Personnel Distribution Command Station, May-Juty 1944)

Degree of wlllInznes to return for second tours

Frequency of fear on first tourl |
Very , Moderately Willing Moderately Vey

willing willing unwilling Unwirlyk

Percent POcint Percent Percent Perce

Three times or less. N = 396 18 29 18 20 is
About 'of the tme. N =332. 12 29 22 19 1

About ; of the time. N = 374.. 11 19 23 27 20
About % of the time. N 353. 7 21 19 27 26

Almost every time. N = 632- 6 21 18 28 27
Every time. N 362 6 19 • 31 27

'In answer to the question: How many times did you feel afraid while flying on combat
missions? *'. • ,:'

'Very willing: Volunteer to return (immedintely o'r after a rest of six monthb
or so).* Moderately willing: No objection to return after a reasonable rest (9 to 12 months)
in U. S.

Willing: Willing to return after all trained men still in U. S. havebee
sent.

Moderatel7 unwilling: De'lre to continue nontomubat flying, but could not return to
combat flying.

* Very unwilling: Would prefer nonflying duty In this countrTy.

TABLE 10.8.-The relationship between ,currence and severity of operational
fatigue on the first tour of combat duty and the desire for a second tour
(N=2466 returnee gunners at AAF Prsonnel Distribution Command Sta-
tions, May-July 1944)

Degree of willingness to return for second u-ir I

Operational fatlgub -Very Moderately Wi Moderately , Ve:
willing willing Willing unwilling slawllh-

Did not have operational fatue. Percent Percent Percmt Percent Percest
N = 1509 ......... 11 25 21 24 1

Operatlonal fatigue with no treat-
ment other than leave. N =
423 7 22 16 29 26

Treated In hospital or rest home
for operational fatigue. N =
4746 a 17 18 27 32

I Very willing: Volunte,r to return (immediately or after a rest of six months
or soQ.

Moderately willing: No ebjection to return after a reatnable rest (6 to 12 months)
in U. S..

Willing: Willing to retrrn after all trained men still In U. 8. have !ect
sent.

Moderately unwilling: Desire to corjtinuo noncombat fly ig, but could not return tO
combat flying.

Very unwilling: Would prefer nonflying duty In th! country,
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willingness of returnees to undertake a second tour of combat
duty are listed below:

1. Younger gunners were more willing to return for a'-second tour than
older gunners.

P. Single gunners were more favorable toward return than married gunners.
3. Opposition on less than half of the missions had a slightly favorable

influence on the attitude toward return.
4. There was a slight relationship between losses In a gunner's organiza-

tion and his attitude toward return. Those gunners who had belonged
- to outfits whose losses were heavy were slightly less willing to retu.n

for a second tour.
5. If more than two men were killed in the gunner's plane during his first

tour, his attitude toward combat was somewhat less favorable
6. If relatively few of a gunner's friends were killed on his first tour, he

was slightly more favorable toward return than if many of his friends
had been killed.

Oia the other hand, several factors which would have app'ared
to have significance-in the establishment of attitudes toward com-

bat were found to have little actuafimportance.

1. Enlisted men who Were woanded 'or injured were just as. willing to
return to combat as others -who were not wounded or injured.

2. The number of missions flown on the, first tour seemed to have little
influence on the attitudes toward-return.

3. There was little relationship between the number of combat hours flown
on the first tour and-attitudes toward return to combat.

In summary, the assignment of the first returnees did not seem

to have been as adequately handled as in the case of those who

returned later. This tendency toward malassignment had the

effect'of provoking hostile dttitudes on the part of the returned
gunners, many of whom were suffering from the .persistence of-
combat maladjustments. The great majority of combat gunners

Wished to be assigned to significant work upon their return from

combat. Ther-a was some difficulty, however, for these men in

adjusting to specific assignments. On the whole, after the earliest

period, returnees received assignments which they felt to be sig-"

nificant and which used their.capabilities, at least to a reasonable

degree. Most of the returnees at this period expresse& satisfac-

tion with their new assignments. Some types of assignment, how-;

ever, were viewed unfavorably by the returnees. Chief among

these -as the assignment to a second tour of duty, to which the

great majority of ex-combat gunners reacted with a strong nega-

tive attitude. Those gunners who had been most frightened on

their fir'st tour of duty, as well as those who had been most fre-

quently frightened, were the most reluctant to accept a second '

tour assignment. A number of' other factors had a lesser influ-

ence upon attitudes toward return to combat. .

.Attitudes of the Gunner toward Military Discipline

In connection with a study to determine the feasibility of using

combat gunners as flexible gunnery instrutors, Rogers made an

703326--47-19

281



investigation of the attitudes of returnees toward military disci.
pline. In his analysis of 100 ex-combat gunners, he found that
these gunners unanimously noted the difference between disd.
pline in overseas bases and the more formal discipline practiced
on stations in the United States. The returned gunner pictured
the overseas situation, with respect to discipline, as being a less
formal one; one in, which soldiers were motivated toward. their
duty by a sense of .¢esponsibility rather than by a more formal

system of command. The returned gunners were in complete
agreement that, overseas, the niceties of military courtesy and
discipline were *reatly minimized. They were almost completely

* unanimous (99 percent) in regarding this overseas situation, with
its emphasis on responsibility rather than on command, as being
much more effective in terms of job accomplishment. It was plain
that many of them questioned the efficiency of the stress upon
formality within 'the United States. Other returnees, however,
believed that a more rigid approach was necessary (in their
minds, unfortunately necessary) in this country because of the
larger numbers of men, and because purposes and objectives were
not as clear in the zone of the interior as they were -in combat. "

A considerable portion of the men were definitely resentful
toward what they regarded as an excess of military formality in

.1 this country. Of the 100 men interviewed, 23 percent were found
I to be strongly resentful, 40 percent moderately resentful, and 31.

percent only sligltly resentful. In 6 percent of the cases, the
attitude toward formal discipline was not determined. f

Since these conclusions were reached by means of an unstand-
ardized interviewing technique, no standardized answers were
received which could be subjected Oio a rigorous statistical analy-
sis. However, Rogers listed a nu-.iber of statements quoted from
returnees, which he-used to illustrate attitudes of strong, moder-
ate, and little resentment toward the restr,.tions imposed by
military discipline. Several of these statements auy quoted below.

Attitudes of strong resentment toward military discipline:
There's a good deal of difference between overseas and heA. Over there

the officers are iiore friendly, they're not trying to be better tha%. the enlisted
man. The enlisted men are just as important as the officer. Discipline
was really better there than here. The men did things because tw\Z wanted
to and not because they were ordered to. Our first CO was a young, :ellow,
23 years old, who was later killed. He would play football with us an\ join
right in. We called him by his first name. But when he was with so.her
officers we'd salute him and give him respect. Back here, though, some 0N-
cers are very petty. I heard one officer bawling out a combat man, poundini.
on his desk and saying, "This is war!" How dees he know it?

I don't like this military courtesy stuff. Af';lar you come back it makes
you mad. I don't want to go through what a ro:.kie goes through, I hate to
have some Pfc. barking at you: "You fellows think you're smart because
you've beein overseas."
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Attitud'es of moderate resentment toward military discplln.

I believe that an organization can be run more efficiently without a lot of
"boy" stuff such as being "gigged" for a match on the floor. After you have
been on 60 combat missions, it is hard to see how having an exact order for

hanging your clothes is going to kill another Jap.
Overseas they respect a man. Here they don't give a damn about him.

Over there you salute colonels, of course, but in your own squadiron an officer
would just as likely as not thumb his nose at you if you saluted him. I don't
find it too hard, though, to get back into the system here. The trouble with
combat men is that they think they've been through it and are -better than
anyone else. .. .

Attitudes of little or no reseitment:

In my crew there were four officers and three enlisted men. We trained
as a crew, and got to know each other here in the States. When we flew, all
rank was barred. We slept together, ate together, and the officers stood in
the chow line with us. The colonel very often helped serye chow. ' Everyone
did their work and we got along fine. 1 like that better, but I don't .find it
hard to get, back into camp life here. ... . ,

In summary, it may be said that the combat retuinees who wer6
studied invariably noted the difference between overseas bass and
United States bases with respect to the amount of formal military
imposition of a more formal system of discipline following tfeir

return from combat. Almost all of these returnees were-inclined.-
toward a belief that a less formal disciplinary system would have
been more effectve in terms of job accomplishnent. "There were;
however, no experimental data which bore upon this problem in
the military situation.. . . " .. - ..C. .,: .,.,

Attitudes of Gunners toward the War and- the Civilian War Effort

Attitudes toward the war.-Although there was conceivably
some doubt as to the actual nature of the issues iInvolved in the
recent war, the certainty with which the soldiers believed in th6
cause for which they fought was probably an index of their willing-
ness to participate in the war effort to the fullest extent of their
capacity and was probably one of the conditions, of their ability
to withstand the stresses of combat. Unfortunately, very little
was found out about the flexible gunner's beliefs concerning the
reasons for the war. The data which were available, howeVer,
seemed to indicate that the majority of the gunners had some idea
of the importance of, and the necessity for, the war. Whether

these beliefs were correct or incorrect, could not, of course, be
stated. But the fact of the belief, itself, vas important in terms
of the soldier's motivation'for combat.

One hundred gunnery school graduates were asked, shortly.
after their graduation from flexible gunnery training: 10

200P. cit., footnote 3.
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QUESTION 16. As far as I am concerned personally, I am fight.
.! ing:

44 percent answered: For very important and long time goals
which I see clearly.

28 )ercent answered: Primarily to get back home.
20 percent answered: For goals that are probably important;

but about which I am not too clear.
5 percent answered: Merely because I have to.
1 percent answered: Simply because others are fighting; the

reasons are not actually clear to me.
2 percent Failed to answer the question.

These results indicated that nearly half of the gunners felt the
importance of the war in terms of specific goals which the winning
of the war could help to achieve. Another 20 percent of the gun-
ners felt that the goals were important, and hence that the war
was necessary to the welfare of the nation, even though they were
unable to formulate those necessities for themselves. Thus, about
tvo-thirds of the pre-combat gunners maintained an attitude
which probably tended to increase their morale and willingness
to participate in the war effort to the full extent of their ability.

Returned gunners, however, did not seem to have ideas on this
subject which were as clearly formulated as were the concepts of
the pre-combat gunners. In a study of 100 returnees, Rogers
dealt with this problem at a descriptive leveL In view of the
importance of this subject, Rogers' findings are presented below,
in full

Unfortunately, the question of motivation for war was not made'a topic of
regular investigation, and the only evidence which was gained is that which
came spontaneously. N6 conclusions can be drawn from the data which
follow, but they suggest that for a considerable group, the purposes of the
war were not clear, and the motivation for combat ww! far from satisfactory.

The following comments by the men deserve careful 'zonsideration. Some
of the men stress their general uncertainty as to the basic reasons for fighting
the war.

I never did figure out exactly what the war is about, qnd I probably
never wilL.

I don't think either the gunners or the officers have any rtg idea of
what we are fighting for. We are all too remote, I guess. IL -,?akes
better fighting men to have strong motivation. There was a ).]:1Lh

sqluadron in England that was just dying to fight the Germans. '1N.v,
had to ration their gas to keep them from crossing the channel to get
the Germans in their little training planes with one .30 caliber gun.
When you have a group that wants to fight like that., I think they have
fewer casualties than we do.

On furlough I was kind of put out. People go around as though there
is no war or anything. Of courso., r used to ask myst, f overseas what I
was fighting for and I didn't know, except to get bac; home alive.

The question of 'hether the feLows know what th'y are fighting for
is a stickler. They. don't talk muh about it; they a.' definitely out to
finish it quick and get home. Somie of them get pr.'-tty cynical as to
.vhat it's all about.
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A few of the men were cynical or mercenary, or bothr
I'm only 21 years old and at this time rainbow colored dreams don't

seem attractive. I wasn'L fighting for ideals or democracy, I pimply did
it for tho same reason I joined the Army in peace time. like guns and
I enjoyed comat. I fought for $173.50 a month and nothing els..

* The need of helping gunners form clearer Ideas as to why they are fighting
and what they are fighting for, is all too apparent from these quotations.
The materl h &I'ublyAignifncant when it is -recalled that many of these men
were voluntders rather than selecites, and that all of them had volunteeredfor the gdnnery program. It woul d seem that their motivation might be

stronger than that of men now going through the projram.n

Unfor' r.,ately, Rogers was not able to indicate, fromhis data,
the percentage of returned gunners who expressed ideas similar to
those quoted above. It appeared, however, that returnees were

more inclined to question the basic values of the war than were
precombat gunners. . .

Attitudec toward the civilian war effort.-As in the case of the

attitudes toward the war, little evidence was obtained concerning
the gunner's attitude toward the civiliaw war effort. That some

dissatisfaction with 'the civilian war effort did exist, at least
among returnees, was indicated by the answers givei by 2,659
ex-tombat gunners in training air forces stations to the~following
quetion: : , ,

QUESToN 17. Which one of the following, cdnitiomsin the
U. S. arc you most dissatisfied with P

31 percent answered: The attitude of military personnel who
have never been overseas.

12 ,percent answered: The general attitude of civilians to mili-
tary personnel.

19 percent answered: The attitude of labor in this counitry.

16 percent answered: The nature of military courtesy, disci-
pline, and training in this country..-.

6 percent answered: The attitude of business and industrial-
management in this country. -.

2 percent answered: Rationing. .
2 percent answered: My own family relationships. - .

12 percent answered: Not dissatisfied with any condition in the
U. S.

These answers indicated a certain amount of antagonism toward,

the civilian population of the country, That a share of the unfav- -

orable attitudes was related to the gunner's attitude toward the

civilian war effort was indicated by the fact that, of the returnees

studied, 37 percent were dissatisfied wit' the civilian populati~nj

and of these,25 percent expressed dissatis. 2,ction with the civilian

war effort directly.

3
1 Th13 study waA made In Januaryand February7 1944.
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Further evidence of- dissatisfaction with the civilian war effort.
was contalngid in Rogers' study of 100 returned gunners. He
found 11 percent of these gunners to be strongly critical of the
civillaji war effort, 21 percent. V) be moderately critical, and 41
percent to be relatively satisfied. Attitudes towvard the War effort
were not determined in 27 percc.Ait of the cases, however. Rogers
gives examples of gunners' statements regarding the civilian war
effort four of which are quoted below.,'.,.

Stat ementa- indicative of a stronglyJ critical attitude:
I think the best damn thing we could do-is bomb 1f a dozen towns here!

The people don't know there's a war on! 112they had seen the people over
there--they think they do without things in this country, but if they had seen
the people over there T They just don't knowi how swell it is *over h~lW
take so many things for grantifi& hi IW

At home I 'went to a football game-I've always enjoyed.'em. But all that
life and jsiety and luxury-it, just makes you so mad. I never even noticed
half the gs-me, I just got madder and madder--even though I know they can't

free spending, and general luxury. *Miami -Bea~h, was Aspqcially disgusting.
I think it's a poor place to have n.en come home.

0Altho~ugh little evidence was availablecnenn ~ tiue
in elifs nd attitudes on this subject was to'be fidund itmbn' kthd

guniners. There. -was 'some evidence' tb indicterthat Vreicoiiibat
gunners tended t6 h'aVe had' fairly Well formulated ideas concern-'
Ing th6 reasons for the. war anid' the 'ifiportance' of 'the 1 sbuis at
stake. The data sugge~ted the possibility that postcombat gun-
nerswerd'in more doubt concerning thb*reasbns f6r' the war, aiid
that' the 'importance of the i~siies' inVolve&'-was in ~nioid doubt
amonj the members of this group* '

'Attitudes toward thd civilian war effort' were 'd'dtir i id 'sys'-
tem'atically only among returied comibat gunners., In this group
it appeare~d that there was a cOnsiderale 'degree of diWgtrsfac-
tion with the ci v*ilanwar effort. It 'app.eared;' lov, eVer, that this
ai'ssitisf actidii 'wai -VbaS-ed 'more'pn 'the cdmph-ve eny *;'of the
civilians and their habits of indulgence than upon in actual lack
-of effort on their part to perform their share of the "work -of 'war.

S0tJMMikY -

The, -typical' gunnery school stuiient -felt at least- -i moderiate
degree of satisfaction with his gumr,-ery -assignment. During his
training;Nhs attitude toward his statxis as'a flexi'ile'gu' nei tenided
to become even more fAveorable. At this state of his .Axre'er,,'thbe
gunner was impressed with the sigitificance .and im,6rta ce of
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the gunnery task. His motivation for combat was high, both as
indicated by his answers to diret questions and as shown by his
attitudes toward the reasons for and the necessity of fighting the
Nvar. He had, at this time, a favorable and relatively uncritical
attitude toward the adequacy of his gunnery training.

Combat experience proved to be frightening and unpleasant
for the average gunner. This unpleasantness was firmly based.
upon objective standards of combat stress, such as the number of
friends killed, the number of crew mates killed or wounded, the
incidence of wounds and injuries among the returnees themselves,
and so on. One result of these combat experiences was that a
relatively large percentage of gunners came at some time to suffer-
from some form of combat or operational fatigue, at least to some
degree. The occurrence of combat fatigue, as studied among
returnees, seemed to be related to several factors within the gun-
ner as well as to the amount of externally imposed stress. Pre-
diction of combat fatigue could be made most adequately on
evidence of precombat maladjustment.

The typical returnees, as an additional and related result of
combat experiences, gave expression to attitudes wliich were
somewhat at variance with the attitudes expressed by precombat
gunners. The majority of returnees, for example, indicated an
aversion. to further combat duty whereas precombat gunners
typically indicated a desire for combat, even in excess of a single
tour of duty. Combat gunners and returnees were also inclined
to be more critical of the adequacy of the gunnery training which
they had received. This critical attitude, most often, took the
form of constructive suggestions which were potentially valuale,
with some exceptions, in improving the flexible gunnery training
program. There were also indications that the excombat gunners
were less sure than precombat gunners of the reason for and the
necessity of fighting the war.

Upon returning from combat the average gunner had a favora-
ble attitude toward reassignment to some important duty (with
the exception of combat duty, as noted above). There was evi-
dence that the first returnees were malassigned in many cases.
This type of malassignment undoubtedly contributed to the atti-
tudes of resentment and hostility expressed by. these men. At a
somewhat later period, however, returnees were given more ade-
quate assignments. During this period, the returnees indicated
attitudes of satisfaction in their new assignments and belief in
the importance of their new tasks.
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CHAPTER ELEVEN __ _"

The Development and Evaluation
of Training Programs

Maj. NIcHOLvm- HOBBS

and

Lt. WILLIAM B. ScHRADER

PRINCIPLES AND PROCEDURES "

Chapters five through nine of this report have summarized j
specific research projects which may be presumed to have con-'
tributed to the improvement of gunnery training prorams.
Psychologists in gunnery were directly responsible for giying as-
sistance in the overall planning of training through three different
types of activitie6. The first of these was to give direct assistance
to gunnery personnel in the development of training programs, as
by outlining curriculums, preparing -training manuals, assisting
in the development of training aids, investigating instructor-stu-
dent ratios, and similar activities.. This work was broad in scope,
more or less operational in nature, and not particularly suitable
for detailed treatment in a summary of research. It will not be
reported here. The second type of activity was concerned with

' I the formulation of principles which might assist in achieving
more consistent, more purposeful training programs. These prin-
ciples grew out of the application of psychological techniques to
specific gunnery problems, and they developed into a common
viewpoint as to objectives and procedures, which Viewpoint came
to be shared by most of the men responsible for planning gunnery
training. Some of these principles are reported below. The
third type of activity involved the development and evaluation of

experimental training programs, and the evaluation of programs
in operation. The major part of this chapter is comprised of

j summaries of such studies.

Diversity of Gunnery Training
II j Planning for the training cf gunners was coroplicated by two

circumstances. First, gunnery chan,- 1 with great rapidity dur-
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ing a brief span of 4 years. Second, there was not one.type of
gunnery but several. Both of these factors should be examined

. jmore closely for they are important in understanding efforts that
were made to improve gunnery training. o' ,' "' .

Changes in gunnery.-Gunnery changed rapidly with the dpvel.
opment-of new equipment and with the formulation of new proce-
dures for using equipment. Sight and turret combinations
changed frequently, only one-sight-turret combination remaining
standard equipment throughout the war. Early bombers were
equipped mostly V.ith hand-held guns mounting iron ring-and-post
sights. On later bombers, most hand-held guns were replaced by
turret-mounted guns, and the hand-held positions which remained
were enclosed and were provided ,,th mechanical sights. Early
turrets carried optical sights; later turrets carried, mechanical
sights. Remote control turrets, incorporating entirely new prin-
ciples of gunnery, were developed for the B-29. To one position
on the B-29, radar aids to aiming were added. Finally, turrets
of radically new'design involving gyro-stabilization, were intro-
duced into the B-32 training program. Such changes deipanded
a continual revision of curriculums.-lesson plans, trainers, ranges,.
examinations, phase checks,, films, and film strips.:

Types of gunnery.-Not only did gunnery change rapidly with
time, but at any one time there-were diverse demands on training
progrms. Superimposed upon .a minimuni' amourit of general
training for all gunners, there were several speciAlized training

programs for particular types of aircraft and tyPes of gunnery
equipment. In training gunners even for one type of airplane,'
diversity in training was demanded. It Was po~:sible, for in.
stance, to have 12 different combinations of sights aix.d turrets on
the B-24 airplane. Operation of most of these requirez, different
skills. One single position on the B-24 might require the ,raining
of four different types of gunners. The Martin upper tur: it was
equipped, in various theaters, with an optical Aight, a comp,nsat-
ing sight, or one of two kinds of computing sigh',tq. The op.1',al
sight would require different judgments of deflectic.n; the coiz
pensating sight would sometimes require estimations of" deflection
but on an entirely different basis; one of the computi,.\. sights
would require framing within vertical lines the wing tips ,! the
attacking fighter by manipulating hand control; the' otlher c .'-

fputing sight would require framing within a circle of dots by
operating foot controls. Such circumstances required thai'several
parallel curriculums be in operation concurrently at the various
gunnery schools and even within one gunnery school. At one,
time, late in the war, there were about 20 courses of study "n-opera-
tion in Training Command gunnery schools. Thseimplications for
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prograni 'planning are obvious. In a diverse and changeful, pro,'
gram, unifying influences were sorely ndeded.', ,,; v' ;..:,. .,:

Unifying Principles,. . :

Although the planning of gunnery program* was largely the
responsibility of tbe Central School, and specifically of the Re-.
search Division, the total responsibility for the extensive planning.
and application required could not be delegated to any one grop.,
Commanders of combat air forces, training officers: at hig'ier,
headquarters, commanding officers of gunnery schools, directors of
training, department heads, range officers, enlisted instructor.
all ipevitably had a hand in shaping the training that gunner-s
actually received. It was believed that one of the chief contribu-
tionis that psychologists could make to gunnery tr..ining was the
formulation of principles which would lend coherence to gunnery
training, In a program so widely scattered geographically, so
changing, so diversified, broad principles to guide specific decisions
may prove more far reachiing in effect than many specific achieve-,
ments. Principles for guiding the development of training pro-
grams as a whole, and principles developed for a single aspect of
program planning, the development Of training aids,,are sur- ij
marized below. Similar formulations were made for other spe-,
cific problems, such as the development of trainers. Principles
leading to what was considered to be proper emphasis in teaching.
were also suggested as a final and requisite step toward coherent'
training.. "progam

Principles for program planning. The principles which 'Were
considered basic -to. sound program planning may. be -stated as
follows:.. . .. ' ,, . SI... " I,

Objectives must be clearly definefl.-.-For sound planning. of a'
program or of a part 6f a program such as a course, range; or
trainer, the objective to be- achieved must be clearly defined. The

definition of objectives must be -made on the basis of a thorough
study of the job for which training is to be -accomplished, and
without reference to entrenched precedenti " - -

Objectives must detenine c'ontent..-Once agreement.has beelf
reached as "to what are the- objectives. of the training program, of
the course, range or trainer, everything must be planned to con-' ;
tribute to the achievement of the previously defined objectives.*.

No activity, no material should be included unless it can be

justified with reference to the statement of objectives. • ,, , "i

Established principles inust detern e procedure.-When a
[er program has been blocked out, when the Content of a course 'has

been determined, when the mechanics of a trainer have been per-

fected, their organization or .use must be based on principles,of,
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~~learning,-drawn from experiments-conducted on the specific mate-"
rials or devices to be used, or from the body of established

, psychological knowledge.

Content and procedures m t be objctively evaluated,
Wherever possible and as quickly as practicabla, the effectiveness
of a curriculum or of specific parts or a cu'Ticulum, such as a
range, or trainer, must be evaluated, using objective techliques
which have been Worked out for assaying the contribution of such
variables to the achievement of nn objecti,ie.

Evaluation should determine revision of contant and procedure.
-Finally the results of the evaluation of the currricalum, course,
range, trainer, must be put to use and not neglected in apathy or
in favor of personal prejudices.

The -viewpoints expressed in the above statements gained fair
acceptance among gunnery rrsonnel, particularly among men
most concerned with program planning.

Principles for the preparation of training mate rials.-In pre-
vious chaptera the point has been made that gunnerytraining was
always one stel -emoired from the gunner's shootin'* job, and that
substitute training procedures. of established validr. were lack-
Ing. Under such circumstances, there was a tendency to'devote
much effort to the development of training aids: To give direc-

tion to the preparation. and use of training aids, the' following'
principles were fok-mulated:

* 1. No training aid will be used unless it is reasonable to believe
that its use will contribute to the achievement of the'bbjectives
outlined for a course or for a training program. . The fact that a
particular training aid is available is not sufficient reason for its
use.

2. The materials presented in all training aids must be accurate.
Agreement with the Gunner's Information File wiil. normally be
the criteiion for accuracy.

3. All training aids will emphasize the functional asp, ts of tho
gunner's job. They will stress what the gunner actually ix's to do
or actually has to know. Materials on internal operawn of

sights, on wiring of turrets, on mathematics of sighting 'M?. be
excluded, along with any other materials not immediate!y relevant
to the gunner's job.

4. All training aids for a particular program will be plsuned
with the planning of the program, and there must be a specific
requirement for each training aid growing out of the nature of the,
training to be given. I I

5. As a rule, training aids such as motion pictures or film strips
will not be used when there is available the actual equipment
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which is the subject of the training aid, unless the training aid
develops ideas that are not readily apparent through examination
of the equipment. are t eaito

6. Humor in training aids will be used only when it is relevant
to the materials presented. Training aids should have dignity,
-'nd their effectiveness should not be lessened by the gratuitous
addition of humor.

7. Concurrently with the development of every training aid,
there should also be developed an instructor's guide for its use.
In addition to providing qupplementary information for the In-
structor, the guide should stress the necessity for incorporating
the training aid as an integral part of a course designed to help
achieve the objectives of the course.

8. For maximum effectiveness, it is believed that there should
be maximum economy in the expression of ideas in a training aid.
As a ruIle, a film, a film strip, a poster-series should have one core
idea, and every item should contribute to the development of this
idea.

9. Where appropriate, as with films, film strips, posters, and
pamphlets, there should be constructed a brief objective examina-
tion which can be administered to students-aftir the training aid
has been used in instruction.

10. Films -will normally be used for the presentation of ideas
which are difficult to conceptualize, such as the rules of position
firing or the methods used by good teachers; the presentation of
materials where movement is critical; and the presentation of
materials which canifot be shown directly, such as the combat use
of the B-29 gunnery equipment.

11. Film strips, posters, mock-ups will normally be used when
the detailed study of the materials presented is desired.

12. In all training aids, the very best of writing and the very

best of art work will be the goal. Experience has shown that the

way to achieve this important goal is clearly to state the require-

ment in the initial planning of the training aid.
These principles become fairly well accepted, and their value is

believed to be evidenced in the generally excellent training mate-

rials produced for gunnery training. Priciples for the develop-

ment of training devices were also furmulated. These are

summarized in the final paragraphs of chapter 9.
Principles of teaching.-There was an effort made to develop,

particularly anong instructors and supervisors of training, a con-

sistent viewpoint with reference to teaching methodology. The
p kind Of teaching that is wanted was considered to be important in

the original blocking out of a curriculum; such considerations
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were felt to be of even greater importance. when lesson plans and
training materials were being drawn up and when instructors
were being indoctrinated. To illustrate, a decision had to be made
in gunnery relative to the balance between "practical" and "theo-
retical" instruction. In the absence of an understood policy on
such matters, many and often contradictory viewpoints will in.
fluence training, producing an inharmonious, stressful, and prob-
ably inefficient program. On this particular matter, it w;as
decided that courses would be stripped of all materials and pro-
cedures 'that were not directly related.to what the gunner had to
do in combat. Thus instruction in the wiring of turrets and in the
internal functioning of turrets and of sights, which were tradi-
tional parts of gunnery courses, was dropped; instruction which
emphasized being able to talk about gunnery or to pass written
examinations was sharply curtailed. Emphasis was placed upon
gunners leariing by doing the types-of jobs they 'would be-expected
to, do in conbat. -A functional viewpoint concerning instruction
became well established in gunnery.

Procedures in ProrT Evaluatio i.
* Policy in Flexible gunnery with reference to the evaluation of

training programs merits consideration. Gradually officers in
* ' charge of gunnery training accepted the viewpoint that research

must be an integral part of all program planning, Towards the
en*' ,f the war, no plan for a training program was considered
complete unless it included specific plans for establishing the va-
lidity of the basic assumptions of the program, for appraising the
effectiveness of the program, and for discovering ways in which
the program could be improved:

Techniques used in evaluation of specifi training prograMs.-
The most incisive technique used in evaluation of training pro-.,
grams was to compare experimentally the achievement of stu-
dents trained under a new program with the a""evement of stu-
'dents trained in traditional fashion, when such co, arisons were
possible and meaningful. Not only did such studies ;,ield a sub-
stantial body of objective data which could be used to detect
aspects of the new program requiring change and impre.:ement,
but they also served to tighten up the training program gei:,rally
through emphasis on adherence to presecribed procedures and
through a focussing of attention on the day-by-day operation ,of
the program. The Pueblo Project, to be reported later in tlh'
chapter, illustrates this precedure..

A second technique involved the questioniig of studsents and
instructors on various aspects of the course of instru.tion, It
was found that such investigations often directed attention to
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some area of inefficient operation, and thus made possible correc-
tive action. The evaluation of an 8-week training curriculum, to
be rep jrted later, illustrates this technique. '.' .. i" is:,

A third technique involved research on some specific unit of
work, rather than on the course of training as a whole. It was
felt that research on particular problems should run concurrently
with research on overall programs, as being the most plausible
approach to improving training. In chapter 9 are summarized'
nurierous studies of this nature. . , . , . : 1

A fourth technique involved the subjective analysis of a train-
ing program by psychologists using as a guide a series of prin-
ciples characteristic of good training. Such a list, a summary of
which is included in Appendix D, was used in the evaluation of an
experimental eight-week curriculum, to be reported later in this-
chapter.

Techniques used -n the evaluation of gunnery as a ,whole.-Es-
tablishing the validity of the assumptions upon which 'gunnery
training was based was usually effected by studies of gunnery in

t combat theaters. These studies served to define the specific objec-
tives of training, as had been outlined in chapter 5. They served
also to check on the overall effectiveness of traAning programs by
measuring the proficieny of gunners who had completed all of
their training and were presumably ready for combat. Three
such studic: are summarized in the next. section of this cbapter,
followed by a series of brief accounts of researcl projects directed
toward the evaluation of specific training programs, and the
discovery of ways in which training could be improved..

THE OVERSEAS PROJECTS--STUDIES OF GUNNERYIN
THREE THEATERS OF OPERATION

Background Information
As a result of discussions at the Tampa Conference ift April

1944 (see chapter 1), psychologists were sent to three theaters of
operation for the purpose of checking on the proficiency of gun,
ners in combat air forces and for the purpose of obtaining infer-
mation which -would be of value in the planning of gunnery
selection and training programs. Three Fuch missions -were
undertaken.' .

The Problem

The methodologies and the specific objectives of the three mis-
sions varied in minor detail, yet all txree studies involved observa-

'he study In the 7th Air Force was made by CrPL 3Msor Halre, In the 3th and 13th

Air Force by Capt. Alfred C. Jensen, and In the China-Durma-Indla Theater b- ,Cat0 it
WluS.Gregory.I
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tions according to a pre-arranged plan. In general, the objectives
of the three studies may be defined as follows:

(a) To secure data of use in evaluating and revising the flexible
gunnery training program in the States.

(b) To secure data on the level of proficiency of gunners in the
theater concerned.

(c) To secure evidence regarding the validity of the content of
the basic gunnery school courses and training standards.

(d) To secure recommendations regarding minimum aptitude
standards for the selection of gunners and of gunnery officers.

(e) To secure data on the relation of personality variables to
gunnery proficiency in combat.'I Such information as would be obtained in achieving these objec-
tives would provide materials for the improving of selection and
of training procedures in the States. The significance of the ob.
tained results for selection are covered in other chapters. Here,
emphasis will be placed on the implications of the studies for
program planning... . .. ,

l ~ ~The Procedurp_" ''
,Sev,,okai procedures were, established for these investigations,
~prior to their undertaking; however, conditions in the various

theaters prevented the uniform application of all of the procedures
originally agreed upon. The individual officers were in 'several
instances confronted with the necessity of improvising means of
achieving the general objecives as outlined above. The following
procedures were used:
st1. Gunnery officers were asked to indicate minimum aptitude
standards requisite for gunners, using a 9-point scale for rating
certain designated characteristics. This procedure was followed
uniformly in all three studies. The results are reported In

Chapters 5 and 13.
2. Where possible, gunners were given availab,. measures of

proficiency, such as phase checks, Jam-Handy Trainer: and locally-
constructed achievemefit tests.

3. Gunnery officers and gunners were interviewed to )btain in-
formation on the strengths and weaknesses of the gunnery
training program.

4. A detailed check list covering elements in the then-, urrent
basic gunnery curriculums was submitted to gunnr-ry offivers to
obtain an indication of the relative importance o . each -.f the
items listed. This was unii'ormly done in all three otudies.

5. General procedures u. 3d to achieve the remalnder of the
objectives outlined above wi.re to interview gunner., officers and
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gunners, to observe gunners at work, and carefully to record
judgments based upon information so obtained.

A The Results °

1. Proficiency of gunners in combat theaters.-The evidence
relative to the proficiency of gunners after they had arrived in'a

theater of operations, presumably ready for combat, was not re-
assuring as to the adequacy of the gunnery training program in
the States. These results are summarized below, for weapons,
turrets, sighting, and general knowledge of basic principles in
gunnery. Proficiency in the first three of these areas were meas-
ured by phase checks and the Jam-Handy Trainer, which provided'
an indication of the gunners' ability to perform their duties.
Knowledge of gunnery was measured by achievement tests in use
in the theater designated.

In the 5th, 7th, 'and 13th Air Forces, the standardized phase
check on weapons was given to 26 gunners, selected at random
from gunners available in operational squadrons. Of the.26 men
tested, 22 failed to make a score which would be regarded as pass-
ing in the Training Command basic gunnery schools. On a
5-point scale, they received scale scores of 1. The remaining four
men received a grade of 2, which was considered poor for basic
gunnery school students and failing for gunners in the training
air forces. None of these 26 gunners received a score as high as-
the average score for basic gunnery school students; only 4 of the
men would have been considered qualified for graduation from
basic gunnery training.

The picture is no better for proficiency in turrets. In table
11.1, the converted scores of 30 gunners in the 7th Air Force on,
the standardized phase check for their respectivecturrets are-pre-
sented. Roughly, one-third of the men failed, one-third passed
with a score of 2, and one-third reached the level expected of the
average basic school graduate. Note that ofily two men passed
the section on harmonization. Fourteen gunners in the 5th and
13th Air Forces were given the same turret phase checks. Of *the
14 men, 8 failed, 2 received a score of poor, 3 were average, and 1

TABLE 11.1.-Sumvmry table of all turret phase checks (N=30, 7th Air Force,
June-July 1944) "

Converted Total Par 1 Part 2 (bar- Part 3 Part 4
scores'I frequency (operation) monizatiofl) (prefigct) (loading)

5 (Excellent) --... ---- 6
4 (Good) --------------. ... - 12 7
a(Average) 1------2 82 (Poor)--------. 11 -------------
1 (Fail) 10 IF.....-17" 28 10 -

SConverted scores na bascd on the performannc of basic gunnery school students (see
chapter 8).
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achieved a score of good; the comparisons are again with basic
gunnery school students. It is evident that these gunners were
considerably less proficient than men graduating from basic train-
ing. Men in a combat theater might reasonably be expected to be
at least as proficient as basic gunners. . • .. ,, •

The third'area of proficiency measured by a performance test
was sighting. A standard Jam-Handy test film was given to 81
gunners in the 7th Air Force. The men were scored in aCcord-
ance with standard procedures in order to make their scores com-
parable with a norm group of basic gunneiy school students. The
results are presented in figure 11.1. It will be remembered from
chapters 5 and 9 that the Jam-Handy Trainer, when properly
used, provided a fairly adequate measure of a gunner's ability to
apply proper deflections when using a ring sight. 'Of the 31 com-
bat gunners studied, not one reached the level of performance of"
the average of the norm group of basic gunners. The scores re-
ported show a definite inferiority of combat gunners in this fun-
4amenta! skill required of all gunners in the air force studied-:

The proficiency of combat gunners on general knowledge of
gunnery was less adequately measured than was performance pro-
ficiency, for locally constructed achievement tests had to be used.
However, the results are reported in such a fashion that some in-
dication of the weaknesses of the gunners studied was obtained.
Of a total group of 43 men tested, the number and percent missing
questions on certain basic items of gunnery ifnformation are given
in table 11.2. The test items included in the table were chosen
from reported scores on 60 similar items to illustrate types of defi-
ciencies found. When these results are considered in relatioi to
similar findings on performance tests, it seems fairly clear that

TABLE 11.2.--Proficiency of comba, gunners in knowledge of gunnei'ry: Number
and percent of gunners giving incorrect answers to certain questions on
standard examination for 7th I .7nbardment Group (N=43, loth Air Force,
July 1944)

Giving Incorrect
answers

Test questions In , brevlated form -

Number Percent

1. What is correct distance fron. Ing 31ght to eye on waist gun?----. 40 92
2. List three items to be check, In harmonizing the guns on the

Sperry ball turret ---------.---------------------------------- 40 92
3. List three Items to be checker In leaving the Mar'n turret -_ 33 "/
4. List three Items 'to be cheT'.- I in harmonizing guns on Marini

turret ----------------------------------------------------- 3705. What should you do first a ticle on N6A sight goes out? 32 . 74
S. List three Items to be ehc d d in postflight checking the gun--. 25 58
7At 'what position in clova i a should the guns be charged? ------- 22 52
8. How Is the oil buffer tub djusted? ------------........------ 2:. 50
0. How can you get out of t perry ball turret It the power falls?_. 17 40

10. How is the headspace a I sted? -------------.........-------- 16 36
11. What are the symptoms I loose headspace ------- ......-------- 11 26
12. How Is the direction of i d changed?...--- . 18
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the gunners studied were consistently weak in their knowledge of
gunnery and in their ability to perform fundamental gunnery
tasks.

2. Reported deficiencies of gunners.-Another technique used
in these studies was to question responsible officers in squadrons
and groups concerning the proficiency of the gunners assigned
to them. Gunnery officers, armament officers, operations officers,
and intelligence officers usually had an opportunity to become
familiar with the repeated deficiencies of gunners, either in the
care and use of their squipment or in their functioning as rnem-
bers of a fighting team. * The opinions of such experienced men
were not to be considered lightly. Officers intimately familiar
with gunnery in the China-Burma-India Theater indicated the
deficiencies that are summarized in table 11.3, which is a conden.
sation of a longer table reported in the original study. Such
material proved to be of value in guiding the development of
curriculums in the basic gunnery schools and in the training air
forces.

3. Evailuation of gunnery courses.-Gunnery school curricu-
lums were given more- explicit evaluation by a technique which
required that officers familiar with combat gunnery assign com-
parative ratings to courses contained in curriculums in effect in,
gunnery schools at the time the study was made. The results of
one such inquiry are- summarized in table 11.4. Though there
was a tendency among the officers questioned to give fairly high
absolute ratings to all items (which suggests the now familiar

TABEL 11.3.-Deficiencies of combat gunners: Frequene; o1 reports of specific
deficiencies of gunners, by squadron (N=i3 squadrons, China-Burrna.India
theater, July 1944)

Stimber ofy . Deficiencies reported .tadrons

1. Turret manipulation and operation poor----- -....... 1
2. Inability to operate all turrets on -p ............. is
3. Lack of knowledge of correct aiming point (positiou firing)... s 13
4. Failure to clean gun propery .......... 0
5. Inadequate knowledge of first aid......... 10
6. Inability to correct malfunction of gun ......-.-.--- Z. 9
7. Incorrect aircraft Identification- 0
8. Not proficient in care and use of oxygen equipment. ..... ......... 9
9. Incomplete and inadequate preflight and postfiight checks -.... 9

10. Adjusting headspace poor ...... . 8
11. Not oriented to "zone of search" and "zone of fire" system- ..... 8
12. Burst control poor ----------- ------------------------ 8
13. Not proficient in care and ure of Interphone cquipment. . -.. "/
14. Hitting other AAF bombers In same formation-.. --
15. Inability to compensate for evasive action of own bomber .. .. 5
16. Not proficient in ditching procedures4......... 4
17. Improper use and lack of skill in using Sperry Sight. ............. 3
18. Not proficient in filling oil buffer tube2.....-2
19. Not proficient in care and use of armored iuitz--.......... 2
20. Not proficient in checking iu procedure -...------.... 2 

A deficiency Is reported for a squadron if ott of more of gunnery, armament, Intelli-
gence, and operations omcers Interviewed Indicated a particdlar deficiency.
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-difficulty imposed by the lack of a definitive criterion for making A
such decisions), the relative ratings of the courses were felt to
be significant. It is interesting to note that several of the most
firmnly entrenched courses in gunnery curriculums, such as skeet

shooting and air-to-air firing, received little approbation from
officers concerned with the ability of their gunners to hit attack-
ing fighters. -

Conclusionls

Such studies as those reported above have little permanent value
except possibly for suggesting techniques that might be useful in
simnilar circumstances. Their value to gunnery lay in their imme-.
diate effect upon gunnery training programs at the time. Thus,

care was taken to translate these fairly specific findings into con-
clusions and ',ecommendations that could be used by officers re-

sponsible for the training of gunners. The concluding paragraphs
from- the 7th Air Force study throw light on some of the causes
for the lack of proficiency of gunners, and Indicate, as well, what

courses of action might; be taken to Temedy the deficiencies. For

these reasons, and because they coiivey the sense of immediacy
which stamped much of the work in program planning during thn
war, the paragraphs are quoted verbatim below.2

Whi, is Pro ficiency Low?-rn an attempt to answer this question twoa
hundred and sixty-six (266) gunners, who had just reported for duty in the

Central Pacific Theater of Operations, were interviewed. The average
training history of these men can be given in the following statistical pic-
ture: Ninety-three percent (93%7) had training in Training Command
schools. Slightly more than seven months elapsed after graduating fr om
basic gunnery before the average gunner reported-for overseas duty. During
basiz gunnery school he fired about 1,500 rounds in the air and 2,000 on the
ground. In the, training air forces he fired another 1,000 rounds in the air
and about 150 on the ground. Two-thirds of the men had camera missions
in their basic gunnery and three-quarters of them had camera Mission.4 in

TABLE 11.4.-E.,aluation of importance of courses taught in gunnery 8cho6ls
in the States by nine qualified officers-in Tenth an~d Fourteenth Air Forces

(Julyi 1944)1

AveraAeeCogrs
C.ourse ratingsraig

1. Caliber .50 machine gun--- 4.0 11. Walter trainer---------- 3.1

2. Turret operation--- - ------ 4.0 12. Movingf target miachine
3. Aircraft recognition- 4.0 gun firiir ------------ .7

4. Range estimation-------40 13. Night lso.-------3.4

5. Position firing ----- ------ . 14. Turret moairntganei.-_--__ 32
6. Air-to-air camera gun fir-16Turtm- sognfig- 2.

Ing ----------------- -- 39 16. Sicc.t ahooting---- 2.1

7. Firet aid------------- - 9 1 . Moving base shotun tir-

8. Care of personal equim n.. I3.8 -ins---------- ~ 2.8

9. Tactics ------------ -------- 3.8 18. Air-to-air tow talxet fir-
10. Jam-Handy trainer--------- 3.1 lIns-_-- 2.4

*'Ratings 
were based -on a 4-point Scale, 4 beln; "esaentiatl" and 1- being "unnecessarr."

2 Tbe original rep6rt wais prepared by Capt. IL. Halro.
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0?erational or Replacement Training Units. This Is the average training
h stor'y of a representative sample of combat gunners n the acentral Pai.
Theater. It seems to provide an adequate opportunity to learn to be a
gunner. However, several real drawbacks seem to stand out, ' . • 1

a. Classification.-During basic gunnery training seventy percent (70%)
of the men interviewed had no training in the aircraft to which they were
assigned for duty, twenty-five percent (25%) of them had no training in the
gun position which they were to fire in combat-only seven percent (7%)
had all their trsining in this position. Even in the training air forces, when
a man's overseas assignment is more nearly decided, thirty percent (30%)
of the men were not trained in the gun position which they occupied in
combat. These figures mean a hopeless unfamiliArity with equipment. Ih
many instances this lack of familiarity gives a picture of complete inadequacy.
A ball gunner reporting for combat duty in the theater of operations asked
whether he would hit the plane if he fired forward. le had never heard of
a fire interrupter. He had been trained in the waist gun and in the tail
when a last minute sickness necessitated a new ball gunner. Another ball
gunner, in combat, tried to take a 3-rad lead with his Sperry computing
eight. These instances are duplicated many. times. Men report for duty in
B-24 units, trained only in the Sperry Upper turret; men report for duty
with B-25 units trained in the Sperry Lower Ball turret. The assignment of
untrained men to the operation of such highly complicated and delicate equip.
ment seems wasteful and inefficient as well es dangerous to the ship and crew.
These facts themselves carry a clear implication of the remedy which is
necessary. It is suggested that the gunnery program would profit immensely
from a strict classification system extending from basic gunnery school into
combat duty-which would make sure that men with specialized training are
assigned to the positions where they belong and for which they were trained.

,b. Forgetting.-It was pointed out before that when a man leaviss basic
gunnery school he has passed an exhaustive set of written examinations
and performance checks on his gunnery proficiency. Seven months later,
when he reports for combat duty, his proficiency has fallen to a startlingly
low level. Why? The average training history of the men interviewed gives
us a hint of the answer to this question. During the period of duty with
the training air forces, the 266 men interviewed averaged 170 flying hours,
but only fourteen hours of practice on turret operation. They seemed to be
used to riding in the air, but two hours of turret cperation a month seems
wholly inadequate to maintain a motor skill at least aq delicate as that de-;
manded by a good golf game) The men were all asked how many times they
had harmonized their guns during operational or replacement training.
Sixty percent (60%) of them had never harmonized their guns during -the
seven months between graduation and overseas assignment. The average
man harmonized 1.6 times; no one did it as many as ten times. In view of'
this fact,. it is little wonder that the men in combat are almost completely
unable to harmonize, and leave it to the armorer, who is able to do only an ±

occasional job when he has the time. In many respects the duty between
graduation from basic gunnery and combat seems to serve as an opportunity
to forget, rather than to improve and consolidate, gunnery skills. Again the
implication for a remedy is clear in the facts themselves. There are availa-
ble tests and phase checks by which proficiency can be measured at any point
in a man's training history. It is suggested that the quality of combat
gunners can easily be assured and maintained by .!stablishing a definite level
of proficiency as a prerequisite to overseas assigni)ent.

c. Lack of Air Experience.-When a group of , mnnery officers and arma-
ment officers on duty with squadrons of the 7th A"- Force were asked what
was the most outstanding deficiency in gunners irriving for duty, their
chief response was that the gunners were inexpc:'ienced in the operation
of their equipment in the air. - A turret gurer m basic gunnery school
spends an average of twelve hours In his turret in tl. air, and another four-
teen hours in operational or replacement training. *Vith a total of twenty-
six (26) hours it does not seem surprising that ma -. men still feel stralge
in operating their equipment in tve air. When tl s twenty-six hours is
spread over a period of almost ni. i months, for a-, average of less than
three hours a month, it seem.s-as if 'unnery training s not exploiting all of
the time available for training in tha air.

d. Theater Specialized Training.-T'he training pro.--am.in the basic gun-'
nery schools has so far been aime(: chiefly at the .uropean Theater of
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Operations. Men are trained in basic gunnery schools to cov;r the operatinrparts of the gun with a very thin film of oil. This systei is ,uccessful for
the high altitude missions over Europe, but is hardly appropriate for the
medium altitude missions in the Central Pacific area, where, withut a
liberal coating of oil, the gun may rust during the course of a single mission.
Similarly, training with winter flying gloves is useless for gunners who will1ltimately be assigned to the Pacific Theater. If it is at all possible to der
termine in advance the theater to which a man will be assigned, it is recom-
mended that*he be trained specifically for the peculiarities and individual
problems of that theater. .. .,. . .

e. Crew Traiing.-By the time a crew reports for duty in the theater of
operations the members behave like a crew and feel themselves to be a crew
in a good many senses. However, as gunners they are not a trained crew.
Throughout basic gunnery training, gunners have been trained as individuals
independent of the men around them. Much of this attitude remains in the
gunners who are ready for action. The bombardier, who usually serves as
gunnery officer on a plane, seldom has any knowledge of, or interest in, his
job, and the men never seem to look to him as the leader of their gunnery
crew. Much is done in the training air forces in the way of crew training.
it is recommended that this training be begun in the Training Command
schools and emphasized more in the training air forces. C mf. Knowledge of Gunnery Problerns.-The Training Command gunnery
schools have suffered in the past from a lack of specific knowledge of the
problems of flexille gunnery in the theaters of operations. Information on
the type of enemy attacks, the range of enemy attacks, the range of break-
away, typical malfunctions occurring, typical personnel failures, and the
like, has never been received with any regularity in the Training Command
gunnery schools. Even in the 7th Air Force this information is obtainable
enly with difficulty. There has been no person or organization in the Air
Force whose responsibility it is to compile and keep track of various factors
and figures relating to problems of flexible gunnery. For the good of the Air
Force in utilizing its gunners iii combat, and for the good of the training air
forces and the Training Command in preparing gunners for a specific coin-
bat job, it is recommended that an agency'be established in the theater to do
such a job of compilation and analysis. I this wer- -possible, it would also
be necessary to establish regular channels for the iti.,ernitation of informa-
tion to the Training Command and the training air-forces..

Evaluation '_:;-, ' "

Such studies as these are open to many" criticisms as to meth-
odology. The number of cases was small and there was no'as-
surance that the gunners studied were representative of all gun-
ners in the theaters concerned. The studies were cross-sectional,:
and conclusions abo,_t forgetting were necessarily inferential.
The recall method of testing was used, whereas a measure of the
amount of training necessary to regain lost proficiency might

have yielded a different picture; Nevertheless, the accumulated
evidence was telling in its implications. Even assuming a most
hLtsed sampling, it would still have been necessary to seek causes
for the presence in a combat theater of 22 gunners who could
not pass a weapons check, or of 31 gunners no one of whom was as
skilled in sighting techniques as the average gunnery school stu-
dent. The findings of the three separate studies and the recom-,
mendations made were in close -reement. They resulted- in"
severn! important developments in .mery training in the States,
including'a permanent training-record form for all gunners, a
plan for the continuation training of , ,ners ia combat air forces,
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and an extensive study of gunnery in the training air forces
which will be reported subsequently in this chapter.

THE EIGHT.WEEK PROGRAM1-AN EVALUATION OF GUN.
P NERY TAINING IN A TRAINING COMMAND BASIC SCHOOL:

Background Information
From the very outset, a close relationship existed between the

psychological research program and the Training Command basic
schools. As a consequence, the application of psyclhologikal prin.
ciples and of the results of research to the problems of these
schools produced manifold changes in basic training. Although
these changes affected the program as a whole as well as specifi
parts of training, the desirability of designing an entire basic
school program in accordance with all available evidence became
increasingly apparent.

In November 1944, when it became likely that a reduced flow
of gunners would permit, the lengthening of the training period
for basic gunnery students from 6 weeks to 8 weeks,, the time
seemed ripe for the development of an integrated program for
basic gunners, utilizing to the fullest degree possible sound
training principles and all relevant research findings. Since this
program was developed for possible adoption as a- standard
training procedure in all schools, it was apparent that it had to

* : be workable in existing training installations. .

i The Problem

The problem was to develop a practical training program which
4 would be suitable for immediate introduction on an experimental

basis at Laredo, and which would be the best attainable plan ,for
training at that time. The evaluation of the new program in.
terms of knowledge, skills, and attitudes of the gunners trained
constituted an integral part of the plan for putting the program
into operation.

Procedure.
Tha first step was the actual designing of the new program in

terms of the principles stated earlier in this chapter, giving due
consideration to existing conditions in the various gunnery schools
with regard to equipment and personnel. No changes in .roduced
in the experimental program required additional trainiug per-
sonnel or equipment.

A comparison of the revised program -with the program then

'This study was plaune: and carr!ed out by Lt. William B. Schrader, Lt Thom.s P.
Gallagher, and Sgt. Alexarler N. Levlne, under the supervlsin of Capt. Leo 0. Garber.
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in operation at Lsredo and other gunnery schools reveals the fol..
lowing specific changes:
I. The typical training day was decreased from 10 hours to 8 hours (in.

cluding physical training in both instances).
2. Additional time was allocat ed to phase checks, Including a preliminaryphase check at the end of the fourth week and a phase check review at

the end of the seventh week. .3. Time spent on the shotgun ranges was sharply reduced, ayid the time
saved given to additional realistic practice on care of equipment on the
Moving Target Range, where the caliber .60-machine gun was'not onlyfired but also preflighted and postflighted by the gunner whn fired It." I 4. A definite increase in the amount of time devoted to turret, drill wasprovided, including a 4-hour review near the end of training.

The gunner fired a shotgun on his first day of training and a caliber '50
machine gun on his third day of training, instead of waiting,'until the.. third week before actual firing was begun.

6. An orientation flight was introduced at the end of the seconid week of
training.

7, On the flight line, all preliminary training was completed before air train-ing missions were begun.
8. Training on the use of interphone equipment was increased Jirom 4 hours

to 5 hours.

This summary includes the more conspicuous changes intro-
, duced. In addition, however, all lesson plans were carefully re-
~ viewed and, where necessary, revised as part of the development
ii of the new program.

L,, The Experimental Deaign
The basic nurpose of the evaluation was. to obtain as accurate

S a comparison as possible of the proficiency and attitudes of gun-
ners trained under the old and new programs. In addition, an
effort was made to evaluate the new curriculum systematically in

i terms of training principles, and to study the functioning of the
program in operation in order to discover whether further adjust-
ments were needed. The plan for the evaluation further included
a follow up of gunners trained in the 6-week and 8-wveek programs
into the combat crew training phase in order to determine whetherr differences in proficiency attained at the completion of basic gun-

~ nery training persisted during further training.
in view of the fact that the revision of the curriculum might be

expected to affect all aspects of the training, all quantitative data
iF on gunnery proficiency available in basic gunnery schools were
S collected, including final achievement test scores, grades in the

[ three academic courses, phase check scores, scores on the ground
ranges, the synthetic trainers, intercommunication, and gun
camera exercises. In addition, approxiw'Ately 100 students
trained under each program were intrviewed at the completion
of training in an effort to determine iheir attitudes. The co-
operation of instructors was enlisted "i order to obtain daily
ratings of studcnb' interest and particirtion, and to obtain rat-
ings of certain aspects of proficiency no' fully measured by the
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usual scores. The gunners In this portion of the evaluation In.

cluded all enlisted gunners trained in classes 44-50 and 44-51, the
last two classes in the 6-week program; and all enlisted gunners
trained in classes 44-53 and 45-2, the first and third classes *

trained in the 8-week program.: .
The design of the combat crew training phase of the evaluation

had to be adapted to the fact that it was impossible to secure the
assignment of the two groups of gunners studied in the initial
phase to the same training installation. A group of 108 gunners
from the 6-week program was assigned to Toiopah Army Air
Field; and a group of 89 gunners from the first four classes
trained ini th 8-week program was assignedto Chatiston Aimy
Air Base. Conditions of training and of testing were 'found to
be too dissimilar in these.two training installations to permit any
comparison of results except on a pretest, using the gunnery
*school final compreliensive examination, adminfstered, to 1)oth

groups. However, data were collected on 87 gunners trained.
under the 6-week lrdgranm at Tynddll and Laredo in clases 44-48
through 44-52, vh6 received combat crew trainingt Charletofi
concurrently with the 89 gunners who had *eceived *8 viWee ".bf
training at Laredo. From these data, it was* possible to t6,ai
some estimate of the relative effectiveness of. the .6, .and-:8:we ek
programs in terms of r.etention of knowledge and.skills.. "
The" REesU~1ii' 'J "I, ht?. )I m ;,,.,' " ) , .,... .., .,. (..L.u ,::l -, .

The regults of. this q.aluatio' will'.be preseited. 'under thre
'headings:,. First, at.tentionfwill be. giveh to the'proficieney. and
'nttitudes of gunners at the comnletion of.basic gunnery training.
Sec6nd,. results of the evaluati n of the curriculum in termS of
training principles will be briefly summ.arized. Third, the evi-
.dence regarding reteition will be-considered. , ,

Evaluation of the. curriculum in terms of the achievement of
gunnery student'.--Students trained under the new .8-week .pro-
gram were compared with students trained under .the.old 6-wieek
program on the biisis, of five indices of achievement: ,,

1. Comrarson of 6-week and 8-week students on knowledge of
gunnery.- xamination of results shown. in. table 11.5. on. the
Gunnery Final Comprehensive Examination (form GFD)., and
on course grades reveals a consistent superiority, although not.a
large one, for the 8-week students. ThiL result. may be attributed
to two factors-mproved alertness duri::g the ,classroom period
.of training, and improvements in the lessvm plans of the eourses.
It will be noted that on the Final Comp-ehensive Examination,
this gain did notappear in the results fo.- Class 44-53,,0the first
.8-week class, a situation which may have v..sulted from -a certain
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amount of confusion connected with the installation of the new

program. Study of the specific scores shows that the gains are

indicative of an over-all favorable trend in knowledge of weapons,

turret-, and sighting, with a slightly greater advantage for
weaponS..-.'. '

2. Comparison of 6-week and 8-week stud t on proficiency in

care of equipment-Careful study .of the phase check scores,

table 11.6, fails to reveal any noteworthy shifts in proficiency, in

spite of the increased training provided in the 8-week course.
For the 8-week group, a slight gain in Martin turret scores is
accompanied by drops in Sperry and Consolidated turret scores:
Care and Cleaning of the caliber .50 machine gun also shows a
trend- toward slightly lower scores. These shifts are small
enough to be attributed to ordinary fluctuation in proficiency of

successive classes. .It is significant. that ih's*pife of defin.itely in-

croased practice for 8-week students on the phase cheek itself,

TABIr 11.5.-Knowledge of gunnery of 6-week and 8-wek students: Average

.. res attained on gunnery final comprehensive exanz5atio, (form GFD)

ind on course grades in bahic gunnery (December 1944-Jinuary 1945)'

.•Six-week Elght-week

Subject Olags. Class Class Class Class
44-50 44-51 44-53 - 45-2 . 45-3
mean mean mean mean Men

ounmuS. final comprehensive:
Total - .......----.- 85.10, 88.54 , .85.25 93.13 90.65

Weapons--- 33.19 33.8 33.09 35.26 35.19
3lghtlng ..... 15.96 17.54 1P.10 18.07 18.16" Turrets"*• :"336 3

'Marin-- _ 31.93 33.28 31.43 23.64 33.81

Emerson ----------- 30.10 31.88 28.50 32.41 20.25
Sperry 31.95 32.16 31.75 33.5"f 31.18

onsolldated .------ 26.08 26.61 X7.04 29.79 . 27.29
Miscellaneous ~ ~-------- 5.32~* 5.78 -. 5,54 6.21 5.85

eouro grades: " . " . . .. "
-------- 80.47 .77.93 80.82 85,30 ..

Turret&. 82.44 84.:32 85.06 "87.81 .

S si-btI-'" " 80.08 79.61 80.84 83.12

! All.means except for tuiret subtest scores baped on approXlmately 114 cases. Martli

turret means based on approximately 42, and other turrets on approximately 24 cases.

as a result of introducing preliminary phase-checks in the fourth

Week dnd review phase:checks in the seventh week, and in spite"

of an increase 'n emphbasis on preflighting and postflighting of

equipment tho-oughout training, evidence of increased proficiency

was not found. These results indicated that phase check profi-

ciency was not markedly improved merely by increasing -the

amount of time given to phase. check review and practice..-

3. Comparison of 6-week and 8-weel" students on j)rofieienciy in

use of equipment.-Table 11.7 contains cores for both groups'on

use of equipment. - With regard to synthetic trainer performaince,

a noticeable gain in Waller Trainer scorc for 8-week students ac-
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companies a drop in E-14 Trainer, scores. These shifts 'in pro.

ficiency correspond to changes in the number of hours allotted tothose two trainers as an adjustment to training facilities available

I at Laredo.•

Interphone scores, both in "Speaking" and "Listening," show
a definite upward shift for the 8-week students. They may be
attributed to the addition of one hour to the course of training and
to increased use of interphone in the practical phase of the pro.
gram.On the Moving Target Range (turret) there is a slight gain in

proficiency for the 8-week students, a gain which probably reflects
the greater time allotted to this range, permitting firing to be
carried on with less rush and confusion. Results on the Moving

TABLE 11.6.-Proficiency in care of equipment of 6-week and 8-week gunners:
scores attained on phase checks at end of basic gunnery training (December
1944-Januarly 1945)"

Subjects.Six-week EIght-week

.1. , Class 44-60 Class 44-51 Class 44-53 Clas 45-2
mean mean mean me"

~Turrets: I
Mar' n-....- 4.09 3.78 4.11 4.14
Emeron. __ . 4.48 3.33 3.40 8.81
Sperry_-_ 3.60 3.70 3.35 3.43
Consolidated.:- 4.23 3.74 3.43 3.48
All turrets ... 3.82 3.67 3.68 3.36Weapons:
Care and cleaning ..... 4.53 4.28 4.13 4.27
Stlipplng and assemb y._.... 2.5e 2.50 2.67 2.83

Harmonizatton .. .. 4.96 4.83 4.60 4.71

I Means except for turret phase checks based on approximately 114 cases. Martin turret
means based on approximately 42. and other turrets on approximately 24 cases.

Target Range (hand-held) and Burst Control Range could not be
properly evaluated because during the period between the time
when the 6-week group fired and the time when the 8-week group
fired, improved mounts were installed on the hand-held machine
guns. As a result, the marked increases in proficiency shown in
the scores is probably attributable to the improved mount in use,
so that the evidence from these scores is inconclusive at best.
Scores on the shotgun ranges for class 44-53 (8-week) fell off,
a result which may be attributed to confusion arising from pro-
gram changes. Results on clhss 45-2 (8-week) support this in-
terpretation since a satisfact:ry level of proficiency on these
ranges was achieved.

For gun camera, the scores trained by waist gunners and by
Sperry and Martin men firing Prom their own turrets were the
only data considered to be c,.nparable. Only the first score
achieved by a student was used, if more than one was available.
The results are summarized in table 11.8.
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Scores on gun camera fired from the waist position show a
slight drop in performance for the 8-week students. It is probable
that this resulted from the fact that a different method of sighting

* (the sight-base method) was used. rather than the method em-
phasized in the 8-week sighting course (the eye-base method).
The fact that a shift to K-13 sights on the waist guns was
about to be made may have caused some students to take the iron
ring-and-post sight practice on this position less seriously in the
later classes. Performance on the Martin turret appears to have
remained substantially the same during the period when the 8-
week and 6-week groups were firing. Scores on Sperry Ball film
vary mari:edly from class to class, with a slight advantage for
the 6-week group. Although the results on gun camera are not
conclusive, they tend, on the whole, to favor the 6-week group.

TD.LE 11.7.--Proficiencyin use of equipment of 6-week and 8-week students:
Average scores on vrious ranges and trainers during basic gunnery traij-
ing November 1944-January 1945)'

Six-week Eight-week

Class 44-50 Class 44-51 Class 44-53 Class 45-2
mean mean mean mean

gy ntbetic trainers :
F -4 , t87.90 89.06 86.68 84.4i
Waller_ 24.84 24.98 30.00 33.3

around ranges 2
Burst control 44.90 46.53 64.16 65.46
Movi-g target (hand-held)- 11.61 11.68 19.24 1&22
Moving target (turret)..... 20.88 21.88 23.28 22.51
Moving ---- 52.84 54.22 47.01 5305
High toryr --.r- --- 58.88 58.08 37.97 5&35

Interpone- 73.48 71.24 79.67 81.90

74.50 * 73.27 79.45 8121

iiAl neans based on approximatdly 114 cases.
s Ir 'ntorpreting ground range scores it must be stressed that the K-7 mount was installed

on ti'I hand-held caliber .50 machine guns on the Burst Control and Moving Target Ranges.
It ,-l also be kept In mind that the scores of class 45-2 for ground ranges are besed ou
the ,ast anlf of the rounds fired while the averages for the other classes are based on all
re.: 0f fired.

4. Comparison of 6-week and 8-week studenits on ratings given
oy instructors.&-In order to obtain information on aspects of

t proficiency not fully covered by objective scores, instructors were

asked to rate each student on 11 specific abilities each time he

fired on a ground range or participated in a training flight. In

S ,,*'ie case of Moving Target Range (turret) and the Air Gunnery

Range, data on both groups of students were judged to be suffi-

'.iently complete to justify comparisons. On the Moving Target

Range (turret), a number of differences were noted in the ratings

" of individual students by instructor?. Eight-week students

earned a definitely higher proportion of favorable ratings on the

aoility to postflight their guns properly, on the use of proper.
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safety precautions, and on the smoothness with which they entered
the turret. Moreover, the percentages of instances in which the
instructor was able to observe preflight ability of his students
jumped from 40 to 100, and the percentage of reports evaluating
postflight ability rose from 13 to 98. These- ratings .reflect
changes which may be attributed to the increase in emphasis on
preflight and postflight checks, and the increased amount of time
allotted to the machine gun ranges. Reports on interphone use
were made only for the 8-week group; 94 percent of the definite
ratings were favorable. The fact that ratings on ability to manip.ulate the turret well came out at 67 and 69 percent for the two

groups and that switching procedure came out at 77 and 80
percent suggests that the ratings were conscientiously made, on
the whole. The drop in favorable ratings on the Burst Control
Range from 77 to 61 percent may be connected with the fact that
certain adjustments were being made to deal with the new gun
mounts on the Burst Control Range, which may have resulted in
slightly less effective instruction ,on .this range for Class 44-53-
(8-week).

TABLE 11.8.-Proficiency in use of equipment of "6-week and 8-week students:
Scares on gun camera exercises during basis gunnery training (December
i944-January 1945) "

Six-week Eight-week

Position Class 44-50 Class 44-51 Class 44-3 4C.. 3-2

N Mean N Mean N Mean N Mean

Waist -------- --...... 36 2.53 31 2.71 49 2.51Martin upper turret.... 10 3.20 14 3.00 9 3.00 18 3.17Sperry ball turret..... 21 3.00 16 4.12 22 3.73 14 2.71

1 Gun camera scores were based on the Decembee 1044 revised tables for the waist and
Martin turret positions, and on the July 1944 system of scoring the Sperry ball Insui-cient data were available for Consolidated or Emerson specialists to justify presentinz
figures. Class 45-2 did not fire gun camera from Oe waist gun position.

Student ratings in air gunnery were also superior, on the
whole, for the 8-week 'group, particularly on preflight and post-
flight checks of equipment and on ability to deal with malfunctions.
A gain of 8 percent on favorable ratings on interphone use ap-
peared, and, interestingly enough, the 8-we,.k students were rated
slightly better on Burst Control than the 6.week students. This
result is not necessarily inconsistent witl the Moving Target
Range results since the 8-week students ms-, hav4 profited more
from their training on the Mo.ng Target Rxnge than the 6-week
group. The 6-week students flcored a high(,: percentage of fa-
vorable ratingg on use of oxyg n equipment t%.an the 8-week stu-
dents, but those percentages ar," based on only a small number of

310

#1



I reports, since the great bulk of the reports indicated that there
had been no opportunity to observe this ability. Only 9 percent
of the 6-week reports and only 23 percent of the 8-week reports
gave a "Yes" or "No" rating on ability to use oxygen equipment.

5. Comparison of 6-week and 8-week students with respect to
attitudes toward gunnery and gunnery training.-In the course
of their interview just before graduation froin basic school, stu-
dents were asked which of the two programs they would prefer.
Among the 6-week students, 74 percent would have preferred the
8-week course; while among the 8-week students, 88 percent pre-
ferred it to the 6-week program. It was clear that the 8-week
program, wita its increased free time and shortened work day',
appealed to gunnery students. (Most of the men who preferred
the shorter course did so because they wanted to get their basic"
training over with in 6 weeks). Confirming this result, only 32
percent of the 6-week students reported that they had adequate
time for sleep and recreation during their training, while 90
percent of the 8-week students were satisfied as far as free timewas concerned. The extent to which students used the added

time for study showed an advantage, but a smaller one,- for the
longer course: 38 percent of the 8-week group reported study as.
a spare time activity as compared with 27 percent in the shorter
course. Finally, with respect to the interviewer's judgment of
the student's attitude toward his gunnery trainihg, a small ad-I! vantage for the 8-week program was noted.

Attitude toward being a gunner at the beginning of training
was quite similar in the two groups: 69 percent of the 6-week
and 67 percent of the 8-week students recalled that they had
entered training with a definite desire to be gunners; and only

I, 12 percent in the 6-week and 16 percent in the 8-week, group
recalled a definite dislike foi their assignment. At the completion
of training, 85 percent of the 6-week and 90 percent of the 8-week

Sgroup reported a definite desire for gunnery; and only 3 percent
in each group stated a clear dislike for it. This reveals another
small advantage for the longer course, but ohe which is of im-
portance. The close similarity in attitudes at the beginning of the
course may be considered to be evidence that the two groups were
comparable with respect to motivation at the beginning of their
training.

Evaluation of the curriculum in teVms of training Prin les.-
In an effort to evaluate the curriculum in terms of psychological
principles, a check-list of questions based on familiar training
concepts was developed. In answering he questions included in
this check-list, information was derived not only from the various
documents which constituted the formal statement of the new
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program, but particularly from observing the programd In opera.
tion, by careful evaluation of a large number of instructors'
comments, and by analysis of suggestions made by students dur.Ing the interview at the end of the course. The specific answers

to these questions, since they concern very specifically a par.
ticular program at a given time, have already served their pur.
pose, and are at best of historical interest. The answers with the
questions, however, have been presented in appendl,.; 'D, as illus.
trative of a fruitful approach to the evaluation of a curriculun ,
in operation.

This part of the evaluation may be briefly summarized by stat.
ing that the experimental 8-week curriculum for the training of
basic gunners was judged to be sound, although many spots of
weakness were located, particularly with reference to the neglect
of superior students and to the confusion associated with the
ubiquitous changes in equipment and methods within the gun.
nery program. It is suggested that readers interested in the
problem of surveying a training programrefer to the indicated
appendix for materials believed to be useful in many training sit-
uations. .. ...

Evaluation 'of the 8-week program in terms of retention 6f
proficiency.-In interpreting the results in this phase of the study
it is important to keep in mind the specific groups of gunners on
which the data were obtained. These are: .

a. Eight-week group. These 87 gunners received 8 weeks' of gunnery
training at Laredo in class 44-53, 45-1, 45-2, or 45-3. They began combat
crew training at Charleston Army Air Base as members of the same class.

b. Six-week group (Tonopah). These 108 gunners received 6 weeks 6f gun-
nery training at Laredo. in class 44-50 or 44-51, and had their combat cr'ew
training at Tonopah Army Air Field.

c, Six-week group (Charleston). These 89 gunners received 6 weeks of
gunnery training at Tyndall or Laredo in classes 44-48 through 44-2, and
entered combat training at Charleston at the same time as the 8-Week group.
These groups were drawn from the original population in accord-ance with assignment procedures which were essentially independ-
ent of gunnery proficiency, 1o that it is believed that they are
representative of the larger group from which they were chosen
in so far as proficiency is concerned.

The average lapse of time between the end of basic gunnery
training and the start of combat crew training for each of these
groups was as follows: 8-week group, 9 weeks; 6-week (Tono-
pah), 7 weeks; 6-week (Charleston), 12 weeks. The 6-week
(Charleston) group had somewhat more and the 6-week (Tono-
pah) somewhat less opportunity to forget what they had learned
than the 8-week group. However, forgetting generally occurs
most rapidly during the period immediately following learning,
and even the shortest average lapse of time was seven weeks.
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Examination of comparative scores for the three groups on
various measures of proficiency obtained shortly after the groups
arrived for combat crew training reveals that there were no
considerable or consistent differences between students taking
the 8-week and the 6-week basic course. In table 11.9 total and
part scores for the three groups on the gunnery school final exam-
illation are presented. The differences which appear are not re-Sinarkable. Although scores on Form GFF (the newer form of
the comprehensive examination) yield a slight advantage for the
8-week. group over the two comparison groups, this super 'iority is
not of very great magnitude, nor is it borne out by results on the

'. older form of the test (Form GFD). .
No important or consistent difference appears between the 8-

Week group and the 6-week (Charleston) group on measures of
proficiency in care of equipment or in uw~e of equipment. 4

The relative proficiency of the twyo groups tested at Charleston
is indicated in table 11.10, which summarizes scores made on-
various phase checks administered by the same instructors who
were especially trained for the- job. Again, no considerable or
consistent differences appear:

TABLE 1t.9.-Knowledg3 Of gunnery of 6-week and 8.wcek students: Average
icores attained on gunnerij final comiprehensive (form GFD and GFF)
upon entering combat crew training (February-April 1945)

Six-week EVght-week

Tonopah. Charleston
- -- - -- N Mean

X Mean K mean

(Iunnery ainal comprehensive (FoDrm

Total-D ----- ~ 103 85.3 83 87.7 85 84.4
WVeapons ---------------- 103 33.0 83 33.7 85 33.2
Sighting ------------------ 103 17.1 83 18.4 85 17.5
Turrets:

Mairtin-------------------- 5 30.1 8s 30.2 18 30.9
Emerson~-__1 23.0 2G 28.0 16 27.7
Sperry Ball------------------- - 5 31.1 8 33.4 20 32.1
Tal------- -- 31 27.0 14 20.4 31 26.3

14iscell aneous-'- - ~-- 103 5.8 83 6.2 86 6.8
Qunnery ainal comprehu~cosve (Form

Toa ------ ---- ---.- 108 85.5 89 87."~ 87 0.
Weapons------------------- ---- 108 30.4 89 30.3 87 31.2

Sihtn0- O 16.5 89 16.9 87 10.?
Turrets: 58 2.5 4 18.9 22 20.2

Martin---------------------17 1.
Emerson------------------ 4 17.3 25 17.8 1 21.8
Sperry bell .. ~--------15 18.1 8 22.6 1is 1.

Tal--- -31 18.4 13 21.2 30 24.1
Crewmanshlp---- 108 19.2 O 2. 87 1.

' FoT these mensures. tho data obtained on the 0-week (Tonopp~ group ire omitted In

this summary report because in each Initance uncontrollable diffei .?3 In adininiatration

Drovent a direct comparison of results. it may be said, however, t at the available data

- I for the 0-wveek (Tonopah) group gavo no reason to believe that the 3-week Students were

P.iscrlor In gunnery proficiency.
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The same picture of no significant differences between the two
groups was also found for the use of equipment. The results of
performance on the E-14 Trainer are, presented in Table 11.11.
The total proficiency scores on this measure of sighting ability are
waentical;
And similar results were obtained for firing on the Boorman
Range, as shown in the same table.

Conclusion
Briefly, it was concluded from this study that the experimental

8.-week program as compared with the traditional 6-week program~
had a considerable advantage in student morale, a small advantage
in learning, and no clea~r-cut advantage for retention of learning
for training of the type studied. That the findings were largely
negative does not lessen the value of the work done. On the
basis of the study, it was possible to recommend with assurance
that the gunnery training program need not be lengthened 'to in.

TABLE 11.10.--Proficiency in care of r,~ it of 6-week and 8-week students:
Phase check scores attained at C. . -,n Army Air Bas, (March-April
1945)

PheeSix-week Eight-week

N .Mean N )feu

Stripping and assembly---.-"--- - .-... 80 2.1 as 1.1
Care and cleaning (waist gunners 20 1.6' 16 1.4
Part 5: Care and cleaning---..... 60 2.1 67, 2.8
Turrets:

Sperry ball------. 1.9 20 1.4
Motor products --- -----.. 14 1.1 81 1.3

a___ 1.8 7 1.6
Harmonization (waist gunners ony- 20 4.1 16 8.5

TABLE 11.11.-Pro ficiencij in use of equipmc,,tt of 6-week and 8-week students
at Charles ton Army Air Base: Performance on the E-14 Trainer kand ois
the Poormn Range (M1arch-April 1945)

Six-week Eight-week

Crew position Equipment Type of -. ___ --

N Mean N Mean

E-14 TraL'er :1
Nose ---------- Emerson_ -... Compensating.._ 85 8.8 17 8.9
Lower ---- - -----...... Sperry balil----... Computing-----.... 13 8.8 20 8.6
Waist ----------- K-7 mount ----- Compensating... 21 8.8 18 8.7.
Taill--------..-. Emerson---- Compenvating.... 14 8.8 31 8.8
Engineer -------- Martin --------- Compensating... 8 8.8 7 8.6

Total --- -------------------------------- 91 8.8 93 .8.8

Poorman Rlange:$
Nose------------ Emerson-------- Compensating_.. 85 104 17 105
Lower--------- - Martin --------. Optic ----------- 13 56 20 4
Waist ---------- K-7 mount...----.. Compensating_.. 19 99 18 go
Taill-----------. Martin--------.I Optic -...-- ------ 14 40 81 51

I Test nlin after 2 hours of training: each score Is the average of 10 ratings, a perfect
score being 10.

*Scoro Is number of hits for 120 rounds fired.
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crease the proficiency of gunenrs, but that the adding of 2 weeks
with a revised curriculum might well be considered in the interest
of the morale of the students. Thus, facts were supplied to higher
headquarters on the basis of which a sound decision could bemade
with reference to the amount of time to be allotted to gunnery
training. In an emergency, such as was experienced during the
few years preceding this study, there is reason to be confident
that the shorter training would be adequate. For less stressful
times, the benefits that accrue from a longer training program
would justify a more liberal expenditure of time for gunnery train-
ing.

THE PUEBLO PROJECT-AN EVALUATION OF GUNNERY
TRAINING IN A TRAINING AIR FORCE

Background Information

On graduation from a basic gunnery school, gunners were as-
signed to one of four air forces within the continental limits of
the United States for further training prior to being assigned to
an overseas air force. The mission of these training air forces,
as they were called, was to assemble the pilot, copilotbombardier,'
navigator, and gunners into an aircrew, and to train them to
work together as a combat team. Each of the crew members
was assumed to be adequately trained in his individual job, and
ready for additional training in the cooperative functions that
must -be mastered by all crew members if they are to be an effec.
tive, fighting organization. Presumably, all that was required in
the way of further individual training for gunners during this
period was enough practice in basic skills to maintain their profi-
ciency at the level reached upon graduation from gunnery school.
Studies of the proficiency of gunners in the combat air forces
(reported earlier in this chapter), however, revealed that they
were deficient in many of the basic gunnery skills. This was due
in part to the assignment of many gunners to gun positions other
than the ones for which they had been trained, and to-the fact
that gunners were getting through Training Command schools
inadequately trained. There was also reason to believe that gun-
ners were forgetting some of the skills they learned in basic
gunnery schools during their period of training in the training- air
forces.

The Problem

The most cursory investigation of training procedures in the
training air forces at that time would indicate that gunners

tended to be neglected during this important phase of training.
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Emphasis on the training of pilots, bombardiers, and navigatoirs
was more or less assured, for their deficiencies might often be
apparent in their performance. This was not the case for gun.

ners, for whom there was no adequate routinely obtained measure
of *"1ity. In an effort to stimulate interest in gunnery in the
training air forces and to provide at the aame time a workable
program for gunnery training, it was decided that a model contin-

uation training program for gunners would be set up at Pueblo
Army Air Base, and that this program would be compared for
general effectiveness with the rather unimaginative course in

gu,'nery then prevalent at most advanced training bases. Speci.

fically defined, the problem was to initiate an improved program

for continuation training of gunncrs and to evaluate the effec.

tiveness of this program as compared with that of the existing

program at the selected base.

The Procedure

The first step in the procedure was to work up a gunnery pro.

gram for recommendation to the training air forces to take the
place of the program in effect. To improve upon the current
practice was not difficult, and a plan for training was soon de-
vised. The particular principles given special stress in planning
this program were: - •

1. Learning the whole job in context.-Basic gunnery schools
at that time taught gunnery in a succession of courses not too
intimately associated with one another. Courses on sighting, on
the turret, on the machine gun, were presented to the gunner in
neat packages, and little was done to help him put the contents of
the packages together, it being assumed that this would be ac-
complished by the training forces. But the training air forces
were not, in fact, doing this job at that time. To remedly this
deficiency, the concept of two general courses, one on "care of
equipment" and one on "use of equipment," was introduced. With
such a plan, the gunner would have to preflight his equipment,
harmonize his guns, load ammunition, operate his equipment, and
postflight his equipment, as he would be expected to do in combat.
These were called "operational exercises," and their main virtue
lay in the fact that they required the gunner to conceive his job

whole and to practice specific skills in their appropriate context.
2. Motivation.-Combat crew training was usually very dull

for guimers, their niost constructive activity during the three
months often being to serve as ballast on pilot training flights,
a practbe picturesquely dubbed "sandbagging." Ground work
on gunnery was dull and uninspired, with no goals to training
being apparent. The new operational exercises considerably in-
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creased motivation by their greater realism. The specific reward
of being excused from routine drills for the specific achievement
of perfect performance was even more effective in calling forth
effort. It was the opinion of qualified observers that the re-
quirement of a perfect score, rather than some lower standard,
which made the job of the gunner more difficult, also made it more
challenging, and dispelled some of the apathy that gunners had
towards the wearisome repetition of skills once mastered.

3. Spaced practice.-The then customary practice of lumping
all gunnery training for a given period into a block several hours
long was discarded in favor of the system of breaking up practice
into smaller units and spacing it over a longer period of time.

4. Knowledge of results.-Drawing again from established
psychological theory, emphasis was placed on the gunner having
continuous knowledge of progress and of deficiencies in his per-
formance. Phase check answer sheets were used by review
instructors to aid the gunner in ironing out specific weaknesses,
and progress charts were used to maintain the interest of the
gunner in improving hi! skills.

5. Learning by doing,-It was often easier for the instructor
to talk about his subject than to guide the student in the intelligent
practice of the gunner's job. The methods then current in gun-
nery training depended heavily on the value of the spoken and
written word, and tended to neglect actual practice by the student.
The new program insisted that students work at their jobs, under
supervision of instructors, and that talking give way to doing.

The Experimental Design
An experiment was designed to determine whether the new

program would be more effective than the traditional program
in maintaining the proficiency of gunners during their crew-train-
ing period. The design of the experiment was quite simple.
Approximately 400 gunners in training at Pueblo were divided
into two groups, designated as Group A and Group B. Group A
was trained under the new system of instruItion and Group B
was trained with the system of instruction that had been in opera-
tion at Pueblo for some time. The relative efficiency of the gun-
ners in the two groups wa3 measured by phase checks covering the
c'liber .50 machine gun and various turrets. Only onde observa-
tion, taken at the end of the training period, was made on group
B, the control group; whereas, five observations, taken at inter-
vals throughout the 12-week training period, were obtained on

group A, the experimental group.

The Results
In figure 11.2 and table 11.12, the gunnerE of group A, who
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FIGURE 11.2.-Percent of all gunners in old and new program attaining
perfect scores on turret phase checks upon co pletion of Combat Crew
training (Pueblo Army Air Base, September 1944)

were trained under the new program,. and of group B, trained

traditionally, are compared in terms of scores on the turret phase

checks. These scores may be considered to be adequate measures
of the gunner's ability to preflight his turret, to load ammunition,
to turn on switches properly, and to make a postflight inspection-

all essential aspects of the guiner's job. A quite striking dif-
ference in proficiency between the two groups is noted. Ninety-

seven percent of the gunners in group A made perfect scores just

prior to graduation, whereas only 38 percent of the gunners in
group B achieved this level of proficiency by the time they were

ready to be graduated. As shown in table 11.13, the percent of
gunners who attained perfect scores on each of the four turret
phase checks is markedly greater under the new program. In
each of the four comparisons, the number of times that the dif-
ference between the two groups would arise by chance is less than
1 in 100.

TABLE 11.12.-Final proficiency in turret itha'e check of gunners trained
under old and new combat training programs: Number of men attaining
various scores in each final turret phase check (September-Novembar 194;)

-Eero MoterToa
I roters Sperry Blartln Total

Scori ------ - - ---

Old New Old New Old New Old New Old New

() .1_. 16 45 18 24 18 21 3o 48 78 136
5---------- 12 0 9 0 19 0 7 0 47 0
.. ... 22 2 24 0 9 1 8 0 1
-.... ...... ..- 0 0 3 0 0 0 1 0 4 00

2 ----------. 0 0 0 0 0 0 0 0 0
1 ---------- _. 2 0 2 0 6 1 4 0 14 1

Total__ 52 47 54 24 50 23 48 46 204 140
Mean score-..... 4.42 4.96 4.30 5.00 4.34 4.78 4.50 5.00 4.39 49~.-.-

I The "circle 5" (5) scores Indicates that no errors wore -made on the phase check.
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Expressed In terms of failure to achieve a passing score on the
turret phase chcek (an unsatisfactory score being defined as a
converted score of 1, which represents the level of achievement of

A approximately the lowest 4 percent of gunners graduating from
basic schools), the difference continues to be clearly in favor of
the experimental program, just prior to graduation of both groups.
Of the gunners in group B, 8 percent failed to pass the check; of
the gunners in group A, only 1 percent failed to pass.

Accurate record keeping permitted a profitable revision In the
program of training for the experimental group when it was noted
that 87 percent of the gunners in this group had achieved perfect
scores on their turret phase checks by the time they had passed
the mid-point of the training perioo. To prepare the gunners in
the experimental group for possible assignment to a secondary -

turret position in combat, 77 percent of the gunners were given
instruction in two or more secondary turrets. It is apparent
that the experimental program not only accomplished prescribed
training more adequately than did the traditional program, but
it permitted a commendable extension of training which would
prepare gunners better to meet emergencies likely to arise in a
combat situation.

A notable outcome of the work at Pueblo was a general reor-
ganization of gunnery training in all of the training air forces.
Based on thie results of the project and on experience gained in
planning the experimental program, there was prepared a man-
ual entitled "Standard Flexible Gunnery Program for B-17
and B-24 Combat Crew Training Stations, Instructor's Guide"
and Lesson Plans." All training air forces were directed by "
Headquarters, Army Air Forces to revise their gunnery program
in accordance with procedures outlined in this manual.5

TA3LE 11.13.-Reliability of differences in percent of gunners attaining per-
feet scores on final turret phase check under old and new programs (Sep-
tember-Noveinber 1944)

Old program Now'program
(Group 13) (group A) Difer-

turret ence ,' diff OR-
Percent Percent ofets

IN of s. ores N of scores Percet
perfect perfect

Emerson ------ . 30 47 a 0.68 0.07 9.4
Motor products ------- 54 30 24 100 .70 .08 11.7
Sperry ............... 32 23 92 .60 .09 8.7
Martin --------------- 48 63- 48 100 .37 .07 5.3

Total -------..... 204 38 140 97 .59 .04 14.8

'All CR's reported In this column are sufcicntly iarge that 6.y would occur by chance
In the absence of a true difference less than 1 time In 100.

'This project was planned by Maj. Roger W. Russell. The expcimental work wos per-
formed by Lt. Frank J. Itarris and Lt. James F. Lawrence. The i. ,nul was prepared by

• the above in cooperation with a committee of oinlcors repre~entins e 14 of the four trainingair forces.
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THE 8th AIR FORCE PROJECT-AN EVALUATION OF GUN.
NERY TRAIN G IN A COMBAT AIR FORCE

.. 
A

Background Informatlon
After 6 weeks of basic gunnery train!ng and 12 weeks of crew

training, with intervening periods of waiting for assignment, the
gunner arrived at his combat air force as a member of a crew.
By this time, the gunner should have reached his peak proficiency
and be primed and ready to do his job with maximum effective,
hess. But it is known from evidence presented earlier in this
chapter that gunners often arrived in combat theaters less pro-
ficient than were recent graduates of basic gunnery schools. Ip
the previous section of this chapter, the results of a study which
led to a revision of the gunnery training program of the training
air forces were presented. The same considerations concerning
the maintaining of proficiency of gunners that prompted the train-
ing air forces study suggested that a similar study be undertaken
in a combat air force. The desirability of such a study' was
enhanced by indications that important aspects of gunnery pro-
ficiency were being forgotten- during the period when the gunner
was flying on combat missions. The problem was worthy of in-
vestigation, and the suggestion that such a study be conducted in
the 8th Air Force was accepted with enthusiasm by the gunnery
officers in that command. Such a study was undertaken in'Janu-
ary of 1945.6

The Problem
The problems of studying gunnery proficiency in an operational

air force thus had two aspects: first, to obtain further information
on the adeqlnacy of gunners in certain basic skills when they ar-
rived in the combat theater, and second, to determine experimen-
tally what type of training program would be most effective in
maintaining gunnery skill at the highest'achievable level through-
out the tour of duty in the theater. The 8th Air Force gunnery
officers had already concluded that training must be continued
throughout the gunner's combat tour. They were fully aware
that the difficulties of conducting a training program in a ombat
theater required that the program achieve maximum return for
the investment of time, personnel, and equipment made. They
wanted concrete and practical recommendations that could be put
into effect, and which would yield results proportionate to addi-
tional time and effort required.

Tbls study was made by Maj. Roger W. Russell, Capt. John A. Valentine, and Lt F0rA5
J. HarrIs.
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The Procedvxce

The gunners in four squadrons of one group of the 8th Air

Force were studied. All of the gunners were given a series of
tests, described below, at the beginning of the study. Following
initial testing, each of the four squadrons was trained under a
different training program. At the end of one month's training,
all remaining gunners in each of the four groups were retested
to determina progress made under each system of training.

The following measures of proficiency were used:.

1. Standardized phase check on stripping and assembly of the caliber .50
machine gun;

2. For care and cleaning, a brief and relatively non-analytical revision of
the postflight cleaning section -of tho standardized phase check, designed to
meet the particular needs of the 8th Air Force;

3. Standardized phase checks on all turrets bxcept Bell tail mount (omitting
section on harmonization in all cases);4. The Jam-Handy (E-14) Trainer, given as a measure of ability. to use

Position Firing rules;
5. Gun camera, given as a measure of proficiency in aiming and tracking;
6. Burst control, used as a measure of ability of the gunner to contiol a

machine gun while firing.

Unfortunately, the last two of the above measures of proficiency
yielded scores which, for a number of reasons beyond the control
of the experimenters, were- quite erratic and undependable. They
were useful only in measuring the initial proficiency of the groups
studied.

The four squadrons, designated by their assigned squadron
numbers, were trained as indicated below:

Squadron 708 gunners flew three gun camera missions and, in addition,
were required to practice until they could pass all phase checks with no
errors, make a minimum qualifying score of 8.4 on the Jam-Ilandy (E-14)
Trainer, and get a minimum of 18 hits out of '2 rounds fired in the 4-inch
circle on the Burst Control Range. When these levels of proficiency had
been met, the gunners in this squadron were excused from further practice
until the final testing.

Squadron 709 gunners flew one gun camera mission and practiced the
phase checks and the Jam-Handy (E-14) Trainer 3 hours a week throughout
the training period.

Squadron 710 gunners received the traditional 8th Air Force gunnery
training course, consisting of 1 hour a week practice on a turret trainer or

on the Jam-Handy (F,-14) Trainer, plus 3 hours per month of lectures.
Squadron 711 gunners received no formal training at all, beyond that

i'aherent in the taking of the tests used.

The training period outlined above extended over a period of 1
month. During this period, the squadrons were flying combat

missions. The number of gunners in each of the groups decreased

over the 1 month period due to combat losses and to transfer of

personnel who had completed their comb .t tours.

The Results

The proficiency of guniers arriving in thc theater.-The initial
testing of the gunners in the four squadrons yielded results which
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showed that the gunners were more proficient than those tested
in earlier studies in the 5th, 7th, 10th, 13th, and 15th Air Forces.
Gunners in the four 8th Air Force squadrons were, however,
below the minimum requirements prescribed for gunners under
the standardized continuation training program of the training
air forces, the evaluation of which was presented in the preceding
section of this chapter.

The initial proficiency of the 8th Air Force gunners as measured
by phase checks is indicated below. It should be remembered that
no errors on these phase checks was the goal set for gunners grad.
uating from the training air, forces. That this goal could be
achieved in practice was shown in the Pueblo study reported
above.

1. Two percent of the gunners made perfect scores on stripping
and assembly of the caliber .50 machine gun (N=606).

2. Twelve percent of the gunners made perfect scores on care
andcleaning of the caliber .50 machine gun (N=408).

3. Seven percent of the bombardiers and navigators made
perfect scores on the phase check for the turret to which they
were assigned (N=151)..

4. No engineer-gunners made- a perfect score on the phase
check for the turret to wvhich they were assignel (N=151) .

5. Five percent of the ball turret gunners made a perfect score
on the phase check for the turret to which they were assigned

6. Twenty-three percent of the tail gunners made perfect scores
on the phase check for their position (N=78).

7. The average number of errors indicated that the failures
were not by narrow margins, but were large enough to cause
concern over the proficiency of gunners arriving in a combat
theater, presumably adequately trained. Mean error score on
various phase checks was as follows:

5.3 errors on stripping and assembly of caliber .50) machine gun.
2.1 errors on care and cleaning of the caliber .50 machine gun.
8.9 errors on the Bendix chin turret.
6.8 errors on the Sperry upper turet.
4.3 errors on the Sperry ball turret.
2.9 errors on the tail position.

Deficiency in ability to apply the rules of Position Firing was
indicated by scores made on the Jam-Handy (E-14) Trainer at
the time of initial testing. The average score for all gunners
was 7.87 on a 10-point scale. This may be compared to the scorm
of 9 which was the goal set for gunners before graduation from
a training air force.

Gun camera scores were availabla. for 213 of the gunners. Al-
though these scores were obtained over the entire period of the
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experiment, no gunner received enough practice on the gun camera
to increase his skill In aiming and tracking. These scores can
therefore best be thought of as further evidence of the proficiency

A of gunners in a combat theater. The average error of 137 gun.
ners using non-computing sights was 44.6 mils. Comparable
errors for gunners studied in one experiment conducted in the
AAF Training Command was 23.9 mils. Errors of gunners using
computing sights were: for tracking, 10.4 mils, and for framing,
8.4 mils. These errors may again be compared with errors in
the same performance of gunners studied experimentally in the
AAF Training Command, whose error scores were: for tracking,
8.4 mils, and for framing, 6.7 mils. Caution is needea in inter.
preting these differences because of difficulties in standardizing
gun camera firing conditions.

The hypothesis that some aspects of gunnery proficiency actually
decreased during a tour of. combat duty received some support
from data collected. Results of this aspect of the study are
reported in table 11.14. Although the differences between gun-
ners who had flown 25 or more missions and the gunners who
had not completed 5 missions were not particularly large, all but
one of the 7 comparisons favored the gunners with fewer mis-
sions. It is possible, of course, that these differences resulted
from superior training in gunnery prior to assignment to the thea-
ter of the more recent arrivals; or that they resulted from greater
effort in the testing situation by the gunners who were just begin-
ning their missions. Since there is n% reason to believe that the "
gunners in the two groups had received substantially different
preliminary training and since the more experienced gunners ap-
peared to cooperate adequately in the tests, the results may best
be interpreted in terms of a tendency to loss of proficiency during
the combat tour.

Experimental data obtained in a combat organization will
always be less precise and thus less satisfactory than data ob-
tained under more rigorous conditions of an experiment in a
laboratory or under the comparatively stable conditions which
obtain in a training organization in this country. Rigorous appli-
cation of the usual requirements for acceptability of data would
exclude virtually all of the data obtainable on performance ini
the combat theater. In particular, the relatively small number
of phase check errors made even by the less proficient gunners
complicates the interpretation of results. However, reasonably
adequate data can be, and were, obtained. The data presented
in this study are believed to provide evi,:'nce that gunners ar-
rived in the 8th Air Force less well prepared to do their jobs
than they might have been. They also support the view that
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training must be continued throughout the combat tour of each
gunner.

TAllW 11.14.-Proficency of 81/ Air Force gunner# just beginning and g9lt.
iers about to complete a tour of 30 missions (April 1945)

First 5 missions Last 5 mlssiois

D1( CR'
Mean %can

N -core I_ r

Stripping and assembly... 128 4.20 G6 5.82 -1.62 3.00 0..

Care and cleaning ------ 94 1.74 46 2.20 - .46 1.77?
Chin turr. 2? 6.10 12 12.75 -0,56 3.13 .e
Upper 22 6:14 9 5.33 -. 81 .58
Dail turre... 18 3.83 8 4.50 - .67 .79
Tail turret ......---.- 18 3.11 11 4.64 -1.53 .81
E-14 trainer- ---- 127 8.09 65 7.88 - .21 1.48

I Phase check error scores; E-14 raw scores based on a 10-point Pcale.
s The signs of the differences have been adjusted so that a minus sign Indicates a decrease

In proficiency,. and a plus sign an Increase in proficiency for gunners with the larger number
of missions.

&Where either N was less than 30, Student's t-method was used In computing the CR.
The significance of the. CR's may ba intQrpreted as follows: The probability that a value
as large as reported would arise by chance Is:

No asterisk: more than 5 times in 100.
0: between 1 and 5 times in 100.

.6: less than I time in 100.
less than L time In 1000.

The optimum program for the training of gunners in a comkt

air force.-Folowing the initial testing of the gunners, the four
training prograins, desciibed in the paragraph on procedure, were
put into effect. Their relative efficiency was measured by per-
formance on various phase checks and on the Jam-Handy (E-14)
Trainer before and after training. Satisfactory comparisons
could not be made using gun camera "cores and burst control
scores as these scores proved unreliable for this purpose.

The relative effectiveness of the training courses conducted in
the four squadrons is compared in table 11.15 and graphically in
figure 11.3. The results are presented in terms of the percentage
of gunners achieving certain qualifying staneards set for the 8th
Air Force. These standards required a perfect score on indicated
phase checks, and a score of 8.4 on the Jam-Handy (E-14)
Trainer. The shaded areas indicate the percentage of gunners
qualifying on the pretest and the unshaded areas indicate the
gain in percentage of gunners qualifying on the posttest. The
results are presented by squadrons.7

That the gunners in the four squadrons were roughly equiva-
lent at the time of the initial testing is indicated by thepretest
scores. For specific skills measured, only moderate variations

IUnfortunately, the report did not Indicate the number of cases on which each percentage-

valuo was computed to Indicate 'he approximate ize of each N All N'f, r :ted in table
11.15 are believed to be within 1 range of t3 of the correct value except that for stripping
and a4seumbly In Squadron 711.

324

-- - - - - - -r, x-*.. -
,

-
*
--

' -



AA

Asw'-b

V325



i
TAtLY 11.15.-Re.ia ,ity of differences betueen percent of 8(& Air Fore.

ginners achieving minimzumt standards of proficiency at the beginning orndfend of the trainilng program (11archAprit 1945 )1

Squndron Squadron Squadron Bouadro70S 709 710 Tit

Strip Ing and assembly:Iiti ...................................---- 4 1 0 5
Final ..... . ....- - --- ................. 30 28 12 7
CR a - --...---------- .........-------- 4.03 "O 4.80"' 3.2000 0.0N -.-.---------.-.-..-.-.--.-.-.-- .--.- .-- 79 63 77 its

Care and cleaning:
Initial ......-............----------------- 28 14 22Final - .------.------ ....----- . .--- ---- 57 50 42 42
CR - ....- ...---------------.-------. 3.3 0" 4.8 "' 3.7 'f" 3.8*".
N 51 43 65 5s

Turrets ?
------ 10 4 iI 17-la . -- -4 ---- 48. 71 29 J1

4.4f" 6.9'* 2.4 * 1.7
N-- -- 47 26 56 55

R-14"Trainer:
-i---33 37 32 85

Final 76 68 76 50
C----- ----- 5.8"' 3.80" 5.9 "* 1.5
N : 75 70 78 39

IAl N's calculated from differences and CR's presented In original report.
2 Interpretation of Critical Ratios: The number of asterisks Indicate the likelihood that

the CR could hare arisen by chance in the absence of a true difference, as follows:
No asterisk: more than 5 times In 100.

0: 5 times in 100.
:1 time In 100

"': 1 time in 1000.

occurred, and these were of a size to be expected to arise by
chance. When the amount of improvement shown during the
period of training is evaluated, however, many of the gains in
proficiency are relatively large. Indeed, all of the four compari-
sons for each of the two groups given systematic pracice on the
teating instruments show CR's greater than'3, the conventional
standard for significance. The training program already devel-
oped in the 8th Air Force yielded similar results. except for turret
phase check proficiency. The squadron which rmce..ed no formal
training, however, showed gains which, except for the care and
cleaning phase check, might easily have arisen out of chance varia-
tions. It is possible that the marked shift in proficiency on the
care and cieaning phase check resulfed from the practice effect of
the initial testing of this group. This hypothesis was supported'
by the fact that, as noted earlier in this report, the care and clean-
ing phase check was brief and not highly analytical.

A most interesting observation grew out of the comparative
performances of Squadron 708 and 709. It will be remembered
that gunners in Squadron 708 were requir.d to attain an in.itial
high level of proficiency and then were excused from further
practice until the terminal testing; whereas, gunners in Squadron
709 were required to practice systematically throughout the train-
ing period. Under the incentive of being excused from a tedious
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practicing of skills believed to be mastered, 90 percent of the gun-
ners in Squadron 708 reached the qualifying standard early In
the training course. By the end of the practice period, however,
they had lost their high degree of proficiency and had fallen to
the level of the gunners of Squadron 709, who had been plodding
along with less intense motivation. This suggested that a corn
promise between the two approaches might well be made, as was
done in the final program recommended to the 8th Air Force.

* The project resulted in concrete and practicable recommenda-
tions for improving gunnery training in the 8th Air Force.
These recommendations are quoted below as illustrative of the
immediately applicable outcome of such a project as has been
described.

The proposed program is based upon certain minimum stand-
ards which every gunner must attain. These are:

Minimum Standards:
Caliber .50 machine gun phase check (stripping and assembly): no errors.
Caliber .50 machine gun phase check (care and cleaning): no errors.
Turret phase check: no errors.
Jam-Handy (E-14) Trainer test: average score of 8.5 or better.

As soon as a new gunner reports to the unit, he is given these
tests. If he passes all of them, he is qualified for combat. If he
fails any of them, he is not qualified and must practice until he
can pass. The skills covered by these tests are so essential that
a gunner cannot be considered as qualified unless he passes all of
them.

Gunners who have qualified and are on operations are checked
on these qualifying skills every two weeks. Those who pass all
the tests are not required to practice in these basic subjects until
they report for their next periodic test two weeks later. Any

gunner failing one of these tests, however, is scheduled for addi-
tional practice in that subject until he qualifies.

To furnish additional motivation, it should be provided that a
gunner who is not qualified is not eligible for promotion.

The tests in themselves provide 2 to 3 hours of practice a month,
since the stripping and assembly check requires 30 minutes, the

h care and cleaning check takes 60 minutes, the turret checks take
60 minutes, and the Jam-Handy (E-14) Trainer test requires
about 18 minutes.

There are three other types of practice which are important to
the gunner, but for which it is impossible to establish dependable
scoring methods and minimum levels because of uncontrollable
variables which affect the gunner's perforwance. All that can
be done in these fields, therefore, is to require that gunners, quali-
fled or not, receive additional practice, as follows:
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Iowre

Burst control (fire a minimum of 72 rounds) ........ ............ 2
Gun camera (fly one mission per month and be shown the assessed

film by an Instructor) ------------------------- 2
Turret manipulation (turret gunners only) ------------------ 2

If satisfactory methods of scoring these skills become available
they should -be added to the list of minimum standards. All
standards a'id required practice periods should be changed, of
course, to fit changes in the gunners' equipment, responsibilities,
or training devices. Adoption of this Standard Practice Program
should not prevent any unit from using any additional training
procedures or devices it wishes.

Evaluation

The theoretical significance of such a study as has here beer
reported is inconsequential, for the data are not sufficiently pre.
cise, nor are the conditions under which they were obtained suf.
ficicntly well controlled or described to admit generalizations that
would be widely applicable. But the study did have practical sig-
nificance for the Air Force in which it was conducted, and this is
sufficient justification for the amount of work which was done.
The most 'obvious and immediate value of th6 study was-its influ-
ence on thegunners participating in the squadrons. -These gun-
ners, being subjects in a proj ct that was receiving enthusiastic
support, were given the training which all gunners in a combat
theater-should have had during their operational tour. Finally,
the influence of t e project spread to other groups, which became
concerned concurreitly with iimproving their training programs.

BASIC GUNNERY flEFRESIIER TRAINING FOR COMBAT
RETURNEES - AN EVA LUATION OF Ai TRAINING

PROGRAM DESIGNED FOR A SPECIAL GROUP s

Background Information
In recognition of the importance of the full and effective utiliza-

tion of returned-from-combat gunners, psychologists 'in the AAF
Personnel Distribution Command and in the training Air Forces,
during the summer -and, fall of 1944, carried out studies which
included material on the willingness of returnees to volunteer for
a second tour of combat duty. These 'studies included 2,474 gun-
ners passing through various redistribution stations, and 3,023
gunners already assigned to various airfieldp in the training air
forces. Among the assigned gunuers, 6 percent desired to return
to combat immediately, and an additional\ 26 percent reported

I The refresher trPaining program was dereloped and evaluatcd~by Lt. Frank J. Harris and
Sit. Alexander N. Levinn, under the general supervision of Capt.. Robert A, Collins.
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some desire to return or were Indiffer-nt toward returning.
Among the gunners studied at the redistribution stations, 3 per-
cent were "eager to return immediately," an additional 7 prcent
planned to volunteer in 6 months or so, and 23 percent more
reported no objections to returning after a rest of 9 to 12 months
in the United States.

In the study of the assigned gunners, if; was also found that
although 42 percent thought that they would need no additional
training for a second tour, an apprecia~l$e portion of the remain-
der felt a definite need for more air-to-air firing, and for training
in crewmanship, in turret operation, and in sights and sighting.
It was also found that among the group of 1,650 assigned gunners,.
53 percent had never received gun camera instruction, 36 percent
had not had instruction on the Jam-Handy (E-14) Trainer, 29
percent had not had position firihg instruction, and 20 percent
had not studied preventive maintenance in gunnery c'hool, ac-
cording to-their statements.

As a further development in the problem of utilization of re
turned-from-combat gunners, the need for a refresher training
program adapted to their speei ,1 -experiences led to the develop-
ment and evaluation of such a refresher course.

The Problem

The problem for this study was three-fold: first, to design a
progi'am 'which would efficiently bring the returnees up to proper
standards of proficiency in basic gunnery and which would stres
the newer developments in gunnery methods; second, to evaluate
this program in terms of actual gunnery proficiency achieved
through its use; and third, to modify the recommended program
in terms of the results of the evaluation carried ouL
The Procedure

T. view of the extensive previous gunnery experience of retur-
nees, special consideration was given to their characteristics, in
planning the new program. Among these characteristics for the-
group studied, the following features seemed especially relevant.
Among the 253 returnees participating in the project, the average
gunner had flown 39 missions, and fewer than 5 percent had flown
less than 20 missions. However, the average gunner in this group'
had completed his basic gunnery training 21 months previously,
10 percent had never received basic gunnery school training, and
only about 12 percent had completed basic gunnery within 1 year
past. Preliminary phase checks and a.hievement tests adminis-
tered to these gunners showed that less than 5 percent equalled
or excelled the average gunnery graduat- on gunnery knowledge,

703326--47--22
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-s measured by the Gunnery Final Examination; and less thalI
3 percent of the group could pass any phase check with a grade of
3 or higher. "

Using the 8-week program described earlier in this chapter as
a balds, the course for combat returnees was designed by reducing
the amount of time devoted to, various courses, by increasing the
amount of emphasis given to newer developments in each course,
and b-f considering throughout the fact that this was to be a
refresher course for well-experienced gunners. After all adapta.
tions in the program based on these considerations had been made,
it was .ound that the training plan could be accomplished in a
pei"id 'Ck -week.

The euxPerimental group consisted of two classes of combat
returnees enrolled in the 3-'week experimeihtl course of training.
A ,he start of the eourse, each class numbered 60, including 30
graduates of sirp! 'e mechanic schools, assigned to the Martin
turret, and 30 graduates of armament schools, assigned to the
Emerson turret. During -the course of the experiment, one stu.
dent was droppied from each class for administrative reasons.
For these two groups, all available data on-gunnery proficiency in

- - terms of performance on the Gunnery Final Examination (GFE),
on phase checks, and on ranges, trainers, and air-to-air firing,~were obtained for comparison with the proficiency attained inthese measures by basic gunners trained under the existing eight-
week pricopam.rison ttidi

Results

The basic results of thls xperiment are, presented, in tables
11.16 through 11.20. The overall picture presented by these data
is one supporting the view that the 3-week program accomplished

TABLE 11.16.-Knowledge of gunnbr-j of combat returnees in's-wioek course
and of basic gunners in 8-week course: Averazge scores attained on gunnery
final -comprehensive examinaticn (Form GFE) (January-Ma74,h 1945)

tD. alo gunners* Combat returnee*--* ' total
Class 45-1 .Class 45-

N Mean N Mean N Mean

OFEscaem:
Sigbting_.___ 118 16.8 112 17.0 109 1 .7118 34.8 112 35.1 1o 32.3Crewmanshlp ---. 118 22.0 112 20.7 109 20.0

Turrets:
Martin- -_ 59 23.6 43 23.0 44 23.7
Emerson----------. 59 21.5 22 22.4 21 19.0

Total score --------. . 118 95.4 112 95.7 109 90.1
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for these returned-from-combat gunners the same thing that the

experience.
1'8-week course was doing for gunnery students without previous •

SMore specifically, the returnees achieved a knowledge level
which compared favorably vith, that of- basic graduates. In
weapons, crewmanship, and in total score on the final e.xamination,
they showed a slight superiority over the basic students. With
regard to proficiency in the care of equipment, the returnees did
not achieve as high a level on average scocres on the care and
cleaning ard turret phase checks. No simple explanation of this
difference .,peared to be available. Item analysis results on the
phase check errors indicated that the experimental group made }
its most frequent errors on detailed items of procedure. It V
appeared possible that greater stress on these points- for the .
returnees would have brought them up to the level of basic gun-
nery graduates. It must be especially stressed that all of the,
returnees succeeded in passing all phase-checks with a score of 3
or higher, as r,'portd in table 11.19, and that the difference in
proficiency be'ween them and the basic gunnery graduates was.
not very great. .

The performance of the experimental- groupin, their basic gun- . I;
nery courses and on the synthetic trainers compared favorably
with basic gunnery graduates, as shown in table 11.17. The
superiority of returnees on inter-communication, .on weapons, and,
on the Jam-Handy (E-4) Trainer may be particularly noted.

TABLE 11.I--Proficiency in gunnery courses of combat relsumczjit 3-week
course and of basic gunners in 8zweek course: Average scores 4n courses,
trainers, and ranges (February-March 1945)

Combat're- a g r *'

turnees, total
mean Class 45-3 CIas 454-

mean mean

Course Grades: 90.4
Weapons- - -- -.. -- 90.- 85.1 82.2

Turrets ------- 86.0 87.2 85.1'
Sighting 84.7 85.A 85.2

Trainers:
- --14.. 90.1" 86.4 88.9"

Waller ----. ---- ------ 22.3 33.0 2T.7
Intercom. (speaking) -,- - 85.3 1C.5
Intercom. (listening)-- 88.5 74.5

Ground' Ranges:Mloving bs... .... . ( 53.0 54.6
Hoig~- 59.3 51.3 58.0fHigh tower .. . .. L............... 62.5 70.6 71.0

Buretcontrol .........- ..... . . .. . 62.5 70.6 .6
'Moving target (hand-held) ------ 10.1 19.3 19.1
Moving target (turret)--- 20.6 24.0 22.T

N -----------. 116 105 110

,'IN actually varies slightly due to absentees, or small number of students dropped during
later portlons of course.I Scores not available,
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KThe somewhrat poor performance of the returnees on the N~le
Trslner suggestel-that the returnees should be given the same
amount of -trainig as basic gunners received on it. On ground
ranges, perfdrime-nce ort the High Tower Range was comparable

to~ha ofbaicgunners. However, on three caliber .50 machine
gun ranges, Burst Control, Moving Target (handheld), and
Moving Target (turret), the scores of the returnees were some.
what inferior to those of basic gunners. This suggested that addi.
tional time zhould be allotted to these trniners in a revised pro.
gramn, and.posed a problem for further inves tigation.

The results on gun camera must be interpreted with caution
because of the fact that scorabib records could not be- obtained for
all members of the group and because the Emerson turret gunners
in the experimental group,, -like their -basic school counterparts,
flew their gun camera training flights from the tail position, which.
is not equipped with an Emerson turret. However, iuch evidence
awwas available indicated that-both Emer~on anid.Aartin ganners
had attained at least as high a proficiency in thi's'skill as did com-
parable basic gunnery graduates.

TABus 11.18.--Proficiency in t-are of equipment of combat returneet in S-Wtk
course. and of basic gunners in, z-week course: Average phase check scores
(Januarli-March 1945)

Combat returnees _______

total
Phase check Class 45--3 Class 45-6

Stripping and assembly---...... 118 3.3 .105 3.5 110 8.4
Cz;,. and cleaning 118 3.5 105 4.4 110 I 4.5

Ha'mnza~n......, 118 4.8 105 4.6 110 j- 4.8
Martin turret..... - 59 - 3.5 44 4.1 44 4.2
EBmerson turret..-- 59 3.4 18 4.1 22 j 3.9

T~sLE l1.19.--Proftciency in care- of equipmnent of combazt returnees after
8 days and after * weeks of refresher training, Pereent pas sing phase
checks with grade of three or higher (Mfarch 1945)

Number pa38ibn,

Phase check N-____
8 cda~s 8 weeks%

Stripping and ssembly _ 1....8. 7 102
Care and cl1nig8 92 ill
Harmonzg.lon- 118 103 lie
Martin turet-.. 58 58 58
Emerson ture ...~---I----- -5 59 59

Jents who failed the 3-week ph~ase'check wore given make-up check-two days latst,
iedIn each-case.
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TA5LI 11.20 -Proficiency at~ uae of tqipment of combat returnees in $-Weckcourse ana of 6asic gunners ini 8-week course: Gutn camera scores (March1945)

Baltic gunners
Combat returnes

total
Class 45-10 CIaal 45-11

N ~Meua N Meau N Mean

Martin-turret ------------- 52 4.9 102 4. 124 4.9Tail turrit --------------- 24 3.5 38 3.2 69 3.0

Conclusion

it is believed that this 3tudy had value not only 'in the fact that
it provided an answer to a specific problem confronting gunnery
training, but also because it illustrated the possibility of design-
ing a curriculum for a group of trainees having important unique
characteristics. It is true that the results of this study raisld
definite problems for further investigation, but the evidence fo,rdnd
indicated that a reasonably close approximation to a satisfactory
program had been developed..

CRITIQUE OF PROGIAM EVALUATION STUDIES

The evaluation of a complete training program in actual, opera-
tion provided important information not otherwise available.
Specifically, it had the following unique contributions to make:
it permitted the evaluation of a new program in terms of an over-
all picture of gunnery proficiency; it took full account of the
interactionsbetween the various phases of the training program;
and it facilitated the uncovering of weaknesses in the new pro-
gram of p-ractical difficulties in the initiation of the" newer proce-
dures. in contrast to the typical laboratory experiment in which
a specific procedure is studied in terms of specific criteria, the
evaluation of a training program involved the comparison of the
best program which could be designed on the basis of all available
evidence with the program existing prior .to the adoption of the
new curriculum. Studies of this type were especially significant
khere there was an opportunity for' initiating comprehensive
changes in several phases of the program simultaneously.

The marked contributions possible through the evaluation of a
complete program in operation must be weighed against the
serious difficulties which beset such an attempt. Of these diffi-
culties, thl most serious was the impo~sibility of conducting the
evaluation according to conventional psychological procedure for
controlled experiments. Either the two groups to be compared
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were trained at different times, thus confounding the results of
changes introduced as integral parts of the new planned program
with the results of changes occurring in the gunnery program for
different reasons; or the groups to be compared were trained by
different training organizations, thus confounding differences
resulting, from the new program with differences associated with
the charaeteristics of the training organizations themselves.
Ti'iese difficulties must be recognized and stressed, because impor-
tant changes in various aspects of gunnery training necessarily
occurred during the course of evaluation 'studies, and because
important deviations from the ideal of standardization were not
completely eliminated at any time in the gunnery program. This
limitation clearly prevented the evaluation studies from being
scientifically rigorous. The fact that conditions of controlled
experimentation could not be achieved made it essential that con-
scientious, persistent vigilance be exercised; first, to reduce uncon-
trolled variations to a minimum, and second, to record specifically
such variations as did.occur for consideration in arriving at the
final conclusions.

A further problem encountered was the 'diffictilty of obtaining
adequate quantitative data on certain significant aspects of gun..
nery proficiency. In part, this resulted from the lack of suitable
measures. More commonly, however, the failure to secure suita-
)le data resulted from specific difficulties in the particular train-

ing situation which prevented the precise use of scores which
would presumably have -been valid under more favorable operat-
ing conditions.

In spite of the obstacles encountered, evaluation studies may be
considered to have played a definite part in the improvement of
gunnery not Only because of the unique contributions such studies
could make to the over-all picture of gunnery training, but because
they served to provide definitely relevant information on problems
which would otherwise have been dealt with by expert judgment,
oy tradition, or- by heated argument.

SUMMARY AND EVALUATION

Psychologists in gunnery assisted in the over-all planning of
training programs through. three types of activities: the prepa-
ration of curriculums, lesson plans, manuals, and other instruc-
tional materials; the formulation of principles of program plan-
ning growing out of the application of psychological techniques to
specific gunnery programs; and the systematic evaluation of train-
ing programs.

One of the most important of the systematic investigations of
the effectiveness of gunnery training was the study of gunnery in
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combat theaters. The results of three such studies, concerned
with gunnery in the Pacific Theater during the summer of 1944,
V,7 presented, along with a brief evaluation of the contributions
(0 . ahstudies to the improvement of gunnery training.

An evaluation of two basic gunnery school curriculuins Is re-
ported. This investigation compared the traditional 6-week train-
ing course with an experimental 8-week training course. The
relative proficiency of students pursuing the two programs was
assessed both at the end of their training period in basic gunnery
and, later, during their training at a training air force station.
In terms of gunnery proficiency at the end of basic training, the
experimental program proved slightly superior to the traditional
program; however, there was no evidence of superiority on meas-
-ures of proficiency taken during a later period of training. In
terms of the morale of the gunners pursuing the two courses,Athe
experimental course was judged to be superior. -

In an effort to increase the efficiency of interim training between
basic gunnery school and combat, a model continuation training
program was set up a training air force station and the proficiency
of gunners under the new and old programs was compared. The
experimental program was markedly superior to the traditional
program. This work resulted in the revision and standardiza-
tion of the course of gunnery training in all training air force
stations.

A program not unlike that in the training air forces 'Was
extended to an operational air force to determine the most/effec-
tive means of maintaining the proficiency of gunners during their
combat tours. The results of the study are summarized and the
recommended program for maintaining gunnery proficiency dur-
ing ccmbat is outlined.

During the final year of the war, the problem of planning
refresher training for gunners returned from combat who had
volunteered for a second tour of duty became important. TO
assist in this planning, an experiment was performed to determine
the amount of training necessary to bring ex-combat gunners up
to the level of proficiency of current basic gunnery graduates. it
was determined that three weeks of refresher training was ade-
quate to -achieve this goal.

Such studies as have been rep6rted in' this chapter present an
interesting problem in applied psychology. On the one hand,
the methodology employed is open to many criticisms. The num-,
ber of cases was frequently small; the criterion instruments were
not highly sensitive; circumstances often foc -d changes in the
experimental design during the course of an in.estigation; some

4 extrapolation from available data was necessarY to make de-
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iI
manded recommendations. On the other hand, the practical
consequences of such undertakings in the over-all Improveme.t
of training should also be borne in mind. They forced-a reconsid.
eration of the objectives of a-particular activity; they brought out
various possible procedures for accomplishing the objectives; they V

provided a substantial amount of specific and often quantitative
information to aid in decision-making; they made available a body
of supplementary general information useful in program planning.
Perhaps most important, they served as a stimulus and a guide for
continued efforts to improve flexible gunery training.

1
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CHAPTER TWELVE__

The Selection and Traimug of

Gunnery Instructors
Capt. LAWRENCE M. STOLUROW

Lt. ARTHUR L. IRION

LT. GERALD R. PASCAL "

TBE NATURE OF PROFICIENCY IN GUNNERY INSTRUCTION [

The Task of the Gunnery Instructor '" "!

The task of the AAF Gunnery Instructor (Military Occupa-
tional Specialty'938) was officially defined as follows' i

Instructs military personnel in all phases of flexible gunnery.
Conducts classes and maintains discipline among students; utilizez teaching

aids such as charts, models, film strips and motion pictures; conducts range
'instruction with special reference to the observation of safety precautions;,
organizes students for training in air firing.

M~ust meet the minimum qiialificaticns required of an aerial gunner with
the excepiion of qualification for flying duty which is desirable but. not
xequired; must maintain proficiency in the knowledgi and skills required ofan aerial gunner and have acquired a broader background of experience in

flexible gunnery to be a competent instructor.
Completion of flexible gunnery -insqtructor course at an Armny Air Forces

school required F

This description of the instructor's task was rather general..
However, the requirement that gunnery instructors be graduates
of any instructor training course implied that the standards ap.
plied by the school were also contained in the description presented,
above. It was, in fact, the Instructors School which usually
determined whether or not a particular individual became a flexi-

jf ble gunnery instructor.
* The organization of gunnery instruction.- -Gunnery instruction

was typically specialized instruction. That is, each instructor

1'A"rey Regulations, No. 615-26.

337



IY

taught a single aspect of gunnery, such as weapons or turrets or
sighting. The Instructors were not, however, trained to teach a
particular apecialty but were given a general course, speclal.:za.
tion taking place after the Instructor was assigned to a gunnery
school, to a training air force station, or to an overseas gunnery
training center for duty. thIs procedure was based upon the
belief that although It was possible to divide the subject matter
of gunery for purposes of presenting the material to the student,
It was necessary for the instructor of each division to be aware of
the problems of gunnery as a whole. Speciilization of the instruc.
tors to the point where they would no longer be aware of gunnery
problems which existed outside of their specialty would have
tended to reduce the effectiveness of their instruction. A range
instructor, for example, who did not know turrets, weapons,
sighting, malfunctions, and so on, was not considered to be fully
qualified to do his range job welL.

The gunnery instruitor was required to possess an intimate
knowledge of subject matter within his specialty. In addition, he
was faced with a relatively difficult teaching problem. In many
phases of gunnery training, each instructor would see a particular
group of students for only a few meetings. In these few meet-
ings, the instructor had to impart a specific amount of knowledge
to the student. This required that the instructor be especially
effective, since the student had little time to accustom himself to
unusual personal characteristics of the instructor. This was
especially true since, for most students, gunnery was a new and
difficult subject which had to be mastered quickly, against the
pressure of time. This put great demands upon the instructor's
resourcefulness, intelligence, and insight.

Types of gunnery instruction.-There were, in genera, -three
types of gunnery instructors: range instructors, classroom instruc-
tora, and air firing instructors. The men in each of these groups
faced different kinds of problems. The general characteristics of
duty for each type of instructor are presented below.

(1) The range instructor.--The range" instructor rceived the
students after they had been -ubjected to a certain basic amount
of classroom instruction. For the most part, however, range iu-
struction represented for the students a new type of gunnery
learning situation. The instructor was required to orient the stu-
dents to the nature of the task at hand and to supervise the firing
on the range. In addition, the instructor was required to be
observant of student difficulties and to offer corrective instruction
wherever necessary. In all types of range work, safety precau-
tions had to be rigidly enforced by the instructor. This, in itself,
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was a difficult task, considering the lack of range experience of the
typical student. In order to be effective in his job, the range in.
structor had to be proficient in the fields of sighting, turret manip.
ulation, weapons, malfunctions, turret maintenance, and range
estimation. He had to be able to supplement classroom Instruc-
tion in any of these areas.2 The conditions under which the range
instructors worked were -often unfavorable. Oral instructions
were given, in many cases, in competition with the noise of gun-
fire. The student was usually in a turret, where it was difficult
for the instructor to observe his behavior, and where corrective
instruction was difficult to administer.

(2) The classroom instructor.-The classroom instructor
worked under more favorable conditions in many ways than did
the range instructor. Gunnery classes were usually held in typi-.
cal classrooms, equipped with blackboards, desk chairs for the
students, and a speaker's stand for the instructor. Conditions of
temperature, noise level, and so on, while not always ideal, were
notas unfavorable as in the, case of range instruction. The class--
room instructor had to have a facile verbal grasp of his subject
matter. He also had to be able to determine the difficulties of his
students from their questions and by observation of their behavior.
He had to be adept in using various training aids. Some 20 train-
ing films, numerous film strips, and several series of posters were
prescribed for use in the gunnery-training program; skill was re-
quired to use these visual aids to ma:imum advantage. Most
classroom instructors had to be familiar with phase checks, and
some instructors had to be expert in the administration of phase
checks as final tests'of proficiency. Some instruct ' s had to be
familiar with the operation of the Waller Trainer, others with.
special techniques for scoring on the Jam-Handy (E-14) T-hainer-.-
Instructors in interphone had to be able to teach over the ifi.ier-
phone and to administer tests of "talking" and "listening" in a
classroom filled with ambient aircraft noise,. All instructors had
to be competent administrators of examinations, and they had to
know simple statistical and clerical procedures -for determining
and reporting student gr.des. Like the range instructor, the
classroom instructor had I6 be aware of problems in fields other
than the area of his own r-pecialization, yet this knowledge could
be of a verbal, rather thin a performance, type. In many cases,
actual gunnery proficiency was not required of the classroom
instructor in any field except that of his own specialty.

'The requirements for lnst.Ictoz- proficiency dizered on tho various types of ranges. In
range3 employing hand-held r..ns, for example, proficiency in turret manipulatlon and taxio
tOnance was not essential. 01 the other-hand, on some range , such as the shotgunt ranges,
the Instructor was expected to be an expert marksman.
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(1) The air-firing instructor.--Tie most difflcult of the in.
structing tsks was faced by the air-firing instructors. Solfe of
the difficulties under which these men worked were pointed out in
a report of job analysis for the gunnery student In the air-firingtraining situation.3 This report stressed four main difficulties of
instruction in air firing.

The first of these was that students who had never flown before
exhibited a great deal of awkwardness in the flight situation.
This was true of simple activities such as walking, carrying am.
munition, and so on, as well as of more complicated activities such
as turret manipulation. The reason for this awkwardness was
stated in terms of the student's inability to react to the proper
cues in operating his equipment and his tendency to react to cues
which were irrelevant to the job to be done. Inexperienced stu.
dents tended to be anious and overly alert to motions of the
plane, to the sound of gunfire, often reacting with random,
inefficient activities.

Stress was placed upon the fact that communication with a stu-
* dent was extremely difficult. Talking, except for an occasional

shouted word, was impossible, except between a few interphone-
equipped positions. Much communication was accomplished bymeans of signSJ, lip inovements, and gestures. The new student
had difficulty in interpreting many conventional signs. This was
brought out in the orlinal report as follows:

To the experienced gufiner, a twist of the instructor's wrist may mean that
he should lift the cover of his gun. To the naive gunner,, this sign may be

* completely meaningless.

Another difficulty, and one which was extremely important for
the air-firing instructor's task, concerned the lack of integration
of skills on the part of the student. In gunnery training, the stu-
dents learned many skills, typically in isolation from other skills.
In the -air-firing situation these skills had to be accomplished
simultaneously. Furthermore, under the stress of the air-firing
situation, many previously integrated skills appeared to break-
down. As stated in the original report, this difficulty was
expressed as:

Under such-circumstances, the student may not only fail to integrate his
previously-learned habits, but may actually appear to lose his skill at one or
more of them. Thus a student who passes the malfunctions course with honors
will persist in trying to hand-charge a second position stoppage. In one
case it was noted that a student elevated hii guns and charged them three
timesin succession although the ammunition had fallen from the feedway.

$ This work was done by LL Arthur L. irlon.
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The fourth difficulty mentioned in the report concerned the emo-
tional behavior so -often manifested by students in the air-firing
situation, This was not a serious problem with students who had
had extensive flying experience, but for many gunnery student#

4t the first few missions were frightening. This tended to reduce
the student's efficiency and called for definite understanding and
reassurance from the instructor. As one instructor put it:

He was nearly sick on the way back, so I took him to the waist with mo and
pointed out things to him through the window. Sometimes you have tboput
your arm around them and pat them on the back a little bitV to let them know
you think they're all right and that being scared is something that happens
to everybody.

In addition to these student difficulties, the conditions of instruc-
-tion were very poor. Often a single instructor accompanied a
crew, of 8 or 10 student gunners on a firing mission. In the
cramped interior of the plane, the instructor could sometimes
neither see his student nor talk to him over the interphone. Yet
he was expected to solve the student's problems and t6 give cor-
rective instruction wherever necessary..

The skills required of the air-firing instructor were more exten-
sive than in the case of other instructors. He had to know vir-
tually every phase of gunnery, including special skills such as
gun camera techniques. He was required to be especially skilled *
in "cailling" attacks for the students, telling them when to open
fire, when to cease fire, and pointing out to them the character- "

istics of each of the various types of attack. In consideration of
the hazards involved, the air-firing instructor had to emphasize

safVy precautions more than other instructors. "

The mode of living of air-firing instructors presented unique
problems. In many schools, these instructors were required to
fly more hours per week than was consistent with the maintenance
of personal efficiency. In one school, air-firing, instructors were
expected to fly ten oi eleven 4-hour missions a week. Time off

* was limited to 1 afternoon a week. In addition to strenuous aerial
duties, instructors were required to hold preflight briefings and
postflight critiques. They were also responsible for the loading of
the plane with guns and ammunition. These duties often kept the
air-firing instructor on duty from 5 o'clock in the morning until 6
o'clock in the evening. Such conditibns often led to a continuous
state of fatigue, which was aggravated by the normal nervous
strains experienced by those engaged in a hazardous occupation.
Inevitably, the instructors were involved i frightening situations
upon occasions. These conditions served to increase -the difficul-
ties under which the air-firing instructors worked.

341.



,Measuring Proficiency In Gunnery Instruction

It should be evident that the task of the gunnery instructor was
often complicated and difficult. To select and train competent In.
structors, it was necessary to establish some measure of instruc.
tional proficiency. A determination of the influence of the
-instructor upon student performance would have been indicated
had there existed an adequate criterion of gunnery proficiency.4
Unfortunately, such an instrument was not available. Because of
this lack, instructional proficiency could not be determined on the
basis of student performance. Consequently, efforts were di.
rected toward developing criterion measures in accordance Vth
the assumption that instructional qualities and techniques which
were considered to be of importance in the teaching of other sub.
jects would also be important in the teaching of flexible gunnery.
On the basis of careful rational analysis, four qualities were se.
lected as being of prime importance for instructors. These were:

1. The intelligence of the instructor.
2. The amount of gunnery knowledge possessed by the instructor..
3. The degree of personal adjustment of the instructor.
4. The facility of the instructor in putting to use- accepted principles of

teachng

It should be noted that intelligence and personal adjustment,
which might have been thought of is predictors of teaching pro-
ficiency, were instead considered as integral parts of the criterion.
Methods of assessing these characteristics are discussed in the
following, pages.

The measurement of instructor intelligence.-It was considered
that the intelligence of gunnery .instructors was measured ade-
quately by the Army General Classification Test. A discussion of
the level of intelligence required of gunnery instructors, and a dis-
cussion of selection procedures as these related tc, instructor
intelligence are presented later in this chapter.

The measurement of gunnery knowledge.-The inclusion of
gunnery knowledge in the criterion was believed to be justified by
the fact that the instructor, in contrast to the gunner, needed an
adequately verbalized understanding of gunnery. Measurement
of the instructor's gunnery knowledge was accomplished by means
of standardized objective examinations. These examinations
were administered at two periods of the instructor's career: be-
fore he attended the Instructors School, and while he was in at-
tendance at the school. In the former case the examination of
gunnery knowledge served as a basis for the selection of properly

'A discudnion of pcssible criteria of flexible gulanery proficiency is given In eb. 5.
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qualified instructor material, whereas in the latter case the exami.
nation served as a basis of measuring achievement in the Instruc.
tors School and of eliminating unqualified men from Instructor
training.

As a basis for instructor selection, two examinations were-used
at various times: the Gunnery Final Examination (in any of
several forms) and the Instructors Qualifying Examination. The .
latter examination was based upon the Gunnery Iinal Examina-
tion and was composed of the items which had proved to be the
most discriminating while contained in the Gunnery Final Examn.-
nation.5  Reliability coefficients of scores obtained on-the Instruc-
tors Qualifying Examination ranged between 0.80 and 0.90. Tho
Gunnery Final Examination showed a similar range of reliabili-
ties. The reliabilities.of scores on form D ranged between 0.80
and 0.85, while reliabilities obtained from forms E and F ranged

Measurement of gunnery knowledge as a basis for elimination

from instructor training was accomplished )y means of the In-
structors Comprehensive Final Examination. Reliabilities on this
test, as determined in various classes, varied between 0.79 and
0.90. " "

In the measurement of the amount of gunnery knowledge pos-
sessed by-the instructor it was assumed that, other things b~ng
equal, the more gunnery knowledge the instructor possessed, the
greater his proficiency would be: o- S. I I .

The measurement of personal adjustment-It was assumed
that, other things being equal, those individuals who manifested
the fewest neurotic symptoms would prove to be'the most pro-"
ficient instructors. In terms of neurotic impairment, in termed&of.
the necessity for the instructor to react realistically and sensi-
tively to the needs of his students, or in terms of the necessity-for ,
instructors to behave in an efficient manner in potentially danger-
ous situations, it appeared that this assumption might be fairly
made. However, no demonstration of the most desirable!
personality structure for instructors was made.

Fortunately, a smali but excellent standardization group existed,.
against which validation of measures of adjustment of instructors
could be accomplished. This standardization group was made up
of instructors at the Instructors School. These ifidividuals, who
had been carefully selected from among gunnery-school instruc-
tors and the graduates of the Instructors School, represented a

'The Gunnery Final Examination Is described in ch. 7. The l. tructors Qualifying
Examination will be treated later In this chapter.

'For a discussion of bow the score obtained from these tests were ljtcd In the selection
find elimination of instructors, see oh. 13.
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highly effective and able group of instructors, both with respect to
their ability and to their personal characteristics. An evaluatio%
of the ability and adjustment of the group of instructors at the In.
structors School is difficult to document. Information on the pro.
cedures used in the selection of these individuals is perhaps the
most satisfactory way to indicate the caliber of these men. A po.
tential instructor at the Instructors, School had first to be selected
to attend the school as a student. This meant that he had met high
standards, of intelligence and gunnery knowledge. As a student
in the Instructors School, he would be considered for possible re-
tention as an instructor only if he were sufficiently outstanding
to obtain favorable recommendation from his instructors. If
recommended, he would then be interviewed by an officer in charget of one of the instructional departments. Candidates endors ed by

these officers would then be scheduled for an interview with an
officer- whose main function was to enforce high standards of in-
itructor selection. If recommended by this officer, the student
would become a candidate for selection as an instructor and would
be called before an Instructor Selection Board. This board con-.sisted[ of key officers from each of the instructional departments,

the officer in charge of the instructors, and, often, a psychologist.
The candidate would be examined carefully and thoughtfully by
thir. board on the basis of a standardized examining procedure,
This board was concerned more with the personal adequacy and
adjustment of the individual than with his. proficiency, since the
student had already passed through several screenings intended
to weed out the incompetent. Only those students who were en-
dorsed by the Instructor Selection Board were retained on the
staff of the Instructors School. Approximately 5 percent of
Instructors School students in each-class were selected for reten-
tion on the staff. The group of instructors, obtained under these
procedures, ,yas considered to be as fine a group of instructors as
could be gathered together in a military situation. For these rea-
sons, it was decided to make the personality characteristics of this
group serve as a standard against which the adjustment of
individuals in other groups couild be compared.

The measurement of teachinig proficiency.-In order to measure
the instructor's facility in the application of commonly accepted
principles of instrudtion, it was expedient to establish a situation
in which the instructor's teaching behavior could be observed.
The instructor who was already teaching in a gunnecy school
could be observed in his classroom, but a situation for mesure-
ment was most needed in the case of student Jistructors. It. was,
therefore, necessary to provide a practice teaching situatior in
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which the behavior of the student instructor could be observed
directly. This not only afforded an opportunity to measure the
student's proficiency, but it also afforded an opportunity for the
student to teach under supervised conditions and a chance to gain
experience which he could not otherwise have obtained.

For purposes of measuring the student's teaching proficiency, a
rating scale was constructed in April 1943. Variables for the
scale were based on the consensus of officers interested in the
training of instructors and on civilian experiences of the psychol-
ogists who constructed the scale. Fourteen characteristics,
deemed important to effective teaching, were included. Scale
values varied from one to seven. Ratings were made on each of
the 14 items, where applicable, by each person doing the rating.
In addition to the identification of the characteristic of each item
by name, the low, middle, and high points of the scale were defined
for each item by descriptions of the instructor's behavior. Each
of the items, together with the statements which defined the
various scale values for it, is presented below: .

1. Appearance and bearing.-
Low: Very poor appearance, poor bearing, untidy, careless of person-
Middle: Acceptable appearance, fair bearing, fairly neat and well

groomed. "
High: Very favorable appearance, good bearing, ;neat and well

groomed.
2. Voice.-

Low: Has poor teaching voice; unpleasant, poorly modulated, weak.
Middle: Has fairly good teathing voice; moderately agreeable, well

modulated, loud.
High: Has good teaching voice; pleasant, well modulated, sufficiently.

loud.
3. Fluency.-

Low: Poor articulation; presentation markedly jerky, monotonous.
Middle: Fair articulation; presentation sometimes jerky, monotonous.
High: Very good articulation; smooth flowing presentation.

4. Poise.-
Low: Lacks self-control and assurance; is nervous and ill at ease.
Middle: Shows some composure and presence of mind, but is not

entirely at ease.
High: Shows self-control and assurance; is-completely at ease.

5. Logic.-
Low: Presentation lacks coherence; reasoning poor and hazy.
Middle: Thinking slightly disorganized but reasoning generally sound.
High: Presentation coherent and reasoning sound.

6. Ability to express self.;-
Low: Expresses himself vei-y poorly; is some aes obscure, unintel-

ligible,
Middle: Expresses himself moderately well; at times is vague.
High: Expresses himself clearly and accurately.
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h 7. Use of teaching aids -•
! Lw: Falls to make effective use of teaching aids.

Middle: Occasionally uses teaching aids effectively.
LHigh: Uses effectively chart, blackboards, Illustrationsanecdotft

8. OriginalitZy.--
Low: Procedure entirely routinized; teaches in mecnanical fashion.
Middle: Has some freshness; sometimes misses chance to escape rou.

tine teaching.
High: Teaches creatively; uses fresh ideas,, humor, new and interest.

Ing methods.

9. Ability to arouse interest of students,-
LOw" Students bored and indifferent to Instructor or Job,
Middle: Students show spurts of attentiveness, or are only casually

interested.
High: Students alert, enthusiastic, attentive to instructor.

10. Feeling between instructor and students.-
Low: Feelings negative; antagon!sm, fear, resentment evident.
Middle: Attitudes neutral; neither friendliness nor antagonism seem to

"- prevail.
High: Feeling pf good will strongly prevails.

11. Student participation in clas,--..
Low: Students never participate.
Middle: Students occasionally participate.
High: Students frequently particilpate.

12..Today's reparation.-
Low: Completely unprepared, both as to content and means of pro.

entation.
Middle: Mediocre preparation; work of class not well planned or-

* organized.
High: Completely prepared; has planned and organizd all work of

class.
-13; Knowledge of subject.-

Low: Serious lack of knowledge of subject; gives misinformation.
Middle: Generally appears well informed but seems to lack mastery of

subject..
High: Demonstrates complete mastery of subject.

14. General effectiveness as teacher.-
Low: Poor teacher.
Middle: Fairly good teacher.
High: Very superior teacher.

Raters were first carefully indoctrinated on the use of the scale,
following which a study of the reliability of the ratings was car-
ried out7 Students of the Instructors School classes were rated
by instructors from the school who.had previously been indotri-
nated in the use of the scale. All raters assigned ratings inde-
pendently on the ,same teaching performances. Odd-even ratings

I This study was conducted by Lt. Thomas P. Gallagher, Master Bgt. Jack D. Adams, 4nd

SSL Ardle Lubin.
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of these Instructors wero corrrlat.d, and It wns found that cor
rected correlations rangcd for 8 raters from 0.76 on 'Ability tp-
Express Self." to 0.94 on "General [.'ffctivenem as Teacher."

I Table 1.1 presents these data. On the basls of these results, it
was recomnended that a board of five especially trained Instruc.
tors School graduates be uzed to rate all Instructors School stu.
dents on teaching proficlency, as measzured by the scale. This ree.
ommendation was carried out. Later, however, only two raters'
were used in the evaluation of students. In order to test the
reliability of 2 raters, ratings on 155 students as rated by pairs
of raters, were correlated with each other. The correlation co-
efficient as corrected by the Spearman-Brown formula was found
to be 0.90 for "General Effectiveness as Teacher." Table 12.2
shows the intercorrelations of items on the rating scale. It should
be noted that the ratings on the first 13 items correlate fairly
highly with the "General Effectiveness" item. These correlations
were considered to be sufficiently high to warrant the use of the
rating on this item rather than the use of a combination of scores
on the other items. It was felt nezessary, however, to insist that
the raters complete the first 13 items prior to making a rating on
"General Effectiveness as Teacher." .

With the passage of time, less attention was paid to the fndoc ;
trination of -raters on the use of the rating scale. In order to test
whether or not the reliability of the rating scale was being main-
tained under these conditions, several months after the studies re-
ported above, pairwof raters were observed in operation, and their
ratings on 104 students were collected. The correlation between
raters for the "General Effectiveness" item was found to be 0.68.'

This decrease in reliability indicated that the insistence Upon

TABLE 12.1.--Reliabilitij of gunnery instructors rating scale: Odd-even, reo'
bility cooficients (Spearrian-Brown) for eight raters (class 4S-9, 43-10,
Buekingham, July 194*) •

Class 43-9 Class 43-10
(N = 85) (N=90).

Item

I SD r M, 81.D

Knowledge of subjecL .-- 0.91 4.36 1.36 0.93 4.24 - O$
Today's preparat.o......... . 92 4.25 143 .90 4.32 1.43
Ability to arouse interest of'students-..---- .90 3.88 1.17 .89 3.84 1.19
Use of teaching aids .......--- -. .90 3.79 1.30 .89 3.67 1.386
Originality --------------- .87 3.73 1.21 .87 3.69 1.24
Ability to analyze students' probles ....... .83 4.13 1.18 .83 4.12 1.10
Feeling between instructor and students ....- .89 4.32-_ .85 .79 4.24 .69
Ability-to express self ..... 7 4.26 1.02 .90- 4.15 '1.21
Logic .......... -.. .86 4.3E 1.09 .85' 4.19 1.12

Funcy -. .--........ -,78 4.2-3 1.06 .66 4.08 1.10
oie ------- ---------------. 77 4.15 1.12 .86 4.18 1.1T

Poise----------------------------- .82 4:4e .87. .81 4.15 1.01
APPearance and balg......--. .79 4.35 .92 .80 4.56 .93
General effectiveness -------------------- .94 4.01 1.29 .94 3.93 1.27

Total, .-.- --------- 4.15 1.40 ------ 4.10 1.21
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thorough training in the use of the scale and constant check of the
work of the raters was extremely important in maintaining the
reliability of the measurements obtained on the scale. It was felt
that it was the emphasis upon the training of ,the raters which
made the difference between the-results obtained by means of this
scale and the results obtained from the use of other rating.scales
of instructional profidiency. These studies of the rating scale for
"gunnery instructors demonsLrated, very early in the gunnery.
research program, that rating scales could be used in a standard.

Ized manner, providing the raters were properly ,traned.., ,

Objectiye examinations were used as another measure of teach.
ing proficiency. Ani examination in the principles of instruction
was given as the final examination in the course in teaching meth.
ods at the Instructors School. Questions on the examination pre-
sented the student with a hypothetical instructional problem. The
student was required to select one of several possible teaching
techniques to. apply in such a situation. Scores obtained on the
Teaching Methods Final Examination correlated approximately
zero with. scores obtained on the Instructors Rating Scale, de-
scribed above. Scores fromthis examination. were. used as one
contributing element in the elimination of students from instruc.
tor training, although less weight was given to such scores than to
ratings from the Instructors Rating Scale. . ,

-suninary . ' ~ ~ ~ -

The task of the guniery instructor was one which presenti
many difficulties and which required the exercise of a considerable
degree of talent and ability. In order to ensure that competent
instructors were being furnished to the gunnery-training pro-
gram, it was necessary that measures -of instructional profictenq
be established. The beat criterion of instructional proficiency
would have been based upon some criterion of student perform-
ance. Unfortunately, such a criterion of gunnery proficiency was
not available for use. This required that instructors be assessed
ot the basis of characteristics which had presumptive validity for
the instructors task. Four such characteristics were selected on
the, basis- of judgment. These were:

2. Gunnery knowledge.
3. Personal adjustment.
4. Teaching profl.ency.

Intelligence and gunnery knowledge were measured by the use of
objective tests. A rating scale was developed for evaluation of
teaching proficiency. Although no measure of personal adjust-
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ment was obtained, a group judged to be high In this character.
Istic was identified for use in the validation of tests purporting to
measure It.

Although it was not possible to make an experimental determi.
nation, of the validity of these measures of instrucztional profl.
ciency, it was judged that their use served the practically impor.
tant purpose of guiding work in the selection, elimination, and
training of gunnery instructors.

SELECION OF FLEXIBLE- GUNNERY INSTRUCTOR3
Intr~duction -

Students: for the Instructors School were selected from grad.
-uates of the basic gunnery schools. Early in 1943, when the first
.tri4es of selection were carried out there was extreme variability
id the method of selecting basic gunnery graduates who were to
become instructors. Table 12.3 indicatas the variability of selec.
tion in terms of Army General Classification Test scores.

Note that Lwo potential instructors had AGCT scores below 88,
and that the raige. of ,ibillty was very great. Table 12.4 shows
that the students of the Instructors Sdhool varied with "espect to

-scores on an achievement examination which measured gunnery
knowledge. Note that Instructor School students from three

- schools had mean scores below average for basic gunner3 on tli6
gunnery achievement examination used, Little effort was made
to assess the attitudes of students toward becoming instructors.

* TABLE 12.'-Distribution of Army General Classiftation test scores for sta.
dents assigned to the izstructors school by each of eiz gunnery school.
(Classes of 43-4 and 43-8, February 194*)

School represented -

SOC score Total

B-azng' Harlingen Klngman Laredo !As Vegas Tyndall

A2 2 3
* *3- ............. 1 -

97-100. . 4 2 1 1
101-104_ 3 3 1 2 2 11
105-108..--. 2 3 2 3 6 16
109-112-----. 4 3 3 a 6 4 23
113411~~ 3 4 4 7 6 4 23
117-120 4 4 6 6 2 4 28121-124..... 2 6 4 6 2 3 23
125-128. 4 1 4 2 3 2 18
129-132 1 2 2 5 1 2 is
133-136-.... 3 2 1 9
137-140 --... 2....--1" 7
141-144-- - 2 1 5 2 10145-14e. 1"i 1 ................. I 3

153-156............. 1 1 1 S
N -.... 32 34 33 33 35 3i 204

Mean-.--- 117.00 121.79 117.53 119.61 121.24 116.74 119.05
6-D .........-- 12.84 14.86 11.27 11.45 15.05 13.79 13.45
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Table 12.5 shows that of 172 students In the Instructors School,
77 of them did not desire to become instrutors. Table 12.6
shows that 92 students of the same group were not Interviewed
before assignment to the Instructors -School; 12 ok them were
interviewed for 1 minute, and 17 for 5 minutes.' The efficiency
of a training program is so. dependent on the adequacy of its
instructors that effort was immediately directed toward improving
instructor selection procedures.

Until such time as a thorough selection program could be de-
* veloped, it was recommended,. in April 1943, that all candidates

TABLE 12.4.--Scores made by instructors school students selected by each of,
six gunnery schools on a flexible gunnery entrance examination (February
194, N .89)1 normed on basic gunnery school-students

school Mean score Schoel mean score

Buckinsham-------- 5.93 H geline- -.... ---- 4.93.
Kingma - 5.87T = I-4dal-
La vega- -. .34 .. .

'The scores are reported In terms of a 9-point scale, for which a scor, of 5 Is s."rage.

TABLE 12.5.--Answers to the question: "Did you want to come to the instrw-
tors school?" irado by students selected to attend the instructors seco

4 (Classes 43-, .43-9, March 1943) by each of six gunnery schools,

-School_.j 7 ..

Answer f*~t.
BuckLng 'Harlingen Kingman Laredo Las Vegas Tyndall

ham

9 _ 9 17 17 12 23 7T

No 18 12 19 1 -. 13 11

Total... 22 so 29 . 31 30 30 12.

TABLE 12.6.--Length of interview prior to assignment repored by students
selected to attend the instrtctors 8chool by each of siZ (gunnery s811os
(Classes 43-8, 43-9, March 1943)

School

Te•mts TotalTime (in m~nutes) Buck- -Harlin- King- Larodo Las Tyndall
Ingham gen man Vegas

No Interview._ -- 1 17 2 27 t 23 92
1 2 7 1 1 12

5, ~-~2 8 3 4-..... IT
1 3 2 - 8 ..... 14

15-25 2 3 1..... 5 2 19
30-55 ..... 1 4 .... 5 1 1180 and bIe.- - - -

Total 20 29 ' 31 30 29 16,

* This study was conducted by Capt. Mason Haire and Sgt. Ardle Lubin, In NHarch 1,943.
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for the Instructors School be carefully interviewed, and that a
minimum Army General Classification Test score of 120 be re.
quired for admission to the school. Some doubt was expressed
whether this AGCT requirement could be met. In order to deter.
mine whether or not an AGOT score of 120 was a feasible require.
ment, a study was conducted, to ascertain the AGCT scores of in.
structors and students at all the basic gunnery schools. Table
12.7 shows the -mean AGCT scores 1 f all instructors. Only 2
schools, the.Instructors School and Harlingen, showed mean AGCT
scores above the recommended score of 120. However, it was
found that of a population of 2,629 basic gunnery students, 22.75
percent had AGCT scores over 120, indicating that a sufficiently
large group was available from which to select candidates for the
Instructors School. Figure 12.1 depicts, graphically, the results
of this study.'
Following this study a directive was issued by the AAF Training
Command which required that all candidates:

a. be a graduate-of an Army Air Forces Training !Command Flexible Gun.
nery School, except in the case of qualified student officers-

b. have an AGCT score of 120 or above, or in exceptional caas of 110 to.
11L -Exceptional cases are defined as students with AGCT Scores ot Ur0:to-
119-who have special training such as combat, teaching experience, or 4 years
of college training at a recognized college or university, which will compen.
sate for their somewhat lower general abihty; -

c. have qualified within the past 2 months on the Vunnery School Compre-
hensive Final Examination or on the Instructors Qualifying Examination with
a score which indicates mastery of the subject matter of flexible gunnery to
a point above that obtained by 75 percent of regular gunnery students;

d. be a high school graduate;
e. have the general attributes and attitudes desirable in the task as deter-

mined by a competent interviewing officer.

The directive served to fix interim policy on instructor selec-
tions; meanwhile a project was initiated for the development of
an instructors' selection battery which wP'-i.1.d ensure a relatively
homogenous population for the Instructori School with respect to
characteristics related to success. The remainder of this chapter
is concerned with a description of the task of constructing an

TABnL 12.7.-The average AGCT scores of instructors in the 8x basic gun-
nery schools and in the instructors school (N= 3780, Nc embcr 1943)

Average
Schbol N AGCT score

CIS Instrictors. ..- 119 119.6
Harllngen ............... _678 128.1•
Las Vegas---- - -.... ?a" iO 128.2Buckingham- .. . .. 93 119.$

648 117.9
Laredo-. . ..- 491 117.5
Kinsman ----------- 489 ii.4

* This study was dono by Capt. Lawrence M. Stolurow.
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Instructors' selection battery, and with an Indication of.the prac.
tical use of this battery in selection anid in research.

The Construction of the Instructors Qualifying Examination
Battery

The problem.--There were two measurable aspects of success
In the Instructors School: One, knowledge of flexible gunnery
subject matter as measured by the Instructors Final Comprehen.
sive,Examination; two, teaching ability as measured by the Gul.
nery Instructors Rating Scale. The specific task of the test
constructors was to develop a battery of tests which would reliably
predict success in the school as measured by these two criteria. -

Exploratory and incomplete attempts at test development.-I.
fore describing the tests used in the final battery, there will be
presented an account of various tests considered for possible in.
clusion in the Instructors Qualifying Examination battery. In

exploring possible approaches to the measurement of teaching
aptitude, of interest in teaching, and of personal adjustment,
mafy tests were developed and tried out experimentally with
varying degrees of success. Time was an important considera-
tion limiting the extent of studies. In several cases tests were
developed which contained items with satisfactory validity coeffi-
cients under specific circumstances, but when tried out with differ-
ent classes much variability was found. It was necessary to
abandon such tests and to devote the available time and personnel
to the development of instruments less sensitive to variations.

The first test to be tried for this purpose was the Opinions on
Instructing Test. This test was' developed by the Aviation Psy-
chology Section, Bureau of Medicine and Surgery, United States
Navy.10 The test, originally called "Opinions on Teaching," was
revised slightly to conform to vocabulary in use in the flexible
gunnery program and was renamed "Opinions on Instructing."
The test was designed to measure opinions regarding instructional
techniques, and it was felt that it might predict teaching profi-
ciency. Illustrative items from the test are presented below.

Directions:-Below are a number of statements expressing ,.pinions on
instructing. They are statements on which instructors differ grea-!v among
themselves. You are asked to indicate the extent to which you t.,'ree or
disagree with each of the statements. Please give some response to (-ach of
the items. Use the following scale: (a) Strongly disagree; (b) dis.,-ree;
(c) undecided; (d) agree; (e) strongly agree.

1. Students should be on time to the iminute for each class.
2. The good instructor spends most of the class period dictating notes to

the students.
t4

30 The evaluation of this test was accomplished by Capt. Wilbur S. Gregory and Lt. Tholats
P. Gallagher.
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3. No matter what rulo a student breaks, he should be reported to the
supervisor or C.O.

4. Ordinarily, ani Instructor should not talk more than half the thne during,
a class period.

The test was administered to basic gunnery students, to Instruc-

tors School students, both at the time of entrance and at the time
of graduation from the Instructors School, and to the instructors
in the Instructors Schuol, in order to obtain a rough index of the
validity of the test. The original key, which designated 1 answer
among 5 as correct, presumably on an a priori basis, was used.
Score was total rights. The data presented in table 12.8 indicate
that the differences found were significant staistically in the
correct d,:reetion, but that they were too small for practical appli-
cation.

For a better measure of the validity of the opimionnaire, scores
were correlated with ratings on the Gunnery Instructors Rating'
Scale, using class 43-15, totaling 124 students. The product
moment correlation coefficient was found to be 0.10. In view of
this low validity and the relatively low reliability (see table 12.8)_
it was decided not to conduct further studies in an attempt to
develop this test for a selection device. "' '

A second test which was considered promising was the Teach-
ing Principles Examination. This examination was originally
developed as a course.examination for teaching methods,*' The
nature of the itemni:of the examination was such that it seemed
worthwhile to 'consider the examination for possible use in pre-
dieting teaching aptitude. For the purpose of this discussion it
is sufficient -to note that items in this test were centered around
practical teaching situations and were indicative of attitudes and
knowledge of teaching principles and practices. The correlation
was determined between scores on the examination and two crite-,
ria of success in the Instructors School, the Instructors Final Com-
prehensive Examination, and ratings in Practice Teaching.
Using Instructors School class 44-29, consisting of 120 students;
the scores of the Teaching Principles Examination correlated
0.12 with Practice Teaching ratings and 0.04 with scores on the
Instructors Final Comprehensive Examination.

The two tests considered thus far, the "Opinions oh Instructing
Test" and the "Teohing Principles Examination," had several
elements in common. They both contained items expressive of
attitudes and opinions toward teg-hing principles and practices,
and both seemed heavily weighted with a verbal factor. Experi-
ence with these two tests suggested that 'he ability to teach

a u This te3t was developed by Lt. Joseph M. Wepman.
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related to the ability to verbalize about these methods and tech.
fiques. I .

TL 12.8.-Reliability coefficients and critical ratios between mean scores'
on thecOpinions on Instructing test using basic piunnuey atudents, Instrue.
tore School students, and Instructors School instructors (July 194S)

Critical ratio,

Group Group studied Phase of N M SD r A between
No. training groups

Basic gunnery I (lassiDa--- 4 -2___-_Graduate 295 35.12 5.67 0.42 1 v 2= 5.07 i

I v 3= 4.36 %
1 v 4= 2 2.25

Instructors school '(Class 1v5=3.971
2.... 43-15) Graduate 106 38.18 6.17 .S7 2 v 3= 1.02

2 V 4= 5.52,

Instructors school (Class 25= .82

- 4--1) ....... Entering 95 37.66 6.86 .58 S ' 4= 6.32 a
3 t 5= 1.06

Instructors school (Class
4- 43-16). Graduate 107: 41.88 4.55

Instructors school (In-
5$- tructors) - 52 39.15 6.89 .61

1 Based on Kuder-Rlchardson Formula No. 21.
*A difference of this msgnitude would be expected In less than I time In 100.3 • aredo.

Personal Adjustment Inventory.-The use of returned combat
gunners as instructors on flexible gunnery training stations made
it necessary to consider the adjustment of men selected for the
Instructors Schol. For this reason, the Personal Adjustment
Inventory wvs.s constructed. It was patterned after the Personal
Inventory, DE201C, but greater emphasis was placed on :dis-"
guising the "right" responses. The original test contained 60
items, samples of which are presented below.

1-A. I have a tendency to become i-E. I sometimes have headaes.
nervous and shaky when ap-
proached by a superior offi-
cer.

2-A.. When people meet for the first 2-E. Normal, well-balanced people
time on a party it eases % don't need a drink to get
things a bit if a drink is .acquainted.
passed around.

3-A. I always seem to have a bad 3-E. I often have difficulty in fall-
time, no matter what r am ing asleep.
doing.

4-A. I am often too'tired and ex- 4-E. I don't make friends very
hausted even to eat. easily.

Experience with gunners had indicated that there was some
tendency among them to falsify personal adjustment inventw:ies
with obvious answers. In order to get a more accurate estimai.
of adjustment it was felt that items should be so combined that
the average gunner would not be able to pick the "correct"

responses.
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The test was administered anonymously to 300 instiuctors of
the Instructors School, half of whom took the Personal Inventory,
DE201C, and half of whom took the Cornell Selected Index. An
item analysis showed that, of the 60 items, 41 discriminated be-
tween high (upper 27 percent of cases) and the low (lower 27
percent of cases) groups on either the Personal Inventory or the
Cornell Selectee Index, with at least a discrimination index (chi-
square) which would have been expected to occur by chance less
than 5 times in 100.12 The correlation with the Personal Inventory
was 0.58 and with the Cornell Index was 0.31.

Further work on the Opinions on Instructing Test and the Per-
sonal Adjustment Inventory might have yielded materials which
would have been useful in the final battery. However, the wbrk
was stopped at this point.

Description of tests -aed in the final- battery."S The first area
chosen for inclusion in the final battery was gunnery knowledge.
Items which measured gunnery knowledge were selected from
gunnery final examinations used in basic schools. Revision of
gunnery knowledge 'items kept pace with new delevolprhents in
gunnery when these were introduced into the curriculum of -basic
schools. .. •,

The-construction of a battery of tests to cover the area of gun-
nery knowledge presented a special problem in that each candidate
for the Instructors School had been tra-*ned on one gun position.
Therefore, it was necessary to give the student an-opportunity to.
an.swer these test items which were concerned with his giun; posi-
tion. Consequently, in addition to itenis covering gunnery knowl-
edge which all students had in common, there had to be a choice of
items covering specialized gun positions. There were, in all, 90
items on gunnery knowledge. Of these, 70 were devoted to ques-
tions about aircraft recognition, sighting, and weaepons. Twenty
were devoted to each of the following gun positions: Martin tur-.
ret, Consolidated turret, Sperry Lower Ball turret, Sperry Upper
Local turret, Bendix Upper turret, Bendix Chin turret, Emerson'
Nose turret, M-6A and M-7 gun mounts, and B-29 turrets. Each
'student answered all 70 general items and then selected the re-
maining 20 items dealing with the gun position he knew best.

3' This project was conducted by Capt. Lawrence ,M. Stolurow and Lt. Gerald R. Pascal.
"This battery of tests was developed by a group of officers and enlisted men working

over a 2-year period. Those chiefly responsible were: Capt. Lawrence M. Stolurow, CAit.
Alfred C. Jensen, Lt. Gerald R. Pascal, Lt. William D. Schrader, Staff Sg#. Robert 0.
Bainbridge, Staff Sgt. Marvin Waldmnan, Sgt. Paul Freen .a, and Cpl. Herbert NV. Gold-
strom. Statistical assistance was given by Maj. John V. McQuitty, Lt. William IL Angoff,
and Staff SgL Hyman B. Kalts.
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Illustrative Item 1.-Aircraft Recognition.
Dlrectlons,-This part of tht examination contains a group of pictures of

both friendly and eneyny aircraft similar to those which gunners see in the
$ different theaters of opc.ation. Below each picture are five nrmthi of dif.

ferent aircraft. You are to select the choice that you' think is coite4 and.
mark the answer on your separate answer sheet.

(Inserted here werd photographs of planes in flight, each pho.
tograph being the basis of a multiple-choice item made up -of
names of fighter planes.)

Illustrative Item 2.--Sighting.
Directions.-For the next 7^questions, imagine yourself In a bomber having

d a true air speed of 225 m.p.h. Your gun ksition Is equipped -ith an N-4
optical sight which has a 70 mil reticle, which can be seen drawn on each
plane pictured below. You are to indicate the proper deflection in order to

it the attacking plane by marking the correct letter on your answer sheet.
Shooting from the top turret position in figure 12.2 you would aim at point

lettered A, B, 0, Do E.

Illustrative Item 3.-Weapons.
There is a strong click and no dent in the- primer (of the cal. .60 machine

gun). The probable ciiuse is a
3-A. broken or weak firing-pin spring - ;.

3-B. broken sear notch
3-C. broken firing-pin striker
3-D. slightly worn firing-pin striker - "
3-E. slightly bent up trigger bar. '

Illustrative.Item 4.-B-29 turrets.
If the actual wing span of an attacking plane is smaller than

the dial setting seen in the optic head, ,
4-A. let the fighter's wing tips overlap the reticle circle a little. , - .

4-B. keep the reticle circle a little beyond the fighter's wing tips.
4-C. frame correctly, but place the center dot above the fuselage of the

fighter.
4-D. frame correctly, but place the center dot halfway between the fuse-

lage of the fighter arid the tip of the wing toward your-bomber's
nose. . II

4-E. frame correctly, but -place the center dot halfway between the
fuselage of the fighter and the tip of the wing toward your
bomber's nose.

The second main area included measures of general intelligence
and mechanical tiptude, ,Construction of this section consisted
principally of selecting suitable items, from other tests, particu-
larly the Gunnery Officers Selection Test (see chapter 13), and by

writing new items considered appropriate to instructors. These
items were assembld into subtests, administered to a group of
students, and the test was shortened by means of an internal con-

sistency item analysis. Five subtests were included in this part
of the battery. Examples from each of these are given below.

Illustrative Item 5.,Vocabulary.

An enclosed shelter for personnel or for a power plant-in aircraft is a (an)
&-A. housing.
5-B. canopy. '

-5-C. nacelle. "
5-D. enclosure.
5-E. cowling.
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Illustrative Item 6.-Mechanical Aptitude.IThe initial velty of a bullet fired from a tail gun at a small angle frol&
the line of flight will be slightly,

6-A. less than the sum of the plane's velocity plus the muzzle velocity.
6-B. less than the muzzle velocity.
6-C. less than the muzzle velocity minus the plane's velocity.
6-D. more than the muzzle velocity, minus the plane's velocity.
6-E. more than the sum of the plane's velocity plus the muzzle velocity.

Illustrative Item 7.-Mathematic&

A sniper stands in a room 8 feet back of a wall that contains a window 4
feet wide. On a road 100 feet from the house and parallel to it, an Infantry
column is marching past. The length of the column that the sniper can see is

7-A. 50 feet.
7-B. 20 feet.7-C. 100 feet
7-D. 108 -feet.~7-E. 200 feet.

Illustrative Item 8.--Reading Comprehension.

Any mechanical system tends to come into the position in which its po.tential energy is a minimum. Thus, bodies free to move fall to the ground;
and the surface of a liquid is horizontal because it cannot be tilted without
raising the center of gravity of the liquid and so ncreasng the potential
energy. When a molecule moves from the interior to the surface of a liquid,
work must be done on it. A surfacemolecule, therefore, has greater poten.
tial energy than an interior molicule. Consequently, the substance tends
to get into the state in which it has the smallest surface.

It frequently hap pens that this -tendency is overcome by other influences.
Thus, if water is spilt on the ground, it does not collect into a sphere but
spreads out. In this case the tendency towards3 minimum gravitational
potentiao (i--yering of the center of gravity) overcomes that towards mini.
mum surface-energy, and the liquid takes the form in which the total poten.
tial energy is least. If the amount of water is very small, however, so that
very little loss of gravitational energy is achieved by spreading, surface ten-
sion becomes dominant, and the liquid collects into a sphere. It may be
calculated that water drops less than two or three millimeters in radius will
remain spherical and will not spread.

The surface of a'liquid is level because any degree of tilt would result in
8-A. increased gravitational potential.
8-B. increased surface area.
8-C. drcreased surface tension.
8-. ~increased surface tension.
8-E. increased number of surface moleculeq.

Illustrative Item 9.-Surface Development.

In figure 12.3, edge 2 corresponds to
9-A. L9-B. m.
9-C. s.9-D. t.
9-E. K.

The third main section of the battery included items on
teaching aptitude and personal adjustment. These two areas
were at first divided into two subtests, but in the final form, items
aimed at both areas were grouped together Into ona subtest called
"Teaching Aptitude." Items were chosen from various tests in
use in the aviation cadet classification and selection program, from
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ii ~the Personal Inventory, DE201C, and from the Opinion PoIL.

Many new items wer- constructed. Several hundred items of
all sorts were tried against the criterion of ratings on the Gun.
nery Instructors Rating Scale as administered in the various
teaching situations. , This test went through several revisions.

The first attempt made in this direction was the devClopment of
the'Instructors Preference Test, which consisted- of 118 person.
ality items designed to measure some of the general aspects of
personality which were considered to bL -iportant in determining

. success in teaching. Forty items of the test were designed to
measure thc general affective nature of the individual. Thirty.
five items were designed to measure certain as'pects of the individ.
ual's early training and family background. The remaini;ng 43
items we,'e concerned with the individual's occupational and so-
cial participation. This t-t was administered to class 44-27 in'
the Instructors School, consisting of 126 students, and an item
validation with high-low groups in Practice Teaching, as meas-
ured by the rating scale, was performed. This analysis resulted
in 17 satisfactory items.

An additional 43 items Were added to the 17 obtained. in the
original investigation in an effort to build up a pool of items to
increase the reliability of this part of the battery. The new group
of items was obtained from several sources, the chief of which
was the Opinion Poll. The 60 item test was administered to
Instructors School class 44-29, consisting of 140 students. A,
correlation coefficient of 0.11 was obtained between scores and,
ratings in Practice Teaching. About the time of this study
(August 1944) ratings on a course in Student Teaching were in-
troduced as an -additional criterion of teaching ability in the In-
structors School. Therefore, in the subsequent item validation of
the 60-item test, Student Teaching ratings as well as Practice.
Teaching ratings -were used as criteria. Using these 2 criteria,
40 valid items were found; 31 for Practice Teaching ratings and
9 for Student Teaching ratings. The Practice Teaching and Stu-:
dent Teaching ratings were combined as criteria against which
to validate the 40 items thus obtained.14

It can be seen from the above that the teach!ng aptitude test

2 4To be high In the combined criterion, the candidete hod to be high In c ractlce Teach-
Ing (rating (tf 7, 8, or D) and not low In Student Teaching (rating of I or ., or high In,
Student Teaching (rating of 4 or 5) and not low In Practice Teaching (rating -.: 1, 2, or
3); to be low In the cembined criterion, the candidate had to be low in Practice :.,aching
(rating of 1, 2, or 3) and not high In Student Teaching (ratings of 4 or 5), or v.- in.
Student Teaching and not high in Practice Teaching. Subjccts not meeting elther-of t-,'
requirements were put in the middle category of the combined criterion. On the com-
bined criteria-the following number or cases In each of the three groups from class 44-29'
were obtained: high In combined criterion, 34; medium In combined criterion, 61; low II
combined criterion, 29.
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which was finally used in the battery was the outcome of several
attempts to obtain valid items in a relatively unstable situation.
It was never possible to use larger samples of classes for Item
validation studies for the prediction of teaching ability, since the

methods of assessing that ability in the school varied considerably,
and also because the demand for an instructor selection battery
was immediate. .. ,.

Illustrative items for the Teaching Aptitude subtest.--Several
items used in tlhe subtest on Teaching Aptitude are presented
below, with directions for the test. ..

* Directiona.-In this part you will give information about your past expe-'
rience, our preferences, and our interests. In each question you* wil
choose ltween two answers which will be designated by A and E. Youmust choose the one which fits you better than the othor. Blacken the ap-
propriate space, A or E, on your answer sbet, to indicate the alternative
which more nearly fits your own case. There are no right or wrong answer:.
Though you may feel that a particular item does not apply to you, choose
the one response that fits you better than the other. Do not omit any item. ',

Illustrative Item 10.

I honestly think that in assigning me as a gunnery instructor the Army
is making good use of my abilities.

10-A. Agree. 10-E. Disagree.

Illustrat:.2 Item 11.

I enjoy talking before a smallgroup.
11-A. Agree. 11-E. Disagree.. -. 1...

Illustrative Item 12.
12-A. Being bossed around an- 12-E. Most people need flirm su-

noys me. . pervision. .

Illustrative Item 13. .. .

13-A. In .school I liked to be. by 13-E. In school I preferred to be
myself. . with a gang....

Illustrative Item 14.i. ,.

14-A. A thorough and logical pros- 14-E. An interesting resentatfoh
entation of the subject of the subject matter, al-
matter, even if somewhat though somewhat incom-
dry, is the more effective plete, is the more effec-
teaching method. . tive teaching method..

Total test: format, distribution constants, and reliabilities.&-
The Instructors Qualifying Examination (form E) as finally used
consisted of two booklets. A third booklet, on mechanical com-
prehension, was added for use at AAF Personnel Distribution
Command stations, but little data obtained from its administra-
tion are available. Table 12.9 shows the format of the examina-
tion, with the number of items in each part. Although time limits
Were suggested for each subtest, the examination was not con-
sidered a speed test. Students were allowed to complete the

363

_T -- - -. ------- 4



examination regardless -of time. The achievement booklet typi.

from ths 7als h -6adB2 ur~ eenwa h

time of test construction. Itema covering knowledge of them

was impossible to obtain scores from a sufficient number of stu-
dents othsturttocompute reliabilities.

TABE 1.9.FornatofCSFG Qualifubng Exaimiation

BoltadcdPatNo. and name i4umber of Items

Booklet I (D8 304E)..... 1. Vocabulary-------------------------------20
It. Mtchail prnciples - -.. ---.-.--------.- 12
Mi. ,Ma1Tics----------------------- -1i

IV icdigcompfrehension ----------------- 10
V. urae eeope nL.__~ 15

-------- --------- -.- ---

Booklet 11 (DS 4$1E)__.. 1. Aircraft recognition ---- ---- 15
II.~~~~ Sgtn..-..---------- 25

IV. Turrets1 - - ----- 20

% 90
Booklet III (DS 201A)-.. Mlecanical copeeso --- -- 40

Total .......- - - ---- 24

'Turrets luciuded: Martlu, Consolidated, Sperry Ball, Sperry Upper. Bendix Upper,
A-26, Bendix Chin, Emerson Nose, M-.OA and M.-7 Gun Mounts, and B129 Turrets.

The Validity of the Instr-uctdrs Qualifying Examination.-The
determination of the validity of the Instructors Qualifying Exam-
ination was complicated by the nature of the criteria against;
which the test had to be! validated. As has been previously
stated, the test was constructed to predict two specific criteria of
success in the Instructors School, gunnery knowledge and teach-
ing aptitude. Gunnery knowledge wvas measured by -the In-
structors School Final Comprehensive Examination. The relia-
bility of this examination -was known, and its use as a basis of
elimination in the Instructors School was constant during the
period of test construction. The limitations of the teaching apti-
tude criterion have been discussed. All validity coefficients are
product-moment correlation coefficients.

Booklet I (aptitude) and Booklet II (achievement) were de-
velop d to be used separately; separate- stanines were determined
for each booklet (see jable 12.12).

Since the Instructors School was training instructors for both
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TARLC 12.!O.-Rdliability coefficients and diatrisution constants, Instructors
?'DC Iedis tributing Stations, January 1945) t

No. of

Part Items M SD

1. Vocabula ry ---.. 20 0.86 0.69 8.32 2.63 ,
it. Mechanical principles .. 12 .55 .59 5.57 2.44
Ill. %lathematics --------------- 18 .66 .72 9.50 3.43
IV. Reading comprehension ------ 10 .48 .54 4.41 2.05
V. M echanical apt itude .. ........ 15 .82 .84 11.08 8.48

Vt. Inventory -------------------- 40 .ei .67 22.69 4.95
Total ----------... ---- _ 115 .82 .85 81.58 12,5Mechanical principles 40 '.22 -"-...27 .4

r17apers fOem Miami Beach, Atlantic City, Santa Monlca, and Sanita Ana.
sKuder-ltc;ardson Formula No. 21.
3 Kuder-Richardson Formula No. 20.

, 4This correlation based on 310 cases from Santa Ana, Atlantic City, and MIUamn lieaeh
Redistribution Stations.

locally controlled turret schocils and for remotely controlled turret
schools, and since separate final comprehensive examinations were
used to determine the graduation or elimination of the two groups
of students, it was considered desirable to determine whether a
r liable difference in validity cofficients occurred for the two
groups. The t's of the difference. tweer,. the vajdity-c-ff
cients found with the parts of the Instructors Qualifying Exam-e
ination for the two groups are presented in table 12.13. This

* result was interpreted to indicate that the two groups might well
be combined in further statistical analysis.

Table 12.14 shows the validity coefficients found with-each f
the criteria by booklets. The correlations shown in this table
were computed using raw scores on the Instructors Qualifying
Examination and scores obtained in the Instructors School on

TABLr 12.11.-Reliability coefficients and distribution constanto, Instructors
Qualifying Examination Booklet II (achievement) by parttA and by -total2
scores (3 PDC Redistribution Stations, January-Marck 1945)

No. o 5N _M SD
Part Items Nh

I. Aircraft:Recognition___ ___ _ 15 2329 7.80 2.66 • (0O

lI. Sighting..", 25 2329 8.90 3.44 .54
liI Weapons . 30 2329 13.38 4.45 .W5
IV. Turreta: 

!
Martin . .20 812 7.95 2.95 .41
Sperry upper.-*. 20 394- 7.98 3.33 .40
Sperry bi20 643 ,9.61 3.43 -. 61
Bendtx ------ 20 155 6.92 2.85 .
Consolidated- --------- 20 401 9.39 3.29 :51ITotal (Parts r-iv)

Martin - ----- 90 812 ;7.11 9.70 .78
Sperry upper. -. ---.--- 90 394 39.37 10.25Sperry bali. .-.. 90 643 40.34 10.36

Bedi__go. 0 106 33.93 9.93 ,
Consolidated9- - 00 267 39.70i 9.95 .TS

' All papers used re-ardless of turret answered.
$ Papers sorted by turret answered.

* , Papers from Miami Beach, Santa Monk'L, and Atlantic City.
'Kuder-Rlchardson Formula No. 21. V f1
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each of the criteria. All scores on the criteria were converted
scores based on a nine point scale using stanine perientages with

: ! the exception of Student Teachingf which was evaluated using ao

five point scale. The correlation coefficients were corrected for
restriction in range of the selection test..

TAsLE 12.12.-Separate stanine distributions for Booklet I ard Booklet 11,
CSFG Qualifymg Examination (November 1944) •

Pt Booklet I-Raw score Booklet II- TPercentRaw score

Stanine of Popu- Tlaw tcor
latlon Raw score

Part I-V 1  Part VI Totals

9--.58 29 971 '157
8 7 5247 27-28 66-70 142-158
7 . .12 47-51 25-26 61-65 129-141

17. 42-46- 23-24- 56-60 92-108
__5 20 37-41 21-22- 50-55 104-115

4 17 32-38 19-20 44-49 116-128
12 26-81 16-18 38-43 81-91

2 ----- 7 21-25 12-15 , 29-37 70:-80
! 4 020 '11 '28 '09

2Mean= 38.22; SD= 9.73; N= 1268., ,
2 Mcan= 20.83; SD= 4.92; N= 1266.
8 .Xean = 51.69; SD=-1i.67: N= 703. • ,
'Includes Mechbf.,jl Comprehension Test (DS201A).
' And above; ..
' And bef.lti .

The Instructors Qualifying Examination correlated fairly sat-
isfactorily with the Final Comprehensive Examination, but rather
poorly with the criteria of teaching ability. 'The correlation co-
efficients of Booklet I with the criteria of teaching ability are all
of such magnitude that coefficients 6f the size obtained would be
expected to occur less than 1 time in 100 by chance. There was,
however, considerable variability in the validity of Booklet I
(aptitude) particularly with respect to the criterion of teaching
ability, ratings in Practice Teaching. Table 12.15 shows how
validity coefficients for Booklet I varied from class to class.
Subtest VI, Teaching Aptitude, varied markedly in validity
against the Practice Teaching criterion. Table 12.16 shows the
intercorrelations of Booklet I subtests based on the scores of 323
Instructors School students.

The Instructe-r Qua. fying Examination in Practice

Use in Personnel Distribution Command Stations.-Beginning
late in November 1944, all gunners passing through the AAF

2" The correction applied used the standard deviation of the total score on the Instructors
Qualifying Examination computed from the starine conversion table In use by the Person,
nal Distribution Command as an estimate of "hc dispersion In an unrestricted sample.
This value was 26.2G0; the corresponding valie for the restricted range being 17.221.
The formula for correcting cocMclents between two variables in a population restricted
with rc.qpcct to a third variable is given in repolt No. 3 of this series.
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Personnel Distribution Command, were given the Instructors
Qualifying Examination battery.

TABLE 12.13.-t's of the differences between the validity coefficient* of CSFG
Qualifying Examination part scores with the total score on the Instructoriv
School Final Comprehensive Examination for the locally controlled an -r?
nmotely controlled turret students (N= 675, Laredo, Julyd IP45)

I r r

Local Remote
Part control control (r score) Probablity

(N= 491) (N= 184) diff. t (percent) S

hI

* , VocAbu1&r7~- = 0.206 0.335 0.135 1.56 12
Mechanical princi ples...... . 388 .321 .079 .91
MathemStics--- .405 .342 .076 .8s . 3
Reading I onrehesion- . .818 .232 .098 1.13 26
Surface deveiopmet-- --. .207 .164 .041 .47 64
Teaching titude -. 102 -. 054 .045 .52 460
Aircraft re gition .10 .148 .026 .80 77'
sigbtn_-_- .342- .361 .02S .2T 79
Weapons - - .448 .399 .060 .69 49

Turrets-_ _ .295 .194 .106 1.28 22

iThe numbers Indicate the number of tlmo In 100 that the differences found could be

* expected to occur by chance.

TABLE 12.14.-Validity of CSFG Qualifying Examination, by booklets, against
each criterion of success in the Instructors School (Classes 215, 225, 235;
N= 800, February 1946). . . . .. : .

Criterlon Booklet I Booklet II1

Final comjzrehenslvs.. , ___ 0.57 0.862
Basic gunnery teaching---- .- 219
Practice teaching ......-----. 1--.-

'Product-moment correlatlon coefficients. . . ., ,

Stanine conversion tables based on an unselected population

were furnished to the redistribution stations. Investigations of

the relationships among the criteria (see table 12.17 for a state-

TABLE 12.15.-Validity coefficients of parts of the In.tructors Qualifying E-
amination, Booklet I (Aptitude), with the Final Comprehensive Examina-
tion and with practice teaching ratings using three Instructors School
classes (August 1944) "

Validity coefficients by class

Subt, , Final comprehensive Practice teaching

44-29 44-311 44-32 2 Classes 44-29 44-31 44-32 3 Classe
N=120 N-102 N=101 X=323 N-=120 N=102 N101 N=323

I. Vocabulary- --- 0.12 0.41 0.40 0.81 -0.05 -0.04 -0.04 -0.05
11. Mecbanical

principles---- . 42 .42 .52. .45 .07 -. 05 -. 12 -. 03

I1. Mathematics_.. .14 .34 .34 .28 -. 00 -. 02 -. 01 -. 01
IV. Reading com-

prehension- .22 .50 .48 .40 .05 .00 -. 07 . .00

V. Surface de- .
velopment- .29 .86 .81 .31 -. 06 -. 13 -. 02 -. 04"VI. Teaching ap-

titude -.-..-. -. 03 -. 04 .03 -. 01 .38 .16 .88 .
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TABLZ 12.16.-TItereorrelations e1 part scores of the Inatructore Q114i Y111
Examination, Booklet I (Aptitude), using three Instructor# School casse
(Nx J.3, Augtpt 1944)

Part

Part- - - - - - -

I II II IV V Vt

I. Vocabulary - -------------- 0.48 0.28 0.49 0.18 -0.05
If. Mechanical principies ......- ------- 0.48 .. .46 .49 .28 -. ,9

111. - -athemat-s--.28 .46 .- .35 .36 -. 11 -
IV. Reading ------------..... 49 .49 .35 --------- ..34 -. U1
V. Surface deyelopment- ....... 17 .28 .36 .34 xi 4 1

VI. Teachlngaptitude -. . --. 05 -. 19 -. 11 -:,18 . .....

ment of these relationships) indicated that the criteria showed
rather low intercorrelations. It was recommended that separate
stanine cut-off scores on the two booklets be used to select
instructors. Separate cut-off scores were used in the reclassifi.
cation of instructors, described later on in tkis chapter, and
separate stanine cut-off scores were recommenAe4 for use in the
Personnel Distribution Command; however, the use of the recom-
mended procedure in the Personnel Distribution Command sta-
tions was not feasible.'$

Table 12.12 shows the stanine conversion tables used by the
Personnel Distribution Command. It will be noted that these
stanines are based on the total score using both booklets of the
Instructors Qualifying Examination, and the score on the Me-
chanical Comprehension Examination (DS201A). All men with
stanine scores of five or better on the entire battery were sent to
the Instructors School for the regular course of instruction."

The Mechanical Comprehension Examination (DS201A), devel-
oped at Santa Ana, was added to the Instructors Qualifying Exam-
ination battery for the following reasons: (a) the early valida-
tion studies of the battery showed that the Mechanical Principles
subtest had one of the most satisfactory validity coefficients with
the Final Comprehensive Examination (seetable 12.15); (b)
this subtest also showed relatively low correlation coefficients
with the other tests in the battery (see table 12.16). It was
therefore decided, in a conference including personnel of the
Surgeon's Section of the AAF Personnel Distribution Com,.and
and members of the Research Division, that the Mechanical GU.m-
prehension Examination (DS201A) be added to the batter.

The reliability coefficients and intercorrelations of the Mechani-
cal Comprehension Examination with subtests of the Instructors
Qualifying Examination and with the criteria ard presented in

16 See table 12.12 for the table of recommceided stanines.
" See report No. 14 of -this series for additional detai'.s regarding the method of- admicl"

straton, the number tested, and a descriptiv.a of the protessing.
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table 12.17. This table shows, in addition, the validity of the
entire battery es used by the Personnel Distribution Command.
Note that with t Is population, validity coefficients, using single
scores on the entire Instructors Qualifying Examination battery,
are 0.62 with the Instructors School Final Comprehensive, 0.13
with Practice Teaching, and 0.21 with Student Teaching.'3

Use in research.-The Instructors Qualifying Examination was
used in a research study to assess the efficiency of the placement
program in the AAF Training Command basic gunnery schools
with respect to instructors. The examination battery was admin-
istered to instructors at five of the seven basic gunnery schools.
Two separate scores were derived from Booklet I (aptitude).
A score was determined for each instructor, based on his per-
formance on parts I through V, and another score in part VI.
For Booklet II (achievement), answer sheets were scored on the
basis of total scores as well as of each of the four part scores
(Aircraft Recognition, Sighting, Weapons, and Turrets). Tables
12.18 and 12.19 show the results of an analysis of variance of
these data. /

The Instructors Qualifying Examination was administered to
unselected graduates of basic gunnery schools for the purpose
of obtaining data which might provide a basis for estimating the
relative efficacy of basic gunnery schools and the assignment of
gunners to various turret positions. Test scores were treated in
the same manner as those obtained from instructors, and an analy.
sis of variance computed. Tables 12.20 and 12.21 show the re-
suits of this analysis.1 ' "

These studies indicated that there was no noticeable difference,
on the basis of performance on the Instructors Qualifying Exam-
ination, between instructors who had attended the Instructors,
School and those who had not. Between schools, however, there
was noticeable variation of test scores, both for irstructors and
students. For instructors, the found differences b~tween depart-
ments was so great as to be expected to arise by chance less than 1
time in 100. There was also a similar difference between student
scores compared on the basis of turret studied. These facts
indicated that some selective factors were operating to send
more qualified instructros to particular schools. This also ap-
plied to students. Within a particular school a similar situation
existed in the assignrnent of instructors to departments and stu-
dents to turrets.

Factor analysis of the Instructors Qualifying Examination.-

'This study wag done by Capt. Lawrence M. Stolurow and .-,L Paul Freeman. -
"This study was done by Capt. Lawrence M. stolurow, Capt. Kenneth B. lendorson,,W

Sgt. Ernest E. Ketchersid.
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In an attempt to isolate factors which might be Indicative ofsuccess as an instructor in the flexible gunnery program and as

a preliminary step in the revision of the Instructors Qualifying
Examination, a factor analysis was computed, using as its matrix
the correlation coefficients shown in table 12.17. Table 12.22
shows the results of this study. Interpretations, of these results
may be summarized as follows:

1. The validity coefficients obtained for every test were gen.erally in good agreement with the predicted coefficients based

on the factor 'loadings.
2. The part tests of the examination accounted for some of the

factors isolated, -but large, unknown factors remained undeter-
mined.

3. There were further factors in the criteria which were not
common to the examination battery and hence not predicted by it.
TABLE 12.18.---F-ratios between the scores of instructors at five basic gunnery

schools compared by schools, by departments of instruction, and attendance
at CIS, using aptitude scores on the Instructors Qualifying Examination;
separate F-ratios are presentcd for differences on Part I-V; and Part VI
(August-September 1945)

S u m of ~E s tim a te - a l

Source e-variation . Sum of EfsT-areaq uarea of varlan~eF-ao

Scores on parts I-V:
Between -------. 60.705.270 1 17

WithIn cells (error) ---....-----------. 03,274.826 1.540 -41.08Between schools-_ ------- 6,216.629 4 1554.15T 1 3".82

Between departments .....--------------- 2,414.187 7 344.884 18.39
Between CIS and non-CIS ---- 49.173 1 49.173 1.20

- - 132,980.102 1,611

Scores on part VI :
Between calls ............ ------------------ 1763.421 71
Within cells (error) ......--------------- 5,122.467 1.540 22.807
Between schools .............. - ------------- 341.119 4 85.298 ' 3."4
Between departments ......----------------- 533.636 7 76.219 13.34
Between CIS and non-CIR ..... 13.890 1 13.890 2 .61

Total ....-- - ----------------- 3 -6,885.888 1.611

' With the appropriate dugrees of freedom, a value as large as this would be expected lss-.
than one time In 100 by chance alone.

'With the appropriate degrees of freedom a difference as large as this would be expected
to occur more than ivo times in 100 by chance alone.

Any attempt to assign labels- to factors is at best a speculative
process. Factors three and feur seem to defy interpretatioi.
Factor one seems to be heavily loaded with the weapons, sighting,
and turret tests, and fairly high on mechanical principles, aircraft
recognition, and mathematics. This factor may be termed a
mechanical-gunnery knowledge factor. Factor two seems to be
high in vocabulary and reading comprehension, mechanical prin-

* ciples, mathematics, and the Santa Ana mechanical principles
test. This factor might be called verbal-mechanical comprehen
sion.20

* " This study was done by Capt. Lawrence Mf. Stolurow and Sgt 'Milton (. Liebermin.
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In order to maximize the pred! tive-efficiency of the Instructors
Qualifying Examination in the form presented, beta weights for
the- eight subtests found most promising on- the basis of a multi.
ple correlation study were computed. Table 12.23 shows these
beta weights as recommended for use.

TABLE 12.19.--F-ratios between the scores of instructors at five bas:c gunner
schools compared by departments, by schools, and by turret studied using
achievement scores on the Instructors Qualifying Examination: Separate
F-ratios are reported for differences -computed-on the scores of each part
and the total (August-Septermber 1944)

Soarce of variation Sum of df Estimate F-raUesquares of variance

Part I (aircraft recognition):
Between turres........ 267.849 5 53.579 16.000
Between departments -.--.--- . 1.037.762 7 148.252 214.602
Between schools- 972.327 4 243.082 1 27.220
Between cells. 3.474.427 122 -
Within cells-- 13.476.651 1.498 8.930

Total 16.851.078 1,620

Part 11 (sighting):
Between turrets... . 477.349 5 95470 15.440
Between departments.__ 2.630.855 7 375.836 121.414
Between schools ..- --- 1.610.495 4 402.624 1 22.940
Between cells.. . ... 8,493.171 122 17.551
Within cells - 26,291.235 1.498 .

Total 34,784.406 1.620

Part III (weapons):
Between turrets . ....-.. . . 1,039.548 5 207.910 110.146
Between- departments______ __. 9.568.016 7 1,366.859 1 66.702
Between schools ............... ------------- 2543.906 4 635.977 1 31.035
Between cells..... .....----------- 16,559.321 122 _

Within celIl- .......... --- 30.697.486 1,498 20.492

Total- - - 47.256.807 1.620

Part IV (turret):
Between turrets ------..---- --------.. 2.960.80U 4 740.201 163,001
Between departments ................ ----------- 3.381.553 7 483.079 141.117
Between schools ........... ---------------- 1.936.884 4 484.221 141.21
Between cells ...........----- - 9.266.069 117 79.197 --
Within cells-.... . ........ 17.341.619 1.476 11.749

Total - - 26.607.688 1.593

Between turrets .................. ----- 10.831.758 4 2,707.940 122.384
Between departments-- ----------- 87.312.895 7 12.472.271 1103.107
Between schools ....................---- 17.551.027 4 4.387.757 236.270
Between cel5s.......... .. 50,708.155 117 _ .-

Within cells ..... 178,557.587 1.476 120.974-

o .. 237,265.742 1.593

':Differences found Indicate that with the appropriate degrees of freedom they would be
likely to occur by chance less than 1 time in 100.

Use in the reclassification of instructors.-In accordance with
a directive issued by Headquarters, *Army Air Forces, a number
of boards were established to examine instructors who had at-
tended the Instructors School for reclassification to Specification
Serial No. 938, a classification ordinarily given only to graduates
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TUJ., 12.20.--F-ratios between the scores. of students at five basic gunnery
sortab~ole compared by school attended. Separate F-ratios are presented reo,"

differences computed on two ecores; parts I through V; and VI (August..
September 19t) F a

Source of variation Sure of d tlmat F-rat!.,, squares f! a variance

scores oti subtests I-V:

Between turrets -------------------. 7.313.821 4 1.828.455 120.511
Within schools (error) ....------------- 112408.883 1.261 89.143

Total. - -119.722.704 1,265

Scorex on subtest VI:
Between turrets ------------------------- 605.413 4 166.353
W~thtn schools (error) ---------------- 28,745.686 1.261 22.796 1 7.29?

-. - ---- 29.441.099 1.265

iWith the appropriate degrecs of ireedom, a value as large as this would be expected less

than one time in 100 by chance alone.

of the Instructors School. 2' The responsibilities of the Research

Division in this program were to set the standards to be met by
the candidates for reclassification, to develop the procedures and

instruments to be used, and to indoctrinate members of the

boards.
22

The standards with respect to the examination, set o0' the

basis of minimum scores of' Instructors School graduates, were

a score of 67 on Booklet I and 62 on- Booklet 11. A minimum

rating of three on either the Gunnery Instrxctors Rating Scale

or the Phase Check Rating Scale was requireO for instructors

and phase checkers respectively in order to corr spond to grad-

uation standards. In addition, all candidates had to have a

satisfactory rating based on the interview with one of the officers

of the board. In processing, the standards were applied at each

phase so that only those candidates who passed the examinations

were rated, and only those passing the rating situation were

interviewed. This procedure was used to maximize the efficiency

with which the ratings and interviews were conducted. "

A 2-day program was established for the indoctrination of the

board personnel. The program included both lectures and prac-

tice sessions in the use of the tests, tha interview forms, and the

rating scales. A principal emphasis in the practice periods on

the rating scales was placed on the standardization of interpreta-

tion of the ratings among the board members, since all members

had had experienc" in their use. All possible combinations of

members were used and discussions were held among them to

vork out differences in an attempt to develop well-matched teams.

u TWX APPMP-12 2779 as quoted in Lr., Hq., AAFTRC dated 5 Oct. 1944 SubJ:

Enanuinlng Board for Reclassification o-lInstructors.

- The personnel responsible for this projcct were Capt. Lawrence M. Stolurow and Lt.
Gerald R. Pascal.
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All members were given a copy of a "Manual For Instructor Re.
classification Board," prepared by the Research Division. This
manual included-a detailed description of the test, the forms, and
the procedures to be used. Frlnally, all board members cooperated
in testing the candidates at Laredo.

TABLE 12.21.-F-ratios between the scores on instructor qualilfying examin.
tlion (achievement) o students at thre basic gunnery schools comPuted b
schools attendcd, and turrets studied: Separate F-ratio. are presented for
each part and for total score (August-September 1944) -

Source i variation um of df Estrmatets quares of variance P-ratio

Part I1 (sighting):
Between turres ---.---.--------- 836.361 5 167.272 12.897'.
Between schools_ 169.734 2 84.067 6.543 e
Between e 963.885 10-
Within cells ero-------9.792.437 755 12.970

'i" Total . . . 10,756.322 765._ ... _ ,

Part III (weapons):
Between turrets..---- 1,599.833 5 319.967 10.071*
Between school........24.004 2 12.002 .37S
Between cells -....... 1,773.170 10 31.772
Within cells err)23.987.639 755 3L772

" " Total . ........ 25,760.650 765 .. . .

Part TV (turrets) 2 0 - 0-Between turrets ------... . ......- 3,053.076 8 1,017.692 65.615 ,e
Between schools-- -- ............ 2,337.020 2 1,168.510 75.8440*0

!Betwien eis. 3,421.474 7--_
Within cells (error) -- 10.112.082 652 15.509

Total -.- -------------------- 13.533.556 659 - -

Total test:
Between turrets. .4.592.886 3 1.580.962 12.261"*
Between schools ..-. -........---- 2,703.636 2 1;35L818 10.826 0*
Between cells .............. 5,985.981 7

& Within cells (error) ...........--------. 81.288.743 651 124.868

Total-----... .------------ 87.274.724 658

IThe number ot times In 100 that an F-Ratto as large as each one obtained would be
expected- to arise by chanco Is indicated by the following system:

No asterlsk: More than 5 times in 100.
N: Between 1 and 5 times In 100.

* Less than 1 time In 100. - ,

The immediate result of this undertaking was the incr'.iqse in
the total number of men who were qualified as Flexible Gunneey
Instructors with the Specification Serial Number of 938. More-
over, during the course of the examinations, data were obtained
which serve as validation of the selection procedures which have
been outlined in this chapter and the training procedures which
will be discussed in the following section. To establish the va-
lidity of the examination used in the reclassification proceedings,
the boards gave the Instructors Qualifying Examination to a
number of men who were graduates of the Instructors School,
along with men who had not been. through the school. To equal-
ize somewhat the factor of recency of instruction in gunnery sub-
ject matter, the non-graduates (non-93S's) were given a brief
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~~~TAam 12,23.-MUlOPIe correlation ~oef. ients and be ta wight# of the ortiiii l

0 parts of the Instructors Qulifying.Examination Battery and for 8~~the most valid parts, Instrutors School (N=675, Jlyc 1945)

Partz ~ tel

lnstructors-qualifying Examination Booklet 1:
Vo bulary .... ---------- - ----- 0.00T 0.110 0.023Mechanical picle..182 .050 .141
M1atbematlce .... __. 216 .096 .188
Reading compreheaslo.- .110 .02, 0.18
Surface development---- -
Teaching aptitude- -- -. 061 .10? .199

Instructors Qualifying Examination Booklet XI:Aircraft -----oMo--------tl--on--- ---Sighting. __ ___ - --- )----.97 .021 .093SWeons ............. 9.023 .02

Turr ts.... .071 -. 014 -. 080
Multiple R.23 .253 .324

I Criteria:
I-1,structorx Course, Final Comprehensive Examination, Form U.
2-Basia Gunnery Teaching.
3-Practve Teaching.

refresher course, and only men who had been graduates from
the Instructors School at least 6 months previously were included
in the graduate group (938's). The results are summarized in
table 12.24. They show quite clearly the superiority of the men
who had been selected for and trained at the Instructors School,
both in terms of percent passing the examination and percent
having an Army General Clasaification Test score above 115.

TABLE 12.24.-Comparison of instructors in training air forces who were
graduate# of the Instructors Sohool (SSN 938) and those who had not
attended the school: Percent passing Instructors Qualifying Examination
and percent having Army General Classification Test scores below 115 (four
training air force stations. first eitarter. 1945)

Percent having
Number examined Percent passing AGCT below 119

Air Force Station .....

938's Non-938's 038's Non-938's 938's Non-938's

Greenvil e. 52 100 67 18 21 48
Rapid City 82 22 40 9 15 50
Gulfport-- 24 122 62 7 4 57
Tonopah ............. .- 21 6 76 0 10 67

Total ....... 179 250 65 12 15 53

Summary
This chapter has presented an account of instructor selection

in the flexible gunnery program. It began by presenting, briefly,
the early status of instructor selection, showing the heterogeneity
of the population of instructors 'in terms of. skills and ability.
This early status pointed to the need for an objective means of
selecting instructors. To meet this need the Instructors Qualify-
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jng Examination was constructed. Several exploratory or incorij-
plete attempts at test construction are described. The final test
battery is presented, giving illustrative items, reliability, and
validity coefficients. The practical use of Instructors Qualifying
Examination is documented, showing its use in Instructor selec.
tion by the Personnel Distribution Command and by the Flexible
Gunnery Reclassification Boards, and its use as a research instru-

* • ment.
The task of constructing an aptitude test which would predict

teaching ability in the flexible gunnery program was beset with
all the ills attendant upon any attempt to predict teaching ability..
Many intangibles contributed to this ability. Some of those were
measured in the Instructors School by means of a rating scale.
To demonstrate the validity of the qualifying examination it was
necessary to select items which would correlate with these ratings;
but this was complicated by the fact that the rating scale was
variously used, sometimes with mehsurable reliability and in
other instances with unknown reliability. Thus the final selec-
tion of items to measure teaching aptitude was a compromise be-.
tween the power of items to predict success on the rating scale,-'
and a pHriori judgments of factors making for over-all success .as
an instructor. Briefly expressed, these factors were construed tobe intelligence, gunnery knowledge, and facets of personality per-
tinent to instructing. Test items attempted to cover these areas,
insofar as it was possible with a printed test. Scores on the
final battery of the Ir istructors Qualifying Examination showed a
better than chance rdationship with the criteria of success in the
Instructors School, and the examination was accepted as the'prin"
cipal basis of instructor selection for the flexible gunnery program.

THE TRAINING OF INSTRUCTORS -. .. . . . .1zj
Contributions to the training of instructors were made in two

main ways: first, by services rendered to the Instructors School
in order to increase its effectiveness in training gunnery instruc-
tors; and second, bv 1he preparation of manuals nad bulletins for
use by instructord already on the job to increase their effective-
ness in certain phases of teaching. Among the specif e jobs ac-
complished were the development of achievement tests for use in
Instructors School courses; the exploration of the problems in-.
Volved in utilizing returned from combat gunners as instructors;ilthe preparation of manuals on specific instructional jobs; and
cooperation with other agencies in the development of manuals
for intercommunication instruction and in Lie preparation of

- three films for use in instructor training. In addition to these
703326-47-25
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relatively identifiable services, assistance was rendered to the

Instructors School in the solution of various problems on an
informal basis in the course of day-to-day relationships. Al.
though individual suggestions usually had relatively minor con.
sequences, their cumulative effect was presumably appreciable.

The Development of Achievement Tests

The Research Division constructed achievement tests for the
various Instructors School courses, and the Instructors Final Corn.
prehensive Examination. In most respects, the procedure fol.
lowed in this work was similar to that used in the development
and revision of the Gunnery Final Examination as described in
chapter 7. Close relationships were maintained with instructors
and supervisors in the various courses in the preparation of items-
and in verifying the-technical adequacy of items.

The examination developed for the Teaching Methoas course
differed somewhat from conventional achievement tests in that it
required the student to judge'which of seven teaching methods was
most appropriate to a variety of concrete teaching situations; and
to judge which of six principles considered important in formulat-
ing lesson plans was involved in each of a number of. concrete--
illustrations of teacher activity.2 This test was found to have
a reliability of 0.63 for 153 students in class 44-1, by means of
Kuder-Richardson Formula No. 21. For this class, the mean
score was 13.8 and the standard deviation 5.1. This test was
used in the Instructors Cour., ' as a course examination until the
end of the war.

Survey'of Combat Returnee Instructors
In the spring of 1944, a survey of gunnery schools with respect

to their experience in the use of returned from combat gunners
as instructors was conducted.24 Reports that some men assigned
for duty were not properly qualified to serve as instructors, and
that some were too restless to teach effectively pointed up the
need for this study, particularly since a large influ. of returned
from combat gunners was anticipated. The survey included
correspondence with each of the gunnery schools, and a visit to
Harlingen, which had reported relatively good results witv this
group. The information obtained emphasized the need for cL:'e-
ful screening of returnees before assignment as instructors, thz
need for. systematic effoit on the part of supervisory personnel
to seek to arouse interst in becoming a good instructor among
gunners assigned to this job; and a definite need for refresher

2 This test was devised by Lt. Josgph Weproam.

2' This study was done by Capt. Wilbur s. Gregory.
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TABLE l2.25.-Profien y on Gunnery Mot Examination (For.m_ GFc)Ofomoat returnee. tested before refresher training and of combat returneesand basic gunneryj student, at completion of course (December. 194s)

GFO score
Group r D .

81) basic gunners

Combat returnees before retraining
(Bucklngham)_ ------ - ----- 02 87.63 24.64 35.73 125.52

1Combat returnees after retraining
(Buckingham) -..-------- 31 123.36 11.90 3.63 '2.23

Basic gunnery students, end ofcourse (Las Vegas) .............------- 530 126.99 8.52 -

'A critical ratio of this size would h.t expected to arise by chance less than I time In
1,000.

2A critical ratio of this size would be expected to arise by chance less than 5 times In100.

training in basic gunnery and in teaching methods for returnees
before they entered upon instructional duties. Table 12.25 pro-.
vides evidence regarding the gunnery knowledge as shown on
Gunnery Final Examination performance by returnees and by
basic gunnery students. It was noted that the returnees tested
prior-to-refresher training obtained much lower scores- than did
basic gunnery students at the completion of training; and that
returnees tested at the end of refresher training did slightly le~s.'
well than the basic gunners. A bulletin summarizing those re-*
suits and offering concrete suggestions for improving the moti-
vatior? 'of returnee instructors and for reducing the effect of com-
bat fatigue symptoms upon instructor effectiveness was distrib-
uted to the gunnery schools. A booklet, Your Next Mi8sion., de-
signed to aid the returnees in adjusting to duty in the United
States and to arouse as much interest as possible in instructing,
was prepared and distributed to returning gunners. In eddi-
tion to these efforts to improve proficiency of returnees assigned
as instructors, steps were taken which led to more stringent
application of standards for selecting instructors from the re-
turnee group.

Cooperation With Other Agencies in Developing Instructor Aids

Members of the Research Division collaborated with personnel
of the National Defense Research Committee Voice Communica-
tion Laboratory in Waco, Tex., in collating research findings on
the use of aircraft intercommunication equipment, in determining
the implications of these findings for gunnery, and in preparing
Manuals for instructors teaching the use of this equipment. Fa-
o iliarity with psychological concepts .)f speech, with effective

- 1 training methods, and with gunnery instructors facilitated the
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peeparation of manuals designed to increase the effectiveness of
interphone instructors. Ao

In cooperation with the AAF First Motion Picture Unit,
Culver City, Calif., members of the Research Division aided in
preparing three training films designed primarily to aid in in.
structor training.21 These division personnel aided in the prep.
aration of 10 other training films designed for use by instructors 9

in teaching various phases of gunnery.

Other Services in Instructor Training

Among a variety of specific recommendations made and jobs
done during the course of more than 2 years of close association
with the Instructors School, a few of the more important may well
be noted. As early as April of 1943, the director of the Psycho-
logical Research Detachment (Gunnery) suggested in a research
note the great desirability of providing adequate opportunities
for, practice teaching in the training of instructors, a proposal
which was adopted. Again, aid was given to the Instructors
School in selecting a well qualified educational consultant to pre,
pare the teaching methods manual for gunnery instructors. 7

Research Division personnel prepared manuals on the proper
administration of phase checks, on the proper use of student

rati'ig scales, on the scoring of gun camera film and on the most
effeotive means of administering and interpreting objective tests;
in an effort to aid instructors in these aspects of their job.

Srimmary

The training of instructors was an aspect of improving gunnery
vhich was dealt with informally and through the providing of

specific services rather than through a program of research. The
services included the development of achievement tests, the prep-
aration of manuals, and aid in dealing with the effective utilization1i of returned from combat gunners as instructors.

SU13ARY

Proficiency in a gunnery instructor is ultimately reflected in the
proficiency of his students. Research in the selection of flexible
gunnery instructors took a more limited view of the problem,
since it attempted to identify and measure characteristics in an

93ThIs work was done by Lt. Joseph Wepman, Lt. George 3 Wiscbmer, (;:.I. James IL
Neely, and Lt. Joseph L. Joyner.

"Major Robert Bragarnick and Capt. Morgan A. Grcenwoo4 were largely rosj..nslble for
the splendid series of training films developed In the flexible gunnery program.

2'Teaching Methods Manual for Flexible Gunnery Instructors, Air Forces Manuai No. 16,
prepared by the Icstructors School, Flexible Gunnery, Laredo, and tho Department ,t EdU-
cational Research, Ohio State Unlversily, Columbus, Ohio, May 1944.
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instructor which could reasonably be assumed to be significant
qualities of good teachers. Th four main aspects chosen were
intelligence, gunnery knowledge, personal adjustment and teach-
ing proficiency. Of these, intelligence and gunnery knowledge
were considered to be measurable by existing tests. A group
judged to be high in needed personal qualities, namely the staff
of the Instructors School, was used as a basis for validating
tests involving personal adjustment. Teaching proficiency was
measured by means of a rating scale, which proved to yield
satisfactory reliabilities among raters evaluating the same per-
formance.

Initial contributions to the selection of instructors involved the
screening of instructors already assigned to ensure that sub-
stantially all instructors met minimum standards in AGOT score
and in gunnery knowledge. Instructors were expected to have
an AGCT score of 120 or above and .a knowledge of gunnery,
as demonstrated on objective tests, which placed them in the
highest 25 percent of gunnery graduates.

The need for a test specifically designed to aid in the selection
of instructors was recognized. The Instructors Qualifying Exam-
ination was constructed to provide such an instrument. This
test included items relating to learning ability, to gunnery knowl-
edge, to personal qualities, and to attitudes on instructing. Vali-
dation studies of this test against success in the final comprehen-
sive examination and against teaching ratings were carried out.
The relationship obtained showed satisfactory prediction of the
objective test performance and markedly poorer prediction of
ratings of teaching proficiency. For both criteria, however, cor-
relations too large to attribute to sampling error were obtained.

The Instructors Qualifying Examination was used in surveying
the level of qualifications of gunnery instructors in the various
schools and in the various departments, and also in a reclassifica-
tion program in which proficient instructors were given the
Military Occupational Specialty of gunnery instructor without
attending the Instructors School. A factor analysis of this test
was carried out in order to gain a clearer understanding of its
characteristics.

With respect to' the training of instructors, activities of the
Research Division centered around constructing achievement tests
for the Instructors School, preparing various manuals for use by
instructors, and providing information useful in the solution of
various problems arising in the training of instructors.
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CHAPTER THIRTEEN____

The Selection and Training of

Gunnery Officers
Lt. WILLIAm B. SCHRADER, Lt. GEiALD R. PASCAL,

Capt. JOHN A. VALENTINE

THE NATURE OF GUNNERY OFFICER PROFICIENCY,

Introduction "

Early in 1944, there developed a strong demand for officers
qualified to serve as gunnery specialists in combat organizations.
These gunnery specialists were needed at the stuadron, the group,,
the wing, the division, and the command levels. Thy were par-
ticularly in demand in the 8th Air Force, though the need for
officers to supervise gunnery in combat was generally recognized.
In the face of this need, the establishment of a school for the train-
ing of gunnery officers and the formulation of standards for the
selection of students for this school presented problems which
had to be dealt with quickly. Attention was first focussed on the
nature of the gunnery officer's job and on the characteristics bf
the effective gunnery officer.

A number of gunnery officers were already functioning in the
8th Air Force. These gunnery officers had not been selected or
trained in accordance with a formal program, but had acquired
their duties as a means of dealing with gunnery problems in their,
units. As a result, their duties varied markedly with the quali-
fications and limitations of the individual officer and with the
problems of the-specific unit in which he was located. In order
to obtain an adequate picture of the gunnery officer's job, it was
necessary to survey systematically the duties of a number of. these
officers who were considered'to be doing their job well.

To accomplish this systematic survey of the duties of the gun-
nery officer, it was decided to send an officer to the 8th Air Force,
where the role of the gunnery officer ha_ I been best defined through
%erience. But, as was so often the , ase in gunnery training,

action could not await a thorough laying of groundwork. Plans
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for the school had to go forward Immediately, on the best avail.
able judgment of what the gunnery officers might be expected to
do. Therefore an "armchair" job analysis was drawn up, a ten.
tative curriculum was blocked out, and certain tentative qualiflca.
tions for entrance into the school were formulated, Then an
officer who had been actively engaged in this preliminary, dedue.
tive analysis was sent to the 8th Air Force to verify and supple.
ment the analysis and to obtain materials which would be useful
in rounding out the-curriculum.

The Gunnery Officer's Job

Stated in terms of its purpose, the gunnery officer's job was
to bring about and .maintain maximum combat effectiveness of
gunners assigned to bis unit. It was assumed that he needed to
"know what factors contributed to the- effectiveness of gunners in
combat, to be able to detect areas in which improvement in profi.
ciency was most needed, and to be able to take the proper correc.
tive action. He needed, in addition, to adapt his activities con.
tinuously ii response to changing conditions of combat in his
'theater............* .

In. order to find out speciftcAly- what gunnery officers were
.doing-to improve gunnery proficiency, and to secure a picture of
,the tasks they were expected to perform in their units, the study
of .8th Air Force gunnery officers, mentioned above, was carried
.out., This survey involved locating 25 gunnery, officers who
were judged to be proficient in their duties, interviewing them
systematically, studying and analysing their conception of their
.job, and observing them at work. Further perspective on *the
-gunnery officer's job was obtained by studying the selection and
training program carried out by the Royal Air Force for gunnery
leaders, their counterpart to our gunnery officer.
. In the systematic interviews with gunnery officers, an effort
was made to get an evaluation of the importance of various kinds
oi knowledge and ability and an estimate of the frequency with
which they were needed. Specific types of knowledge and ability
.considered were: ,. ,.,. .* . .°. -

Knowledge of flexible gunnei-y"
Knowledge of training principles as applied to gunnery training.
Knowledge of maintenance of gunnery equipment.
Ability to check on maintenance of gunnery equipment.
Knowledge of the practical use of gun armament.
Knowledge of briefing and of post-operational interrogation.
Knowledge of administrative and disciplinary procedures.
Knowledge of factors influencing morale... .

Knowledge of the care and maintenance of the gunner.
In addition, gunnery officers were asked to judge the minimum

lThis study was runde by Maj. Roger W. Russell In January and February, 1944.
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acceptable level in each of 20 characteristics which had been
Identified as relevant to aviation cadet selection and classification.
The gunnery officer expressed this judgment by indicating, on a
9-point scale, the minimum degree of each characteristic requisite

p for effectiveness on the job. Comments and suggestions were ob-
tained from the officers interviewed in order to supplement and
clarify the information obtained through the interviews and rat-
ings. The description of the gunnery officer's job thus obtained
was considered in the formulation of the selection and training
program of the Combat Gunnery. Officers Course, which began
operation in May, 1944. The discussion of the gunnery officer
presented below is a summary of the findings of this study.

The gunery- officer as teache.-The most important task of the
gunnery officer, according to the gunnery officers doing the job, was
to organize and carry on a training program to increase the pro-
ficiency of the gunners in his organizationi. Skill in effective pres-
entation of materials, ability to recognize individual differences
and to deal with them intelligently, and ingenuity in the develop--
ment and use of practical demonstrations were stressed as -essen-
tial to good results.- .

In connection with his responsibility -for improving gunnery.
*proficiency, the gunnery officer was called upon to plan and carry
out a training program for his unit in 'accordance with sound
teaching principles, to select and train gunners to act as gunnery
instructors, to supervise any trained gunnery instructors assigned
to his unit, to do a considerable amount of teaching, to procure
or improvise adequate training facilities and training aids, and
to keep up to date on recent developments in gunnery and in gun-
nery training methods. Recognition of the crucial importance of.
the task of continuing the training of gunners during their combat
tour was essential to an understanding of the gunnery officer's
job. Gunnery officers in the 8th Air Force consistently emphasized
tfhe importance of this function, and the necessity for experience-
in teaching as a part of gunnery officer training. "

The gunnery officer as gunner.-A majority of gunnery officers
interviewed agreed that the gunnery officer should fly -periodically
on operational missions, in order to maintain prestige, to gain
a better understanding of the problems faced by the gunners, and
to increase his insight into practical aspects of gunnery and tac-
tics in aerial combat. This, in turn, meant that the gunnery officer-.
had to possess all gunnery skills necessary to permit him to do his
full shaie in protecting his bomber on these missions; In par-'
ticular, it meant that he had to maintain a high standard of marks-

* nmanship, of courage, of crewmanship, and of skill in caring for
*. j. his guns and personal equipment.
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The gunnery-oiceer a8 technical expert.-It was found that cer. ,
tain kinds of technical experiences were particularly needed by 

the gunnery officer. To answer gunners' questions meaningfully, i
the gunnery officer needed a thorough grounding in the theory of
sighting and in the functioning of machine guns and turrets. To
provide adequate supervision of maintenance, he needed experi.
"ence In preflight and postflight checks on the maintenance job
being done by the various specialists. A number of gunnery ofil.
cers indicated that the gunnery officer needed a detailed knowledge
of tW.-ret maintenance. He needed to be conversant with all im.
portent features of gunnery equipment on the type of aircraft
used by his unit. Specifically, he had to know the machine gun
well enough to be able to deal intelligently with special problems
which arose, for example, in relation to proper lubrication, to the

* timliMg of the solenoids, and to the effects of temperature on the
operation of the gun. Finally, although there was not unanimous
agreement on this, the gunnery officer's job frequently involved
serving as 'a source of information on tactical problems as they
affected gunnery, including such matters as evasive action, search
procedures, characteristics and- tactics--of, enemy. fighters, and
fields of fire and armament characteristics of the type of the
bomber flown by his own units.

The gunnery offlcer as leader.-In addition to his specialized
duties, the gunnery officer could and did function as a leader. In
tius phase of his responsibility, one of -his biggest jobs was that
of maintaining the morale of the gunners in his unit. This in-
volved obtaining recognition of the importance of gunnery by all
members of the unit, providing the best possible conditions- for
gunners in carrying out their duties, and solving or alle'iating,
wherever possible, problems or "gripes" of his gunners. Basi-
cally, he had to gain the confidence of all personnelin his unit
in his ability to aid in solving problems involving gulne_.3 or
gunnery. This required not only energy and knowledge of gun-
nery but also an understanding of administrative and disciplinary
procedures.

Among the various relationships of the gunnery officer to other
staff members, three were considered of special importance.
First, he needed a complete understanding with his commanding
Officer regarding his functions and their contribution to the overall
effectiveness of the unit; Second, he needed to maintain close
liaison with the intelligence officer both in briefing and in inter-
rogation. Knowledge of those procedures -was useful -in enabling
him to act as an intermediary between the intelligence officer and
the gunners by clarifying the intelligence officer's remarks during
br,'-g and by clarifying technical points reported by the gun-
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ners during interrogation. Third, the gunnery officer was able
to provide an additional valuable service by l:heiplng the flight sur-
geon informed on signs of mental or physicgl fatigue observed
ii. his contacts with gunners, and by using discretion in referringto tbe flight surgeon gunners in need of special attention.

In addition to maintaining close liaison with the intelligence
officer, the more effective gunnery officers were skilled in conduct-
ing "gunners critiques." Here the officer had to be able to find
out what gunners had learned on recent missions, to answer their
questions, to discover causes of personnel failures, and to develop
a situation conducive to building up a feeling of cooperation among
the crew members.

The gunnery officer as a person.-The 25 gunnery officers in-
terviewed in this study were systematically asked to designate
what they considered to be the minimum acceptable standards
for a gunnery officer in each of 20 characteristics. The character-
istics were those which had been previously identified as impor-
tant in the selection and classification of aviation cadets.2  The
results of these ratings are in accord with the type of duties de-
scribed above. The 5 characteristics in which the gunnery officer
needed especially to excel were leadership, dependability, motiva-
tion, emotional control, and judgment. Next came mechanical
comprehension, memory, and speed of decision and reaction.
High standards wer- set by the rating officers in all 20 of the
traits. The mean ratings on each trait, based on a scale of 1 to
9, are presented in table 13.1.

The officia job description.-Of the variety of duties which
gunnery officers were expected to perforin, the revised job de-
scription of the Flexible Gunnery Officer (Specification Serial
Number 2554), as specified by Headquarters, Army Air Forces,
may serve as a summary:' .

Directs and supervises, in the air and on the ground, flexible gunnery
training and operations within the organization to which he -s assigned.

. insures that gunners are thoroughly familiar tih the appropriate gunnery
equipment, accessories, and the latest flexible gunnery tactics and techniques.
Insures that all gunnery equipment is properly inspected at regular inter-
vals. Directs the instruction of gunners in crew coordination. Superviaes
the accomplishment of the duties of gunners prior to combat missions.
Makes periodic flight checks with gunners, reporting to the operations officer
all gunners not suitable for combat operations.

Assists in planning tactical and training operations. Maintains liaiqon
with flexibe gunnery officers of other echelons ard with operations officers
and staff officers. Provides guners with the necessary training in specialties
other than their own to complete or augment their combat training. Coordi-
netes with maintenance and armament officers in making necessary reports
on gunnery equipment.

2 To procedure for this aspect of tbo study was fo; - ulated by Col. John C. Flanagan.
3 Inclosure to AAF Letter 35-186, Revision of the Llilltary Occupational Specialty Aerial

Gunnery T"structor (SSN 2554), dated 21 February 1945.
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TABLE 1.L-i4inimum acceptable standards for gunnery offlers on each of
20 characteristics as judged by 25 proficient gunnery officers in the 8th Air
Force (January-Febr, ari, 19,44)

Name of characteristie Mean rating 1 1D of ratin

Judgment ---..------------------------------..... -6.56 1.17
Medhanical comprebenelon .-------- e.40 1.6?
Athmetlc calculations ..........--------------------- 5.52 1.51
Arithmetic reasoning --------- . ...... ......... 5.48 1.58
Mathemetics ----------- ......--------------------- 5.20 1.77
Readlag comprehension ---- 6.28 1.76
Memory ------------------ --------------------------. 0.40 1.95
Dial and table reading -------------------------------- 5.00 1.62
Vizualizatlon of the flight coursc ------------------------- 5.68 1.71
Estlmatiou of speed and distance .................. .... 5.72 1.80
Orlen'ttlon and observation ...................--------. 5.12 1.72Division o; atten~on.. ..... .... ...... .... -.--------- --- (.16 1.6?Speed of decision and reaction --------------......... . 0.40 1.72

Serial reaction - ------------- -----------. 5.84 1.65Coord'Ination -. . . .....- - .--- .---- -.--.-.-.--- .- .- ... 5.i56 lIA7
Finger dexterity --. - .- .-.-.------- ------........... 4.88- 1,.52

~-~-- 70 ---- 2.00

Emotional control. - . ..-- ........................ 0.68 20
Motivation . ...... . .. 6.80 1.87
Dependability ............... .............. -------- - 7.04 1.94

Leadership-- 7.32 1.91

I Ratings based on a 9-point scale: 9 being the highest rating and 5 -being the assumedrating of. the average zlon cadet. bnh

Maintains a continued analysis of flexible gunnery performance to deter.
mine the most suitable gunnery procedures for use In the area in which
operations are conducted, submitting recommendations relative to improve-
ment in flexible gunery equipment, training methods, techniques -and pro.
cedures.

Completion of basic gunery school course, or equivalent experience, and
successful completion of the prescribed course of instruction for flexible
gunnery officers at an AAF special service school is required.

The Measurement of Proficiency of the Gunnery Officer

The ultimate criterion of the effectiveness of the gunnery
officer was the performance of the gunners of his unit in bringing
down enemy planes. In practice, however, this criterion suffered
both from inaccessibility of the necessary data and from the wide
variations in conditions among the various units to which gunnery
officers were assigned.

An evaluation of each gunnery officer in terms of his effective-
ness as a teacher, as a leader, as a gunner, as a technical expert,
and as a person was the next choice as a criterion. It io hap-
pened, however, that of these areas, only .his skill and knowledge

in gunnery could be adapted to objective measurement. Ratings
on personal qualities, or on skill in teaching ,)r in administering
an instructional program, which are difficult to evaluate at best,
were further coinplicated in this situation by the fact that gunnery
officers worked to a large extent individually. .'.atings of squad-
ron gunnery officers might have been done by .1unnery officers
attached to higher echelon in the same dommand, )ut this was not
done. - The wide geographical dispersal of gunn, -y officers con-
stituted the primary practical obstacle to the ex'cution of such
studies.
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~n. tlhe absence of data which would permit an adequate evaiua.
I tion of gunnery officers functioning in their job, the most appro.

priate means of evaluating proficiency was performance in the
Combat Gunnery OGficers Course. The usefulness of this. crite-
rion was enhanced by the fact that the curriculum of this course
was closely related to the description of the gunnery officer's job
outlined In the first part of this chapter. Since the curriculum

IJ:. .followed the job description closely, and since.an effort was madie
, to evaluate the promise of each student as a gunnery officer in

terms of his performance in various aspects of his training, the
operating program of the school offered useful information regard-

[..ing the relative excellence of the students in the various aspects of

-the gunnery officer's job.
K Examination of specific information collected in the Combat

Gunnery Officers Course on each student fo.r administrative pur-
V poses revealed the following possibilities as indexes of proficiency:

(1) Weelr'y character ratings given to each student by the commandant
I of students, flight commanders, and instructors;

(2) Course grades in the several courses;
(3) Final. 'comprehensive examination scores;
(4) Graduatiorr versus elimination from the course.

Of these, reliability data were available on the final comprehef-
sive examination only. An estimate of 0.69 for this reliability.
-was obtained for scores of 54 students in classes 44-4 and 44-6

I by useof Kuder-Richardson Formula No. 20.' Study of the va-

rious criteria indicated that graduation-elimination appeared to
be most promising, since it represented an evaluation of the stu-
dent as a potential gunnery officer, and since it also reflected
course grades, final examination scores, and character ratings.
Moreover, elimination represented an important administrative
action, since the school was necessarily judged by the kind of
graduates it sent to the combat squadrons.

One study of the reasons for elimination was carried out on- 32.
students eliminated from classes 44-1, 2, 3, 7, 8, 10, and 12.

These 32 eliminees constituted approximately 17 percent of the
-total enrollment in the classes studied.. Examination'of the fre-

quency with which various reasons were assigned for elimination,

as shown in table 13.2, reveals that approximately half of the

eliminations were attributed to academic deficiencies." However,

it is also apparent thatconsideration was given to personal quali-

ties and ability t. fly as a gunner on missions.
The criterion of elimination from the school had the practical

advantage of being based upon relatively uniform conditions for

For this group, .V was 77.6 and SD was 6.4. Data on part scores on this test are pre-
ROMte In table 18.13.
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all officers being compared, and of providing easily accessible data.
This criterion had, however, the disadvantage of being based
largely upon subjective judgments of individuals who functioned
without the guidance of a clearly defined aid consistent policy.
Its value depended primarily upon the ability of instructors and
administrative officers to predict success or failure of the student
as a gunnery officer in a combat squadron. The extent to which ,

these judgments were reliable, in the statistical sense, is un.

known. On the whole, this criterion was considered to be a use.
ful preliminary tool. Scores providing more definite evaluations
of all students on all aspects of gunnery officer proficiency, insofar
as it may have been revealed in course performance, would have
represented a more desirable practical measure for validating si-
lection tests. This goal was not, however, achieved during the
period of operation of the Combat Gunnery Officers Course.

TAlILE 13.2.-Number of eliminations for various reasons among 190 students
etrolled in the Combat Gunnery Officers Course (Classes 44-1, 2, 3, 7, 8, .Io,
and 12, May-August 1994)

Reason for elimfation Frequency

Acadendo failure - 14
Acadn ic failure and air sickness -- o- - -----.

Academic failure and attude------.. 2,
Board t -- 2
E l limination at own request 1
Basic gunery deficency----------
Attitude, and cbaracter--
Slow remection- 3
Air slckuess. 3
Total elitolnated-.3------- - 32

In early 1944, the combat air forces made known an urgent re-
quirement for trained gunnery officers to improve and maintain'
the proficiency of gunners during their combat tour. Tentative,
plans were made immediately for the selection and training of

gunnery officers, based on an "armchair" analysia of the putative
duties of gunnery officers. To verify and supplement this analy-
sis and to obtain additional materials which would be useful in cur-

riculum construction, a psychologist was s.int to the 8th Air
Force in Jaiuary 1944 to study systematically +he work of the
men who were already functioning as gunnery offictxs ,albeit with-

out having had formal training for their duties. Or the basis of
this study, observations were made with reference to t*'., gunnery
officer asia teacher, as a gunner, as a technical expert, as ,: leader,
and as a person. Consideration of the problem of a crite.ion of

gunnery officer proficiency led to the conclusion that graduaion,
elimination from the combat gunnery officers course was the 'ne:1
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udequate of possible criteria considered, although weaknesses In

this criterion were evident.

THE SELECTION OF GUNNERY OFFICERS

Introductlon
In formulating standards for the selection of gunnery officers,

it was decided that the applicant should be a commissioned officer
between the ages of 22 and 35, be able to pass the necessary
physical examinations, and be a graduate of an AAF Training
Command basic gunnery school in the upper 25 percent of his
class or have equivalent on-the-job experience. It was further
decided that the officers should attain a minimum score on a spe-

. cially devised test appropriate to this job. This Gunnery Officers
Selection Test,-AC40A, and the revised form, AC40B, were de-
veloped in response to this need.5  At the time when the test -was
prepared, there were available only the job description presented
1in the first part of this chapter and some information about the
proposed curriculum for the gunnery officers course, since opera-
tion of the school had not yet begun. It was decided that the
test should be able to do at least two things - to measure the
ability to learn quickly (the gunery officers course would prytent
much material in 5 or 6 weeks) ; and to measure those traits of
personality deemed important for good teaching, for maintenance
of liaison with other squadron, group, or staff officers, and 'for
rapport with gufiners.

Gunnery Officer's Selection Test, AC40A . ...

In the development of the initial form of the Gunnery Officers
Selection Test, it was judged to be important that candidates
taking the test should consider the items reasonably appropriate
to the job of selection of gunnery officers; that insofar as possible
the specific content of items should pertain to gunnery problems;-
and that the test performance should depend primarily upon the
general intelligence and upon the relevant personal qualities of
the candidates. In order to facilitate construction, various tests
were studied as sources of ideas. The test as initially drafted
was composed mainly of original items, except.the Mechanical
Principles section, which was based, on the Aviation Cadet
Qualifying Examination, AC12J, and on the Mechanical Principles

sSee AAF Ltr. 50-31 dtd. 6 June 1944, and revised AAF Ltr. 50-31 dtd. 18 October 1944.

$The Initial construction of the Gunnery Officers Selection Test was carried out under the

supervision of Capt. Mason Haire, by Lt. William D. Sc ,,ader, Pic. Arthur Feiner, Pie.

David Gordon. Sgt. Ale. ander Levine, and SL flymnr ForJ ,'nzrr. Initial try-outs of the
test and editorial revisions were the responsibility of Capt. .,vrene 4. StOlurOr, assisted
by. Lt. Gerald IP Pascal. Capt. Frederick B. Davis -gave valuable technical and editorial
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Tes0t 4 Th3Ae T Iitnia form of the, test was tried out on a
group of 38 Instructors School officers and 50 weather oflicers,
chsnges~were made in wording of Stemo, and the test was re-mine.
bgraphed. The new- form 'was administered to 685 officers inTrainiing Cominand gunnery' schools primarily to select student8

for , the -flrst few- classes of the Gunnery Officers Course. On the
basis of this experience, the test was edited to eliminate ambigu.
ous wordings noted by the candidates. A number of new mnathe.
matics items were prepared during this period and 'were substf.
tuted for the mathematics items in the original forms. Form
AC40A was -the result ol these preliminary try-outs and revisions.

Gunnery Officers Selection Test, AC40A, was organized into
two booklets,. In general, subtests which were thought to stress
general learning ability were included in booklet I, while those
designed to reflect personal qualities of the candidate were in-
cluded in booklt II.

Booklet I.-Booklet I was constructed to serve as -a general
learning ability test. It contained three parts: Reading Compre-
hension, Mechanical Principles, and Mathematics. Table 13.3
shows the parts, the number of questions in each part, the reliabil-
ities, and the'scoring formula. .

T ABiL 13.3.-The Gunnery Officers Selection Test (AC4OA), Booklet 1: Sub-
ject matter and length of parts, and'veliabilities of parts and total (N=
190, May-August 194*)

P-rt Subjtmatter Numberof Question
S m questions Nos. Reliability l

1 -.... Reading comprehension . . 30 1-30 0.71
2.... Mechanical principles ........--- 45 31-75 M
3 Mathematic........ 30 76-105 .85

Total.._ Booklet I ... 105 1-105

± Rellabliltles computed by Kuder-Riehardson Formula No. 21.
'For total score on booklet I. M-- 68.1; SD= 13.5.. Scoring formula was number of

correct responses.

Illustrative items from each part of booklet I are pres-inted
below.

Illustrative item-Reading Comprehension (part 1)
Since many types of modern aircraft do fiot have complete all-around

defense, hostile pursuit ships may be expected to take advantage of blind
spots, or weak spots, in the defense. The mo ' effective methods of cover-
ing blind spots is to distribute other aircraft in the formation in such a'
manner .that their guns will cover these blind spots. In most instances of
attack, against either a formation or an indivic" al airplane, one gun station
will bear the brunt of the defense. Under stch conditions the gunner of
the station contributing m,,3t to the defense m..v be assisted by other fiefi-
bers of the combat crew. "it is important to iniure that firing is continuous
as long as the attacker is in range and that ma.timurn firepower is delivered
at critical moments. Th, defense will ordinarill be brought into action at
the command of the fire .ontrol officer.
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i. Dcfense fire should be
I-A. continuous and steady while the target Is In range.
i-B. continuous while the target is in range, and at a minimum at criti.

cal moments.
I-C. held until critical moments, and then quickly brought to a maximum.
1-D. such as to prevent the attacker from cbming in range.
I-E. maintained in short bursts as long as the target is in range.'

Illustrative item-Mechanical Principles (part 2)

I. A gun sight is reliable only within a limited range principally because
1-A. it is difficult to align the gun barrel and sights accurately.
1-B. the sight is set higher than the gun barrel
1-C. it is difficult to line up the sight with the target at leng range.
i-D. a bullet drops more and more rapidly as distance from the gun barrel

increasem.
1-E. a bullet loses momentum so rapidly.

Illustrative item-Mathematics (part 3)

1. A sniper stands in a room 8 feet back of a wall that contains a window
4 feet wide. In a road 100 feet from the house and parallel to it an in-
fantry column is marching past. The length of the column that the sniper
can see is

1-A. 50 feet.
1-B. 54 feet.
1-C. 200 feet.
1-D. 400 feet.
1-E. 4Z2 feet.

Booklet 1I.-Booklet II was designed to stress the personality

characteristics considered important for success as a flexible gun-

nery officer.. These traits, with'a brief description of each, ire

listed below.
(1) Leadership.-Ability to arouse, plan, and direct the aetivi-

ties of a group of gunners toward the attainment and maintenance

of the highest possible level of proficiency in all respects of gun-

nery. . "
(2) Sociabiity.v-AbilitY to mix well and show a direct per-

sonal interest in, and an understanding of, the gunners with whom

he is working, and in their personal problems.
(3) Judgmnent-.-Abilityto arrive at a decision which will lead

to effective action by iecognizing, summarizing, and properly

weighing all the facts pertinent to the solution of problems, par-

ticularly training problems.
(4) Self-confidence.-A fair and just appraisal of his own

abilities enabling him to make necessary decisions and to take

appropriate action without delay or hesitation.

(5) Tact.-Ability to deal with people in a face-to-face situa-"

tion in such a way that pleasant and effective personal and work-

ing relations are maintained at all times.
(6) Emotional control.-Ability to rei,,ain calm and collected

and to render fair and objective decisions under trying circum-

stances,
7 "i03326--47-26!I: 393



iv  (7) Gunnery interest.-Interest in flexible gunnery and related

mechanical problems.
These qualities served as a guide in deciding the type of subtest

to be used and in formulating items for subtests i booklet IL
An effort was made to include a number of items believed to
be related to each of these characteristics, and to include only
such items as were judged to be relevant to at last one of themn.
An attempt was made to construct Biographical Data Blank
items covering each Df these qualities. Instructional Aptitude
items were designed to stress judgment and tact. Gunnery In-
terest was designed to measure interest indirectly by measuring
information. Sports and hobbies was intended to provide indi-
cations of sociability. The number of items in each subtest are
shown in table 13.4, along with reliability coefficients and scoring

I "formulas.

TABLE 13.4.-The Gunnery Officers Selection Test (AC4OA), Booklet I1:
Subject natter and length of parts, and reliabilities of parts and total
(V= 190, May-Augugst 1944)

,t

Part Subject matter Number of Question Reliability'

questions Nos.

1,...._. Biographical data blank .......... 60 1-60 0.43
2,-- Instructor aptitude--... - - 30 61-90 ..5

.... Gnnery Interest o30 91-120 5
4.... Sports and hobbite-_ 30 121-150 .

Total Booklet I1_ _- 150 .80

• Reliabilities computed by Kuder-Richardson Formula No. 2L
2 For total score on booklet II, M= 88.8, SD= 13.2. Scoring formula wa3 number bt

correct responses for all parts of the test except for Blograpbical Data Blank in which eack
alternative was scored +1. -1, or 0.

Sample items for each of the four subtests, and the directions
for Biographical Data Blank and Instructor Aptitude are'pre-
sented below. ..

Illustrative item-Biographical Data Blank (part 1)

Directions.-In this part you are asked -.ar certain information about your
opinions, your background, your education, and your civilian employment.
All of this information has been shown to be related to gunnery officer train-
ing. It is, therefore, in your own best interest to answer the items in this
part carefully. There are no "right" answers to these items except the
answers that tell the truth about you.

For each item, decide which one of the choices best fits your case. Some-
times, no one of-the choices Mill exactly fit your case. Don't worry about
this just select the choice that most nearly fits.

Work as rapidly as you can without making mistakes. Don't spend a
long time thinking about the answer to an item. Mark the answer quickly
that you think is beat by blackening the space identified by the same letter
and number on your separate answer .heet.

1. Until you were 18 years old, on ;:hich one of zhe following did yOa
spend most of the time when you were not in school?

1-A. Building things.
1-B. Reading and studying.
1-C. Playing football, basketball, and other sports.
1-1). Working for your parents.
I-E. Earning money by working foi someone other than relatives.
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illustrative Item-Instruction Aptitude (part 2).
Directions..-This piart contains a group of problems like thost-with which

come to it and decide which one of the choices given alter each accompanying

question or incomplete statement beat answers the question or completes the
meaning of the statement. If you canot decide, you may reread the situation -

described. Several choices may seem reasonably possible; ou. are to select
the one that you think Is beat. Or. your answer shoot, bracken the space
identified by the same number and letter as the best answer.

At an air base in a theater of operations, a gunnery offcer has organized
his gunners into a class for an in-service training course. The gunnery
officer was graduated from gunnery schoo: some 10 months earlier and his
combat experience has been limited. Two of the -men are newly assigned

reevdmost of their gunnery training in combat. The older gunners fall

into three groups-half of them were trained as armorers, about a quarter of
them were trained as radio men, and the rest are graduates of AM schools.
The two waist gunners in the group lead all the rest both in combat missions
and-in decorations. What they say about anything is law with the other

,,enlisted men of the command.tw
1. On every new point of procedure mentioned by the officer, thetw

The officers should-ontereprcc.
1-.A. appeal to the class for cooperation. -~

1-B. call the two men in for conferences.
1-C. attempt to justify the 1,echnique on the basis of his superior training.
1-.D.,qlestion the two men in such a way as to make them show their

a& knowledge of gunnery thnory.
i.explain that new techniques are usually developed by highly. experi.

,.iced combat gunners. .
-

Illustrative item-Gunnery Interest (part 3).

1. A violent and uncontrollable turn of an airplane while it Is taxiing Is
called-

1-A.*a christie.. * . *. , .

1-13. a -nose-over. .

1-C. in Immelmnann -turn.
1-D. a chandelle.
I-E . a ground loop.

Illustrative item-Sports and Hobbies (part 4).

1. A "passed- ball" may be charged against
1-A. either the pitcher or the catcher.
1-B. the pitcher only.
1-C. the catcher only. -

1-1). any outfielder. ... *.-

1-E. any infielder.

Total scores.-The distribution constants and reliabilities for
both boolets are shown in table 13.5.,

TABLE 13.5.-Reliabilities of total scores: Gunnery officers Selection Teat,
AC4oA (N= 190, Alay-Au gust Nube944e)ailt

questions coefftcient'

Do~letI------- --- -- 105 0.88
Bo klt - -- -- -- --- -- -- -- -- -- -- - -- -150 .80

Blooklet It ---- --- ---- - ---------- 255 2.89
Total tost.--------------------------

inReilabilitles computed by 1~uder..Richardsofl Formula No. 21.
2For total score, M=167.1, SD=23.3, N=18 9 .
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Selection policy, AC4OA.-As has been previously pointed out,
at the time the test was constructed and when it was first put
to use, there was no Combat Gunnery Officers Course, and it was
impractical to test successful gunnery' officers in theaters of
operation. There was, therefore, no way of estimating the valid.
ity of the test, and the selection pt,.*cy had to be determined with.
out the aid of validation data. It was suggested, at first, that
stueints be required to pass the test at or above the average for
the population tested, i.e., at or above the fifth stanine. A num-
ber of candidates, particularly those having combat experience,
were admitted to the school during the early period of operation
on the basis of stanine scores of four and even of three.
. The validity of AC4OA. 7-The validation of this first form of

the test was possible only after the Combat Gunnery Officers
Course had been in operation a sufficient length of time for enough
cases to be gathered to permit statistical study. Data on the
validity of AC40A are briefly presented here.

Table 13.6 shows the biserials of AC40A scores against pass-
fail in the Combat Gunnery Officers Course. Although it was
probable that a better than chance relationship existed between
test scores and success in the course, it was judged that little con.
fidence could be placed in the. estimate of validity becau'e the
reliability of the criterion .was unknown.,

TABLE 13.6.--Biserial correlation coefficients between scores on ths GunmT v
Officers Selection Test (AC4OA) and graduation-elimination in the comb.
Gunnery Officers, Course (N=190, P-O=.8S 1, May-August 1944)

AC40A rbls 2

Booklet I 0.32
Booklet II --------------------------------------. 08
Total Test ----- --------------------------------. 18

Means and standard deviations for this population not available.
2 For these data, a correlation as large as 0.14 would be expected to occur by chance 6

times In 100; one as large as 0.18 would be expected to occur by chance 1 time In 100.

Revision and Finai Form of the Gunnery Offices Selection Test,
AC4OB
Form AC40A of the Gunnery Offic..rs Selection Test included

225 items and required approximately 4 hours to complete. In
order to shorten the test, an internal-consistency item analysi3
was carried out, using answer 3heets of 200 officers. Tetrachoric
r's between pass-fail on each item and total score on each booklet
(using median split) were computed for each item. The test

Validation, standardikatlon, and revision of AC40A were pritnarliy the responsibility of
Capt. Lawrence M. $;o.%,row, assisted by Lt. Gerald R. Pascal and Ngt. Paul Freemia

Chiefly responsible tor tatistlcal analyses w'ro Ctpt. Otto J. Boyers and Technical/ftt I "
Ilyman Kail.
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was cut to 125 items and time limits were set for each part. The
total of these time limits was 2 hours. The Biographical Data
Blank subtest was eliminated because of low item reltabilities and
because of dissatisfaction with the a prio scoring key. The
revised form of this test was designated AC40B.

The retiabilftty of AC4OB.-Since AC40B was composed en.
tirely of items drawn from AC40A, it was possible to obtain esti.
mates of the reliability of AC40B by rescoring 500 answer sheets
of candidates for admission to the Gunnery Officers Course.
Table 13.7 gives the reliabilities obtained, together with the name
and length of each part. Stanine conversion tables for Booklet I
scores, Booklet II scores, and total scores were constructed o4
the basis of the appropriate means and standard deviations.
The stanine conversion tables will be found in table 13.8.

TABLE 13.7.-Revised Gunnery Officers Selection Test, AC4OB: Subject matter
and length of parts and reliabilities of parts and total (N= 500, August

BOOKLET I

Numbero Question Reliability' MA SD
questions numbers coefficients

Part 1. Lleading comprehension ----- 25 -5" 0.70 17.37 4.00.
Part 2. Meebanical principles-.-- 25 2 .70 16.90 4.05
Part 3. Mathematic .~..-----. 25 51-75 .85 11.83 . 5.76

.Total Booklet - 75 2-- .87 46.17 1.29

B OOKLET 1I ..

,?art 1. instructor atde." - 15 1-15 0.52 10.58 2.46
Part 2. Gunnery Interestu - i  s 15 6-30 50 11.60 2.24
Part 3. Sports and hobbies -..--- 20 31-60 .63 11.92 3.55

Total Booklet IL ...... - 50" .69 34.00 5.52t
Total test - 125 .89 80.16 16.30

I Reliabilides computed by Kuder.Richardson Formula No. 21.
$For total score, Booklet I. M-46.2. 8D11.3.
'For totzl score, Booklet II, M=34.0, SD-=5.8.
AScoring formula for entire test was nmtuber of correct response.

TABLE 13.8.--Table for converting AC4OB raw scores to stanine scores (N-
500, August 1944)

Raw score intervals
Expeuted

Stanines percent ,
of cases Book I I Book I11

-, 9 4 6 and over-- 44 and over.
7 61-65.. 41-43

-7 
12 56-60---- 39-40

6 . . . . .17 50-55- 37-38
5 .-.. ....... 2 0 4 4 - 9... - 3 3 -3 6
4 . ......- 17 3"-- - 30-32

3 .1 ............. .. 12 32-37--. 27-29
------------------ ~ 122...7 27-31.... 24-26

1.'.. 4 1 elow 27.. Below 24.

I For Booklet 1. Md=46.2t SD=11.3.
'For Booklet I, M=34.0; SD= 5.8.
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The deterrninatfib jf mnimrum qualifying 8core8.-An estimate
of the relationship between AC40B scores and the criterion wvas
calculated by rescoring AC40A papers of 182 officers for whom4
gra d uation-elinlIfnation data were available. These papers had
been excluded from the Item analysis on the basis of w,,hich AC40OB
was constructed. They had been used in the vaidcation of AC40OA
described earlier. Table 1i3.9 shows the estimated relationship
betwleen Gunnery Officers. Selection Test AC40B scores and grad.
urallon-elimination in the Combat Gunnery Officers Course.

TABLE 13.9.-Biserfal correlations between AC40B scores and graduation.
elimtination in Combat Gunnery Officers Course (Mlay-August 194) s

StAnine scores

Me ONS~

ooklet-1 182 0.857 6.15 3.77 1.79 0.42
Booklet U.------- 182 9S57 5.46 4.81 1.93 ,l

' Coefficients not corrected for reetriction of range.
*For these data. a correlation coefficient as large as 0.14 would be expected to occur by

chanace 5 tImes In 100; one o: 0.18 would be expected to occur by chance 1 Urns In 100.

To provide an empirical basis upon which to recommend quali-
* fying scores in the selection of candidates for the Combat Gunnery

Officers Course, various combinations of Booklet I and Booklet II
stanines were arrayed against pass-fail in the course, and tetra-
choric correlation coefficients computed. Table 13.10 shows thle
proportion of students and the proportion of failures which would:
have been retained by various combinations of stanine scores*
amnong 182 officers who attended "the Combat Gunnery Officers
*Course:

*TABLE 13.10.-Percent Vf total population retained and percent of failures
retained by various pairs of critical stanine score of BookietII and Booklet
11 of AC40B (162 sluczinta; 26 failures) -

Critcal tanie scre ICritical stanino score (Booklet 11):
(Booklet 1) ~~.

3 4.

3. Percent of students selected .Z.. 72.5 61.0 2
Percent of failures retained.... 53.5 46.2 2 b.,.
Tetracliorie r ------------- ~ (0.32) (0.24) (0.24'

4. Percent of failures retained ..-.. 58.8 51.1 37.4 -

Percf at of failures retained.---... 26,9 2S.1 23.1
Tetraichoric r..____...- (0.49) (0.44) (0.25)

5. Pere, int of failures reM.-ned . 36.8 .34.2. 26.9 20.?1
Percent of failures retAincd___.. 7.7 7.7 3.8 8.8
Yietrachoricr..... (0.54) (0.51)\ (0.54) (0.47)

9i 'Percent of failures reRFine.......----. ------ 15.9 12.6
Percent of failures retained-----.. 3.8 3.8
Tetracborle -------- --~--- ---- . (0.40) (0.05)

Selection policy, AQ,4OB.-Considering the predictive value of
obtained. measures of raIatioiiship, and the uncertainty of factors
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contributing to the make-up of the popul.ation used in the empirical
study, it was deemed advisable to select cut-off scoreswhich would
permit a majority of candidates to enter the Combat Gunnery
Officers Course. It was therefore recommended that until such
time as validity studies against a reliable criterion could be con-
ducted, all applicants receiving a stanine score of four or above
on Booklet I and three or above on Booklet II be admitted to the
school. Inspection of table 13.10 will show that if this policy had,

* been followed with 182 students who had been admitted to the
school, 26.8 percent, or 7 out of 26, of the men who actually failed
would have been permitted to enter the school, but that 58.8 per-
cent of the total number of students would have been admitted.
'Under the circumstances the recommended stanine cut-offs were
considered fairly efficient, and they were recommended for use.

This chapter has described the construction of the Gunnery
Officers Selection Test, ,"',s reliability, and, insofar as possible, its
validity. .The statistical procedure used in arriving at a recom-
mended cut-off score for selection of applicants has been indicated.
The statistical analysis showed a significant relationship between
success on the Gunnery Officers Selection Test and success in the
Combat Gunnery Officers Course. -

THE TRAINING OF GUNNERY OFFICERS,

tntroducilon
The original curriculum for the training of combat gunknery

officers developed -as the result of thrnee separate endeavors, as
described below. "

i Preliminary draft of curriculum.-The first draft of,, the cur-,,. '

riculum was prepared in December 1943.,following.the receipt by .
the Instructors School of a.directive to prepare to train some 1,500
gunnery officers.8 The directive required immediate action in.

establishing a course of training for such officers. In preparation
of the initial curriculum, it was necessary to take advantage of

such information as was available from combat reports and from
officers who had some combat gunnery experience. Guiding prin-

ciples were inferred on the basis of the broadly defined objectives
stated in the directive. Suggestions regarding possible gunnery'
training procedures were obtained from officers engaged in the

training of basic gunners and gunnery instructors at Buckingham.

' Most Gf the original planning for the training of gunnery ofilcers was done by Maj. Rog6r

W, Russell le drafted the preliminary curriculum, conduct. : the study of gunnery orcers
. z In the 8th Air Force, and advised in the preparation of the s aa draft .of the lritlal curri-

Ctulum of the *chooL
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I. general, the first draft of the curriculum emphasized Instrue.
' ition in various methods teaching gunners and of giving them re.

fresher training, as it was anticipated on the basis of available
information that gunnery officers would be primarily concerned
with such problems. Also included in this first draft were provi.
sions for a review of the duties and equipment of basic gunners,
is well as for familiarization with the latest developments in
gunnery theory and tactics.

Study of gumnery officers in th-e European Theater of Opera.

tins.-It was recognized during the early period of planning of
the gunnery officers course that the preliminary curriculum form.
ulated to meet immediate military requirements should be eval.
uat;.d and revised on the basis of a firsthand study of the duties
of ombat gunnery officers. It was primarily for the purpose of
effecting such evaluations and revisions that an officer was sent,
in January 1944, te. the European Theater of Operations to *visit
gunnery installations and interview gunnery experts in the
8th Air Force add the Royal Air Force.

The information gained regardizig the duties of gunnery officers
in both the RAF and the 8th. Air Force is summarized in the
first part of this chapter. On the,'basis of this information, eight
fields of knowledge were formulated, and were assigned weights
according to their relative importance, the weights being based

oas much~as possible on the consensus of experienced and qualified
gunnery experts. The number of class hours to be devoted to
instruction in each of eight -fields was then determined, iccount
being taken both of the weightings and of the difficultives involved
in learning the various types of material. Difficulty of materials
to be learned was judged, in terms of the complexity of the mate-,
iial involved and in terms of the likely backgrounds of the student
officers. The fields of knowledge, assigned weights, and delegated.
numbers of class hours were as indicated in table 13.11.
TABLE 13.11.-The fields of knowledge, assigned weights, and number of ¢is"

hours used in preparation of Initial curriculum for Combat-Gunnery Offleers
Course (Buckingham, March 1944)

j , "Hours inI -Field of knowledge :Weight 5-week
- " ,_"course

(1) Knowledge of training principles and practices as may
apply to training In floxible gunnery ----- 12 69

(2) Knowledge offlexible gunnery (including sighting) ------ 9 51
(3) Knowledge or the maintenance of gunnery equipment(including preflight checks) - --------- *8 46

(4) Knowledge of tactics and the tactical emplo-meut of
un-rrmaments ...... 4

(5) Knowledge of operational procedures -----....... .- 23
(6) Knowledge of administrative and disciplinary procedures 1
(7) Knowledge of factors influencing morale 1
(8) Knowledge of the care and maintenance'of the gunners.] 1
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The fields of knowledge listed in table 13.11 agreed essentially
with the first rough draft of the curriculum p~repared prior to the
study of gunnery officers in the lBuropeati Theater of Operation.
The 8th Air Force study largely confirmed the assumptions on
which the preliminary curriculum was based.

Contribution of board of combat gunnery experts.-At approxi-
inately the same time that the 8th Air Force study was initiated,
four combat gunnery experts, were ordered to B~uckingham to
assist in the establishment of the course? These officeiA made'

- several revisions to the~ first draft of the curriculum, formulated
some suggestions regar.ding specific training~ procedures, and met
-with the oricer in charge of the 8th Air Force studJy, upon his
return, to .r.cke final decisions about the curriculuM.

The Curriculum for the Combat Gunnery Officers Course*
On the basis of the above three endeavors,,the curriculum out-

lined in ta ble 13.12 was put into effect for the first class of stu-
dents in the Combat Gunnery Officers Course. The broad out-

TABLE 13.12--Initial curriculum for Combat Gunnery Officers Course (March
___________ 1~944) -- ____

Con tenf Hours

1. Orientation -- - -4

2.Flxi!eguney evewan isruction (70 hoirs): 33)
a. Sighting, theor; ~and sights ---------------------------- 3
b. Synthetic training, theory afid prictice ------------- 10
c. Ground firing, theory and practice& 6----*----- -----
d. Air-to-ground firing, theory and practice-_---- ---------- 9
e. Air -camera-gun firing, theory and- practice -- r-------- 8

E.~valuation and assessxnent of air camera-gun 'film1~------4
S.1rhip~iles and practices in flexible gunnery training,(4hu)
a. Orientation :-------------------- 7--7---- I

b. Organization of trainihig program -----------
c. Instructor selection ---------- ------------- :1
ci. Teachin~g methods ---------. -i----------------- 18
e. Training records~-'*-------------------- ------- 2
f. Practice teaching .------------------------ -- 19'

4. Use and maintenance of equipment (51- hours):' .

a. Introduction -- ------------------------------ -

b. Weapons ------------------------------------- 14
c. Ammunitioni and explosives----------------- ----------- 32.
ci. Turrnts 32-- - - - - - -- - - - - - - - -- - - - - - - -
e. Inteiphone communication equipment, theory and practice ------- 1

5f. Oxygen and personal- equipment ------------- ---------------- 1
5Tactics (23 hours):- I.. .1'

a. In' roduction ----------------------------------- 1
b. Factors affecting air fighting tactics 1---------- --
c. Fighter tactics----------------------------- ,-------~ 2
di. Bomber tactics---------------------------------------- at
e. Fight!ing control and evasive action---------------------- 2
f. Searc procedure ------- ;----------------------- -------- -
g. Duties of flexible gunnsr------------------------1
h. Air exercises --------------------- --------------------- 1

6. Operational procedure- (36 hours) :-
a. Introduction and outlineoz of combat, intelligence. ----------- 2

-'Squdo Leader Wi1lamn J. Wintar, ~IF p.Otie W. May. Capt. Edward C, Jm~C

Laugiln, and Capt. Eugene 3. Pollock-
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b. BrefinC, tcoryan practe------------------------- S
c. IntcrrOgatlon . critiqlues. porsofiv.1 Irtcrviews. and reprting,

theo y anid practice ---------- ---------- 15d. Maps and target crts 1--------
e. Evasion, e35Cspa procedures and prisoneofw arW behavior ------... 2
fAircraft re-cognition --------------------- 2

V. Briefings andiInterrogations in conjunction with alr exercises-.. 6
7.Administr'tion and discipline (6 hours):

a. Unit orgailzation, channels of command, Oaff relations, t.... I
b. Administratlon and repors s...-----------------3

Discline lw- ---------------------- ----- ---- 1
8. Morale 1(3 houn): -

a. Theo meaning of " moral* -------------- ------ 1b. lT'dncIples of controlling~ morale ---- ----------- I
a. Practical suggestions for maintaining the imorale of gunners-"--... 1

9. Care and maintenince of the guiner (6 hours):
a. Effects of flight..------------------------------------ 2

1b. Prevention of personnel failures leading to casus-,ties-------. 1
v . First aid ---------- 1 _---------;---------

Air fatigue .......-- ----- - ---------------- 2
10. Final examination _*------- --------------------- 2
11. Final board ---------- --------------------------- - 1

Totid hours of course of instruction--,--,,:,,,---------246
12. Round-table discussions-, a .7~

a. Orientation discussions y x's *~5

* ~~ Pilot --------- -------- - - - - - -

2) Navigator ----------------------- 2
(3) Bombardier-------------cob---- ronnl

bInformational discussions by available',cmu~esne (hours
as ereqed) , -

lines of 'the curriculum re-mained essentially the same throughout
the war, although many changes were made in the specific course'
bontent-from time to time, one of the most imporant being the
addition of 'a sixth week almost exclusively devoted to simulated
operational missions. The correspondence between this curricu-
lum and'the descriptions of the duties of gunnery officers was
close. It can be seen that each of the areas of knowledge strepsed
a3s being of importance to the accomplishment of these duties -was
taken into account in the j reparation of the curriculum.,

Contributions of Psychologists to Gunnery Officere Course
Psychologists in the Central School had little to do with. the

gunnery -officers course once it was established. Various course
examinations were prepared by the, psychological tests section of
the Research Division, and a final comprehensivt. examination
prepared by this section was used as one basis fo~r oimination.
In accordance with the expressed desixe of school avmhoritiesp
thes-e tests were designed to measure the mastery of a m:imunl
V.mount of information considered to be of'special impor'knce.
Obtained scores were usually so high that it was deemed unpr,%t-
a ble to determine measures of item reliability. Reliability CL'-
efficients w'ere determiined for the Final Comprehensive Exai-
nation, form B, on the basis of administration to two 'classes,
These data are included in table 13.13. ,~
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TABLE 13.13.--Rellabilithe of part and total scores t'Coinbat Gunnery Oxero

Course Final Comprihceiave Exarnination, Form B (Class 34-4, January
V044; Class 44-0, Febritary, 4.4; N= 54)

Number Range Mean" r

Part of of raw raw 8D r sItems scores 8WOrs -

principles cad practices of gunner7 tgalnlng.. 15 2-15. 9.5 2.1 0.15
Tactics --------------------------------- 10 5-10 8.4 1.4 .48
AdmtloNtratl:t and dlp.clpline ......... . 10 3-10 7.0 1.4 .12
Care and maintenance of the gunner..... 5 1- 3.9 1.0 .26
Use and maintenanco of equipment ----... 30 19-25 25.4 2.3
Aerial gunnery review and Instructon.....-- 3 18-27 23.0 2.0 .12

* Total ...- -------------------- 100 01-90 77. 6.4 .'$9

J i Reliability cowputcd by Kuder-Rlchardbon Formula 20.

Validity was considered only insofar as each item on a test did

relate to actual course content and was technically accurate.

Summary

A preliminary sketch of the gunnery officer's job, a more spe-
cific job analysis of the duties of gunnery officers functionihig in

the 8th Air Force, and the considered judgment of a board of
four combat gunnery experts contributed to the formulation of"
the initial curriculum described in this section. The central

problem in the allocation of time to different training activities.
was the maintenance of 'a proper balance among training meth-

ods, gunnery skill and knowledge, and administrative procedures.-

Further work related to the training of gunners included the

preparation of the final comprehensive examination and of

several course examinations.
I .1

SUMMIARY

The contributions of psychological research to the selection and

-training of gunnery officers were made chiefly in the initihl formu-
lation of policies and procedures. The development of a

-preliminary conception- of the gunnery officer, and the execution

of a survey based upon systematic interviews and, firsthand oh-

servation of gunnery officers in the 8th Air Force *provided

necessary information for planning of training and selection

procedures. This work was particularly useful in formulating

the curriculum. Concurrently with the planning of the training .

program, the development of a selection test was carried out, so

that this test was available in substantially the final form by the

time the first students were admitted to the school. All of this

work was done with full recogniti .n of the urgent need for

gunnery officers.
After the school for gunnery officers had begun operation, data
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for the validation of the selection test were collected. Evidence
was found that this test was useful for reducing the proportion

*1 '+of students eliminated from the school. The test was also short.
ened and nMade more convenient to use on the basis of an intrnal,

* consistency item analysis. Further services to the school In.
cluded the construction of a final comprehensive examination,
which was composed of items believed to be most important by
the school authorities, and the construction of several course
examlnatB. -
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CHAPTER FOURTEEN______

Contributions to theDevelopment
K of Flexible Gunnery Equipment,

Theory, and Technie .

Capt. THEODORE R. VALLANCE

Although the improvement of procedures for the selection and.

training of gunners was the primary objective of psychological re-
search in gunneryi problems associated with the improvement of

gunnery equipment, theory, and technique were also considered.-

Some of the work done in this area was experimental;. much of

the work wa,, advisory in nature and consiste, of suggepting

solutions to equipment and tactical problems on tfe basis of es-

tablished psychological principles. In this chapter, some of the

more important contributions to the development of flexible guni-

nery equipment, theory, and technique will be summarized.-

EQUIPMENT PROBLEMS ' .

Introduction' -

It is unfortunate that the very vital relationship between the

gunner and the equipment he used was largely ignored, insofar as

a systematic scientific approach was concerned, for the greatir

part of the war. Many of the best engineers in the country were

busied with rush orders for the development of.efficiently operat-

ing gunnery equipment-turrets: sights, guns-and, considering

the backwardness of the field of flexible gunnery at the start of

the war, turned out a remarkable job. But in haste to get equip-

ment into the combat theaters, the problem of so designing the

machines that they would be easiest for the gunner to operate

was not given mature consideration. The following statements,

are presented in support of this- contention.

The right and left waist guns on early E-.17's and B-24's were

so placed that the gunners .could not avoid bumping into each
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other When firing. Vibration virtually precluded accurate sight.
ing with N-6 and other fixed sights while the guns were firing.
The Sperry computing sights, in the upper turret, demanded that
the gunner make conflicting manual movements while tracking
and ranging simultaneously, and, in the ball turret, to make pre.
cise ranging adjustments by operating a pedal with his. heeL
The slowly floating reticle in, the Sperry computing sights, mov.
ing across the viewing glass according to the direction and rate of
tracking, was a source of confusion to the gunner. The peri.
scopic sight in the A-26 provided no reference points by Which
thegunner could tell which direction his sight was pointing and
thus determine deflections. Both the A-26 sight and the top
sighting station on the B-29 required that the gunner move him.
self and the sight in azimuth by pushing sideways on the floor
with his feet, an awkward task. The arrangement of range con.
trols on the B-29 pedental sight assured the confounding of range
with elevation inputs. Gunners in combat quickly learned that
the knurled rim of the range control on this sight made ranging
difficult, and frequently filed the knurls off. Additionally, the
fact that the range control was placed on the right wheel of the
pedestal sight and on the left handle of the ringsight of the B-29
suiggested.a general lack of consistency in approach to the design

, of thp B-29's sighting equipment.
By early 1944 gurinery officials in Headquarters, Army Air

4 Forces, had been made sufficiently aware of the importance of th.e
problem of gunner-equipment relationships to request the Na-
tio .al Defense Research Committee to establish' a project for the.
specific purpose of evaluating existing B-29 and other types of
sighting equipment, and designing, testing, and recommending
improvements as appeared necessary. A separate organization

.-directed and operated, entirely by civilian personnel w'orldng
under university contracts was decided upon for two reasons.
First, the available facilities of psychological personnel of the
Centrl School's Research Division had already been cojnmittcd
to a program of developing gunnery proficiency measures, and
evaluating and improving existing training devices, and pr--.
cedures. Second, greater ease and freedom in the procurement
of specialized machinery and sighting equipment was assured the
civilian group through detailed administrative agreements be-
tween National Defense Research Committee, Headquarters,
Army Air Forces, and the War Production Board." Below are
summarized other studies which were made by personnel of the
Research Division.

The -results of this work are reported In publications under the general heading Of
Applicd Psychology Panel, NDRC, Project AC-94: Psychological Factors in the OperatIO'
of Pexible Gunnery Equipment.
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An Investigation of Some Perceptual Problems. In Sighting
From an earlier study of the Reflectone Range Estimation

Trainer (reported in chapter 9) it will be recalled that even, after
considerable practice in adjusting the model plane to a range
simulating 600 yards, an average sighting error of about 30
yards was consistently made by a large group of subjects. The
errors appeared to be constant, with the tendency being in the
direction of stopping the -plane too far away from the desired
standard. Of the 500 judgments made by 5 subjects in another
experiment, 489 were wrong in the direction of overestimating the
range of the approaching plane. This consistency in overestimat.
ing range suggested the possibility of an illusion operating in the
sighting situation. The illusion may best be presented diagram.
matically. Referring to figure 14.1, assume that the student's
task was to adjust the plane so that for him AB=BC. Because
of the curvature of the reticle at point C, it seemed likely that AB
would seem longer than BC even when the two were actually
equal. The illusory possibility is seen more clearly in figure 14.2,
which begins to resemble the well-known Muller-Lyer illusion.
Therefore, to make AB subjectively equal to BC, the subject
might tend subjectively to shorten AB, which would be indicated
by consistency in stopping the plane at a greater-than-standard
range, where the wingspan would appear shorter than the true'
distance AB. %

Experimental investigations.-To investigate the effect of a
possible illusion, a pair of experiments were conducted to test the
hypothesis that visual perception in the context studied was af-
fected by an -illusion factor induced by the specific design of the
ring sight, to compare the relative efficiency of iron and optical
.sights, and to study the value of a guide as an aid in~effecting
specific judgments.2 - -

The Reflectone Range Estimation Trainei was used to allow
each of 12 subjects to make 300 attempts in 3 equal sessions in a
single day to set the moving plane model at a standard range of
640 ,yards, using for each group of 100 judgments a different
sight design as shown in figure 14.3. For the model plai used,
setting it so as to fill exactly one-half the radius of the reticie was
equivalent to' a simulated setting of 640 yards. The. order ,
practice with the sights was counter-balanced among the subjects,
and the initial position of the plane !rom which the subject was
to adjust it to a range of 640 yards was randomly distributed be-
tween positions beyond, and positions closer to the subject than
the standard range, i ibjects were instructed to set the plane so

'This Investigation was designed, conducted, and -reported by LL George Wlschner.
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that it filled exactly one-half the radius of the A and B sights, and

16o that it exactly equaled the length of the guide in sight C. Sub-
; jees were encouraged to tike as much time as desired for each

judgment.
, Separate experiments were conducted with iron and optical

sights. The procedure was the same in both experiments, al-

though it was unfortunate that the subjects were not from the
Eame sample. Those for the iron sight experiment were graduate
gunners awaiting shipment, and those for the optical sight experi-
inent were newly arrived students, awaiting entry into school.
In both experiments the same sight designs were used with the

exception-that the optical sight did not have the small ring at the

cross hairs. "
The results of the experiment with the iron gights seemed' to

I verify the illusion hypothesis. Of the 12 subjects, 8 showed
smaller constant errors with desigib' B than with, design A, and
the differences for 6 of these 8 had critical' :atios greater than
7.0. Of the 4 subjects perfdrming better with~design A, 3 per-

formed better with statistical significance, though the critical
ratior- were not reported.

Data for the.optical sight experiment were similar to those for

the iron sight experiment. Eight~of the- subjects showed better
performance with design B than with design A, and the differ

ences for seven of these eight were significant, with critical ratios

exceeding 4.0; the eighth had a critical ratia of 2.52. Only two
of the four cases favoring design A showed significant differences

in favor of that sight. The results for all subjects taken-together
are summarized in table 14.1.

TAsL 14.1.-Comparison of 2 designs of sight roticles for optical and iro"
sight: Means of ranges estimated to be 640 Y rds and significance of dif-
ferences between ineans of 100 estiihates by i i..A of 12 subjects for each
combination of sight and design (Bucki-ngham, fourth quarter, 194*)

Optical s!ght Iron eight

Design M x DIff t / j  DIM,

, - - -.. 8.88 1e.55 '1.98 2327.19 '2.6

640.11. 703.62

o In 
0ards

'Difference wo'ald oNcur by chance between 6 and 10 times In.100.3Dference vriuld occur by ehance less tian 5 times In 200P-•

The fact that the errors in estimating range were greater for

both designs A and B in the iron sights than in the optical sights

suggested the additional possibility of the operation of a size

Constancy phenomenon. In the task of estimating the.range of

703326-47-2T 409



the model plane, all movements were horizontal. In the case of
the optical sight, which worked on the c,,llimating principle, the
reticle was composed of parallel light rays, which made the air.

apimae and the reticle appear to be in the same vertical plane. In
the~case of the iron sight, the sight and the airplane were clearly
at all times in different vertical planes, with the sight being in a
plane only a few inches away and the airplane in another plane
At a considerable distance. Knowing the airplane to be of a given
size, and having considerably more objects close-by in the visual
field with which to compare the apparent size of the airplane,
observers using the iron right sight might very well have tended
to perceive the approaching plane to have reached a given appar.
ent size earlier thanx would observers using the optical sight, who
had few if apy objedcs close to the eyes by which to judge the dis-
tance of th approaching airplane. The supporting data are
given in table'14.2.

To those who- have seen both the optical and the iron sights the
superiority of the optical sights will not seem surprising., The
iron si 1at was a rather grossly constructed device, having lines
sufficiently thick to obscure the wingtips of an approaching plane,
and thus make for error in estimating its range. The optical
sight, on the other hand, could be made with fairly fine lines. Also,
the optical sight did not require thai the gunner's eye be lkpt at a
constant distance from it in order to estimate range accurately,
as did the iron siht.

On design C, the data were not fully reported; bui the project
report concluded that the guide did not prove an effective aid in
making the proper settings of range, though a few of the subjects
did appear to'make good use of it.

T sLE 14.2.-Comparison of three designs of iron and optical sights: Means
and standard errors of mneans estimated to be 640 yards; t values of dif-
ferences between neans of 100 estimates by each of 21 subjects for each
cotnbination of sight and design (Buckingham, fourth quarter, 1943)

Iron sight Optical sight

* Deslg-
E x1 

OP
_____ ____ 8 M  M f  

iM

A 730.91 23.0? 656.66 8.07 13.01
---------------- 703.72. 16.20 640.11 S.o0 . a 3.515C .. 683.68 15.00 676.40 6.70 9 .45

I In yards.
2 Difference would occur by chance less than 1- time In 100.
3 Dliterence would occur by chance too frequent-y to be attributed to difference In consts'%-

tion of sights. %

Sighting Accuracy as Influenced by Eye Dominance
The evaluation of training devices was routinely directed by

higher headquarters (ch. 9). In at least 6ne instance tha PY-.
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chological Unit was directed to conduct experimental tests of
equipment being considered for possible operational use.Reference is made to a special three-handled grip for hand.
held guns such as were commonly used in waist positions of heavy
bombers. This grip included a third handle directly in line with
the bore of the gun, and situated slightly to the rear of the other
two-standard handles. It was assumed that gunners with right
eye-dominance would find the alignment of the sights and the
right eye facilitated by controlling the gun with the right hand
on- the center handle, and that gunners with left eye-dominance
would align the left eye and the sights easier with the left hand
gripping the center handle.

To measure the effectiveness of this adaptation of the "spade
grip," as the handle unit for free swinging guns was called, an
experiment was conducted using 10 gunnery students, evenly
divided as to eye-dominance.3 Dominance was determined- by
having the subject sight with a vertically'held pencil on a distant
object and then asking him to close his right eye; if the right "
image of the pencil remained in line with the object sighted-upon,
left eye-dominance was indicated, and if neither image appearMd 1
to remaih aligned with the object, right eye-dominance was indi-
cated. The test was repeated with the subject closing the left
eye; the left image of the pencil remaining aligned with the object
sighted upon indicated right eye-dominance. The test was given
twice for each eye; if the test results agreed with the subject's-
own opinion as to his eye-dominance, he was selected for the ex-
periment. All subjects were appraised in advance of the purpose
of the experiment.

In a firing order counter-balanced to control the effects of skill
and the mounting of the gun, each subject fired 200 rounds using.
the standard grip and 200 rounds using the three-handled grip.
Right-eyed subjects always sighter with the right eye and used
the special grip according to the recommendation, and left-eyed
subjects sighted with the -left eye and operated the gun with ;the
left hand on the center handle. A moving target range was used
for firing, with all firing being done at a! range of 200 yards; new
barrels were used throughout. The targets were carefully scored
by project personnel. ,

The data comparing the two types of grip are summarized in
table 14.3.

It is seen that no difference in scores resulted from the use of
the different spade grips. These findings were reported to higher

-~~The Project-Omcer for this experimnent was Capt. Theodore R. Vallnco, asaited by T.
Eten W. Ray.
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TA9Lz 14.3,--Comparson of conventional and .- handled spad :

?lumber of hit* out of 200 rounds fired, standard deviations, andiferen-e;
and signifcance of differences between means (Buckingham, fourth quar.

ter | 1' '
Grip N so8 DIO CR

Conventionail 10 48.8 28.4
*1 1.10

Thr..-badl.ed - 10 41.7 J .1

headquarters, and no further developmental work was done to
develop the special grip.

The Influence of Counter-Balanced Gun Cameras on Sighting
Accuracy
The sighting stations of the B-29 were not originally designed

to accommodate a gun camera, either for training or operational
use. As a part of the training program it was considered neces-
sary to use gun cameras, and it was later decided to include gun
cameras in operational missions since lt was possible to photo-
graph gunner's combiat sighting without danger of vibration
obscuring the results. The B-29 sighting stations were very
well counter-balanced for ease of operation, and the addition of a
camera weighing nearly 5 ponds would have meant a considerable
change in the gunner's task unless the additional weight were
effectively counter-balanced. When the use of gun ca'meras with
B-29 sights was first considered, the design of proper counter-
balances was urged by the psychologists and finally effected. It
was immediately obvious that the difference in "feel" between
the counter-balanced and the noncounter-balanced sight after the
camera was mounted was very great, and that the difference be-
tween the normal sight and the counter-balanced sights was very
small. No experimental comparison of the counter-balanced
sight and non-counterbalanced sight with gun camera attached
was attempted. However, in the event that the use of a counter-
balanced gun camera might possibly disturb the gunnery in com-
bat, an experiment was conducted to compare performance ort a
normal sight with performance on a sight having a counter-.
balanced gun camera attached.

The device used for the test was known as the Hobsor-Strnad
Trainer, originally created by two enlisl:.ed men at Buckingham,
and improved upon considerably by p',rsonnei of the NDRC
Project at Laredo (see p. 50). Through a system of balanced
potentiometers and selsyn follow-up cirevits it was possible to
measure with fair accuracy the ability of -:.ie gunner to track and

'Tho project personnel wore Capt. Thodoro Rt. Vallanmi and S/Sgt. Burton IL Woll'.
The reporl waa written by Maj. Job V. 11cQuitty, x

412

_ _ _ _ _

- .--- '- -- -.---.--- _____________________

_ _ _ ___



frame (range) the simulated target airplane of the trainer as it

moved about the gunner in cam-controlled paths similar to pursuit
attacks.

Twenty-seven gunners who had been thoroughly trained in
B-29 .pedestal sight manipulation were given 12 trials of 6 attacks
each, 1 trial per day, alternating between morning and afternoon
sessions, and between conditions of (a) normal sight and (b) the
same sight with a counter-balanced gun camera attached. On
the average, each gunner tracked and framed for 5 minutes dur-.
ing each trial, thus receiving a total of 60 minutes practice
equally divided between camera and no camera. Performance

* was recorded on polygraphs ana scores were expressed as percent
of total time on target; to be on target the gunner had to be
tracking in azimuth within a tolerance of 6 mils, tracking in eleva-
tion within a tolerance of 8 mils, and framing within a tolerance
of 5 mils.

The results of the experiment are summarized in table 14.4 and

TABLE 14.4.-Average pircent of time on target for 27 subjects on the Hob-
0son-Strnad Trainer with and without counter-balanced gun camera (La.

redo, third quarter, 1945)

Sighting component Camera No camera Difference

Azimuth tracking.- - 90.6 9L7 I 0.
Elevation tracking - _ 82.2' -82.9 0.1
Framing - ...---- ---- 27.2 29.2 •12.01
All three of above_ - 20.8 22.7 I
All three while triggering-. -- 18.1 20.5 ,,

%Differenee would occur by chance less than 5 times In 100. Other differences are not'

satisfactorily signifieant

show that only very slight differences were obtained between the
two conditions, and that not all of these were statistically signifi-
cant. It was concluded that, in so far as the trainer on which the
experiment was run simulated the sighting problem of the B-29
gunner, the use of a counter-balanced gun camera did not notice-
ably interfere with sighting accuracy, From a logical point of
view, the scarcely perceptible difference in "feel" between the

normal sight and one with a counter-balanced gun camera attached
should not be expected to produce a marked change in the gunner's
ability to use the camera-equipped sigLt •

PROBLEMS OF THEORY AND TECHNIQUE

Position Firing " .

By the end of 1942 the inadequacies in the sighting system
which flexible gunners were using in com'at and which was being
taught them in this country wer,: well known both in the States
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and overseas. The existing system was generally recognized,-as
theoretically unsound and practically unteachable. Mathena"
ticians of the Operational Analysis Section of the 9th Air Force
-developed a system of sighting which required that the gunner
apply given amounts of deflection according to the apparent angle
of the fighter plane off the beam of the bomber. A fighter pilot
had to fly a mathematically determinable course in order to get
hits on a bomber; it was therefore possible to predict where the
fighter would be at any given time during his attack, and thus to
aim the defensive armament of the bomber accordingly. The
RAF made use of a similarly based system, called the Zone Sys.
tem, with which members of the 8th Air Force Operational
Analysis Section came in contact. Mathematicians in this coun-
try were simultaneously busy on the problem, The efforts of
these groups resulted in a new system of sighting, known as Posi-
tion Firing, which was later adopted by the Army Air Forces as
the official bomber defensive fire doctrine for use with non.
computing and noncompensating sights.5

In cooperation with representatives of the Navy, the 8th and
9th Air Forces, and the National Defense Research Committee,
the Psychological Research Detachment (Gunnery) participated
in the following activities: (a) establishment of the objectives of
teaching Position Firing and recommendation of a tentative cur-
riculum, including modifications of ranges and trainers to simu-
late as closely as practicable the. Position Firing problem, (b)
establishment and observation of an experimental curriculum at
two flexible gunnery schools, and (c) the writing of a simple
description of the mathematical concepts in the Position Firing
system as a means of familiarizing gunnery officers and instruc-
tors with the new method. This description of Position Firing
was published by the Instructors School as a booklet: "Position
Firing-Facts and Figures."

The development of Position Firing contained an example of
the application of judgment of a professional nature without the
comforting recourse to specific experimental data. When the
question of how to conduct training in Position Firing. arose, the
problem of how to teach the basic concept of the "atngle bff" to
gunners needed a quick answer. Because the amouli, of deflec-
tion required depended on the apparent angle between the line
from gunner's eye to target and the path of the bomber's flight,
it was at first planned to teach in terms of "90 degrees off, oznply
3 rads; 45 degrees off, 2 rads; 221/2 degrees off, 1 rad; 111/ %e-,
grees off, 2 rad; and for 0 degrees off, fire point-blank." This.

proposal appeared to require that gunners first 65e taught what a

Ste Ch. 2 for a more detailed discuaslon of thcgunner's sighting problem.
414
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degree was, and what angles with various numbers of degrees
looked like before any effective instruction in sighting could be
done. The alternative that was suggested by the Psychologcal
Unit and subsequently adopted was to teach not in terms of de-

grees, but of apparent position, i.e., "straight out, apply 3 rads;

half way back, apply 2 rads; % of way back, apply 1 rad; almost
all the way back, apply / rad; gradually decrease deflections
from maximum to minimum along the line of apparent motion."
No 'difficulty was ever reported in describing the sighting situation

, ! in these simple terms.

Opening Range
Another situation in which psychologists provided a practical

answer to an important question, was the matter- of determining
at what range the forward gunner of a B-29 should open fire at
rose, 6r head-on, attacks. The opening range doctrine originally

in effect did not seem to allow for the reaction time required by.
the gunner to judge the opening range and press his trigger.

Considering that the distance between the fighter and the B-29

was decreasing at a rate ffequently as high as 750 miles per hour .

it was recommended that the rauige for opening fire be extended

to allow for the gunner's reaction time in order that the guns,
might be firing through the entire period during which the target

plane wR. within the effective range of the B-29's hrmament. A

f ew additional bullets in the right place could very well spell the

* difference between death for the fighter pilot or for the bomber

' crew. " -....... ..

Technique in Using Iron Ring-And-Post Slghts'"'

The earliest sights used in flexible gunnery were called iron

ring-and-post sights, consisting of-a post, mounted near the

muzzle end of the barrel, which the gunner lined up with the-cen-

ter of a ring containing cross-hairs mounted about 30 inches to

the rear, near the breech. The'original sighting procedure re-'.

quired the gunner to keep the center of the ring in line with te

top of the post and, according to the amount of deflection he was

laying off, keep the image of the target plane a given, distnce

from the center of the ring. In order to keep the mathematics of

the method sound, it was necessary for the gunner's eye to remain

at a constant distance from the ring. This was called the eye-base

method. From several sources came a proposal that a method-

be adopted wherein the gunner would keep the bead (top of the

post) fixed on the target, and adjust the alignment of the gun to

that the bead and target were repositioned to one side of the

center of the ring, according to the amount of deflection desired.
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This was called the sight-base method, and had tht'advantage of
not requiring the gunner to maintain his eye a constant distance
from the ring. Figure 14.4 presents the two methods dia-
grammatically.

A brief experiment6 was conducted to compare the two meth-
ods. A sighting bar, simulating a machine gun equipped with
sights, was set up 25 feet from a fixed target in the laboratory.
Using the eye.base method and the sight-base rmethod in a pre-
determined order, each of 6 subjects made 10 estimates of each of
3 deflections (1/ rad, 1 rad, and 1 2 rads) by aligning the sight
and the target with the indicated deflection set off. A total of
120 estimates were made with each sighting system. The dis-
tance from the estimated point of aim to the correct point of aim
was measured after each estimate. The results aregiven in table

TABLE 14.5.--Eye-base vo. sight-base systcm for using iron ring-and-poet
sights: Average error in inches for 10 estivinat6s by eachof 6 subject.of
deficiencies of , and 1% rods (Buckingham, fourth quarter, 1943)

Menn error in inches in-estimating:

System Jh r ad I tad 1% rad

Eye-bas. 0.73S 1.017 0.976

Eye- .393 .697 .54 5

14.5. The difference obtained in every case favored the newer
procedure, but no test of the significance of the differences was"
reported. The Psychological Unit recommended the adoption of
the sight base method, however, because, in aldition to these
scant data favoring it, the possibility of the sight-base method
being much less subject to error in the confusion of combat ap-
peared to experienced gunnery officers to be very great, whereas
the eye-base bethod appeared to be a much less stable one.

Technique in Using Compensating Sights for Support Fie

The development of procedures for the use of compensating
sights became a critical need during the last-months of the war in
Europe. While compensating sights, which mechanized the rules
of Position Firing, were quite adequate against 'attacks being
made on the gunneris own bomber, the, very nature of a fighter
attack made difficult the probleiri of lending sipport to a neigh-
boring bomber under attack. Of course, computing sights, if

efficiently operated, would compute proper deflections for.,firing

at fighters attacking another bomber, but the gun positions
equipped with compensating sights could aot effectively aid other

'This experiment was condcted by Lt. Gtorge Wischner.
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bombers if used in the standard manner. This meant that, for all
practical purposes, the six guns equipped with compensating
sights in most heavy bombardment planes were of no value to any
but the plane carrying them.Rules for support ftre deflection.--,To Increase the versatility of

compensating sights, mathematicians calcuiated the amount of
deflection that would be necessary to score hits on fighters attack.ing other planes in the-gunner's formation and produced a-set of
rules for applying deflection using compensating sights. The
application of these rules required lzt the gunner estimate what
-came to be called'the "aspect angle" of the attacking plane. The
aspect angle was defined as the angle between the line from gui.
ner to target and the line extending through the longitudinal axis
of the target aircraft. Knowing this angle, it was possible to set
the compensating sight for 100 percent of own speed compensa.
tion, then supply additional deflections according to aspect angles
as follo s;

* A#C~tag~, -Lead ~n 35

0 ------ ----------------------- 0.0
5 ------------------------------- 0.510 - -- ------------- 1.0

S- ---------------- 
.. .520.-------------. 2.025z- --- 72.5

0 ------------------ 3.0

Reliability of proposed support fire procedures.-Position IJ.-
ing required relatively simple judgments of fighter position with
reference to the gunner's plane, but the judgment of aspect angle
presented a new problem. of probably great, though uniknown;
difficulty. The whCo'> problem of adequate support fire rested on
the ability of the gbnner to judge these crucial aspect angles.
Accordingly, two experiments were conducted to :measure the
ability -of gunners to make these judgments.

Procedure: L Recognition of simulated aspect a,,gles.-The
first experiment involved the judgment in the laboratOry of the
apparent aspect angle of a model fighter set at a simulated range
of 400 yards from the viewers. 7 The apparatus used was a modi-
fied Reflectone Range Estimation Trainer; the aspect angle could
be, varied from 0 to 30 degrees in increments- of 5 degrees; the
apparent direction of the model plane could be Varied in eight
positions 45 *degrees apart; the roll couid be set at level or 30
degrees either right or left; and the length of exposure of the
plane to the subject was limited to one second. The eight grad-
uate gunners who served as subjects in the experiment were given

"ThIs experiment was conducted by Lt. Eaten W. Ray, with the assistance of Sgt. Ale"
ander N. Levine.
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a thorough orientation in the problem and several hours of instruc-
tion in its significance. They were taught to refer to each plane
aspect in terms of "rad-aspects," i.e., one-rad aspect, two-rad
aspect, etc. Training on the appa)atus consisted of allowing each
subject to make 147 judgments in each, of 20 trials over a period,
of 11 days. The first and last trials were considered test trials on

which no knowledge of results was given after each judgment.
as in the other 18 trials. The trials were given in the morning
and afternoon of each of 9 days. Each trial presented the plane
in all combinations of pitch, aspect angle, and roll an equal num-
ber of times, so that the influence of each position on the accuracy
of judging could be determined. After each exposure the subject
cailed out his judgment of whether the plane appeared to be in 0,
i/i, 1, 1 , 2, 21/2, or 3 rad aspects. -

TAB r 14.6.-Learning to judge aspect anglesin the laboratory: Mean Percent
co rect judgments bi, trial Each trial based on 147 judgments by -each of
8 srbjects (Laredo,. third quarter, 1914)

Trial Average percent Trial Average percent
I correct correct

0 (pretest)------- 43.7- 11 .0.3

49.5 12----- 7/0.2

. 255.8 17..... .. 70.$
4._ 62.8-1. 72J^

64.0 16. --- - 78.5
68.7 17 ---- -- 75.7
68.6 18 .... --- 76.48--. ~~69.619.."4.

9 67.1. 20 (pottest) , , 76.0 .

10 ......- .......----- . 72.5

1 'Krowled~e of reault3 not provided on pretest and poottoat. -

Results: 1.-Table 14.6 shows the progress of the group froin

trial to trial, in terms of the average percent of correct judg-

ments, and table. 14.7 shows the.-average percent of judgments

that were correct to within half a rad. It is clear that learning

under the conditions of the experiment was rapid and that very

few largeierrors in judgments occurred after the first few trialL

It will be noted (trial 0) that, even after a purely verbal contact

With the problem, the average subject was able to make about 44

percent correct judgments.
The results for trials 1-14, prior to the attainment of maximum

skill, also showed (table 14.8) that as the size of the aspect angle

increased, the tendency to err in jXdging it increased also.

Analysis of variance revealed an F ratio of 7.18 between angle

variance and error variance with a ratio of 3.05 required for sig-

nificance at the'1 percent level. The apparent exception t the

trend in table 14.8 (the increased average percent correct ji~dg-

ments for 300 angles) is probably due to the fact that errors here

were possible in only one direction.
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The apparent vertical direction of the fighter's line of motion
with relation to the gunner, i.e., upward, level, or downward,
appeared to influence the accuracy of judgment of the aspect
angle. An analysis of variance for data on inclination of flight
presented, in table 14.9 produced an F-ratio of 5.04 between posi.

TABLE 14.7.-Learning to judge aspect angles in the laboratory: Mean percent
of judgments corret to within half a rad. Each trial based on 147 judg.
ments by each of 8 subjects (N=8, Laredo, third quarter, .19.44j)

Percent correct Percent -ort0
TrialsI Judgmeuts Trials Jud Inat$

(within .5 rads) (Wlthln :.5 r&ds)

O8(prete5t)_3.. 98 1. 98.493.3 . . .. 98.0

4 - 9G.5 145 . ... 99.2

5 96.9 18is 99.1i t ... _ " 97.9 1T . . . . . . 9.2
T-- 98.9 is -.. . .. 9.4

8_______98.0 99.40_. 98.3 20 (po9ttelt) .9,.10 99.0

l , owledge of results not prodided -e pretest and poattest.

TABLE 14.8.-Mean percent of correct judgments of aspect angles under labo.
ratory conditions according to size of the angle based on 2,940 judgment.
by imach of 8 subjects (Laredo, ihird quarter, 1944)

Avrage peront
Ingle Correct

5 ----------------- --- ----- 81.7
, 100 --------------- ------------- 72.8

15 --------------------- --------- 61.8
' 20 ------------- ---------------------- 5.2

26 ------------------------------------------- 56.6
30" -------- 67.6

TABLE 14.9.-Mean percent of corr-ct judgmcnts of aspect angles under l4bo.
ratory conditions according to inclination of flight and position of roll based
on 2940 judgments by each of 2-subjects (Laredo, third quarter, 1944)

Average percot,

Positions correct
~Position of- roll:Leve -----ll: - -------------- ---------------- 67.8

Upward ------------------ -------- 67.2
Downward . . ---------------------- 634

Inclination of flight:
Wings level---- --- - ------------------------- 65.5
Right wing up ------------------------------ 67.5
Leaft wing up ------- --------------------- q6.4

tion variance and error variance; a ratio of 4.68 was requirc for
significance at the 1 percent level. The data used were for tWAls
1-14, prior to attainment of top level of skill. Further analyV'

revealed the difference in variance to be due to the downward
position alone. Apparently the aspect angles of planes which
presented the gunner a top view were most difficult to judge.
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The effect of roll, whether ight, left, or none, did, iot appear
to influence the percent of corfrect judgments made, as shown in
table 14.9; the data include only trials 1 through 14, prior to
attainment of top level of skill. Analysis of variance revealed an
F ratio between roll variance and error variance of 1.29; a ratio
of 3.03 was required for significance at the 5 percent leveL

Conclusions: I. Simulated aspect angles could be recognized.-
This experiment suggested strongly that it was possible to- train
gunners to recognize aspect angles, though it was accepted that
the conditions of the experiment were static in nature and gave
no indication of the accuracy with which gunners could recognize
aspect angles in flight or of their ability to apply proper defiections
even knowing the angles.

After the experiment was reported the aspect angle method of
determining support fire deflections when using compensating
sights was adopted as official Air Force doctrine. in the interest
o greater soundness of conclusions and also to provide a basis
for planning aspect angle training, a second experiment:was
conducted to test the ability of gunners in flight to judge the
aspect angle of an attacking fighter.$

Procedure: II. Judgment of-aspect angles in the air.--The eit-
periment was divided into two phases, the first to determine the
ability-of gunners to differentiate an attack from a support situa-
tion, and the second to determine the influence of air and grouiid"
training on this differentiating ability. In Phase I, each of eight
Martin turret gunners and eight 'Consolidated tail turret gun-'
ners completed six aerial missions evenly divided between two
B-24 bombers which flew in parallel cdurses at the same- level
with a distance of 40 yards between wing tips. A pursuit pilot
made tail cone and quarter attacks on the bombers in accordance
with a prearranged schedule; the attacks were randomly distrib-
6ited between the bombers. The gunners, in their turrets fitted
with gun cameras, were required to judge whether it was their
bomber or the other one that was under attack and to a\ plY
deflection based upon the aspect.angle of the fighter, according to
instructions which they had, received. When a gunner believed
his bomber was under attack he pressed his trigger button which
caused a small pointer to withdraw from the camera's field of
view; presence of the pointer in the developed film indicated
that the gunner thought the other bomber to be attacked, .e.,
that he. was in a support fire situation. The fighter flew a total

of 40 attacks on each mission. In assessing the gun- camera
records, the nature of the attack; the gunner's decisions as to its

'Ts experiment was dedigted by Msj. John V. McQuitty and condvcted and reported by

It. Daniel J. Histon,
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nature, the number of changes in his decision, and the range at
which each change of decision took place were recorded. Due
to the method of recording the gunner's judgment, a gunner was
indicated as deciding in favor of support fire even if he had iot
yet made up his mind. Therefore, when attack fire was correct, 0

first changes of decision were properly considered as original
decisions, since it could not be properly determined if the subject
had previously considered the attack as placing him in a support
fire situation. 

1-

Results: II. The results of the last four missions (the first
two were used as familiarization flights) are given in tables

14.10 and 14.11, and are graphically portrayed in figures 14.5
and 14.6.

Insert.Figures 14.5 and 14.6

Conclusions: II. Aspect angles could be recognized in the air.-
From these data it was concluded that under the conditions of the

experiment gunners could distinguish attack situations from

support fire situations with reasonable accuracy at ranges which
were practical and effective for the application of support fire

.I rules. The accuracy in making such distinctions increased as
J range decreased. Gunners also appeared to make the differentia-

tion with increased confidence as range decreased, and were less
apt to change decisions once made.

Procedure: 11A Additional training on ground and in air.-
In Phase II the subjects from Phase I received 2 hours of prac-
lice on a static type of ground trainer. The trainer consisted of
a model plane mounted so that the aspect angle could be varied
from 0 to 30 degrees in increments of 5 degrees, direction could
be varied in 8 directions 45 degrees apart, and roll set at level,
or 30 degrees right or left. Simulated ranges of 300, 400, 700;'
and 900 yards were incorporated into the trainer by having the
subject stand at appropriate distances from the model plane.

TABLE 14.10.--Differentiation of attack and support situations in flight: Mean
percent of correct decisions at different ranges of the fighter plane for each
of four nissions (N=16, Laredo, 2d quarter, 1945)

[PHASH I]

J'! . Range In yards . -

1,500 1,200 1,100 1.000 900 800 100 600 500 400 300

II. . . . . 55.9 61.8 65.3 67.6 68.6 74.0 75.1 76.3 81.7 82.2 84.6
IV---------------. 58.3 63.7 66.5 69.3 71.7 75.2 77.0 80.6 78.8 80.0 80.5
V---- ....... .------ 61.6 71.3 74.1 74.6 75.4 82.3 81.6 82.3 85.1 86.5 89.4

58.1 71.0 77.4 81.8 84.4 91.5 91.4 914 0.1 90.1 0 .4Aversge__:::::::7:.0 5o8.51: 83: 478.
58.5 67.91 70.81 73.3 75.0 80.8181.3847 7.0

424

, *

I-n



4I
TABLE 14.11.7-Diferentiation ol attack and support situations in.flight: Mean

percent of changes of deci.stot as to the nature of attack made over the
range of the attack. Data reported for each mission (N=16, Laredo, Sdquarter 1045)

(Number of changes over entire range = 100 pertat (Phase 1)) A

Range In yards

N l, tos Above 2.000- 1.500. 1,000.600 '500.0 Entire

200 1,500 1.000 range

----- 6 8 28 40 18 1lOG
IV.. 7 11 7 21. 40 21 100

0 16 26 37 21 100
i=:__", 0 a 17 47 33 100 '

Average_ 4.2 8.5 23.0 41.0 23.3 100

An exposure device limited the subject's view to 1 secon!. The

two parts of the training included angles in a horizontal plane;
and those within the 30-degree cone, with approximately 1 hour
being given to each part. A preliminary test began each part,
followed by three 15 minute trials; the fifth and final period for

each part was a test. After each exposure the subject stated his
estimate of the aspect angle, and, except in the tests, the experi-
menter immediately stated the correct angle. If the subject
erred he was reshown the model plane and told the corrict angle.

Following this ground ti.Ining the subjects flew 4 additional mis-
sions under the same conditions.as in Phase;I...

Results: IIA. The results of the four missions are shown in: ,.

tables 14.12 and 14.13. In Phase 'I the percentage of correct-
decisions was only slightly higher throughout the range of the

TABLE 14.12.-Differentiation of attack and support situations in flight: Mean
percent of changes of decisions as tonature of attack made over the rang.
of the attack. Data reported for-each of missions VII-X, Phase 11 (N-.#,
Laredo, £d quarter, 1945)

Range in yards . ..

• ,--- - Entire
Mission Above 2.000- 1.500- 0 rage

2,000 1,500 1,000 1,000-500 500-0

13' 12 20 27 28 100

_1 5- 28 44 22 100
11 18 47 21 3 100

6 7 30 40 17 100

Average .... .. 7.8 10.5 31.2 33.0 17.5 100

attacks, although the number of changes in decisions were fewer,

and a greater number of decisions were made earlier in the attack.

Conclusions: 11A. Accuracy of judgment of aspect angles did

not continue to improve significantly.-The ground training and

the continued practice in the air did not produce a trend of im-
provement in performance through the secoid four missions.

Apparently the ceiling of ability to differentiate support and at-

703326-47-28
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tack situations under the conditions of this experiment was
reached after the fourth training mission. The course of lear
ing throughout the series of eight missions Is shown In figures
14.7 and 14.8.

MIS WMS
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717

Albility of gunners to lay e'ff support fire deftections.--In order
to establish the ability of gunners to lay off proper deflections
once aspect argles were determined, the gun camera records from
the experiment were analyzed.' The gunners had been instructed

previously in the amount of deflection to lay off for each aspect
angle, and during the missions actually laid off the deflections,
using compensating sights (K-13 in the Martin upper and K-10
in the Consolidated tail) with 100 percent of own speed settings,
Using the Exact Assessor, a device developed at the fixed gunnery
school at Foster Field to assess gun camera film, both aspect
angle and the amount of deflection laid off were determined from

+ the exposed film, and the actual deflection was compared with the
. correct deflectioi.

The data were reported in terms of absolute deflection errors by
mission and in terms of average sighting errors in mils according
to aspect angle intervals. The results are summarized in tables
14.14 and 14.15. Comparing the tracking errors reported in
table 14.14 for the support situation with those made by gunners

TABLE 14.14.-Application of support fire deflections: Average absolute de-
flection errors in inils, by rnsaon. (N=8 for each turret, Laredo, Id
quarter, 1945)-

-- Pursuit fire situation-

Mission TOWa
1 2 3 4 5 6 7

Consolidated turret. ... 5.2 4.0 4.6 3.9 4.0 3.7 3.7 4.2 4.2

Martin turreL..-. 3.2 2.9 2.8 4.6 3.0 3.3 3.0 3.0 3.7,

Support fire situation

Consolidated iurreL---I 20 I 22 I 30 I 7 1 19 1 i 25 22 1111.6
Martin turret ...... 25 251 so 54 27 31 29 20 ,.30.1

tracking pursuit curves with fixed sights as reported in the sec-
tion of chapter 9 dealing with- gun camera, it appeared that the
laying off of deflections based on aspect angle judgments was
not significantly more difficult than laying off regular Position
Firing deflections. 0  Table 14.15 shows how deflecti ,n errors
varied with the magnitude of the aspect angle; in general, the
table shows that algebraic mean errors were positive ior ,-ngles
below 25' and negative for larger angles, indicating that ..un-
ners tended to overlead for angles smaller than 25* and und, r-
lead for angles greater than 250. The absolute error tended tu
be fairly constant for all angles except those in the extremes,

*A separate report ot this analysis was written by Maj. John V. MeQuitty. Technical
Sergeant Ilyman Haltz performed the calculations.
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14.1S.-Application of support fre deflections: Mean algebrato a"
absolute deflection errors, and absolute directional errors according to tze

of apeoct angle mae by 8 gunners in each of Martin and Consolidated
turrets. (Laredo, 2V vuarter, .19401

bIARTIN TURRET, EIOGT OUNNERE

Aspect ang1e

0" 5-9 10-14 15 -9 20-24 25°-29 30-34 35*3 ovand

Algebrali deflection

error--- ---- 15.6 19.0 34.3 2.4. 1.6 -7.5 -28.7 -31.7 -8.
Absolute deflection

error-- -- 17.4 22A 36.1 30.6 22.2 18.3 30.3 37.2 38.1
Absolute direction

I'1 2.4 5.3 6.9 7.8 5.6 4.5 4.4 2.6

CONSOLIDATED TURRET, EIGHT GUNNERS

Agerlo eflction 4.8 22.6 i7, 14.5 '7.4 -3.7 -19.7 -- 1.2 -47.2
error___ ---- .

Absolute deflectionerror .........- 9.2. 23.1 22.5 21.9 18.7 ' 19.3 22.9 34.8 41.2

error---- - 8.0 4.1 6.2 6.6 6.6 5i 6A 6.9 St

I Deflection error was obtained by measuring the distance in mils from the correct point
of aim to the gunner's point of aim. Errors in advance of the correct point of aim were ,
considered positive: those to the rear negative. Direction error was the distance from the
gunner's point of aim to the line of flight of the fighter plane.

and the directional errors appeared to be largely independent of

aspect angle.
Table 14.16 shows that sighting errors varied according t

range, especially for the Martin gunners; absolute deflection

errors remained fairly constant for all except extreme ranges;

and direction errors were quite constant for all ranges.

It was concluded that, for the attacks considered in this study,

turret guners could lay off deflection according to aspect angle

almost as accurately as they could lay off deflections using.

Position Firing rules. Also it was concluded that the magnitude

of the deflection error x,?as relatively constant for aspect anpges

from 5 to 30 degrees, bultarmaller for angles less than 5 degrees

and larger for angles larger than 35 degrees. Guners showed

a strong tendency to overlead in the support situation at short

ranges and at ranges greater than 600 yards, a tendency to over-

lead for angles of 25 degrees or less, and atendency to underlead

for angles greater than 25 degrees.

Possibly unique, nature of foregoing studies.-Although the

rules for support fire had long been in operational effect before

the above results were available, it- was demonstrated with

) The mean circular error of Martin turret gunners using Posltlon Firing rules against

pursuit curve attacks ranged from 19 mils to 25 wils during 10 successive missionS ot 6

attacks each (Ree table 9.46).
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reasonable accuracy that the procedure adopted was psychologi-
cally sound and required no forseeable revision. As far as is
known this, was the only instance of the psychological implica-
tions of an operational procedure being subjected to experimental
test for the specific purpose of determining the procedure's Ade-
quacy and obtaining infdrmation on which to base revisions as
necessary.

SUMMARY ,

The importance of the relationship of the gunner to the equip-
ment be used was largely ignored during most of th6 -war.
Several instances of equipment design being unfavorable to
effective use of the equipment are cited; for example, the Sperry
computing sight in the upper turret of B-17 demanded conflicting
manual movements of the gunner while trying to track and . ,

frame his target simultaneously. In early 1944 the importance
of the gunner-equipment relationship problem was sufficiently
clarified in higher headquarters to cause the National .Defense
Research Committee-to establish a special project (NDRC Project
AC-94) to investigate the psychological adequacy of the design
of gunnery equipment and make recommendations for its i-'.
proy,ement. :... "

The suggested operation of an optical illusion similar to the
well-known Muller-Lyer illusion in estimating range with>firon
ring-and-pbst sights prompted an experiment to measure the
effect of the illusion if it existed. Using both iron ring-and-post
and optical sight versions of two sight designs, one of which ,ap-
peared to offer fewer possibilities for the operation of the illusion
than the other, a group-of suibiects systematically made a number,
of range settings on a Reflectone Range Estimation Trainer;
The results indicated that greater errors were made with tho
sight design suspected of bringing about the optical illusion,
The operation of the size constancy phenomenon in t he optical
sight versions seemed partly to account for the smaller errors in'

overestimating a standard range which were made withth& opti-

cal sights.
Although higher headquarters routinely directed the evaluation

of training devices before their adoption" for general use in the

gunnery program, one instance of a directed test of a proposed

operational procedure is seen in the case of a three-handled spade

grip. This special grip was designed with the idea of facilitating

the use of the gunner's dominant eye in lining up the sights with

the target. The gunner was to control the gun with the hand

corresponding to his dominant eye on a "iird handle located be-

tween the two regular handles and a little farther behind the
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gun. A group of gunners equally divided as to eye dominance
fired according to the recommended plan on a moving target
range. The results indicated no reliable difference in favor of
either the; ,tandard or the three-handled grip.

In the remotely controlled gunnery system of the B-29 the
vibration of the sight did not preclude the photographing of
combat gunnery as it had with all previous types of Bights. A
Weight to counter-balance the weight of the gun camera was
d,.signed and produced for general use in training and combat
Although the difference in "feel" between the standard sight and
the sight equipped with camera and counter-balance seemed to
be very small, it was believed advisable experimentally to deter.
mine if the use of the counter-balanced gun camera would detri-
mentally influence the gunner's sighting accuracy. A group of
subjects practiced sighting on a trainer alternately equipped with
a regular sight and one with a camera and counter-balance at-
tached. The results showed only slight differences in perform-
ance in favor of the regular sight, and not all of these appeared
to be reliable.

The activities of psychologists in the field of operational, gun-
nery theory and technique included furnishing advice based on
their professional background. It was recommended that the
range for opening fire on the high-speed frontal attacks against
B-29's be extended to take into consideration the time required
for the gunner to determine the range of the fighter and open
fire, thus allowing a maximum of time for the guns to be firing
while the target was .within the effective range of the guns.
When the Position Firing system of sighting became the official
defensive fire doctrine for bombers, psychologists assisted in
planning the new training courses, and made recommendations as
to how the operation of the system should be interpreted to gun-
neiy etudents.

A simplified method for using iron ring-and-post slikhts was
recommended partly because the older (eye-base) method r,,.quired
that the gunner keep his eyes a constant distance from the ,ight
and appeared to be therefore much more subject to error duing
the excitement of combat; additionally, there were some exper:
mental data which suggested the superiority of the newer method.

An instance of the psychological implications of an operational
procedure being subjected to experimental test for the specific
purpose of determining the procedure's adequacy and recommend-
ing revisions as necessary is seen in the studies of the application
of support fire rules. In order for a gunner with a compensating
sight to aim effectively at a fighter rlane attacking another bomber
in his formation, it was necessary for the gunner to estimate

432

- - --. . .... -.-- - - -'-T---

- -~ - ! ,.7



what was termed the "aspect angle" of the fighter. The task
of recognizing a support fire situation and of applying appropriate
deflections appeared to be difficult. Experiments were conducted
which indicated that it was possible not only for gunners to
differentiate between support fire situations and direct attack
situations, but also that when using compensating sights in a
support fire situation it was possible to apply deflections which
were not significantly less accurate than deflections laid off by
gunners with fixed sights against pursuit curve attacks on their
own bombers.
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CHAPTER FIFTEEN_____

Psychological Research on Flexi-
ble Gunnery Training: Summary

and Critical Evaluation
Maj. NICHOLAS HOBBS

This summary is provided to assist the reader in obtaining an
overview of the work which is treated in detail in the body of the
report. An effort has been made to make the summary suffi-
cielntly complete to satisfy the reader who wants enough detail
to know what was done, what was learned, and what the signifi-
cance of the work seemed to be, but who does not care to study
each chapter. A satisfactory balance between a generaf'account
and a specific discussion has been sought.

In this final chapter, there are also observations of a general.
nature about the work of r'sychologists in gunnery. The war
ended with a number of technical developments in air warfare
that make the future of flexible gunnnery 'uncertain. Radar,
jet-propelled fighters and bombers, guided missiles, and proxim-
ity fuses reduce many o, the specific findings reported here to

matters of historical interest. Techniques developed or given

new application may fare better, for they may be useful in vari-

ous research programs. Perhaps most significant of all will be

some of the generalizations which may be made about the func-

tioning of psychologists in a cooperative research program in-
volving many types of specialists. These generalizations will be

advanced as hypotheses which may be usable by other research

groups.

SUMMARY

Brief History of Flexible Gunney

Although the bombers of World War I mounted flexible guns
for defensive purposes, there was little progress made in the de- J

velopment of flexible gunnery equipmeni or theory prior to the

second World War. During this period there was almost no
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flexible gunnery training. The training of gunners in the Army
Air Forces on a large scale began in December of 1941, when
rapidly until there were seven basic gunnery schools in operation,

each graduating from 400 to 500 gunners each week. The early
training programs for these men consisted of a varied assortmcnat
of courses, ranges,, and trainers quickly developed to meet an
urgent need. The development had to proceed rapidly without
the benefit of an accumulated body of experience, and the training
given to gunners fell short of the demands of combat organizations
to which gunners were assigned. Enemy opposition against AAF
bombers, particularly in the European Theater, was determined
and effective, resulting in bomber losses that were considered to
be serious. The introduction of fighter escort aided considerably
in reducing bomber losses, but there was still a need to improve
the effectiveness of flexible gunnery.

The establishment of the AAF Instructors School (Flexible
Gunneiy) in December of 1942 was an important step in the
direction of better gunnery, The primary objective of this
school was to train instructors, but it was also charged with the
standardization of gunnery training, with preparing training
materials, and with research. Lesearch in gunnery was started
by psychologists who were exploring means of selecting men for
gunnery training. After preliminary studies were made at three
gunnery schools, Psychological Research Detachment (Gunnery)
was activated, in March 1943, to continue the work and also to
study problems of training. The Detachment worked closely
with the Instructors School. In the year following the activation
of the Instructors School, many advances were made in gunnery
training. Several synthetic trainers were put into general use;
ctmbat-type aircraft were made available for use in training;
standard examinations were adopted for use in all schools; a new
type of performance test, known as a phase check, was developed;
a fairly adequate sighting system was adopted; the Gunner's
Information File was published; and several improvements were
made in sighting equipment.

The next major development in gunnery occurred in May of
1944 when the Central School for Flexible Gunnery was activated
and all gunnery training brought under the supervision of one
special staff office at Headquarters, AAF Training Command.
The organization of the Central School provided for the training
of enlisted instructors and of gunnery officers, for liaison among
all gunnery training agencies, and for an expanded program of
research. Most of the research and development work in gun-
nery was made the responsibility of the Research Division of the
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kept the problem from being hopeless of solution. Bomber and
fighter courses were not erratic. Bombers typically flew straight
and level, with little fluctuation in speed. And though fighters
were more maneuverable, they had to commit themsel7es to a
definite course if they were to get an appreciable number of hita
on bombers. The guns on fighters were normally fixed to fire
forward and were aimed by aiming the fighter. For the guns to
remain pointed toward a moving bomber, the fighter had to be
flown on a predictable course, called a "pursuit curve." I To a
gunner in the bomber the attacking fighter appeared sensibly
head-on and seemed to grow larger and to swing towards the tail
of his bomber, until the attack was broken off.

Several types of sights were used to help the gunner predict
where the fighter would be by the time the gunner's bullets
reached their target. Simple ring sights, graduated in "rads"
(rings of a standard radius), required that the gunner estimate
a lead, or "deflection," according to the position of the attacking
fighter off the beam of the bomber. Deflections were large (3"
rads) for a fighter dead abeam (at 900 "angle off") and decreased
to zero fv, a fighter dead ahead or dead astern. "Compensating
sights" mechanically set in the appropriate rads deflection for
the gunner, who was required to keep the center of his sight on
the nose of the attacking fighter. A third type of sight, known
as a "computing sight," required the gunner to track the target
and at the same time to frame the target within two variable
vertical lines or within a variable circle by operating hand or
foot controls. Computing sights multiplied the angular travel
of the target (supplied by tracking rate) by the range of the
target (supplied by framing) to predict the point of collision
between the gunner's bullets and the fighter. The operation of
all types of sights and gun positions required considerable skill.

In addition to using his equipment, the gunner had to clean it,
make minor adjustments, and detect faulty operation. He also
had to be able to use certain auxiliary equipment, such as the
interphone, heated clothing, and oxygen equipment. As a mem-
ber of a crew, he had to be proficient in sundry skills, such as
procedures for emergencies.

The Gunner

The men who were expected to perform the job outlined above

I A small model of a bomber and of a fighter can be used to illustrate the pursuit curve

clearly. Place the fighter off the beam of the bomber and pointing towards the bomber.
Tie a string ,rom the nose of the fighter to the nose of the bomber. This represents the
trajectory of the fighter's bullets. Move the bomber forward and slowly shorten the string.
The fighter will move closer to the bomber and will swing towards the path of the bomber.
simulating a pursuit curve.
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.were drawn from the middle of the distribution of the Air'Forces
population, in terms of ability. They were Inferior to aviation
cadets but they were superior to general duty enlisted men.
There was, of course, much overlapping, but these statements
give the correct general picture. Army General Classification
Test scores of gunners consistently averaged around 111, from
class to class. Mechanical Aptitude Test scores ranged around
106. These scores were several points higher than those for
enlisted men in the Army at large. Gunners were somewhat
better educated than the civilian population. The mean educa-
tional level was 3 years of high school, but the modal level was
high school graduate. In age, gunners ranged from 18 to. 37,
with the mean for one group studied falling at 23.5 years. Most,
gunners had been out of school for several years before entering
gunnery train'ng. Gunners were not systematically selected for
training until near the end of the war when it became adminis-
tratively possible to select B-29 gunners. There were 2 stages
of training for gunners prior to combat: individual training for 6
weeks in a basic gunnery school of the AAF Training Command,
and crew training for 12 weeks in 1 of the 4 training air forces.
The effectiveness of this training and the effectiveness of gunners
in combat were considered by competent observers to be lowered
by generally inadequate motivation of gunners. Lowered motiva-
tion was attributed to the inferior status of gunners in the Air
Forces and to the nature of the gunner's job which provided the
individual gunner with no dependable indication of his ability to
score hits. . -

Psychologists ia Flexible Gunnery Research
Psychologists in gunnery studied the gunner's job and the gun-

ner, with the objective of improving the conmbat effectiveness of
gunnery. There were four stages in the development of psycho-
logical research:

(1) Early Research Detachments.-In the latter part of 1942,
psychological research detachments were sent to three basic gun-
nery schools for the purpose of assioting in the selection of low-
altitude bombardiers from among graduates of 'the schools. A
secondary purpose of these detachments was to explore possi-
bilities of developing a battery of tests for the selection of gun-
ners. This work was terminated in December of 1942.

(2) Psychological Research Detachment (Gunnery).-The
original research detachments stimulated interest in psychological
research in gunnery, and a request was made that the work be
continued. To this end, Psychological Research Detachment
(Gunnery) was activated in March 1943, co work in close con-
junction with the Instructors School.
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I(3) Psychological Research Unit No. !/.--The work of the

gunnery detachment expanded, and a larger and more perma.
nent organization was requested by gunnery training personnel.
Psychological Research Unit No. 11 was therefore activated in
October 1943. The mission of this unit was defined in general
terms as follows: "To conduct research on psychological aspects
of problems having to do with the effectiveness of flexible gun.
nery training methods and increasing efficiency of the perform.
ance of the gunner." Though selection problems remained im-
portant, emphasis was also placed on problems of training.

(4) The Research Division.-Other specialists, such as math-
ematicians, physicists, engineers, writers, artists, and gunnery
experts, were added to the staff of the Central School to assist
in improving training. All technical personnel, including psy-
chologists, were finally grouped into one agency known as the
Research Division. This grew into a large cooperative research
organization which was largely responsible for the detailed plan-
ning of gunnery training. Psychologists staffed several of the
sections of the Division and were prominent in its over-all opera-
tion.

Two features of this development are noteworthy. First, psy-
chologists in gunnery worked very closely with training person-
nel on training problems. Second, psychologists worked in co-
operation with other technical specialists. Such cooperative re-
search may well prove more rewarding than research by special.
ists organized into separate groups according to their fields.
Experience in this approach to gunnery problems suggests that
in research concerned with the improvement of the operating
efficiency of men or with improving the design of the equipment
with which they work, psychologists may well serve to integrate
the work and to give it fruitful orientation.

The Nature of Gunnery Proficiency

Accurate and detailed descriptions of the duties of gunners in
combat were required for developing selection and training pro-
cedures, and for arriving at a criterion by which selection and
training procedures could be validated. The two problems were
distinct, though closely related. Plans for selection and training
had to be developed whether an adequate criterion was available
or not, but no systematic improvement could be made in selection
and training procedures without a criterion which would make
possible the experimental evaluation of various possible proced-
ures.

The most useful descriptions of the job of the gunner were
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made by observation o gunnery in combat zones. bucn swuiea
Involved questioning gunners and gunnery officers, examining
mission reports, attending "briefings" and "critiques" of combat
missions, observing gunners doing each of their combat jobs,
and flying missions as a gunner. One study that employed all
of these techniques resulted in a precise statement of what B-29
gunners had to know and be able to do. The list was complete
and inclusive. The single most important task of the B-29
gunner was "to track and frame smoothly and accurately with his
specialized sight." This emphasis was immediately reflected by
changes made in the training program for B-29 gunners. Other
items indicated that B-29 gunners had to be able "to trigger.
correctly, use standard interphond procedure, search properly,.
load the guns in his assigned turret, clear his guns," and so on.,
The important consideration was that these items were specifically
defined and that the list was complete. A training program based
on the requirements stated would meet all of the requirements of.
the air force to which the gunners were to be assigned. '

For purposes of planning selection procedures, an analysis of"
the aptitudes required to perform combat duties was more"
useful than straight job descriptions. Analyses of this type wer'e
done, using uniform procedures, in four theaters of operation.
Combat gunnery officers were asked to indicate the degree to
which gunners should possess certain characteristics stated. and'
defined in a checklist. Gunnery officers considered the qualities-
of emotional control and motivation to be most important, witli
speed of decision and reaction, division of attention, dependa
bility, coordination, mechanical comprehension, and memory'as"
of high importance. Mathematical skill was considered least,
important of all qualities listed. It is interesting to note that'
Lhe intercorrelations among judgments of gunnery officers ii four
lifferent theaters ranged from 0.87 to 0.94. The results of these'
3tudies were used in developing selection tests and in weighing"
"ests in selection batteries. . I •

Experimentation to improve training and selection procedures
cequired an adequate criterion uf gunnery proficiency. A meas-
are of the ability of gunners to shoot d6wn enemy planes would
ae the ideal criterion. However, numerous factors made it un-
likely that a criterion could be obtained from the performance of
gunners in combat. Some subst;itute criterion' was therefore
sought in the training program. Success and failure in training
were first examined as a possible criterion, but investigations of
the elimination policies of the basic gunnery schools revealed that
few men were eliminated (seldom as many as 10 percent of a
class) and that the reasons for elimination i tried from school

703326-47-29
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to school and even from class to class. Attention was turned to
the possibility of obtaining multiple criteria which were reason.
ably valid, reasonably reliable, and obtainable with a reasonable
amount of effort. Standardized achievement tests developed cen.
trally and used uniformly by all gunnery- schools provided a de-
pendable measure of knowledge of gunnery. Phase chceks, which
will be described presently, provided adequate measures of ability
to care for gunnery equipment. These were ancillary tasks, how. i
ever, and there remained a need for a criterion of the ability of
the gunner to aim and fire his guns. Several synthetic trainers,
notably the Waller Trainer, the Jam-Handy Trainer, and the
Hobson-Strnad Trainer, provided fairly st ,isfactory measures of
proficiency in aiming and tracking. Ground'ranges added +heactual shooting of guns to the performance, but the aiming re-quirements of ground range firing were quite unrealistic, except

for the Poorman Range, which was not widely used. Air training
added apparent validity by requiring gunners to shoot from
bombers at aerial targets. Firing at towed flag or sleeve targets
was unsatisfactory because aiming was unrealistic. Gun camera
exercises met all requirements for aiming and tracking but did
not include practice in firing the guns.'The Frangible Bullet
Trainer, an armored fighter at which gunners could fire caliber

.* .30 projectiles which would disintegrate harmlessly on impact,
presented a somewhat distorted aiming problem and yielded such
a small proportion of hits that scores obtained were not reliable.
The Firing Error Indicator, a device which could be mounted in a
glider and towed in a realistic attack pattern, provided, by means
of radio sisnals, a rough indication oi the distance and direction
in which projectiles missed the target. Although the most prom-
ising of all aerial targets, the Firing Error Indicator was not fully
developed at the end of the war. All things considered, the gun
camera provided the most satisfactory criterion of the gunner's
ability to use his equipment in a manner that might be expected
to result in hits on fighters in combat.

The Selection of Gunners
Problems centering around the selection of gunners may best

be summarized from two viewpoints, one pertaining to the tech-
nical job of developing tests which would predict success in gun-
nery and the other pertaining to matters of policy.

Early attempts at developing A, bittery of aptitude tests which
would identify those men who wve most likely to achieve a satis-
factory level of proficiency as gunners were limited by the inade-
quacies of the criteria available for the validation of tests. It
was not until late in the war that criteria were developed which
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were reasonably adequate. However, a number of studies of the
validity of tests were done over a period of 3 years, using the
best available criteria. The general picture presented by the
results of these studies Is as follows.

Academic proficiency as measured by reliable achievement tests
could be satisfactorily predicted. Correlations of from 0.40 to
0.50 were representative. A median r of 0.45 was obtained for
the composite score on 10 classifications tests. The Aptitude Test
for Aerial Gunners, AC30A, yielded a correlation of 0.49. A bat-
tery of tests which included the Army General Classification Test
and the Mechanical Aptitude Test correlated with academic
grades of three classes in each of 3 gunnery schools, the coefficients
being 0.55, 0.66, and 0.44; the AGCT and MA yielded multiple r's
of 0.49, 0.49, and 0.36 for the same groups. The pilot stanine
correlated 0.53 with the gunnery final examination for one group
studied, with the bombardier stanine having a coefficient of 0.47,:
and the navigator stanine a coefficient of 0.25. Specific tests
which appeared most closely related to aademic success were
Technical Vocabulary, CES05C, Mathematics, C1708A, Mechanical
Principles, C1903A, Reading Comprehension, C1614G, and the
Army General Classification Test. Proficiency in aiming and fir-
ing guns was predictable with less efficiency. Correlations be-
tween various tests and ground-to-ground and air-to-air firing
were low, typically of the magnitude of 0.05 to 0.20. However,
the validity of these criteria was considered to be low also. Gun
camera scores provided a more satisfactory criterion from the
standpoint of validity. Among the various tests tried out for
predicting this criterion, the Two-Hand Pursuit Test (Thurstone),
CM801A, appeared to be the most promising, yielding validity
coefficients greater than 0.40 both for a group of 32 Martin gun-
ners and for a group of 32 Sperry gunners. In one study con-
ducted in 1942, biserial coefficients were obtained between the

composite score on 10 selected tests and the criterion of pass-fail
in gunnery training. For two schools, the r's were 0.44 and 0.53.
It seems reasonable to conclude that tests could have been used

to send into gunnery training men of greater promise than those

who were actually accepted for training.
Critical considerations in formulating policy with reference to

the selection of gunners were two: the number of gunners to be

trained was large (during one year some 3,000 gunners were

trained each week), and no ope could define adequately what

minimum levels of aptitude were required of gunners. The first

factor meant that nearly all men who c ,uld meet minimum

physical and mental requirements but who ' ,uld not qualify for

or succeed in aviation cadet training were trained to be gunners.
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Though many gunners were tested, an effective selection program
was precluded. A brief respite was gained from the mass train.
inig of unselected gunners in 1945 when the B-29 gunnery training
program was getting under way. It became possible then to
divert the best qualiied men to this type of training. However,
had the war continued, nearly all gunners would probably have
been trained for the B-29, and the selection program most likely
would have reverted to its former ineffectiveness. It is believed,
however, that more careful planning would have made a selection
program feasible. It is possible that many more gunners were
trained than were needed for combat, or for instructional staffs.
Men trained as gunners were frequently used for jobs not closely
related to gunnery, such as truck driving. Had the requirements
for numbers of gunners been more precisely defined, alid thus re-
duced, better men could have been selected for gunnery training.
On the other hand, had the requirements for skills of gunners
been more precisely defined, more effective demands could have
been made for a gunnery selection program. It is probable that
these types of training which can define their requirements with
precision, and do so convincingly, are more likely to have their re-
quirements favorably considered. Unfortunately, the flexible
gunnery program was not able to specify what minimum aptitudes
or skills were necessary to ensure an increase in the number of
enemy fighters shot down.

An hypothesis which may be useful in future gunnery programs
grows out of the relationship between selection and training.
Since the selection of gunners appeared administratively unfeas-
ible, research in gunnery was concentrated on improving training
procedures. Towards the end of the war, however, some evidence
was obtained from training research which emphasized the im-
portance of selection. Studies of gun camera performance
showed relatively little learning as a result of practic but re-
vealed fairly stable individual differences in proficiency. It is
possible that the final level of proficiency could have been raised
more readily by eliminating men of less aptitude than by extend-
ing the training of the total group.

The Development of Achievement Tests:

A rer. mbered question from one of the early gunery achieve-
ment tests was a'combination completion and true-false type item.
It read, "The ................ is the Army's fastest twin-engine bomber.
True ............ False ............. " Not all items were as bad as this one,
but the tests generally left much to be desired. They were
hastily constructed, sampled only small portions of the subject
matter taught, and were administered in such a manner as to
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assure that nearly all students passed. Efforts to standardize
gunnery training were accompanied by efforts to improve testing
procedures. At first, emphasis was placed upon training instruc-
tors properly to develop and administer achievement tests. A
manual whs prepared and courses were introduced in the In-
struetors School, both emphasizing the desirability of objectivity
in testing, of adequate course coverage, and of clarity In writing
items. Instruction was also given on how to administer and
score examinations. Later, with the increase in the number of
psychologists in gunnery research, the function of test construc-
tion was taken over by the Psychological Research Unit. Thus.
contrally constr,. zted standard tests were made available to all
gunnery schools. Emphasis on the indoctrination of instructors
was shifted to procedures for the administration of tests and to
the use of tests to improve instruction.

Improvement in instruction through the use of test results was.
accomplished by means of the Error Item Analysis Report Form.
For each item in a test, there was on the form a brief description
of the content of the item, folldwed by a reference to appropriate
lesson plans and to sections in the Gunner's Information File
pertaining to the item. The tests were commonly given by an
examining section, which tallied on the Error Analysis Report
Form the number of students missing each item. This made it
possible to furnish each department head ?e.1 each instructor
with a weekly summary of the areas of weakness of students in
their departments or classes.

In time, the use of a standard final comprehensive examination
in all gunnery schools was directed. This examiiiation consisted
of from 135 to 150 multiple-choice items. The first and major
part of the test-sampled items on general gunnery materials; the
second and smaller part was divided into sections, each section
pertaining to a specific turret. All gunners took the first part of
the examination and then selected the section in the second part
which pertained to the turret on which they had been trained.
The examinations were printed in loose-leaf format, and separate
answer sheets, which could be machine scored, were provided.
A noteworthy feature of the gunnery achievement tests was the
liberal use of pictorial items, which reduced to a minimum the
demands for verbal facility.

Most of the work on achievement testing was devoted to the
development of the Gunnery Final Examination. There were
iour major editions of this test, the first and last two editions
having equivalent forms. The items tor the examination were
based upon training manuals, lesson plans, technical orders, and
similar materials. Care was taken to write each item as clearly
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as possible and to make all of the alternative responses useful.
Homogeneity within the subtests, such as weapons, sighting, and
aircraft recognition, was sought through internal consistency
item analyses. Effort was also directed toward obtaining maxi.
mum totai test reliability. The reliability of the successive edi.
tions of the test ranged from 0.73 to 0.88, the latter forms having
the higher reliability coefficients.

The gunnery schoQl final examinations were used as one basis
for the elimination of deficient students from training, as one
basis for the selection of instructors and gunnery officers, and as
a criterion in zeveral research studies. They seemed, to provide

* additional motivation for students, and they served as useful
tools for detecting weaknesses in instruction.

Phase Checke
Because of 1-ck of equipment and lack of experience in the-

. training of gunners, early gunnery training tended to be highly
verbal. Gunners became skilled in talking about gunnery and
in passing written examinations about gunnery. To shift the
emphasis in training from verbal learning to learning ,by doing,
gulmery performance tests, khown as phase checks, were d&
veloped. A phase check consisted of a series of carefully-pre-
pred items which described precisely each step in the perform-
a'ce of some gunnery task, stich as stripping and assembling the
a:liber .50 machine gun. Instructors, known as phase checkers,

lU3ed the list to check the gunner on his ability to demonstrate
t.)at he could perform each of the steps in the given task. Since
a ' important steps in the task were covered, it was possible t6 use
1r ase checks for training as-well as for testing. Thus training,
thv'ting, and the final combat job in care of equipment could all
b, made similar if not identical. Phase checks were developed
fo, the caliber .50 machine gun, for all turrets, and for all pre-
fiitt, inflight, and postflight procedures. They measured profi-
ciei y in all of the important duties chat a gunner had to perform
to r, ;,dy himself to aim and fire his guns.

T) ;'ough experience in developing many phase checks, certain
prin, iles were worked out for their construction. Initially, it
must tie determined that the task is uniformly accomplished, or
at lea.%, that it can be made uniform by training. The perform-
ance ir ilved must also be observable, or there must be some prod-
uct of \ .e performance which can be checked for adequacy.
With tU -. crinditions met, items can be prepared. In prepara-
tion of '.ems, it was found that clarity of wording, .discreteness
of each -t.p, order of steps, scorability of the individual item, and
closeness v the requirements of the task in combat were the
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most important considerations. Having prepared and assembled
items, it was found that careful attention to the preparation of
directions to the phase checker, and of directions for the phase
checker to read to the student, was rewarding, for uniform
administration was requisite to reliable scoring. The scoring of
phase checks presented several problems. It was found best to
score each item on an all-or-none basis, checking steps correctly

* done, and marking with a zero steps incorrectly done. Final raw
scores were obtained by counting the number of errors iidicated.
All attempts to work out a system of weighting of items, either on
the basis of judgment of their relative importance or by statistical
analysis, failed. For convenience in comparing students on va-
rious checks, raw scores were converted to scores on a norrhalized
5-point scale. Converted scores were obtained on subpazts of a
phase check for diagnostic purposes in training, as well as an the
total check. For operations where speed was an important con-
sideration, converted scores were derived from raw error and
time scores combined.. r- r

The validity and reliability of phase checks *ere not readily
determined by usual techniques. The validity of a phase check
was inherent in the instrument itself, since the check required
the performance of overy step in a particular task required of a
gunner in combat. One statistical estimate of reliability of
phase checks yielded a coefficient of 0.65. However, little confi-
dence could be placed in this estimate because-of the small pro-
portion of errors to the total number of items on the check. The.
problem of determining reliability statistically was neglected in
favor of improving the accuracy and usability of a technique that.'
was so obviously valuable in gunnery ttaining. Towards the end
of the war, training reached a level of proficiency that produced
gunners nearly all of whom attained perfect or near perfect scores
on all phase checks.

Phase checks were widely used as tests, as training devices, and
as criteria in research studies. Their significance in gunnery
training; is suggested by the quantities used. The printing of one.
series of phase checks ran to 11/ million booklets and about 9
million answer sheets. Their use was directed in all basic
schools, in all gunnery training stations -of the training air
forces, and in most combat air forces. Phase checks similar to
those developed in gunnery were developed for bombardier train-
ing in the Army Air Forces and for gunnery training in the -
Royal Air Force. It is judged that phase checks could be devel-
oped and profitably used in comparable civilian training pro.
grams.
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The Evaluation of Training Devices and Procedures

A continuing concern of the Research Division was the evalua.
tion of training devices and procedures that were used or pro.
posed for use in gunnery training. In many respects, this was
one of the most important functions of research, for the nature
of gunnery tended to favor the development of numerous devices
and procedures to substitute for the unattained realistic training
situation in which the gunner could practice the skill required
of him in combat. Some screening was necessary to ensure that
the most effective substitute? devices were used, and that the
devices which were adopted were used in the most efficient manner.

A number of devices were developed for teaching gunners to
range and track. An early sighting system was based upon the
accurate estimation of range, from which estimates of required
deflection could be calculated. The Reflectone Trainer was used
to give instruction in range estimation. Gunners were required
to estimate the apparent range of a model airplane inclosed in a
long box, the range being mechanically variable by the adjust-
ment of the relative position of mirrors reflecting the image of
the model plane. Under classroom conditions, it was found that
gunners learned little on the trainer after about 150 settings of
the apparatus, and that most learning occurred during the first
30 settings. The findings were corroborated by a laboratory
experiment. On the basis of. these investigations, it was possible
to recommend the elimination from the curriculum of about 8
hours that had formerly been devoted to this trainer. Under
classroom conditions, reliabilities fluctuated around 0.75. Ob-
servation indicated that most subjects quickly learned to use
extraneous cues to estimate "range," cues which would not be
available from a bomber in flight.

• The Reflectone Trainer was later dropped from the curriculum.
An outdoor range -estimation range was substituted, but a de-
crease in emphasis on range estimation in sighting resulted in
converting the outdoor range into a tracking trainer. Gunners
operating turrets mounted on stands would track and frame a
fighter which would sweep low over the positions. Performance
was recorded on gun camera film. Because only a dmall amount
of film was available for use on the outdoor trainer, and because
much of the film that was used was improperly exposed under
normal training conditions, the reliabilities of student scores
obtained were so low (in the neighborhood of 0.50) that it was
recommended that the range not be used for making compari-
sons among students unless more favorable training procedures
could be developed.
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A somewhat more satisfactory device was the RdAF Range

Estimation Trainer. This device required the gunner to estl-"
mate the range of fighters presented by moving picture film.
Experimental evaluation indicated that gunners learned quickly
to estimate the amount of their ring sights which was filled by
the fighters at various ranges. It was recommended that this
device be used. 

.

To provide practice in tracking and framing, a device known
as the E-8 Spotlight Trainer was used. Gunners were required
to track a spot of light which followed an irregular course around
a semispherical screen. If the gunner were operating Sperry,
equipment, he was also required to frame the spot of light, whiclh
would expand and contract in a fashion that roughly simulated.
the increase and decrease in apparent size of an airplane as its*
range changed. Scores were obtained through a photoelectric:
counter system. Under classroom conditions, reliabilities of
about 0.40 were obtained, and it was recommended that the
device not be used to differentiate among students on ability tol

track and frame. It was demonstrated, however, that learning
did take place on the trainer, and its use in the program was
continued. A study to measure the influence that practice on the*
Spotlight Trainer would have on gun camera performance indi-
cated some improvement of ability to track, using Sperry equip-.
ment, even though the reliabilities on the trainer remained low.

To train B-29 gunners to track and frame, an outdoor range,
equipped with B-29 sighting stations arranged in'a pattern some-^
what similar to the location of the sighting stations in a B-29

airplane, was employed. Fighters flew over the turrets, stu-

dents tracked and framed the fighters, and performance was

recorded by means of gun cameras mounted on the sights. 'A
brief study indicated that satisfactory learning was evident in

this practice. No studies of reliability or of validity were under-

taken;
Ability to track an unseen fighter by use of radar equipment

became important in the training of tail gunners for the B-29."

A device, known as the AN/APG-15 T1 Trainer, was used to

train gunners in the necessary skills. In using the trainer, gun-

ners would manipulate their sighting equipment to track a spot:'

of light which appeared on a radar scope and followed a path

similar to that generated by an attacking night fighter. Scores,

which were obtained from electrical error integrator units, were

satisfactorily reliable, ranging around 0.85. A study of the ob-

tained learning curves made it possible to recomyrend that approx-

imately 11 trials of 8 minutes each be given .o radar gunners.

The trainers described above all required that the gunner follow
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a target with the target centered In the sight, and sometimes with
the additional requirement of adjusting the reticles of the sight
so that the target was framed. Deflection trainers required a
somewhat more complex performance in that the gunner had to
estimate and lay oft a deflection and to change this deflection dur.
ing the course of an attack. One trainer used to develop skill
in deflection tracking was the Waller Trainer. This was an
elaborate device, which used five synchronized projectors to plc.
ture on a very large curved screen the attacks of actual fighters,

,which had been photographed by five synchronized cameras from
a bomber in flight. The gunner operated hand-held or turret,
mounted guns, and a score was mechanically obtained for rounds
fired, bursts fired, and hits scored. Several studies of this trainer
were performed. Under classroom conditions, reliability of
scores tended to be low, but it was demonstrated that reliabilities
as high as 0.80 could be obtained when scores from 8 tests given
under controlled conditions were combined. Considerable learn-
ing, which extended over quite a number of trials, was evident.
When practicing, gunners could obtain immediately knowledge
of the accuracy of their firing by an auditory signal received
through interp,,one equipment. One experiment indicated that
gunners receiving this signal during practice were consistently
superior in -performance to those gunners who did not have the
advantage of the signal.

The Jam-Handy (E-14) Trainer was similar in -principle .to
* the Waller Trainer, though much simpler in design. There were

two synclironized projectors, one presenting on a small flat screen
* the view of an attacking fighter, and the other presenting the

correct point of aim for the attack. For testing purposes, the
gunner wore polaroid glasses which made it impossible for him
to see the polarized light from the superimposed ring sight,
although the ring sight remained visible to the instructor. The
gunner's point, of aim was indicated by a pin point of light pro-
jected from his simulated gun. Scoring was accomplished by
the instructor who recorded graphically the gunner's initial point
of aim with reference to the, correct point of aim, and measured
the amount of error in standard units. Though the scoring was
subjective, reliabilities in the 0.80's were obtained when trained
instructors were used.

Two modifications were made in the Jam-Handy Trainer to
provide a mechanical scoring system. One of these employed a
photoelectric cell which was activated by infrared light reflected
from the correct point of aim when the gunner was correctly
pointing his guns. This system was sound in principle but had
flaws in design which were not eliminated early enough to make
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the device usable. Another modification employed mechanical
linkages to permit matching the gun position with the position of
the target, giving a score based on a photocell counter. This

* latter modification yielded reliabilities which ranged from 0.73
to 0.82, and its adoption was recommended.

For the training of B-29 gunners, several Jam-Handy Trainers
were installed in a large room with the sighting stations in the
same relative position as they were on the B-29. An evaluation
of this trainer showed learning and adequately reliable scores.
It was recommended that the device be considered for use in
training. Useful information was obtained from this study rela-
tive to incidence of fatigue among several well-motivated subjects.

The DeVry Panoramic Trainer was comparable to the Jam-
Handy Trainer, except that the target was presented on two
small, ground glass screens enclosed in a box into which the gun-
ner looked, an arrangement which made a darkened projection
room unnecessary. The DeVry was equipped with an electronic
scoring system indicating the number of rounds fired and the
number of hits obtained. Adequate evidence for learning on the
trainer was obtained, but there was no evidence that practice on
the DeVry would transfer to performance on either the Jam-
Handy Trainer or guji camera exercises.

The shotgun was ubiquitous in gunnery training. It first was
used on the skeet range, a range which was subsequently modified
in sundry fashions to make the training appear plausible. Scores
obtained on the skeet range were quite reliable (above 0.80 con-
sistently), and a small amount of learning occurr.%d. With the
introduction of a rational system of sighting, known as Posiiion
Firing, skeet gave way to the Basic Deflection Range, which re-'
quired the gunner to use aiming rules roughly similar to Position
Firing rules. Another modification of skeet called for the firing
of a post-mounted shotgun from a truck which circled a track at
about 20 miles per hour. Clay pigeons were the targets. The
reliability of scores on the Basic- Deflection Range was around
0.85 and on the Moving Base Range around 0.90 (for 10 trials).
Seven trials of 25 rounds each did not seem to exhaust learning
on the Basic Deflection Range, and learning continued on the
Moving Base Range after the twelfth trial. The effect of re-
moving either of these ranges f--oln gunnery training was not
evident in the performance of gunners on gun camera exercises,
in one study. To provide practice in turret manipulation, shot-
guns were mounted in training turrets and fired at clay birds
ejected from a platform mointed on a tower about 30 feet high.
Six trials of 25 rounds each gave an estimated reliability of 0.67,
"with the reliability of the lAst three trials being 0.72. Most
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learning seemed to occur during the first few trials. Finally,
skeet was modified once again into what was called the Giant
Skeet Range,' which permitted a longer period of tracking for
each shot. Reliabilities were again good, learning occurred, but
there was no indication that practice would transfer to perform-
ance in the DeVry Trainer, which also required the application of
Position Firing rules.

The gunner was introduced to his weapon on the machine gun
ranges. Though all machine gun ranges had certain artificialities
which reduced their value as trainers of sighting skills, they did
familiarize the gunner with guns he would use in combat, which
was considered valuable. On the Moving Target Range, gunners
fired eithei hand-held or turret-mounted guns at a square cloth
target which was towed across the line of fire, at ranges from 200
to 400 yards. The sighting problem was unlike that in the aerial

*situation, and tracking was limited to the horizontal plane. The
reliability of scores obtained on this range varied typicaliy from
0.50 to 0.70. No data on learning are available.

On the Burst Control Range, the target was moved in to a dis-
* tance of 1,000 inches from the gunner, who was required to learn

to maintain as small a pattern of bullet dispersion as possible.
Adequate reliability was obtained ,(0.80 to 0.85), and learning
continued with no evidence of complete mastery by the end of some
30 trials of 3 bursts of 12 rounds each. Performance of gunners
using a new mount and an old mount gave clear evidence of the
superiority of the new mount over the old, insofar as pattern size
was concerned.

The Poorman Range was a ground installation which did pro-
vide a fair simulation of the gunner's sighting problem. The
gun position was mounted on a rotating base. The gunner was
required to track in a direction opposite to the rotation of the
base, using as a reference point a small track-mounted model
plane traveling through a path which simulated mathematically
the path of an atl.acking fighter. If the gunner applied Position
Firing deflections properly, his guns would remain pointed at the
center of a stationary cloth target. Number of hits on this target
provided the gunner's score. The estimated reliability of scores
obtained for 15 trials of 60 rounds each was 0.56. Learning was
typically rapid at first, with some leveling off though no evidence
of complete mastery at the end of 13 trials of 60 rounds each.
Untrained gunners, though inferior to trained gunners during
early trials, quickly caught up with the more experienced men
and performed as adequately throughout the latter trials. Tie
Poorman Range was not widely used in the Training Comnand,
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but it was considered very favorably by gunnery officers in the
training air forces.

Another ground range involved the firing of machine guns at
radio-controlled target airplanes. Though the planes could be
brought to earth occasionally by direct hits, with attendant ex-
citement, the total number of hits registered was too small to
expect that reliable scores could be obtained. Further, the juns
were fired in battery which prevented the gunner from obtaining
knowledge of results of his firing. On the whole, the OQ-3
Range, as the radio-controlled target range was called, was con-
sidered to have interest value and little else.

Upon completion of ground training, gunners were given a
period of training in the air. One form which this training took
was to fire from a bomber at a sleeve or flag target towed by an-
other airplane. Except for familiarization with the firing of guns
from a bomber, this type of practice, called air-to-air firing, was
considered to have little value. Reliability of scores seldom rose
significantly above zero, and instructional possibilities were very
limited. However, air-to-air firing was continued throughout the
war, in the absence of any fully adequate substitute.

T he gunner's sighting and tracking problem was closely simu-
lated in gun camera exercises. Using sights equipped with 16
mm. moving piiture cameras, the gunner would simulate fire at
an attacking fighter. Scoring the film usually involved the meas-
uring of deviations of the reticle of the sight from its proper posi-
tion in relation to the target, a task which could be done with
adequate consistency if.proper care were taken. The mainmsource-
of unreliability in gun camera scores were variations in fighter
attacks, bomber courses, air turbulence, harmonization of guns,
and similar factors. For attacks within a single mission, average
reliabilities were typically of the order of 0.45 to 0.65. Between
missions, however, intercorrelations ranged from 0.05 for one
type of score to 0.42 for another. The rank order correlation
(uncorrected) between scores on the first 5 and on the second 5
of 10 comparable missions ranged from 0.56 to 0.75, for different
measures. In general, it may be said that scores of satisfactory
reliability could be obtained on gun camera performance providing
enough exercises were given with conditions held at uniform as
possible. When leariing was studied, there was little evidence of
improvement on the part of men who had completed their gun-
nery training; however, untrained gunners showed improvement,
particularly thos.o using the Martin turret. Though the evidence
of its benefits were not clearly establishci, the gun camera was
S oisidered to be the best single training situation. available during
the course of the war.
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A device which promised to provide excellent air training ex-
perience was the Firing Error Indicator. This was a radio sys-
tem, composed of a transmitting unit in a target glider and a
receiving unit in the bomber, which supplied sigmals indicating
the distance and magnitude of misses when caliber 0.50 projec.
tiles were fired at the target. The combat situation was simu-
lated closely and the gunner was provided with immediate knowl-
edge of results in a most useful form. te reliability of scores on
this device was not determined. There was evidence of learning
in an exploratory experiment, but there was no evidence of trans.
fer to gun camera performance. • Although the evaluation of" this
device was not completed, every indication was that development
should be continued.

The Frangible Bullet Trainer in many respects provided an ex-
cellent training situation. Gunners fired a special caliber 0.30
projectile at an armored fighter; the projectiles would disinte-
grate harmlessly on impact. Hits were indicated by a flashing
light and recorded by a system of counters in the fighter. There
was some evidence of learning, although the reliability of scores
was very low. The average percent hits obtained in one study
was three, which limited the tuitional value ot. the device.

I Changes in ballistic factors -occasioned by the use of a lighter
and slower projectile also presented difficulties which were not
overcome with complete satisfaction by the modification of sights.
It is possible that the introductidn of radar fire control equipment
on bombers would increase the number of hits obtained on the
Frangible Bullet Trainer sufficiently to yield more satisfactory
scores and-possibly increase the validity of the sighting operation.

A study of a system of visual training conceived as a means of
improving the perceptual skills of gunners, and several investiga-
tions of instruction in aircraft recognition are reported in the body
of the report, but are not summarized here for they were not of.
appreciable importance in gunnery training.

The Attitudes and Adjustment of Gunners
At various times during the war, the attitudes and adjustment

of gunners were studied. The value of these studies was largely
contemporaneous, aiding in the shaping of current policies.
Taken together, the studies now provide something of a stereo-
scopic view of the men who are the concern of this report. One
of the studies of the adjustment of gunners is believed.to be of
enduring significance.

In general, gunners were satisfied with their assignments.
One study revealed that 75 percent felt that being a gunner was
better than most Army assignments, and 73 percent felt that they
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would make good gunner3. Of the same group, 81 percent felt

j that the gunner's job was as important as that of the bombardier,
navigator, or pilot on a bomber. Attending gunnery school usu-
ally increased the incidence of favorable attitudes. Most gun-'

ners looked f6rward to combat. At least 50 percent said that
they would be disappointed if they did not get into combat; about
25 percent were undecided; and 25 percent evidenced no enthusi-

asm, oz a questionnaire. After combat, only about 15 percent
desired to return for a second tour of duty. Most gunners, about
85 percent, felt that their gunnery training was from good to
excellent. However, gunners in combat were able to make many
specific recommendations for the improvement of the:training they
had received. Combat experienced gunnrs most frequently felt
that their training in operating their equipment in the air had
been deficient -

The assignment of gunners who had completed one tour of

combat duty presented difficulties. Although the experience and
prestige of these men made them potentially useful, their rela-
tively high rank and their adjustment difficulties made special.'
handling of their assignment necessary. The attitudes of train- .

ing officers towards returnees varied from the opinion that they
were trouble-makers to the opinion that they had much to offer
in the training program if they were given the opportunity.

Early assignment policy was obviously inadequate and many re-
turnees expressed resentment against the jobs given to them.
Later, policy improved so that about 70 percent of one large group
studied felt that the Army was making good use of their ability

and experience; 68 percent expressed satisfaction with their

assignment; and 70 percent felt that they were doing a good job. -

There was little enthusiasm for an assignment to a second tour of

combat duty. In one study 15 percent of the men indicated some

desire for a second tour, and an additional 16 percent were indif-

ferent. Most men felt that they had had enough of combat.

Attitude toward a second tour of duty was affected by the reaction

of gunners to the experiences they had had on their first tour.

Those gunners who had most frequently or intensely experienced

fear in combat and those who had suffered from operational

fatigue were less willing to return to the combat situation.

Prior to combat, about half of the gunners in oTie study indi-

cated some concept of the goals for which they were fighting,

though, their expression was doubtlessly molded by the question-

nVF.:e used. In an intensive study of 100 returned gunners, it'

appeared that returnees were more inclined to question the basic

values of the war than were precombat gunner§. An appre-
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ciable percentage of returnees, about 40 percent, expressed some
dissatisfaction with the civilian population.

Combat left its mark upon most returning gunners. Ninety
percent of the men experienced fear in combat equal to or more
severe than any other fear they had ever experienced. About

40 percent of one large group of returnees had been diagnosed as

having had operational fatigue in at least some degree of severity.

In a more intensive study of 100 men, 24 percent had exhibited

s.evere combat fatigue and, an additional 50 percent had shown

a moderate-degree of combat strain. The problem was obviously

serious enough to merit careful study. Such a study was con-

ducted under the supervision of Dr. Carl R. Rogers, primarily to

determine what factors were most closely associated with adjust-

ment during and after combat. It was concluded that the follow-

ing factors were sources of psychological strength in combat: a

high degree of security in a social group, a high degree of security

in family relationships, security in religious faith, independence,

clear purposes and goals, superior ability, and constitutional sta-

bility. Early adjustment and the ability to form strong group

relationships were considered to be most significant. Other find-

ings are included in summary form in preceding paragraphs of

this section. A number of recommendations were made' which

were of immediate value in shaping policy with reference to the

treatment of men returned from combat.
The usefulness of attitude studies was apparent during the war.

In view of the fact that the systematic accumulation and process-

ing of data on attitudes is a relatively straightforward under-

taking, it would seem profitable in such a large scale training

program to have routinely collected materials on the attitudes of

gunners on entrance to gunnery school, on completion of training,

& just prior to combat, and immediately following combat. Studies

of special groups, such as instructors and gunnery officers, might

also have been fruitful.

The Development and Evaluation of Training Programs

Whereas the research which has been summarized so far con-

tributed indirectly to the improvement of gunnery training,

psychologists were also directly responsible for assisting in the

development of training programs and for their evaluation in

operation. This task was complicated by the diversity of gunnery

training and by the frequent changes.made necessary by the intro-

duction of new equipment. In such a fluid training situation, it

was impossible to achieve uniformity by directives from higher

headquarters, for the planning and execution of programs in-

volved the efforts of a large number of people. It is believed that
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psychologists contributed effectively to achieving uniformity in

training by defining and sponsoring certain principles which were

evolved from experience accumulated in the program, and which

also reflected well established principles of learning. The need

for clear definition of objectives, for basing course content on

these objectives, for drawing from established principles in plan-

ning teaching procedures, for objectively evaluating the results

of training, and for revising training procedures in the light of

research findings were stressed. More detailed principles for

guiding work on specific problems, such as the development of

training aids and of training devices, Ivere gradually worked out

and used in program planning. The evaluation of training pro-

grams in operation made use of several techniques, the most

notable of which were the experimental ccmparison of a new and

an old program, the measuring of the proficiency of gunners

arriving in combat theaters, the interviewing of gunners, and the

studying of some specific unit of Work within the program.

Several studies of the effectiveness of gunnery training were

undertaken. One of the first of these had as its objective the

measuring of proficiency of gunners in combat air forces, the

obtaining of information required for planning tests for the selec-

tion of gunners and of gunnery officers, and the investigation of

the adequacy of various materials included in gunnery curricu-

lums at the time. Psychologists were sent to the Seventh Air

Force, the Fifth and Thirteenth Air Forces, and to the China-

Burma-India Theater for these purposes. The proficiency aspect

of the study indicated that none of the gunners studied was asg

proficient as the average basic gunner in weapons and sighting,

and that most of these men actually received failing scores on the

measures used. On turrets, about one-third of the men studied

reached the level of the average gunnery student, and one man

proved to be above average. It was apparent that gunners were

arriving in combat theaters unprepared to do tjiir'jobs.

The project reports resulted in a reexamination of gunnery

training in the States. Attention was focussed on the training

air forces in particular, and a study, known as the Pueblo Project,

was undertaken to demonstrate the effectiveness of an, advanced

training program which stressed increasing motivation, provid-

ing opportunity for guided practice, and teaching the gunner's

job as a unified performance. The gunners trained under the new

program were markedly superior to those trained under the old

program; 97 percent of the experimental group achieved perfect

scores on turret phase checks and only 38 percent of the gunners'

trained by traditional methods achieved perfect scores. The

efficiency of training in the'new program also made it possible to
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use saved time to train gunners on secondary turret positions, and
thereby increase their'usefulness to a combat air force. The pro.

* cedures used in the experimental program at Pueblo were adopted
and made standard for all training air force stations in the
country.

The possibility of increasing the length of the basic training'
program was also considered. Prior to adopting a new program,
it was decided to determine what gains might be expected from
increasing the course from 6 weeks to 8 weeks. This decision
was significant for it reflected an acceptance of the viewpoint that
new procedures should be tested prior to adoption. The 8-week
students were found to be superior in knowledge of gunnery, no
more proficient in care of equipment, slightly superior in use of
equipment, and appreciably better in their attitudes toward gun-
nery and gunnery training. When the two groups were followed
up in advanced training, no differences were apparent. On the
basis of this study, it was possible to recommend that the 6-week
course was adequate during periods of crisis when time was criti-
cal, but that gains were to be found in an 8-week course if the
time could be afforded,

The studies of the proficiency of gunners in combat theaters
helped establish the idea that gunners should be given training
from the day they entered gunnery school until they had com-
pleted their last combat missions.' An intense period of training
followed by many months of sporadic training or no training at
all could not be expected to result in highest combat efficiency. In
an attempt to identify the most efficient procedures for maintain-
ing the proficiency of gunners during their combat tour, an evalu-
ation of four types of training routines was undertaken in the
Eighth Air Force. This study indicated -the superiority of gun-
ners trained under two of the proposed programs, and recom-
mendations were made for what appeared to be a fairly satisfac-
tory program for in-combat training of gunners. Finally,
gunners who had completed their combat tours and returned to
this country for retraining for a second tour of duty were subjects
in an experiment designed to determine how much refresher
training they would require to bring them up to the level of pro-
ficiency of current gunnery graduates. It was found that 3
weeks of refresher training was sufficient to achieve the desired
objective.

The Selection and Training of Gunnery Instructors
The importance of the individual gunnery instructor in deter-

mining the general level of gunnery trainiihg was recognized early
in the psychological research program; and persistent efforts were
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made to improve the functioning effectiveness of these men.
There were three general types of gunnery Instructors: the
classroom instructor, the ground range instructor, and the air
firing instructor. Since type of instructional assignment could
not be predicted with certainty, it was considered necessary for all
graduate.; of the Instructors Course to be able td take over any of
the various instructor jobs, either in gunnery schools, on a train-
ing air force station, or in a combat air force squadron. A wide
rango of possible job assignments, many of them requiring dif-
ferent abilities as well as different knowledge and gkill, made it
necessary to select gunnery instructors for general abilities and
to follow up selection with general training.

The ideal measure of the competence of the gunnery instructor
would have been some measure of the proficiency of the men whom
he trained. In the absence of such a measure, it was decided, on
the basis of an analysis of the gunnery instructor's task, that in-
telligence, knowledge of gunnery, personal adjustment, and an
understanding of the principles of teaching were of most signif.
icance. Intelligence could be measured by available intelligence
tests; personal adjustment might be measured by tests validated,
against instructors of the Instructors School staff whose adjust.
ment was considered to be satisfactory; and knowledge of gun-
nery could be measured by one of the comprehensive examinations
that had been ddveloped for such purpose. The measurement of

*, teaching proficiency, however, required the establishment of a
special situation and the development of a rating scale which

. would permit relatively standardized observation of instructor
trainees .in action. To meet this need, and to give future instruc-
tors an opportunity to learn by doing, practice teaching classes'
were instituted in the Instructors Course, and the Gunnery In-
structors Rating Scale was devised. The agreement among six
specially trained raters using this scale in the practice teachng
situation was indicated by t. correlation of 0.94 (corrected) be-
tween odd-even raters, on the final item of the scale v.:hich required
a judgment of general effectiveness as an instructor. The fact
that this correlation was quite high was attributed to the careful
indoctrination given to the raters. With a satisfactory -measure
of teaching proficiency, there was available a criterion for each of
the four areas considered important in the selection and training
of instructors.

An early study of the intelligence of instructors serving in the.
gunnery schools suggested that they represented approximately
a cross-section of the student population froin which they were
drawn, the Army General Classification Test scores of the instruc-
tor group being only slightly higher than those of the students.
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There was no evidence of a rational and consistent policy of in.
structor selection. As a first step toward improving the quality
of men selected to be instructors, the requirement was established
that all instructors must have an AGCT score of 120 or above (or
110 or better in certain exceptional cases), must be a high school
graduate, must make a score on the gunnery final examination
above that achieved by 75 percent of basic graduates, and must
have "the general attributes and attitudes desirable in the task as
determined by a competent interviewing officer." These interim
requirements were replaced later by requirements based on the
Instructors Qualifying Exam nation, which was specially de-
veloped for the purpose. This examination was designed to meas-
ure general intelligence, knowledge of gunnery, teaching aptitude,
and personal adjustment. It was divided in two booklets, one
measuring "aptitude" and the other measuring "achievement."
Reliability for both sectionsi was quite adequate. Validity co-
efficients against three criteria ranged from 0.19 to 0.57 for the
aptitude booklets, and from 0.08 to 0.62 for the achievement
booklet. The examination was used most extensively in the P,-
sonnel Distribution Command to select from among returnee
gunners those who should be assigned for training as instructors.

The assistance given in the training of instructors does not leld
itself to ready documentation since much of the work was of an,
advisory nature. The final comprehensive examination and.vari

' ous tests were developed for the Instructors Course; studies were!
made of combat returnees on the basis of which suggestions were
,made for their training and use as instructors; manuals were
prepared, such as the manuals for instructors and students ort
interphone procedure; assistance was given in the development
of training films; and day-by-day counsel was provided on prob-
lems that were individually of no great import race but which il
the aggregate composed much of the total problem of instructor
training.

The Selection and Training of Gunnery Officers
That gunnery was at first considered a subordinate and not too

important function in the operation of . combat aircrew is sug-
gested by the fact that the training and supervision of gunners "n
combat theaters was normally de.egabd to various officers in the
squadron, few of whom had had any gunnery training. An in- 1
creased awareness of the importance of gunnery was accompanied
by a demand for specially trained officers who could be responsible
for the maintenance of proficiency of gunners during their combat
tour. Since the job was to be newly created, study of the requir(,-
ments of the situation in which gunnery officers ivould operate was
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necessary. But haste also was necessary. It was decided, there-
fore, to make an a Vprori analysis of the duties of the gunnery ofli-
cer, and on the basis of this analysis, to make tentative plans for
a selection and training program. This procedure was followed
up by an empirical study, performed by a psychologist sent to the
Eighth Air Force, the purpose of which was to validate the as-
sumptions made and to obtain supplementary materials necessary
to arrive at a complete and integrated program for selecting and
training gunnery offiers. It was determined that the gunnery
officer first of all had to be able to --ach and to organize a training
program. He also had to be proliient as a gunner and as a .tech-
nical expert in gunnery equipment. He had to be a leader capable
of enlisting the support of the gunners in his squadron and obtain-
ing the cooperation of other officers with whom he worked.
Fina?1f7, he had to have qualities of personality and ability that
would live reasonable assurance of success in a job for which
there was no pattern-setting precedent. The Eighth Air Force
study also yielded a series of ratings, by men acting as gunnery
officers, of qualities 'Which were considered essential in the gun-
nery officers who were to be selected and trained. On the baiis
of those studies, the Gunnery Officers Selection Test was devel-
oped. This test consisted of two booklets, the first made up of
measures of general intellectual abilities and the second of meas-
ures of personality variables considered to be important 'for gun-.
nery officers. The final form of the test had reliability coefficients.
for the two parts of 0.87 and 0.89, respectively. The validity dr.
the two parts is suggested by obtained biserial coefficients of 0.42
and 0.18, using pass-fail in the Gunnery Officers Course as the cri-

terion. Ater the ihitial curriculum for the Gunnery Officers:
Course had been planned, psychologists hid little, responsibility in
connection with the work of the school, beyond assisting
occasionally'on various minor technical problems.

Contributions to Gunnery Equipment, Theory, and Technique

Psychologists in gunnery gave assistance in the development of
gunnery equipment and in the formulation and evaluation of gun-
nery theory and techniques. Much of this work consisted of
making judgments and suggestions by drawing from established
psychological principles to find solutions to specific problems in.

gunnery. Some of the work was experimental in nature. The

work was considered to be important, for psychological considera-
tions were often neglected in the design of gunnery equipment or

in deciding how equipment should be used. For example, the

control wheels of the B-29 pedestal sight were so designed that

conflicting manual movements were required to frame the target

461



and to trrck vertically. Compensating sights were adequate in
design but limited in use until experimentation indicated that
gunners could use compensating sights against a variety of
attacks.

An early experiment investigated the efficiency of several types
of sight reticles, a basic problem in equipment design since all
sights had some type of reticle. The investigation was prompted
by the discovery that gunners tended to underestimate range
when using iron ring sights. Of 500 judgments of range, 489
were underestimations. The presence of an optical illusion.in-
duced by the design of the sight was suspected. The hypothesis
was that the circular ring superimposed upon a fighter tended to
make the apparent size of the fighter greater than it would be if
the ring were not present. Therefore, the ring for one sight vas
removed, leaving only the cross-hairs, and performance on this
modified sight was compared with performance on the standard
sight. When the ring was removed, the error in estimating

* range was significantly reduced. The possibility that a size con-
stancy phenomenon was also operating was suggested by the fact
that estimation of range was more accurate when an optical sight
was used; the optical sight had a collimating lens system which
eliminated most of the conditions favorable to the occurrence of

* size constancy. The possibility that eye-dominance might be sig-
nificant" in sighting was also explored, though not exhaustively.
Tests of a special gun grip which facilitated the use of the domi-
nant eye. in aiming were compared with the traditional grip. No'
significant differences were found. An additional equipment
problem arose when it became desirable to install gun cameras for
B-29 sights for use in combat. There was some hesitation to in-
stall cameras for fear of upsetting the balance of the sight. Com-
parisons of standard sights with counterbalanced camera-equipped
sights indicated that the installation of the camera did not
significantly affect the gunner's performance.

Increasing the versatility of existing equipment was often more
rewarding than attempts to have equipment Tnodified to incorpo-
rate improvements, since equipment changes consumed much
time. Several gunnery officers suggested a simple rearrange,
ment of the ring and the post on ring-and-post sights to make it
unnecessary for the gunner to keep his head a given distance from
the ring. The accuracy of sighting when using the two systemsI
indicated some superiority for the proposed modification. The

adoption of the new method was recommended.
The defensive strength of a bomber formation was decreasee

by the fad *V't most gunners could fire effectively only at fighterI
attacking their own bomber. Lending support fire to a neighbor
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Ing b onber Was not feasible, when using noncomputing sights.
The use of compensating sights for support fire was known to be
possible mathematically; however, there was doubt whether gun-
ners could make the perceptual judgment required to apply the
mathematically determined deflections. The judgment involved
estimating the "aspect angle" of the fighter, or the degree to which
the nose of the fighter was turned away from the gunner's bomber
toward some other bomber. On the basis of studies of the ability
of gunners to judge aspect angles in a static, laboratory situation,
the recommendation wai made that the aspect angle method of
firing be used. The procedure was incorporated into Air Force
doctrine. To, verify the soundness of the recommendation, the,
studies were repeated in ;h air. It was found that gunners could
estimate support fire dei ectlons using the aspect angle system as
effectively as they could judge deflections required for defense of'
their own bombers when using simple ring sights. This develop-
ment illustrates well the productive role of psycho.ogical research
in a practical situation. A problem existed for which an imme-
diate solution was demanded. The solution recommended was,
based upon the best available, though limited, experimental evi-
dence. A tactical doctrine was formulated and put into use.
The recommended procedure was then verified, and checked for-.
possible revision, by more extensive experimentation.

CRITICAL EVALUATION

An attempt will be made in the paragraphs .that follow to evalu-"
ate briefly the work of psychologists in gunnery and to summar-
ize some hypotheses, growing out of the gunnery research
program, which may be of value to other research groups.

The Concept of the Job To Be Done. -

A first question that one would ask of a research program is
how adequate was the conception of the goals and the functions
of the program. The fact that the objectives of gunnery research,
were frequently examined by the officers responsible for the pro-
gram may lend substance to this final evaluation.

The objectives of psychological research in gunnery changed
during the course of the war. Thus the most thoughtful concep-
tion of the work during one period would not suffice for a subse-
quent period. With the exception of one period, however, it is
believed that the over-all program of pschological research in gun-
nery was accomplished with objectives and purposes which were
clearly formulated and generally understood. Early research in
gunnery was directed towards the developing of selection tests.
This was an appropriate function for psychologists in the Army,
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there being established precedent for this type of work. In seek-
ing criteria for the validation of selection tests, investigations
were made of training procedures, which led to a redefining of the
objectives of psychological research to include research on train.
ing. Although training research is certainly an appropriate field
of endeavor for psychologists, the entrance of aviation psychol-
ogists into the field of training was accompanied by some con-
fusion in objectives. Neither psychologists nor training person.
nel had a clear concept of the new job that psychologists were
undertaking. As the new work was getting under way, psychol-
ogilsts in gunnery research somewhat inadvertently became in-

volved to some extent in the actual operation of training. Regard-
less of the justification of this at the time, it seems fairly clear
now that the attendant confusion of objectives worked to the dis-
advanfage of gunnery research. The need for this nonresearch
activity was diminished by the assignment of additional training
personnel to the Central School, and psychologists focussed all of
their efforts on improving gunnery through research. There
gradually evolved a clear concept of the objectives of psychological
research on problems of gunnery training. These objectives may

. be summarized as follows: to cooperate with other specialists in
* the development of techniques and procedures for the selection

. ,and training of gunners, of gunnery instructors, and of gunnery
officers; and to devise more efficient means of using gunnery
equipment, through the application of experimental techniques or
of principles drawn from the general body of psychological knowl-
edge. Finally, a temporal qualification was added to these objec-
tives: work which would most immediately produce better

* gunnery would-be given highest priority.2

Levels of Research
in plarning psychological research in gunnery, the concept of

levels of research was useful. The essential feature of this con-
cept is that- research should be carried on at several levels simulta-
neousiy, particularly in an activity that is likely to continue over
a period of years. Some projects should be directed toward the
immediate solution of problems that are generally considared irn-

2The wisdom of this !atter decision may be open to question. However, that It was
Implicit in all of the planning of gunnery research should be kept In mind to understand

why some projects received much attention, others little. Thus much work was done on

phase hcka., very little on perceptual problems In the design of sight reticles. Phase

checks might mean better gunnery Immediately; new designs of sight reticles might mean

better gunnery but oply at a distant date. Further. the efforts of psychologists were diverted

occasionally from psychological research, as, for instance, to test and sponsor a simple

device which vwould eliminate the chief sjurce of gun-stoppages and which could be used in

combat immediately. To have neglected such projects, when there was no one to whom they

could have been given, would have been to lose sight of the ultimate objective of the war.
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portnt by the personnel responsible for the 6ver-all activity.

There Is an element of opportuniim in this, but no apologies need
be made. Such short term projects often make substantial con-
tributions to the activity, and they are often the source of confi-
dence which will sustain research on more fundamental problems.
A second level of research should encompass problems that study
has revealed to be critical to the ultimate success or failure of the
activity. In gunnery research, problems of instructor selection,
of curriculum planning, of criteria of proficiency, of adequacy of
training devices, were of this nature. Most effort was devoted to
them, and they were thought of as continuing projects. A third
level of research should concern itself with problems, the solutions
to which are likely to introduce fundamental changes in the ac-
tivity concerned or to provide basic information required for use
in solving other problems. Studies of the design and manner of
operation of equipment are examples of this level of research, in
gunnery.

Planning and Execution of Specific Research Projects

Planning for specific projects varied in quality, though it is
believed that plans were formulated, in general, with a'dequate
foresight and thoughtfulness. The development of achievement
tests, of phase checks, of the Gunnery Officers Selection Test; the.
evaluation of several training devices; the study of thn adjust-
ment of excombat gunners; the advisory work in relation with the
production of the Gunner's Information File and of training'
films; the assistance given in the planning of the B-29 gunnery .
training program; the experimental work on the use of compen-
sating sights for support fire; the program developed for the se-
lection of gunnery inftructors, and perhaps others, are believed
to have been planned and executed with satisfactory competence.
Other important projects, notably the 1ueblo Project, the Eighth
Air Force Project, the studies of the proficiency of gunners in

three theaters of operation, while falling short of accepted can-

ons for experimental work were, nonetheless, of undeniable im-

portance in improving gunnery training. Their planning and

execution suffered from the limitations likely to arise in a large

research project carried on in an operating program. The evalu-

ations of the Firing Error Indicator and of the Frangible Bullet

Trainer were limited in scope, although these were two very im-

portant training devices. The studies of the AFSAT B-29

Trainer, due primarily to confusion in authority, were poorly de-

signed. A number of minor studies were started and not pushed

through to satisfactory completion. This was particularly true

of the development of personality tests. Perhaps the most culp-
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able neglect was of projects pertaining to the motivation of

gunners. Efforts were made to initiate work In this important
area, but little was accomplished. On the credit side of the
ledger would be several projects conducted in cooperation with
other research groups, in which gunnery psychologists gave as.
sistance in the planning and sometimes in the execution of the

* work done. Notable among these projects was a large-scale
evaluation of various types of sights.

The Reporting of Research Results
The design and execution of research projects were generally

superior to the reporting of the results of the work done. There
were two identifiable reasons for this. The first was that reports
were written for two audiences, gunnery training personnel and
other psychologists. The result was that neither group was com.
pletely satisfied. The second was that the writing of reports often
assumed importance secondary to the immediate application 6f
results of research to the solution of a problem. Thus it 'would
have been possible to make a decision basic to the formulation of
doctrine for support fire without writing up the results of related
aspect angle studies. Of cotrse, neither of these two problems is
without an apparent solution. In such circumstances, it would
probably be best to have all research projects written up in com-
plete detail for a scientific audience and then have a professional
writer rework the material for general use. The second problem
can be solved by administrative insistence that a project is not
completed until it has been reported. Some of the sections of
this final report reflect the inadequacies of the original reporting
of projects.

By-products of Research in Applied Psychogy
A problem related to the planning, execution, and reporting of

some research ut applied psychology has to do with an outcome of
research which is corollary to the experimental results per se.
When an operating training program is studied experimentally,
the most significant outcome may be the interest which the stu-
dents and supervisory personnel take in the study. Experimental
work is no longer necessary to prove that increasing motivation
and increasing practice will probably result in increased learning,
if other conditions are favorable. But such experimental work
often proved, in gunnery research, to carry conviction which no
amount of persuasion could accomplish, and to result in a general
tightening of instruction which would spread to many related
activities. Thus the Pueblo Project, which added nothing to
knowledge of psychology, convinced responsible officers that the
general level of training accomplished in the training air forces
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Scould be raised appreciably. The gunnery program for All train-

ing air forces stations was consequently revised to incorporate

principles of training which had long been established but which

needed the conviction-carrying results of an experiment done in
o : gunnery Itself.

i : Mbeeting the Needs of the Using Agency,

A prime consideration in the evaluation of an applied psychol-

ogy program is the extent to -which the workdone meets the needs

~of the agency concerned. There are many indications that psy-

~chological research in gunnery fulfilled a real need. The rapid

growth of the research organization attests this in part. More

convincing is the fact that there was hardly an area in the train-

ing of gunners which was -not influenced at least to some extent

by the outcome of research and developmental work to which

psychologists contributed, as is reflected in the contents of the

preceding chapters. A corollary problem is the extent to which

the research work is geared temporally to the demands of the op-

erating ageney. Here the picture is not so clear. Much of the .

work done in research was paced just ahead 6f the fully recognized ,

needs of training, and a selling of research results'was necessary,

For instance, the instructor selection program met with opposi-

tion, at first, though the high quality of gunnery instructors

selected by the program later became a source of -pride to gunnery

•personnel. On the other "hand, demands .were'often made by

training personnel which could not be met. The tentative form"

of one of the first phase checks precipitated a-. demand that plE*

checks for all types of activities be prepared by a certain date..

The dlate set appeared reasonable but did not consider the time-

consuming process of preparing and testing many phase check.

items, and it was not possible to meet this request in. the time

allowed. On the whole, howdver, it is believed that psychological, -

research in gunnery measured up fairly well on this criterion of

the adequacy of a research program.

"Contributions of Enduring Significance
Finally, the question should be asked if any of the work done

could be considered to have more than ephemeral significance,

By this most rigorous of criteria, the gunnery research program

fall shot, isofr as specific contributions are concerned. The

full development, in phase checks, o aubepromnets-

ing technique might be considered important. The studies done

on training devices are possibly distinctive by virtue of their-com-

prehensiveness, but the devices themselves hetve .such limited use

that this work may best be considered for itsw artime applications.

Some of the studies on use of sights may pro, ide suggestions for
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further research on fundamental problems of visual perception.
The training programs developed and evaluated may have long
range value as illustrations of the effective application of prii.
ciples which have long been recognized as sound. Nothing new
was added to knowledge of selection procedures, an adequate job
simply having been done to meet an immediate need. Thus it
seems accurate to say that few of the specific findings of gunnery
research are of enduring importance.

However, in the research program as a whole there can be
found a pattern for the cooperative work of scientists in varied
fields, a pattern which should certainly be given careful considera-
tion for its significance, which may possibly be fundamental. In
gunnery research, men of varied training and interests combined
their efforts in seeking solutions to a complex problem, a problem
which had at its core the functioning ability of large numbers of
people. The tradition of isolation of scientific groups, which is
frequently reflected in the organization of university staffs,
civilian research groups, and Army research programs, gave way
to a program calling for joint endeavor in which activities were
determined primarily by the nature of the problem rather than
by the special research interests of.the men involved. It is be-
lieved that some of the more urgent of current problems, which
essentially involve the behavior of large numbers of people, may
best lend themselves to solution by the cooperative work of many
kinds of specialists.
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APPENDIX A________

Research Division Personnel En-
gaged in PsycholooricaI Research'
Ada ms, Jack D., Master Sgt.; Sgt. Greenwood, -Morgan A., Capt.; Proof.Maj., Admin. Hfaire, Mason J., Capt.; Directr
Angoff, XWilliazit H., Lt.; Stat. Validation, Psycho!. Tests, Over-.
Bainbridge, Robert G., Staff Sgt.; seas Prbj.

Psycho!. Tests. Harris, rn . t;Cri.Ea.Benham, Marion C., Capt.; Director, Ovrseas Prof.
Curriculum Development. Henderson, Kenneth B., Capt.; Psy-

Beyers, Otto J., Capt.; Director, chol. Tests.
Technical Statistics. Histon, Daniel J., Ut; Proof.

Boxer, Nathan, Sgt.; Psycho!. Tests. Hobbs, Nicholas, 'Maj.; Director, Re-
Bragarnick, Robert, Maj.; Director, search Division.

Proof Section, Overseas Proj. Huber, Jack T.,-Sgt.; Psycho!. Tests,
Carey, Lee A., Staff Sgt.; Psycho!. Pub].

Tests. Humphrey, Ingram, Lt; Currie.
Charles, Raymond A., Cpl.; Stat Eval.
Cohen, Walter, Cpl., Proof, Valid. Irion, Arthur L., Lt.; NCOIC, Spe-
Collins, Robert A., Capt.; Currie. cial projects; Proof, 'Valid.

Eva!. Jensen, Alfred C., Capt; Psycho!.Ealsn oetJ. tt g. Tests, Valid., Overseas Proj.
Psyclhpl. Tests, Pub!. Kaitz, Hymana B., Technical Sgt.;

Este, Wllim K, L.; sycol. NCOIC, Technical Ststistics.
ests, Vailiad ., t;Pyh Ketcliersid, Ernest E., Sgt.; Stat.

Feiner, Arthur, Pic.; Psycho!. Tests. Lawrence, James F., Lt.; Currie.Eva!., Valid.Flowvers, Richard, Lt.; Curric. Eva!. LdyJonLSt;Psycho!. Tests.Forstenzer, Hyman. Sgt.; Psycho!. Levin, Alender, Ng., g. ur
Tests.

Freeman, Paul, Sgt.; Psycho!. Tests. Evaluation., Valid.
Gallagher, Thomas P., L+;.; Valid., Liebenberg, Maurice, Cpl.; Pub!.

Currie. Eva!., Psycho!. Tests. Liebernman, Milton G., Sgt.; Stat.
Garber, Lee 0., Capt.; Director Cur- Lubin, Ardie, Sgt.; Stat.

rulmEva luation. Matheny, William G... Technical Sgt.;
Giian, Everett, Cpl.; Currie. Eva!. Valid.

Gleason, John F., Technical Sgt.; McQuitty, John V., Maj.; Assiatant
Admin. Director, Rescarch.Dviszon.

Goldstrom. Herbert W., Sgt.; Psy- Neely, James H., Cpl.; Curric. Deve!.
chol, Tests. O'Hara, John G., Lt.; Psycho!. Tests.

Goodman, Rudolph, Sgt.; Valid., Pascal, Gerald R., Lt.; Psycho!.
Curric. Eva!. Tests, Valid.

Gordon, David, Op1.; Psycho!. Tests. Payne, Riner C., Staff Sgt.; NCOIC,
JrGordon, Phillip L., Staff Sgt; Stat. Valid.

Gregory, Wilbur S., Capt.; Valid., Ray, Esten W., Lt.; Valid.
Overseas Proj. Reinders, Victor A., Ut; Valid.

' For duty assignments, the folloWing abbrovtlofls are use4: Admin.. Administratioa;
- Curric. Dove!., Curriculum Development; Currie. Eval., Curriculum Evaluation; 0Ovrses

Proj., Oversens Projects; Phychol. Tests, psychologC.&I Tests; PubI., Publications; litat.,
Technical Statistics; Valid., Validation; NCOIC is non-commissie 'd omeer In charge.
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Rosevear, William H., Lt.; Valid. Wagner, Ralph F., Lt.; Vald., Ra.
Russell Roger W., Maj.; Director, dar Team.

Vnlidaiont and Curriculum Eval- Waldman, Marvin. Staff Sgt.;
uation; Overseas Proj. NCOC, Psychological Tests.Schrader, William B., Lt.-, Valid., We man, Joseph, Lt.; Psyehoi. Tests.

Curric, Eval., Psychol. Tests. urric. Devel.Stolurow, Lawrence M.. Capt.; Di- Werwath, Herbert D., Lt.; Proof. i

retor, Psylchological Tiests. Wilson, Dale K., Staff Se .; Valid.
Trent, John, Lt.; Crrie. Eval.B Psy- Willey, Clarence F., Lt.; Valid., Con..

Choi, Tests. sultana, Poorman Range.
Valentine, John A, Capt.; Ptihol. Wishner, George J., Lt.; Valid.,

Tests, Publ., Overrets Pro).' Proof; NCOIC, Personnel.
Valiance, Theodorn R., Capt.; Ad- Wolin, Burton R., St~ff Sgt.; Currie.

minhetra Live Executive.
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TABLE 2.--Validity coefficients ogainst 3 criteria for 38 tests administered to

gunnery students (various gunnery schools, September-December 1945)"

! ! _- Academic Ground. Air-to-
tomic to' nd air

,Tst Code N. average fi'rinug firing

' Qualltlng examination --------------- ACIOA
Part - ----------. 284 0.47"0 0.14 0.06
Part 1 -------- .... 84 .52 e" .11 .00Part I I I ............. 82 .%00 .25"* .140
Psrt 2...... 84 .f;O*o .1600 .01
Part V . 284 .42*0 .19* .01
Part VI- -. ......-----.- 284 .51"" .15 .00

Memory for plane silhouettes ....... C1503A 248 .290" .140 .27:0
Plane name CISOBA 248 .23" .250" .19"0
Memory for LV3C 250 .44" .10 .15
Judgment In aiming ------ ..------ LVGA 124 .16 .05 .03
-Reading coL'preenslon . .-----------. C1618A 248 .23"* .00 .12
Rieding corrprehenlon_.... -. LV4 3 228 .370" -. 01 .01
Speed of Identificaton ------ CPGIOA 148 .27"* .14 .10-Speed of 2dei~ttficatton ------... - PTO 318 .21*0 .08 .08
Speed of perception.--.---- -- LVSB 115 .24*4 .08 .02

' TV7A 123 .19" , .10
SEstimation of a,%zle of approach-.--. .V8A 121 .06 .14

Quantitative perception III (total 3

scores)- --. * 248 .21" .20" .19"
tShorter line -.....- CPO06A 2-48 .01 .07

Shortest path CPCOSA 250 .220" .11 .03
Nearest point--CP607A 250 .15' .02 .07
Map distance ....... CP626A 250 -. 02 -. 06 .03
Map-p-th distance ...............-----.. CP628A 248 .10 .12 .06
Pattern comprehension -------- CPS03A 315 .23** -. 11 .140Pattern a-.. .. . CP804A 315 .17" .09 .14*Judgmeut of proportions. CP206A 250 .26"0 .03 .03

Judgment In &!mng.V6B LV 120 .14124 .16 -.4s .03
Spatial orentstion..- CP501A 272 .20"* .140 .18"0
Directional or entation-.... - FTG 313 .41"* .09 .04
Instrument comprehension.-_- C1616A 250 .17"* .01 .02
Inventory:

Inferiority ..- 245 -. 17"* -. 09 -. 12!Ascendance-submission-.... 245 .0 .01 .140

General motility .... 245 .04 -. 04 .08
Mascullnty-femnity 245 .130 -. 05 .05
Nervousness- _ 245 -. 06 --;05 -. 03

Numerical approximation______. C1706A. .27 -. 02 .04
Numerical operations...-.......... C1702B 225 .27" .09 .03
Mathematics -- - ............ CI702F .24 .04. .05
Mathematical proportions ------------- IV1B 230 .42"0 .14' .06
Technical vocabulary --------- CE5O5Cr 270 .20"* .G1 .140
Following directions ............. ---- 402A 250 .38"0 .08 -. 05
Mechanical principles .............. CI903A 275 .06 .14' .24"*
Mechanical Information- _ CI905A .O
Tool u C1906A 120 .12
Mechanical function ...... C1g07A 121 .17 .06
Mechanical movements -......- - C1904A 248 .33"* .16 .150

121 .11 .23"

I Foi' the vxlldPty coefficients, the number of times In 100 that a coefficient as largo as
each one obtained would be expected to arise by chance Is Indicated by the following system*

No asterisk: more than 5 times In 100.
'Between 1 and 5 times In 100.
*Lcss than 1 time in 100.

i
II

I "



TABLE 3.-Reliabilitj , id validity cqfflcients of experimental tests from

which parts of aptitude test for aerial gunners, ACSOA, were drawn (va-
rious gunnery achojls, September-December 1942)

Erploratory tests AC30A

Validit
Designs-

Relta.tion of
Nam bility I ic Ground Airto- part

grades tangsu air..aeoros

Mathematical proportions... . 0.87 230 0'1 2 0;14 0.08 VA

Memory for name9.... .. 2 230 ,, . .15 11 B
plane-name memory, C106A.. .82 248 .2,3 .25 .19 11
Gunnery mathematics-, .94 .31 1.2 .04 V 13

gunnery interest -...... 86 .40 .,7 .22 X
Gunnery learning..----..-. .80 .41 .08 111 IA. 0
Gunnery technical vocabulary. .40 .14 1
Mechanical prlnciplecC1903A - "'275 .08 .14 .24 IV
Speed of ldentlncation,CP610A 148 .27 .14 .10 VI

iThe population and method of computation of the reliability coefficients reported areunknown.

Where N is omitted, the vilties reported for the validity coefficients are based on from 1
to 18 classes. Where more tha one value was available, tho median was used.

TABLE 4..-Summary of available intercorrelations among Army General Clas-.
sification Test scores and scores of nine tests used in Developing Aptitude
test for Aeial Gannrs, AC3oA (various classes, Tyndall and Las Vega.s;
September-December 1942, N is unknown) .

Intercorrelitions

Name aud origln of tests Test number

1 1 2 3 4. is 6 7 8 910L

D~evoPed at Las Vega0

1. Mathematical proportions.. .. 0.33 0.15 . .- 0.17 0.4

2. Memory for names-.0,------ 0.33 - .36 ... ..-. 42 .41

3. plane name memory....---- .15 .36 ,---.- .83 .15 -

Developed at Tyr.dall so 0 0.2 .41
4. Gunnery mathcmatls----- ...... . -- 0.29 0.0
5. Gunnery interest- -- .. 0.29 __.. .41 - .50 AS3

7. Gunnery technical vocabulary......... . ... . .. . .

Cadet Classiflcation Tess ts. 36 3 14 .2
S. Mechanical principles, C1903A. .22 35 .35 .. 14 .2
9. Speed of Identification. CP610A i.7 .42 .37 .... ....... . 4 .25

Army ClassfficO'3o, 'it .50 .50 .22 1 .2e
10. AGCT ------------------- -. 47 .41 .15 .41 .50

--- " ' _ . _ -.

70,32"-7-314 3
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ttTARL! ... YliiC coeffilcients for trength cf interet, various tznfle, CUMd~
Claetf a cation-ic0t. and age, against each vf four gunnery criteria (N=104,
ctas# 4$-45, Buckingham, November, 1940)

FinPercent

Final iam- Percent bits
Test Code Mean SD exam!- Handy ground airto

St.of Int.-B -...... 6.6 1.8 -0.01 -0.02 0.11 -0.01
Str. of Int.-N ..... -5.1 L' .04 .06 .02 .00
Str. of In8.-P. ...... . . 8.6 1.2 -. 06 .00, -. 12 .01
Age .... ------------ 22.1 2.5 .08 -. 11 .17 .07
B. atanine . 6.1 1.7 .214* .09 .08 .00
N. stanine ----- ------.. ------ - 7.0 1.1 .250 .07 .10 .07
P. stanine ..... . ----- 54 1.8 .3500 .10 .12" -. 03
Aug. P. stanins ---------------------- - 5.5 1.8 .340" .08 .12 -. 02
Comp. coord .-------------. CB1701A 50.5 9.9 .08 .05 .11 .05
Disc. react. time ..... . CP611D 26.0 4.8 .11 .12 .0T -. 08
2-hand coord .-------------- CM101A 47.3 10.2 .10 -. 01 .08 -. 01
Rot. pur .----------------- CMS03A2 24.0 4.8 .03 .03 .04 -. 01
Aim. atr .-------------- CE211A 50.2 10.8 -. 03 .01 .00 . .04
Ping. dext .----------- CM116A 50.6 9.2 -. OT .01 -. 03 .00
Tech. vocab.-P ----------.. .. CE505O 0.2 7.3 .45" .07 .05 -. 66
Tech. vocab.-B CES05O 5.9 2.8 .7.900 .10 .01 W,
'ech. voc~b-N .--........ CES050 18.0 6.8 .26 .02 .12 -. 04

S. ident. -----------------. CP610A 16.5 3.7 .26 .06 .05 -. 01
Mech. prin .---------- _ 01903A 58.0 16.9 .35 .140 .11 -. 02 "
Math. A.- C1702S 37.5 13.3 .06 -. 02 .02 .11
Math B 01206B....- .... C1708A 46.7 12.2 .1"/ .11 -. 01 .00
Spatial orien. IC-PS01B .8,3 11.1" .12 .10 .02 .08
Read. eomp..... . CP503B 21.3 7.2 .32" 12 .07 -. 01
Spatial orlen. II -I--- - 016140 24.8 11.6 .38" .15* .10 .00
Mech. info ------ CI9o0A J1.7  8.0 .31 -. 08 .08 -. 10

uium. OpCr.-'o C1702B 1.9 6.4 -. 20"0 -. 01 -. 01 -. 04
Num. Oper.-B.-... ------ C1702B 19.5 6.0 -. 11 -. 01 .04 !--.05
D.T. Read. --- CP622-21A 35.9 7.6 .03 _-.02 .01 07

131.1 5.0 21.8 130

' Positive coefficients Indicate that "goouness" of performance on one test is asociated
with, "goodness" of performance on the other.

The number of times in 100 that a coefficient as large as eact one would be expected to
arise by chance is indiceted by the following systeM:

No asterisk, more than 5 times in 100.• B etw ee n I-and 5 tim es In lO00.." " " " "'

*$Less thanl time In 100.
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TABLD 'l.-Validity. coefficients for strength o/ interest, various ataninee, Ca.-
det Selection Tests, and age against each of our gunnery criteria (N-"z1?,
Class 43-48. Buckingham. December 194J)

' '. .Percent
Percent bits

Code Final Jam- bits airto.Test No. Mean SD exami. Handy groun4 a rnation range Blring

Sir. of nL..B --................... 5.2 2.0 -0.20"* 0.13 -0.02 0.07
Sir. of In---- ,- 7.1 1.8 -. 0 -. 10 .05 -. 02
Str. of Int.-P .... 8.4 1.1 .07 .10 .10 .03
A. 21.7. 2.1 .12 .07 .05 .170

5.9 1.8 .47 -. 06, .07 .1500
N. stanlne.. 7.1 1.4 .25"* -. 15 .00 .14
P. stantne .......... 4.9 2.0 .53": --,14 .10 .20(s
Aug. P. staninO..-. 5.0 2.1 .52" -. 12 .13 .18,
Comp. coord ........ OM?01A 40.5 10.8 .40** -. 15 .04 ,05
Disc. react. time CP811D 26.8 4.4 .270" .01 -... 0 .08
2-hand cord. CM101A 45.7 10.7 .3700 -. 05 .07 .09
Rot. pur... CM803A2 23.7 5.2 .11 .04 .07 .12
Aim. atr.-C- V211A 46.6 11.4 -. 180 .04 -. 08 -. 180
Ping. dcxt..- - C'116A 51.1 10.5 .03 -. 06 .07 -. 08Tech. voc.-B-, C4050 19.3 7.1 .310" -. 07 .16' .25"*
Tech. voe.-B CES05O 6.0 3.2 .22*0 .07 .08 .160
Tech. voc.-N CES050 19.7 7.4 .14 -. 03 .08 .15'
Sp. ident.... . CP610A 16.2 3.9 .24"0 .02 -. 02 .03
31ecl,.prln C1903A 54.5 20.1 .413 -. 17 .06 . .11
Math. A.- C1702E 3.5 14.0 .14 -. 16 -. 02 .02
Math. B ... ... C1708A 47.5 14.0 .15 -. 12 .01 .05
Spatial orient. I CP501B 58.4 10.7 .30" e  .08 .01 .18*
Spatial orient. I-..-.- CPS03B 20.4 6.8 .16' -. 02 .09 .14
Read. comp .016140 25.4 12.2 .41"* -. 23 -. 01 .15'
Mech. lnfo._-- - C1905A 10.3 8.1 .36* -. 15 .08 .15'
Num. oper.-F_ - C1720B 22.6 6.6 -. 09 .01 -. 02 .05
Num. oper.-B C1702B 20.1 6.5 -. 08 .02 -. 15' -. 03
D. T. Read ..... CP622-21A 35.6 18.8 .170 -. 01 .01 .13

fean.--_ 28.2 5.1 20.9 13.2
SD .J 7 .1 2.0 .6.T 105

1Positive coefficlents Indicate that "goodness" of performance on one test is associated
with "goodness" of performance on the other.

The number of times in 100 that a coeMclent as large as each one would be expected to
arise by chance ie indicated by the following system:

No asterisk, more than 5 times in 100.
'Between 1 and 5 times In 100.
**Less than 1 time In 100.i'i

it .
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i APPENDIX V.
' ,t 

_ , , | , e -''1

Standardized Phase Checks: Strip-.
ping and Assembly of the Caliber

.50 Machine Gun (Nov. 1944
Edition)

DIRECTIONS FOR ADMINISTERING AND SCORING

1. To the Phase Checker

In order to be certain that graduates from each of the gunnery

training units all over the world are equally proficient, it is nee-.'

essary that each gunner's proficiency be measured by the same

phase check given under the same conditions. Also, to be sure

that the gunner is retaining what he has learned throughout the

various phases of his training and duty, it is necessary :to 'heck

him at each phase of training and duty on the same phase;,check,

in the same way, and under the most similar conditions y/issible.

That's what is meant by STANDARDIZATION of phase checks. If a

phase check is to be fair and accurate, it has to be given carefully

and in a uniform manner. Every time you give a phase check,

you should give it exactly as it is given by other phase checker•

throughout the Air Forces. Te. directions, in this book are

complete-know them thoroughly and stick to them, word for

word" , * . ,

2. Phase Check Equipment and Conditions

A. To give this phase check as it is written the following

equipment is needed: , ',

1) This phase check booklet.
2) Enough copies of the Phase Check Score Sheet.

(3) One complete caliber .50 machine gun.
(4) One work-box for the gunner, in which he will place the dia-

assembled parts until he starts assembling the gun (optional).
(5) One blindfold.

(One pair of winter flying gloves or their equivalent.
(7) Combination tool,,screw driver, nail, or cartridge (any one or combi-

nation of these). Adjustment of buffer adjusting scrW requires
caliber .60 combination wrench. 'Worn or unservlceable firing

pin may be used for replacement of sear spring.
8) One headspace and timing gage assembly (A351217).
9) At least two pencils to avoid leaving the table if one breaks whilo

giving a phase check.
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*.

0 A reliable watch or large clock In view.
11 A set of broken parts. Do not use the samic defective part for two

successive gunners or for two working close to each other.

B. Besides complying with the directions concerning checking
conditions given in the main body of the phase check, be sure to

'observe the following conditions also:

(1) Do not administer the phase check to more than one gunner at any
one time.

(2) Take a position near the gunner so you can observe everything he
does.

(3) Never leave the immediate vicinity of the worktable between the
start and, finish of the work of any gunner. It is necessary for
you to observe closely each man while he disassembles and
assembles the gun.

(4) If more than one gunner works at a table, see that each has enough
space so that neither will be -in the other's way or will get his
gun parts mixed~from his neighbor's gun.

(5) Bolt or fasten securely each gun to the worktable.
(6) Keep the test room as quiet as possible.
(7) Check each item as the gunner performs it. Unless you continue

* I using the booklet as you phase cheek, you will begin gradually to
give your ownphase cheek instead of a standardized one.

3. Administering the Phase -Check
A. On pages 1 through 9 of this booklet, detailed directions for

administering the phase check are presented.' Follow them
word for word.

B. Say-nothing to the gunner that does not appear within quo-
tations marks (") on pages 1 through 9. * For your convenience,
these statements are in prominent type so they can readily catch
your attention.

C. Record all data regarding the gunner's performance on
the Score Sheet, and be certain that the gunner fills out completely
all information about his background on the front and back of the
Score Sheet. As soon as this has been filled in on-the Score Sheet,
insert the Score Sheet into this booklet after page 5 and turn to
page 1. A portion of the Score Sheet \vith numbers and blanks
corresponding to the numbers of the phase check items on page 1
will be visible at the right. Starting with page 6 turn the Score
Sheet over. The portion of the Scpre Sheet with numbers and
blanks will now -be visible at the left. As the gunner performs
each item, mark him on that item as follows, on the Score Sheet
on the line opposite the number-of each item:

(1) Mark zero (0) if he does not perform the operation satisfactorily.
(2) Mark a check mark (V) if he does it satisfactorily.
(3) If for any reason an operation must legitimately be omitted by the

gunner, do not record anything opposite the number of that item,
but draw a line through the number of the item itself (2).

D. The time a gunner takes to complete a job is important.

I Page numbers refer to those printed In laige type on original-booklet. Pages 1 through

•9 correspond to 477-486.
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To get this measure of his skill, mark in the appropriate place -

on the Score Sheet: ., .

(1) Time started field strip.
(2) Time finished field strip.

S(3) Total field strip time.
(4) Time started detail strip.
(5) Time finished detail strip.
(6) Total detail strip time.
C7) Total time, field strip plus detail strip.

E. If a gunner-makes an error, briefly describe the erro;r, under
the "Description of Errors" section of the Score Sheet. (Exam-

ple: "Item 92, placed belt switch in wrong direction for left-hand
feed.") Use back of sheet for additional entries if necessary.
Identify each entry by the number of the item to which it refers.

F. If a.gunner performs an operation satirfactorily, but seems'
to be slow or weak on that particular operation, describe that
weakness under the heading "Describe all Weaknesses" on the
Secre.Sheet. (Example: "Item 92, placed bolt switch in correct
position for left-hand feed, but seemed to debate about it for
some time-not sure of it.") Items reported in this section vill
not affect his grade on the test. * -, :,.

G. Never assist or coach the gunner except toipick up any part
that falls to the floor and place it on the table or in the work-bqx.

H. A headspace gage will be used to check headspace -adjust-
ments. A combination tool,. combination wrench, screw driver,
nail or cartridge may be used for all other operations. A worn
or unserviceable firing pin may be-used:to replace the sear spring.
Otherwise, parts of the gun will not be used as tools.

I. If a gunner makes any errors, explain his mistakes to him.
as sodn as possible after the phase check is completed, except' as
indicated in Items 18 and 99. If a gunner fails the phase check,
he should have an opportunity to study and practice before taking"

a recheck. I

J. Even though it becomes obvious that the gunner will fail to

pass while he is still working on the gun, allow him to complete
the entire phase check procedure. Do not tell him that he has

failed until he has completed the check. For example, if a gun-

ner aoes the field strip in 12 minutes, he has failed the phase

check, but should go ahead with the detail strip.

4. Scoring

Grade on a five-point scale-five (5) being the best score and

one (1) being a failing grade.
A. If a gunner does not perform the field strip within eight

(8) minutes, or the detail strip within thirty (30) minutes, give

him an automatic grade of one (1).

479



B. If a gunner makes no errors and completes both the field
strip and the detail strip within the allotted time, mark him by
means of the conversion table on page V 2. For example, If a
gunner completed the entire phase check in 26 minutes (6 min.
utes for the field strip and 20 for the detail strip) and made four
errors, give him a score of 2. Or if he required a total of 23
minutes (19 for thd detail strip plus 4 for field strip) with no er-
rors, give him a score of 5.

C. Place the gunner's final score in the space provided for it.

5. Caution.
Remember, if your phase check is to be fair and accurate, you

must follow all directions exactly.

SCORING TABLE

TOTAL TIME:
In Minutes, Field Strip Plus Detail Strip.

Under 25 25-29 30-34 35-39 40 or over

, 0 5 4 3 2 1

.1 4 3 3 2 1

2 3 3 3 ,2 .

W 3 3 2 2 1
0

4 2" 2 .2 2 1

5.1 2 2 2 1 1

6 2 1 1 1 1

~7. 1 1 1 '1 1I

6. Field Strip and Assembly
A. Fill in ,or have the gunner fill in, his name, field, weapons

instructor, the date, etc., in the appropriate spaces on the Score
Sheet.

s Pago V corresponds to this page.
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Blindfold the gunner and check to see that the blindfold issecure and the gunner can see nothing. Then help him put on
his winter flying gloves.

Observe the gunner to see if he Is unusually nervous or ill-at-
ease. Do anything possible to put him at east before starting him
on the phase check.

Tell the gunner: "FIELD STRIP YOUR GUN. NO ADJUSTMENTS WILLBE NECESSARY." As he starts, put down the exact time he begins
in the space provided for that purpose on the" Score Sheet.
Watch to see that he:

(1) Raises cover and checks feedway.
(2) Charges gun twice properly, making sure cover is closed. (Mark

an error if cover Is left up.)
(3) Makes sure parts are in battery psition before removing backplate.
(4) Removes the backplate. (Mark an error if he fails to remov e the

driving spring rod assembly completely from the bolt group
before removing the bolt group.)

(5) Removes the bolt stud, and removes the bolt group "(6) Rotates cocking lever to the rear. ('Mark an error if he depresses
sear before doing this.)

7) Releases the firing pin by depressing the sear.
8) Depresses oil buffer body spring lock. '(Mark an error if he pulls

on oil buffer group before doing this.)
(9) Pulls out the oil buffer and aarrel groups part way.
(10) Separates oil buffer and barrel groups.
(11) Removes barrel group from casing.B. When he has performed these operations, tell him: "ASSz-

BLE YOUR GUN, AND N(YIFY ME AS SOON AS YOU ARE FINISHED".
NO ADJUSTMENTS WILL BE NECESSARY." Watch to see that he:

(12) Inseits barrel group part way into casing group and then locks
the oil buffer group to the barrel extension. (Mark an error if
le fails to check engagement of piston rod -hook and barrelextension-shank hook by pulliIq on the oil buffer tube.)(13) Replaces them in the gun with oil buffer group and barrel exten-.
sion protruding. (Mark an error if he locks the oil buffer'ard
barrel groups into the casing b'efore replacing the bolt group in
the barrel extension.)

(14) Replaces the bolt group in barrel extension.
(15). Replaces driving spring rod assembly in bolt gonp,(16) Pushes recoiling parts forward uiltil oil buffer body spiIng

lock engages completely.
(17) Replaces -bolt stud. (Mark an error if he uses driving spring rod

assembly to position the -bolt group.) .
(18) Pushes the recoiling parts into battery position, using the bolt

stud or charging handle. (Mark an error if he uses thedriving
spring rod assembly to accomplish this.)Allow tle guner to -make -the error of placing the bolt group in
the casinig with the cocking lever to the rear. If he does this,stop his time immediately and say to' him: "YOU HAVE PLACED T
BOLT IN THE CASING WITH THE COCKING LEVER TO THE REAR. YOUR
TIME IS STOPPED. REMOVE YOUR BLINDFOLD AND GLOVES AND TAKI
OUT THE BOLT WITHHOUT ROTATING THE COCKING LEVER FORWARD.
(Assistance may be given the gunner on these steps if necessary.)
When bolt is removed, check the position of firing pin extension
notch and sear notch, to ascertain whetl. :r or not cocking lever
was original!y positioned properly. If the nothes are not en-
gaged, mark an error. If they are engaged, do not mark an
error. Say to the gunner: "REPLACE YOUR 7INDFOLD AND GLOVES.

4.81
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II

WHEN YOU ARE READY, LET ME KNOW, AND I WsLL 8TART YOUt TIME
AGAIN.

f"

(19) Engages driving spring rod retaining pin in the driving spring
rod retaining pin recess.

(20) Replaces the backplate. (Mark an error if the backplate is not
securely fastened.)

(21) Closes the cover. '
S22) Hand-charges the gun.
23 Releases the firing pin by depressing the trigger.

C As soon as the gunner indicates that he is finished, record
the time on the Score Sheet.

D. As soon as the guner has completed these operations (sat-
isfactorily or not), remove his gloves and blindfold and go on to
the detail strip.

7. Detail Strip
A. Tell the gunner: "YOU WILL NOW DETAIL STRIP THE GUN.

STRIP EACH GROUP AS YOU REMOVE IT. DO NOT REMOVE THE
COVER. ALL RIGHT, GO AHEAD." As he starts, put down the exact
time in the proper space on the Score Sheet. Watch to see that

(24) Raises cover and checks feedway.
(25) Charges gun twice, making sure cover is closed. (Mark an error

if cover is left up.)
(26) Make sure parts are in battery position before removing back-

plate.
(27) Removes the backplate. (Mark an error if he starts to disassemble

the cover group first.)
(28) Removes the driving spring rod assembly completely from the bolt

group. (Mark an error if he eemoves the bolt group from the
casing before doing this.)

(29) Removes the bolt stud and removes the bolt group.
(30) Rotates cocking lever to the rear. (Mark an error if he depresses

sear before 'doing this.) -
31) Releases firing pin by depressing sear.
32) Removes extractor assembly.

(33) 'Removes the bolt switch.
(34) Removes bolt switch stud, if it can be removed by fingers.
(35) Removes cocking lever pin and cocking lever.
(36) Removes sear stop assembly.
(37) Removes scar slide."
(30) Removes sear and sear spring.
(39) Removes and separates the firing pin assembly.
(40) Depresses oil buffer body spring lock. (Mark an error if. he pulls

on oil buffer group before doing this.)
(41) Pulls out the oil buffer and barrel groups part way.
(42) Separates oil buffer and barrel groups.
(43) Starts to disassemble oil buffer group. (Mark an error if he

starts to disassemble any other group first.)
(44) Removes the oil buffer tube. (Mark an error if he removes either

the tube lock or accelerator before doing this.)
(45) Removes the oil buffer tube lock. (Mark an error if he removes

the accelerator before doing this.)
(46) Removes the accelerator.
(47) Starts to disassemble the barrel group next. (Mark an error if

he starts to disassemble any other group next)
(48) Separates the barrel and barrel extension.
(49) Removes the breech lock.

'(50) Starts to disassemble the cover group next. (Mark an error if he
starts-to disassemble the casing group next.)
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(51) Removes the belt fed lover, preventing the spring from jumping.
(52) Removos the belt feed lever plunger and spring.
(53) Removes the belt feed slide assembly and disassembles it, pre-

ventinR the spring from jumping. (Mark an error If he falts

to perform either of these operations.)
(54) Removes cover latch spring.
(55) Removes cover extractor spring.'
(56) Removes the belt-holding pawl pin, belt-holding pawi and springs,I preventing the springs from Jumping.
(57) Removes the cartridge stops and link stripper.
(58) Removes the trigger bar.

8. Assembly
A. When the gunner has performed all operations up to this

point, first check to make sure that the gun is completely stripped,
and then have him turn his back while you do the following
things:

1. Mix up the disassembled parts thoroughly.
2. Substitute three broken parts for any good parts.
3. Turn the buffer adjusting sceew so that it is too loose.

At any point during the assembling of the gun, but before he
attempts .to place these parts in their proper groups, require,
the gunner to report each broken part by its proper name and
show what is broken. Make a record of the gunner's handling-
of the broken parts under items 113, 114 and 115. Give the
gunner a good part to use in assembling the gun. If the gunner
claims a good part is defective, mark an. error. Blanks number
116, 117 and 118 have been provided in the last column. These
blanks are there for this purpose only. DO NOT MARK AN ERROR

FOR A FAILURE TO ASSEMBLE ANY PART OF A GROUP CORRECTLY,'IF

THE GUNNER CORRECTS THE -ERROR BEFORE STARTING TO ASSEMBLE

TIJE NEXT GROUP.

B. Tell the gunner: "YOU WILL NOW ASSEMBLE THE GUN. IN

DOING SO, YOU ARE TO CHANGE THE DIRECTION OF FEED TO FEED

FROM THE RIGHT" (or LEFT--specify direction of feed)," "AND

MAKE ALL NECESSARY ADJUSTMENTS. IN' ADDITION, I HAVE PUT

IN THREE PARTS THAT ARE BROKEN. YOU MUST FIND THESE

BROKEN PARTS BEFORE YOU ACTUALLY PUT THEM IN THEIR'PROPFE

PLACES IN THE GROUPS; HAND THEM TO ME AND NAME THEM.

YOU MUST FOLLOW THE ORDER OF ASSEMBLY OF GROUPS TAUGHT IN

THE WEAPONS COURSE. IS THIS CLEAR?"

(Repeat these directions, if necessary.)
"YOU WILL ASSEMBLE THE GUN BY GROUPS, AND AS YOU COMPLETE

EACH GROUP YOU WILL REPLACE IT IN THE GUN. SORT OUT ALL

PARTS BY GROUPS BEFORE YOU START"

Vatch to see that be:

(9) Begins to assemble the casing group. (Mark an error if he begins

to assemble any of the remaining groups first.)

(60) Replaces the trigger bar.
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(61) Replaces the cartridge stops and line stripper on the correct side
in their proper positions.

(62) Replaces the belt-holding pawl springs and belt-holding pawl on
the correct side.

(63) Begins to assemble the- cover group. (Mark an error if lie begins
to assemble any other group first.)

64) Replaces the cover extractor spring.
65 Replaces the cover latch spring.

(66 Joins belt feed pawl -and pawl armp with pawl arm on correct side.
(67 Replaces the belt feed pawl spring correctly, and replaces the belt

iced pawl and pawl arm..
(68) Replaces the belt feed slide assembly in the correct position.
(69) Replaces the belt feed lever plunger and spring in the correct hole.
(70) Replaces the belt feed lever ana cotter pin.'
(71) Starts to assemble the barrel group next. (Mark an error if he

starts to assemble any other group next.)
(72) Replaces the breech lock with the angles forward and Q, hole to

the bottom. .
(73) Without inserting the barrel into the casing, screws the barrel

into the barrel extension until the breech end of the barrel is
flush with the inside of the barrel extension.

(74) Puts bolt, without any of its parts assembled in it, on the barrel
extension and slides it all the way forward.

(75) Holding the parts upside down, screws the barrel in as ,far as it
will go. (Mark an error if he supports the barrel on v, bench or
anything but his hand.)

At this point check the headspace adjustment by turning the
parts right side up and making sure the breech lock pin is toward
the bolt and flush against the end of its slot in the barrel exten-
sion, and there is no back and forth movement of the belt while
the breech lock is held in this position.

(76) Unscrews the barrel three notches. (He may support the barrel
for this operation.)

* (77) 'Turns the parts right side up and checks to see that the breech
lock falls of its own weight. If the breech lock does not fall,
checks for dirt or excess oil. Readjusts if necessary.

(78) Places barrel group part way into casing.
(79) Begins to assemble the oil buffer group next. (Mark an error if he

begins to assemble any other group next.)
(80) Replaces the oil buffer tube in the oil buffer body. (Mark an error

if he replaces either the oil buffer tube lock or the accelerator
before doing this.)

(81) Replaces the oil 'buffer tube lock. (Mark an error if he replaces
the acceleratoi before doing this.)

(82) Replaces the accelerator properly.
(83) Adjusts oil buffer tube correctly. (Mark an error if he does not

turn exactly 3 clicks to the right of no clicks.)
(84) Locks the oil buffer group to the barrel extension. (Mark. an error

if he fails to check engagement of piston rod hook and barrel
extension shank hook by pulling on the oil buffer tube.)

(85) Begins to assemble the-bolt group, joins the firing pin to the firing
pin extension, and replaces them with the notch facing down.

(86) Replaces thetear spring and sear. (Mark an error if he fails to
seat the spring properly.)

(87) Replaces the spat slide.
(88) Replaces the sear stop assembly.'
89) Replaces the Zc-king lever with pregnant side forward, replaces

the cocking lever pin on the side of the bolt.
(90) Checks firing mechanism by pivoting cocking lever forward and

then backward and depressing sear. (Note: Leaves cocking
lever to rear until he places bolt group in barrel -extension.)

(91) Replaces the bolt switch stud if it has been removed.
(92) Replaces 'bolt switch for the correct direction of feed.
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(93) Replaces the extractor assembly.
(94) Mark an error if he locks the barrel and oil buffer groups Into-the

casing before replacing the assembled bolt group In the barrel
extension.

(96) Replaces the bolt In barrel extension. (Mark an error if he pushes
-reoiing parts into battery position.) I .

(9) Replaces the driving spring rod assembly In bolt oup '
(97) Pushe c roiling parts forward until oil buffer body spring lock

(9)Rengages completely.(98) Replaces bolt stud. (Mark an error if he uses driving spring rodassembly to position the bolt group.)
(99) Pushes the recoiling parts into battery position, using the bolt stud

or charging handle. (Mark an error if he uses the driving spring
rod assembly to accomplish this.),

Allow the gunner to make the error of placing the boit group
in the casing with the cocking lever to the rear. ' If he does this,
stop his time immediately and say to him: "You HAVE PLACED
THE BOLT IN THE CASING WITH THE COCKING LEVER TO THE .REAR:
YOUR TIME IS STOPPED. TAKE OUT THE BOLT WITHOUT ROTATING
THE COCKING LEVER FORWARD." (Assistance may be given the
gunner on these steps if necessary.) When bolt is removed,
check the position of firing pin extension notch and sear notch,'
to ascertain whether or not cocking lever was originally positioned -

properly. If the notches are not engaged, mark an error. If
they are engaged, do not mark an error. Say to *the gunner:
"WHEN YOU ARE READY, LET ME KNOW, AND I WILL START YOUR -

TIME AGAIN." .. '" " "'* ' " " *"
(100) Engages driving spring rod retaining pin in the driving springrod retaining pin recess.. '(101) Replaces the backplate. (Mark an error if the backplate is not -"

securely fastened.)
(102) Adjust buffer adjustiig screw. (It should be as tight as possibleusing a caliber .5 0 combination wrench, and should be from '

flush to "one thread protruding.)
(103) Closes the cover.'
(104) Hand-charges the gun. - " . . • .,
(105) Releases the firing pin by depressing the trigger. ,

Q. As soon as the gunner finishles item No. 105, put down the
time..... ," • l -" " ... ir, , # t' .

(106) Checks headspace with headspace gage. (Mrrk an error if he J
d not use the gage correctly.)

(107) Makes adjustments if necessary.

D. Throw off the headspace by unscrewing the barrel a few
notches. Tell him: "NOW ADJUST HEADSPACE AGAIN WITH THE.
GUN FULLY ASSEMBLED." . '
E. Watch to see that he:

(108) Screwi the barrel in until the parts no longer return to battery
-without being forced. (Mark an error if he fails to do this.)

(109) Unscrews the barrel one notch at a time until the recoiling parts
go into battery when he pulls the bolt back 1 inch and lets it go.
(Mark an error if a right-hnd rear cartridge stop is mounted
on the gun and the gunner does not remove it.)
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(110) Unscrews the barrel two more notches. (Mark an error if he
does not inscrew it exactly two notches.)

(111) Checks adjuatment with the headspace gage.

F. Say to the gunner: "CHECK THETIMING."
G. Watch to see that he:

(112) Checks timing with the timing gage. (Mark an error if he does
not use the gage properly.)

H. Record the total number of errors on the phase check as
soon as the phase check is completed.

I. At whatever point in the assembling of the gun the gunner
discovers a broken part, record the fact that he was correct or
made an error in spaces 113, 114 and 115 on the Score Sheet.
Also record the name of the broken part on the Score Sheet on
the line called "Defective Parts." If the gunner claims good
parts are defective, mark an error in blanks 116, 117 and 118 and
record name ol part under "Description of Errors."

(113) Check to see that he discovers and correctly identifies one of the
defective parts.

(114) Check to see that he discovers and correctly identifies another of
the defective parts.

(116) Check to see that he discovers and correctly Identifies the third
, defective part. (Mark an error if the guner fails to discover

a defective part.)
(116) Recor,' an error if the gunner claim?. that a good part is defective.
(117) Record an error if the gunner claims that a good part is defective.
(118) Record an error if the gunner claims that a good part is defective.

LIST OF FLEXIBLE GUNNERY PHASE CiHECKS AND
S1BlRELATED MATERIALS

1. Blue Series, April 1944, Prepared by AAF Instructors
School,, Flexible Gunnery, in Collaboration with AAF Training
Aids Division.

Stripping and Assembly of Caliber .50 Machine Gun.
Care and Cleaning of -Caliber .50 Machine Gun.
Malfunctions of the Caliber .50 Machine Gun.
Boresighting of the Caliber .50 Machine Gun.
Maintenance and Operation of Bendix Chin Turret.
Maintenance and Operation of Sperry Upper Turret.
Maintenance and Operation of Sperry Lower Ball Turret.
Maintenance and Operation of Emerson Nose Turret.
Maintenance and Operation of Martin'Upper Turret. .
Maintenance and Operation of Consolidated Tail Turret.'
Maintenance and Operation of Bendix Upper Turret.

2. Green Series, July 1944, Prepared and Mimeographed by
Central School for Flexible Gunnery.

Stripping and Assembly of Caliber .50 Machine Gun, Form B.
Harmonization of 'Caliber .50 Machine Gun.
E-14 Trainer.

3. Red Series, November 1944,Prepared by Central School for
Flexible Gunnery, in Collaboration with AAF Training Aids Divi-
sion.
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Caliber .50 Machine Gun, Strippin and Assembly (Form B).
Caliber .60 Machine Gun, Care ang Cleanfing-Porm B).J Caliber .50 MachIne Gun, Stripping and Assembly, Preventive Ma~nten-"
an e, Mounting of Adaptors and.aters (Form C). -

Calber .50 Machine Gun, Harmonization (Form B).Martin Upper Turret (Form B).
Emerson Nose Turret (Form B). •
Consolidated and Motor Products Tall (Form B).
Sperry Lower Ball Retractable (Form B).
Sprry Lower Ball Non-Retractable (Form B).
Bendix Chin (Form- B).
Bendix Upper Turret (Form B).
Sperry Upper Turret (Form B).:Ili E14 'l~in(FormrmA).
B~ell Gun -Mount Assembly (For m A),."

E-4 rainer (Form A).-
A-26 Sighting Station.
A-26 Upper- Turret.I JA-26 ower Turret.

4. Blue Series, May 1945, Prepared and Mimeographed by
Central School for Flexible Gunnery. -

P-61 Sighting Station.
P-61 Turret

5. Black and White Series, Aerial Gunner's Proficiency Check
Series, Prepared and Mimeographed by Central School for Flexible
Gunnery.

B-24 Aerial Gunner's-Proficiency Check. . " .
B-29 Aerial Gunner's Proficiency Check.
B.-32 Atrial Vunner's Proficiency Check.

6. Aside from the above phase checks, which in each. c,-3e in-
cluded booklets of administration and score sheets, the following
additional material was preparud to facilitate the adequate train-
ing of phase checkers.

1. AAF Manual 55, The Use of Flexible G3unnery Phase Check .
2. -Training Film, TF 1-3464 "Administration of Standardized Phse,

Checks."
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Yes. The curriculum, weh Includes a great deal of practical
work, provides the gunner with the opportunity for putting into
actual use much of what he has learned.

6. Does the program provide for the assembly and drawing to.
gether of skills acquired and knowledge gained in different

. coursest
Yes, this is provided In progress checks, in preflighting and

postflighting of equipment, in application of skills and knowledge
on trainers and ranges, and in air training. It is suggested that
prior to graduation an orientation period be provided to evaluate
the gunner's basic training and prepare him for crew training.

Logic of $?'ases

7. Does each step make a definite contribution to proficiency?
A good logical case can be madd for every phase of training.

Over a period of time most nonrelated phases have been dropped
out. Some questions still exist, however, as to the value of cer-
tain phases (e.g. shotgun firing).

8. Is an effective orientation period provided fbr in each course?
Yes.' One criticism might be made of some of the orientation.

It too often stresses details of procedure at the expense of arous-
ing student interest. The possibility of more thoroughly planned
orientation at the beginning of the training period should be con-
sidered. This would not necessarily do away with specific course
orientation but would reduce the time devoted to each, and khit
all courses into one whole.

9. Are devices provided to aid instructors in arousing and
maintaining interests?

Some are, such as the use of cut-away models of the gun and
the Gunner's Information- File. Consideration should be given
to the development of instructors" manuals which would serve the
same purpose for methodology and G.I.F. serves for factual in-
formation.

Learning by Doing
10. Is actual doing stressed wherever possible in the training

program?
Yes. The gunnery program provides a maximum, of training

uy actual doing, within the limitations of facilities available.
11. What specific methods are used to insure attention during

lectures, films, demonstrations, and white students are waiting
to use equipment?

To a great extent students are so directed that the type of
activity results out of which learning takes place. They are
encouraged to take notea, answer questions, and engage in dii-
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armorers who have a good background in both Weapons and
Turrets. b

19. Are complicated skills developed step by step?
In the main, yes. The classroom work which precedes ranges

and tr !a.ers is designed to give the gunner an understanding of1 . what to do. Ranges and trainers give him practice in how to
do it. Gun camera and air firing relate the "what" to the
"how" and give training which simulates the job of the aerial
gunner in combat. It is possible that some students are over-
whelmed by the mass of technical information in such classes as
Turrets. In the case of ranges, it was discovered desirable habits
formed on some ranges are undesirable on others. An example
Instructors felt that instruction on this range should precede
that on the Burst Control Range, because as a result of his expe-
rience on the latter range, the gunner had developed the habit
of pushing up o.n the rear of his gun, a habit that was undesirable
on the Moving Base Range. This sort of conflict tends to impede'
rather than to enhance gunnery learning. The elimination of
confusion in learning should be a "must" in nay type of educa-
tional program.

20. Is group instruction used for material which can be most
effiently mastered this way?

Yes. In subjects such as Weapons, Sighting; and Turrets there
is good balance between group instruction for the bulk of learning
and individual instruction wher-eneeded to bring each student up
to standard, and to provide for individual differences.

21. Is adequate time allotted for the accomplishment of each
training objective?

The distribution fo time to courses in the 8-week program
appears to be adequate-in terms of the limited training obzectives
to be achieved and the training facilities presently available.
Sequence of Training

22. Does the student -have adequate previous training before
beginning each advanced range or trainer?

This question can best be answered by reference to instructor's
comments on- the question "what weaknesses, if any, in the pre-
vious gunnery training of your students interfered with their
learning of the material you taught?" The weaknesses in pre-
vious training which are reported by the instructors, however,
must be interpreted in light of two considerations: First, the.
instructors may be setting to ohigh a standard; and second, the
difficulties experienced by students may result not from a lack
of previous training, but from the inability to adjust'to the pecu-
liarities of a new situation:
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AAF Central School for Flexible Ach~evement Testing, Mlexible Gun-

Gunnery: nery:
-functions of, 6
-opening of, 6 ---early status of, 99, 100

-Research Division in, 8 -editorial practices, 106
-manuals prepared, 100-2

AAF Fist Motion Picture Unit, Cul- -selection of items, 104, 105
ver City, Calif.: -sources of items, 105 - .

-and Research Division, 36-37, -statistical procedures, 105, 106
380 -(See Gunnery Final Comprehen-

sive Examination; Phase Check-
AAF Instructors School Flexible err- Instructors Final Compre-

Gunnery: hensive Examination; Combat
-function of, 3 Gunnery Officers Course Final

-graduates and ' nongraduates Comprehensive Examination)
compared, 374, 376

-opening of, 3 Achievement Ofests:
-Psychological Research Detach- -and gunnery criterion, 59

ment (Gunnery) attached to, 4 -development of, 90-107

AAF Personnel bistribution Corn- Adjustment of Instructors;
mand: -- attempts to measure, 354-:7

-study of attitudes ef returnee -Instructors School staff, 343-4
gunners, 259-60, 262-5, 267-8,
279-81, 328-9- Adjustment of Returnee Gunners:

-use of Instructors Qualifying -and AGCT, 274
Examination by, 36-8 -and constitutional stability, 274

AAF Proving Ground Command, -and definiteness of purpose, 274,
Eglin Field, Fla. -and early adjustment, 273
-anFeld , res a : 3 -and family relationship, 274

a ivision, -and independence, 274

AAF Qualifying Eamination, -and marital status, 273
AC1OA: -and religious faith, 274 "

-and gunnery p472 -and security in a social group,proficiency, 274
AAF School of Applied Tactics: -incidence of combat fatigue,

-- and Research Division, 36 270-1
-study at, 177-85, 230 -persistence of combat fatigue,

27143
AAF School of Aviation Medicine:

-and gun camera studies, -155-6, .Aerial -Proficiency Check:
188-91, 224-37 -described 132

AAF Training Aids Division, New -outgroWti of phase checks, 137

York City: Age:
-and Research Division, 37, 253 -and gunnery proficiency, 76,

415, 476
AAFSAT Synthetic Trainer: -of gunners, 23

-- description of, 177
-evaluation of, 185, 258 Aiming Stress Test, CE211A:
-fatigue and performance on, -,,td gunnery proficiency, 78,

179-84 45, 476
-learning on, 177-82 Aircraft Recognition: -

-- reliabil'ty of scores on, 183 Air c raf of, 249

-- ,coring method, 177, 183 -evalu ion of, 258-- lealuia "on o, 25-

Academic Grades. -- learniag on, 253-4
-and elimination, 94-96' -on Gunnery Final Comprehin-

-as gunnery criterion, 472-3 sive E mination, 107-118
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SUBJECT INDEX-Continued

-seating arrangement and scores -learning of, 420, 425

on, 249-50, 252 -range and, 424-427

-transfer, short to long range, -roll of fighter and errors in, 420

S252-3 Attitudes of Basic Gunnery Stu.

Airserew Selection and Classification dents:
Standards Rating Scale: -toward gunnery, 25-26, 260-262

-minimum requirements for gun- -toward gunnery training, 265-
hers on, 42-46 266

-minimum requirements for gun- -toward second tour, 262-263

nery officers on, 387-388 -used in program evaluation,
311-312

Air Firing:
-and elimination, 94-95 Attitudes of Returnee Gunners:-

-and gunnery criterion, 65-67, -toward civilian war effort, 285-

71-72, 74, 76-78, 472-473, 475- 287
476 -toward combat, 263

-- description of, 218 -toward gunnery, 265

-evaluation of, 219-220, 258, 300- -toward gunnery training, 265-

301 • 267
-. reliability of scores on, 218-219 -toward military discipline, 281-

-. variations in, 219 283.
-toward phrposes of war, 283-

Air Firing Instructors: 285
-special problems of, 340-341 -toward reassignment, 276-279

-toward-second tour of duty, 263,
AN/APG-15 T Trainer:279-281

-- description of, 158-159
-evaluation of, 159, 161, 258 Aviation Cadet Qualifying Examina-
-learning on, 159, 161 tion, AC12J:
-reliability of scores on, 159 -and gunnery pr .%ficiency, 75
-scoring method, 159 -intercorrelations, 474

Angular Judgment Test:" B-29 Gunners:
-and gunnery proficiency, 75 -job description, 40-41
-intercorrelations, 474 -selection of, 87-93

-stantines for selection-of, 92
Aptitude Test for Aerial Gunners, -training program, 10, 437

AC30A:
-and gunnery proficiency, 74-75 B-29 Manipulation Trainer:
-format of, 73 -- description of, 156
-intercorrelatiohs, 474 -evaluation of, 158, 258
-intercorrelations of parts, 74 -gun camera used in, 156
-sources of, 72. --- learning on, 156

Army General Classification Test: 3o'sic Deflection Range:
-- and Aptitude Test for Aerial -description of, 193

I Gunners, AC30A, 72, -- evaluation of, 194-195, 197-199,
-and gunnery proficiency, 65-72,. 258

75 -- learning on, 194
-intercorrelations, 474 -reliability of scores on, 194
-scores of gunners, 22 -transfer to gun camera, 197-199
-scores of Instructor School stu- -transfer to Moving Base, 197-

dents, 350 199
-scores of instructors, 352
-standards for instructors set, Basic Gunnery Schools:

352 -elimination, rates, 94-95
-instructors' scores in IQE; 369-

Aspect Angle: 371, 374
-defned, 418-419
-use in support fire, 419-420 Biographival Data Blank, CE602D:

-(Set Support Fire) -revised for gunnery, 82-83

Aspect Angle, Judgment of: Biographical Data Blank (Gunnery):
.- angle size and errors in, 420 -and gunnery proficiency, 75
-in air, 421-427 -development of, 83

-in laboratory, 418-421 -intercorrelations, 474

498

A - -



SUBJECT INDEX-Continued

Buckingham Army Air Field: Compensating Sights:
-B-29, program at, 10 p-description of, 17

-Basic gunnery school, 2 -use in support fire, 417-418
-Central School at 2
-Instructors School at, 2 Complex Coordination Test, CM--Psychological Research Detach- 701A:

ment at, 30 -and gunnery proficiency, 78,
--studies at, '72-'l8, 79-84, 95, 108, 476-476

11I, 113, 115, 135, 142-146, 148- Cneecs' Conferences:
155, 156-158, 161-163, 170-171,
175-177, 185-187, 201-204, 218- -Fort Worth, Jan. 1943, 4
219, 238, 246-253, 259, 273, 277, -San Francisco (Gunnery), Aug347-349, 350,352, 354, 379, 408- 1944, 9412, 415-417, 474-476 -- Tampa (Gunnery), Apr 1944, 6,

8, 295

Burst Control Range:
-- description of, 206 Cornell Selectee Index:
-evaluation of, 209, 258' -and Personal Adjustment In-
-- learning on, 207-209 ventory, 357
-reliability of scores on, 206-207 Crewmanship-

Central School (See AAF Central -importance of, 19
S-on Gunnery Final Comprehen-School for Flexible Gunnery): sive Examination, 103-117

Charleston Army Air Base: Criterion, Flexible Gunnery:
-- studies at, 312-414 -air training as, 5&-56

Check-list of Training Principles: -analysis of problem, 46-47
-- typical list, 489-493 -ground traineris as, 51-53 "
-used in program evaluation, -subsidiary skills in, 58-59

311-312 -synthetic trainers as, 4941-summary,456,

China-Burma-India Theater, (10th -m r
and 14th Air Forces): Criterion, Gunnery Instructors:

-overseas project in, 42-45, 260, -gunnery, knowledge in, 342-343
266, 295-302 -intelligence in, 342

-personal adjustment in, 343-344"
Classification and Assignment -teaching proficiency in, 344-348-and gunnery proficiency, 300--and gnyCriterion, Gunnery Officers: *

-- elimination from course as,-389-
Combat Air Forces: .: 390

-overseas projects in, 40-48, 260, -- survey of possible measures,
262, 266, 295-304, 320-328, 383- 388-390
388, 399-401

-use of phase checks in, 132-133 Deflection (See 'Lead)

Combat Flexible Gunnery: Deputy for Flexible Gunnery Train-
---effectiveness of, 18-19 ing:
-history of, 3-5, 8-9" -position created, 8

Combat Gunnery Officers Course P
Final Comprehensive Examina- DeVry Panoramic Trainer (Sec ?an-tion: oramic Trainer)

-development of, 402 Dial and Table Reading Test, CP622-
-reliabilities for Form B, 403 21A:

Combat Theaters: Proficiency of --and gunnery proficiency, 78
Gunners:

-as reported by gunnery officers, Directioiial Orientation Test,
300-301 -and gunnery pioficiency, 472 -

* -factors lowering proficiency, Discriminat'm Index:
301-303 -describ,. 105-106

-in gunnery knowledge, 299-300
--on Jam-Handy, 299-300 Discriminatio:, Reaction. Time Test,
-on phase checks, 297-299 CP611D:

Comparison of Lengths Test, LV7A: -and gunn ry proficiency, 78,
-and gunnery proficiency, 472 475-476
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SUBJECT INDEX-Continued

E-8 Trainer (See Spotlight Trainer) Firing Error Indicator:

E-14 Trainer (See Jam-Handy -as gunnery criterion, 53-54
Trainer) -description of, 238

Educational Level: -- valuation of, 238-243, 258-learning on, 241-of gunners, 22, 23 -percent hits on, 240
Eighth Air Force: -problems in use of, 241-243

---evaluation of training programs Flexible Gunnery Equipment:
in, 320-328 -design of, 405-406

-overseas mission to, 42-45, 262, -sight reticle design, 408
* 383-387, 399-400 -(Seo Machine Gun, Sights, Tur.

Eighth Air Force Project: rets Interphone Communica-
-experimental design, 321 tion$
-problem, 320 Following Directions Test, CP402A:-results, 321-328 -and gunnery proficiency, 472

Eight-Week Basic Gunnery Course Forgetting:
Evaluation: -and gunnery proficiency, 302

-experimental design, 306-806-results, 306-315 Frangible Bullet Trainer:-as gunnery criterion, 54-55
Electronic Pilot Pursuitmeter Test, -description of, 243CM815A: -- evaluation of, 245, 257

-and gun camera scores, 85-88 -learning on, 246-247 "
Elimination, Basic Gunnery: -percent hits on, 244

-reliability of scores on, 244t ~---asa gunnery criterion, 71-

Elimination Policies, Basic Gunnery: Full Scale Range Estimation"Range:
-- critique of, 96-97 -description of, 146
-survey of, 93-95 -evaluation of, 148-151, 258

-gun, camera used on, 146
Emotional Security Test: -reliability of scores on, 147-148

-development of, 79-80 -scoring method, 147
--evaluation of, 80-81 Giant Skeet Range:

Error Item Analysis Report Form: -- description of, 201
-use of, 102 ---evaluation of, 203-204, 258-learning on, 201-203

Estimation of Angle of Approach -reliability of scores on, 201Test, LV8A: -transfer to Panoramic Trainer,
-and gunnery proficiency, 472 203-204

Estimation of Relative Velocity, Greenville Army Air Field:
CP205-.III: -study at, 376

-and gunnery proficiency, 75, 474 Ground Ranges:

Estimation of Velocity, CP205-I: -and elimination, 94-95
-and gunnery proficiency, 75 -and Jam-Handy, 75-76
-intercorrelations, 474 -as gunnery criterion, 65-66, 68,

74, 76-78, 472-473, 475-476Factor Analysis: -intercorrelations of scores, 75--applied to Instructors Qualify- -used in program evaluation,
ing Examination, 369-372, 375 308-309, 331-332

Fifth Air Force: Gulfport Army Air Field:
-overseas project in, 42-45, 266, -study at, 376295..-301Fighter Attacks: Gun Camera: '

-as gunnery criterion, 55-56, 155-- "fly-through," 13-14 -description of, 220-221
-pursuit curve, 14, 438 -Eighth Air Force gunners, 323

-evaluation of, 235-237, 258Finger Dexterity Test, CM116A: -factors affecting reliability, 222-- and gunnery proficiency, 475- -In Full Scale Range Estimation

476 Range, 146-148500
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I SUBJECT INDEX-Continued

-leaning on, naive gunners, 232- description of,236, 237 391-395
learning on, trained gunners, 230 -Form AC40A, reliabilities, 392-

-reliabity of scores on, 394, 395-scores of 8th Air Force gunners -Form AC40A, validity, 396on, 322-323 -Form AC40B, development of,-used in progran evaluation, 396-397311-313, 332-333 -Form AC401, reliabilities, 397
Gunners, Flexible: -Form AC40B, stanmne scores,Se of, 23 •397

-- eucation of, 23 -Form AC40B, validity, 398-399-intelligence o °,2 -separate stanine cut-offs recom--minimum requirements In twen- mended, 398-399
-ty trai, 42-4 Gunnery Technical Vocabulaiy Test:sketches of, 21, 22 -and gunnery proficiency, 473-(See Attitudes of Basic Gun- -intercorrelatons, 473

nery Students, Attitudes of Re-turnee Gunners; Motivation of Harlingen Army Air Field:Gunners; Job Description, Flex- -basic gunnery schobl 2ible Gunners) -psychological research detach-
ment at 30, 63Gunner's Information File: -studies at, 62-64, 95, 110, 113,- B-29 supplement to, 10 350-353, 378-379, 471-publication of, 8 armonization:

Gunnery Final Comprehensive Ex- -of caliber .50 machine gun, 15-amiation: -of phase check, 486, 30-309,-and ground-range scores, 75 314, 330"32 -
-- and Jam-Handy scores, 75:
--as gunnery criterion, 74, '75-78, High Tower Range:-riso ofin Sherman study, 245-250-comparison of various forms, Hobson-Strnad Trainer. ,'-"

114,16 as gunnery criterion, 50-I5-Formn GF-A, 107-108 .-- described, 50, 51-Form GF-B, 107-108
-Form i 108-1 Identification of Velocity, CP205II:-Form GF-D, 110-111, 113 -and gunnery proficiency, 7,-Form GF-E and GF-F, 111-114 -intercorrelations, 474-Form GF-EE, 114-115
-used in instructor selection, 352 Instructors Final Con preheisive Ex--used in program evaluation, amination:305-307, 313-314, 330 -development of, 78Gu6nn 07 nte Test, 330Instructors, 

Flexible Gunnery:'.
Gunner, Interest Test: --job specification of, 337-and gunnery proficiency, 473 -training, 377-380-intercorrelations, 473 -types of duties, 337-341

-use of returnee gunners as, 379-Gunnery Learning Test: 380-and gunnery proficiency, 473 -(See Selection of Gunnery 'In--intercorrelations, 473 structors School) (See AAF In-structors School Flexible Gun- "
Gunnery Mathematics Test: nery)..
- gunnery proficiency, 473 Instructors Preference Test:-intercorrelations, 413 -and Instructors Qualifying Ex-

Gunnery Officers: aemation, 362 03-duties of, in 8th Air Force, 383- --development of, 360-362388 -iteq validation, 362
-(See Job Description, Gunnery Instruct, s Qualifying Examination:
Officer, Selection of Gunnery Offi- -dcsc "'-tion of, 357-364
cers; Training, Gunnery Officers) -factoi -nalysis of, 369-375

interc .- relation of' parts, 368,(unnery Officers Selection Test: 370
-and Instructors Qualifying Ex- -multipl. .!orrelation with.3 erl-

amination, 359 teri, 3 , 376
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SUBJECT INDEX-Continued

-purpose of, 368 Job Description, Gunnery Officer:
-reliability of 365 -based on 8th Air Force study,
-stanne distributions, 366 383
.-- used by Personnel Distribution -job specification, 387-388

Command, 366-368 - -);,'xewcdge required, 384, 392
-validity of, 370, 364-367 -milzimuni requirements In twen-

ty traits, 387-388
Instructors Ratings: -types of duties, 383-388

-used in program evaluation,309-311 Judgment In Aiming Test, LW6A"
300-Sil-and gunnery proficiency, 472

Instructors School (see AAF In-

structors School, Flexible Gun- Judgment in Aiming Test, LV6B:
nery) -and gunnery proficiency, 472

Instrument Comprehension Test, Judgment of Proportions Test, CP-
CP616A: 20GA:

-and gunnery proficiency, 472 -and gunnery proficiency, 472

Interest Strength of (See Strength Kingman Army Air Field:
of Interest) -basic gunnery school, 5

-studies at, 95, 113, 194, 195-199,
Intercom. (See Interphone Communi- 350-352

cation) -Laredo Army Air. Field

Interphone Communication: -basic gunnery school, 2
-manuals for, 379-380 -Central School, 2
-scores used in program evalua- -studies at, 85-89, 110, 113, 133,

tion, 308, 309, 331 155, 158-161, 165-166, 172-175,
187-190, 192, 194, 195, 199-201,

Iron Ring-and-Post Sights: 205, 206-207, 207-218, 223-237,
-- described, 415 238-240, 241-243, 246-247, 254,
-eye-base method with, 415 266, 306-311, 328-333, 350-352,
-sight-base method with, 415 356, 357, 412-413, 417-431

Jam-Handy (EB-14) Trainer: Las Vegas Army Air Field:
-and ground range scores, 75-76 -basic gunnery school, 2
-as gunnery criterion, 49-50, -psychological research detach-

76-78, 175-177, 475-476 ment at, 30, 63-72
-as selection test, 86-88 -studies at, 63-72, 95, 99-100,
-description of, 169-170 111, 113, 135, 146-148, 205, 379,
-- evaluation of, 170, 258 471, 473 1
-in Sherman study, 246-249, 250, " 7

251 Lead,
-infra-red scorer foi, 171-173 -in position firing, 16-17, 413-416
-ISCO scorer for, 173-175 -in support fire, 417-418 ,"
-reliability of scores on, 170-175 -need for, 12
-scores of Eighth Air Force gun-

ners, 322-323 Learning Curves:
-used in program evaluation, 309, ---on gunnery ranges and train-

314, 322-328, 331 ers, 143-145, 149, 155-156, 168,
161, 163-166, 177-182, 190, 194:

Job Description, Flexible Gunner: !95-197, 201-203, 207-209, 209-
-activity lists in, 40-41 205, 230-237, 241, 244
-and criterion, 46
-conditions of work in, 41-42 Machine Gun, Caliber .30:
-for B-29 gunners, 40-41 -use of, 1, 3, 203-204, 218
-methodology, 40
-minimum requirements in twen- Machine Gun, Caliber .60:

ty traits, 42-46 -bullet dispersion of, 16
-use of Tactical Doctrine and -care and cleaning phase check,

Mission Reports in, 40 308-309, 314, 330-332, 487
-- characteristics of, 15

Job Description, Gunnery rnstruc- -development of, 1
tor: -in gunnery training, 3, 204-219

-job specification of, 337 -- on Final Comprehensive Exam-
-types of duties, 337-341 ination, 107-117
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SUBJECT INDEX-Continued

-stripping and assembly phase Motivation, Flexible Cunners:

check, 121, 308-309, 314, 320- -adverse factors In, 26, 27
328, 330-332, 477-486, 487 -in combat crew, 269-270

Mn ,-in relation to the war, 283-285Map Distance Test, CU626A -survey of, 25-27
-and gunnery proficiency, 472

Moving Base Range:
Map-Path Distance Test, CP628A: -descript,'on of, 195

-and gunnery proficiency, 472 -- evaluation of, 197-199, 268

-learning on, 19-198
Mathematics A, C1702E: n-reliability of scores on, 195-1974-and gunnery proficiency, 78, -transfer to gun camera, 197-199

M e ts 47-476 A 2Moving Target Ranges:
Mathematics B, C1706A, C1206B: -- as gunnery criterion, 51
-and gunnery proficiency, 78, -description of, 204-205

475-476 -evaluation of, 205, 258

Mathematical Proportions Test, -reliability of scores d, 20$
LVIB: "Milller-Lyer Illusion:

-and gunnery proficiency, 472-473 -and sight design, 408
-intercorrelations, 473

Multiple Correlation:
Mathematics, C1708A: c-of IQE with 3 criteria of in-
-and gunnery proficiency, 65-72 structor proficienicy, 375

Mechanical Aptitude Test (MA): Navy, U. S.: "
-and gunnery proficiency, 65-72, -and development of Position Fir--

S s oing, 414 .

-unner's scores on, 22 -developed infra-red scorer, 171
-int~rcorrelations, 44 -Free Gunnery Standardization

Mechanical Comprehension Examin- Committee, and Research Divi-

ation, DS21A: --Jm-Handy Trainer designed
-added to Instructors Qualifying for, 168-169

Examination Battery. 368 -Wailer Trainer designed for, 161

-reliability and intercorrelations,

370 NDRC, Airborne Fire Controi Corn-

Mechanical Function Test, C1907A: mittee

-and gunnery proficiency, 472 -and Research Division, 36

Mechanical Information, C1905A: NDRC, Applied Mathematics Panel,

-and gunnery proficiency, 78, 472, Columbia University:

475477 -and Research Division, 36

Mechanical Movements Test, NDRC, California Institute of Tech-
C1904A: nology Project:

-and gunnery proficiency, 472 -and Research Division, 36
--and Firing Error .Indicator,

Mechanical Principles Test, C1903A: 237-239

-and gunnery proficiency, 65-72,

78, 473, 475-476 NDRC, Franklin Institute, Philadel-

-intercorrelations, 473 phia and University of Texas:
-and Research Division, 36

Memory for Names Test, LV3C:
-and gunnery proficiency, 472, NiRC Radiation Laboratory, Mas-

73 sachusetts Institute of Tecnol-

-intercorrelations, 473 e r i o--. nd Research Division, 36

Memory for Plane Silhouettes Test, NDRC, -Statistical Research Group,
C1603A.: o6umbia University:

-and gunnery proficiency, 472 --and Research Division, 36.
Milndr Leardo n 3

Mu eiito fND± .1, University of Wisconsin

definition of, 16 rroject, Laredo:

Motivation 
-and Research Division, 10, 36,

-importance of, 44
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SUBJECT INDEX-Continued r

i NDRC, Voice Communication Lab- Pattern Comprehension Test,
oratory, Waco, Texas: CP803A:

-- and Research Division, 36, 379- -and gunnery proficiency, 472
-381

eas PPersonal Adjustment Inventory:
Nearest Point Test, CP607A: 4-and Cornell Selectee Index, 357

-- and gunnery pris.-eney, 472 -and Personal Inventory, DF-

Ninth Air Force: 201C, 357
-overseas project in, 41 Personal Inventory, DE201C:

Nbasio for Personal Adjustment
Numerical Approximations, C170SA: Inventory, 356

-and gunnery proficiency, 65-72, -items used in Instructors Pref-
472 erence Test, 360

Numerical Operations C1702B: -revised for gunnery, 83
-and gunnery proficiency, 65-72,472 Personal Inventory Revised:

472 . -returnees and basic gunners on,

Numerical Operations, B01702B: 83-84
-and gunnery ,poficlency, 78, -types of items, 85

4'16-476 Personality Characteristics:

Numerical Operations F, C1702B: -efforts to measure, 79-85, 354-
-- and gunnery proficiency, 78, 357, 360-363, 393-395

475477 -irn ortance of, 42-46, 343, 387-

Operational Knalysis Sections, Thea-
ters of Operation: Phase Checks, Flexible Gunnery:

-and Research Division, 36 -and gunnery criterion, 58-59
P-description of, 130-132.

Opinion Poll: -Eighth Air Force gunners, 323
-and gunnery proficiency, 76, -evaluation of, 137-139

81-82 .- example, 121, 476-486
-i-tercel nf,80-81 -list of, 486-487
-eelomentinf, 808 -origin of, 119
-items used in Instructors Pref- -preparation of directions, 126.

erence Test, 362 -preparation of items, 123-126-
-returnees and basic gunners onl, -prerequisites for use, 121-122

84 -reliability of, 129-130
Opinions on Instructing Test: -scoring of, 126-129

Opinins on-summary, 446-447-validation of, 354-356 "-smay 4-4
-- use of, as tests, 132-135

OQ Radio-Controlled Target Planes: -use of, in training, 136-137
-description of, 217 -used in program evaluation,

-evaluation of, 217-218, 258 306-309, 312-313, 315, 317-319,
-percent hits on, 217 321-328, 330-332
-e n -validity of, 129.

OQ-3 Range:
-as gunnery criterion, 51-52 Plane Formation Test, CP80C:

Overseas' Projects: -and gunnery ,proficiency, 75,
-findins of, 2-303472, 473
-findings of, 297-303 -in Sherman study, 246-251
-outcomes of, 303-304
-procedures, 296-297 Plane Name Memory Test, C1506A:

Panoramic Trainer (DeVry): -and gunnery proficiency, 412,

-as selection test, 85-88 473

-ddscription of, 185 -intercorrelations, 73
-evaluation of, 185-191, 258 Poormnan Range:
-learning on, 190-191 -a's gunnery criterion, 52
-scoring method, 185, 186-187, - description of, 209-210

190 -- evaluation of, 215-217, 258
- transfer to gun camera, 187-188 -learning on, (K-13 sight), 214-

-transfer to Jam-Handy, 185-186 215
-learning on, (Martin turret),

Pattern Assembly Test, CP804A: 210-214
-- and gunnery proficiency, 472 -reliability of scores, 10
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SUBJECT INDEX-ontinued
-scoring methods, 210-216 Reaction Time:
-used in program evaluation, -relation to opening range, 415312, 314Position Firing.- Reading Comprehension Test,-osvtion ment ofi : C1614G:--development of, 5, 413-415 -and gunnery proficiency, 78,

Proficiency Checks: 475-476

-(See Phase Checks) Reading Comprehension Test,
Psychological Research Detachment C61yA:

(Gunnery): -and gunnery proficiency, 472
- sactivated, 4 Reading Comprehension Test,-mission of, 31, 439 . LV4B:-personnel of, 63 -and gunnery proficiency, 472Psychological Research, Flexible Reassignment of returnee gunners:Gunnery: -attitude of returnees toward,
-and gunnery program, 467 275-279-by-products of, 466-467 -problems in, 275-- contribution of psychologists tocooperative attack on gunnery Reclassification, Gunnery Instruc"-

roblems, 467-468 tors:
-levels of, 464-465 -Instructors Qualification Exam--objectives of, 463464 ination in, 372-373-project planning and execution, -results of, 374-376465-466 -role of Research Division in,• 372-373

Psychological Research Unit No. 1: -training- of personnel Xor, 372--activated, 6 373-and Instructors School, 31-32 -use of rating scales in, 373-mission of, 30-31, 440 Reflectone Trainer:
Paychological Test Film Unit: -description of, 142-143-aircraft recognition studies, 249 -evaluation of, 257, 145-146

-learning on, 143-145
Pueblo Army Air Base: -'reliability of scores on, 143-studies at, 135-1t36, 315-319 Refresher Course for Returnes,Pueblo Project Evaluation of:---experimental design, 315-317 -experimental de3ign, 329-336-problem, 315-316 -problem, 329-results, 317-320 -results, 329-333
Pursuit Curve,. Research Division, Flexible Gunnery:-described, 14, 438 -and- Central'SchOol, 6-composition of, 9Quantitative Perception Test III --evaluation of work, 463-468(Total 3 scores): -functions of sections, 32-34-and gunnery proficiency, 472 -history of, 3 4, 5-6, 9

-list of personnel engaged inQuantitative Perception -cst III psychological research, 469-470(Tot l 4 scores): -relationships with other agen--and gunnery profisidncy, 472 cies, 34-35, 36-37, 440
Radar: Returnee Gunners: o

-and sighting, 10 • -- combat experiences of, 267-268-use with computing sight, 18 -characteristics of, 268
-(See AN/APG-15 T1 Trainer) -(See Attitudes of Returnee Gun-

ners; Adjustment of ReturneeRapid City Army Air Field: Gunners)-study at, 376
-stuy at 376Rotary T'nrsait Test:

RCAF Range Estiniatien Trainer: -and ur proficiency, 4-- description of, 148-149 and ,tnery 475-478
-- evaluation of, 149-151, 258 Rhqal Air Force:
-learning on, 149-151 -i-ission to, 6, 384, 400-401
-scoring method, 149, 151 -phase ecks used in, 138
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SUBJECT INDEX-Continued

SAM Angular Sudgment Test: Shotgun Turret Range (See High
-- and gun camera scores, 85-88 Tower Range)

SAM Arc Estimation Test: Sighting Accuracy:
-and gun camera scores, 85-S& -counter-balanced gun cameras

and, 412
SAM Discrimination Reaction Time, -- eye dominance and, 410-412

CP611D: -Milller-Lyer Illusion and, 408
-- and gunnery proficiency, 65-72 -optical vs. iron sights, 409

SAM Self-Pacing Discrimination Re- Sighting Methods, Flexible Gunnery:
action Time Test, CP611E: -apparent motion, 12

-and gun camera scores, 85-SB -on Gunnery Final Comprehen-
sive Examination, 107-118

SAM Two-Hand Coordination, -position firing, 5
CM1OIA:

-and gunnery proficiency, 65-72 Sighting Problems, Flexible Gun-nery:

SAM Two-Hand Pursuit Test, -analysis of, 11--13
(Thurstone), CM81OA: t -duration of attack and, 14

-and gun camera scores, 85-88 -radar and, 18
n g--target distance and, 13

SAM Visual Coincidence Reaction -target path and, 13-14

, Time Test, CP613A: -target size and, 13

-and gunnery proficiency, 85-72 Sighting Theory, Flexible Gunnery:

SAM Visual Coincidence Reaction -position fing, 413-41

Time Test, CP613B-3: reaction time and opening range,
-- and gun cameru scores,. 85-88 415

Sights, Flexible Gunnery:
Selection of Flexible Gunners: -compensating, 17, 417-419

Aptitude Test for Flexible Gun- -computing, 17-18
ners, AC30A, 72-75 -iron ring-and-post, 16-17, 409,

-- exploratory studies, 63-72 415-419
-history of, 61 -optical ring, 17, 409
-personality and, 79-85
-- stanines for gunners, 76-78 Skeet Range:

-unary, 442-444 -as gunnery criterion, 75
-- description of, 191-192

Selection of Gunnery Instructors: -- evaluation of, 192-194, 258, 301
-establishment of standards, 351- -in Sherman study, 246-249, 250,

354 251
-initial methods, 350-352 -learning on, 192-194
-Instructors Qualifying Examin- -reliability of scores on, 191

ation, 354-376
Spade Grip3,-3-Handled:

Selection of Gunnery Officers: -evaluatinn of, 412
--- eveloment of tests for, 391-

399 Spatial Orientation Test, CP501A:
-policies, 396, 398-399 -and gunnery proficiency, 472
-(See Gunnery Officers Selection

Test) Spatial Orientation Test, I, CP501B:
.- and gunnery preoficiency, 64-72,

Seventh Air Force: 78, 472, 475-476
-overseas project in, 42-45, 295-

304 Spatial Orientation Test, II, CP503B:
-and gunnery proficiency, 78,

Sherman Visual Training Method: 475-476
-description of, 245-246
-evaluation of, 246-249, 250, 251 Speed of Identification Test, CP-

610A:
Shorter Line Test, CP606A: -and gun camera scores, 85-88

-and gunnery proficiency, 472 -and gunnery proficiency, 65-72,
78, 473, 475-476

Shortest Path Test, CP608A: -in Sherman study, 248-250, 251
-and gunnery proficiency, 472 -intercorrelations, 473'
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SUBJECT INDEX-Continued

Speed of Identification Test, FTC: -intercorrelattons of ratings on,
-and gunnery proficiency, 472 . 347, 349

Speed of Perception Test, LV5B: -reliability of ratigs on, 346-348
-and gunnery proficiency, 472 Technical Vocabulary, Bombardier,

Spotlight Trainer (E-8): CE505C:
-as selection test, 85-38 -and gunnery proficiency, 78,
-- description of, 151-152 475-476
-evaluatian of, 152-156, 258 Technical Vocabulary, CE5O5Cr:

learning on, 153-155
-reliability of scores on, 152-153 -and gunnery proficiency, 65-72,
-scoring method, 151-152 472
-transfer to gun camera, 155-156 Technical Vocabulary, Navigator,

Stanine Bombardier: CE505C: " A
Stanne Bmbarier:-and gunnery proficiency, 78,-and gunnery proficiency, 76, 475-476

475-476
Stanine, Navigator: Technical Vocabulary, Pilot, CE05C:Stanine, avigator:-and gunnery poiiny 8-and gunnery proficiency, 76, 47 76 proficiency, 78,

475476 Thematic Apperception Test (Mur-
Stanine Pilot: ray):

-ana gunnery proficiency, 76, -basis for Test for Emotional Se-
475-476 curity of Basic Gunners, 80

Stanines, Flexible Gunner: Thirteenth Air Force:
-B-29 gunners 89, 92-93 -overseas project in, 42-45, 266,

• -formulation of, 77' 295-301

Stanines, Gunnery Instructor: Timing Reaction Test, CM504B:
-Instructors Qualifying Examin- -and gun camera scores, 85-88ation, 366 .

Tonopah Army Air Field:
Stanine ry Officer Sion: -studies at, 312-314, 376-Gunnery Officer Selection Test,

AC40B, 398 Tool Function Test, C1906A:

Strength of Interest, Bombardier: -and guhnery proficiency, 472

-and' gunnery proficiency, 76, Training Aids, Flexible Gunnery:
475-476 -- principles for preparation of,

Strength of Interest, Navigator: 291-293
-and gunnery proficiency, 475-476 Training Air Forces:

Strength of Interest,. Pilot: -,attitudes of returnee gunners
-and gunnery proficiency, 475-476 assigned to, 259-260, 263, 267-

268, 271-272, 276-279, 328-330
Support Fire: -reclassification of instructors in,

-aspect angles in 418-419 376
-. need for, 417-418 -use of phase checks -in, 132-133,
-rules for, 418 136-137
- (See Aspect Angle)SA cTraining, -Flexible Gunnery:

Support Fire, Accuracy of: -and selection, 62
-- and aspect angle, 429 -- characteristics of effective train-
-and range, 430 ers, 255-257
-learning aind, 428 -- cooperation in planning, 291

Tc g hs a andescription of, 23-25
Teaching Athods E xamination: -diversity of, 389-391

-- development of, 377-378 -evaluation of, by combat thea-
eiater gunvers, 265-267

Teachn insrciples Exar nation: -- evalua: n of, by combat thea-
-and instructor proficiency, 254- ter oflfi .,, 300-301

256 -- evaluati of ranges and train-
Teacb"g proficiency: ers, 141-' '57''
S-.instructor's Rating Scale, 344- -history of, 3, 5, 7, 10

357 -overseas jccts, and, 295-304
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SUBJECT INDEX-Continued

-planning of, psychological prin- -locally controlled, 15
ciples used in, 291-294 -- on Final Comprehensive Exam-

-- procedures for evaluating, 294- ination, 107-118
295 -- phase checks, 133, 135, 297-299,

-specliulization In, 290 308, 314, 317-319, 321-328, 330,
-summ--ry of evaluation of 487

ranges mnd trainers, 255-20, -remotely controlled, 16-448-454

-use of phase checks in, 13C-137 Twentieth Air Force:
-(Sce Training Programs; Evai- -combat in, 8

uation of: See also various -gunnery records in, 18
ranges and trainers) -overseas project in, 40-41

Training, Gunnery Instructors: Two-H';d Coordination, CB10IA:
-and gunnery proAciency, 78,

-contributions to, 377-380 47"76

Training, Gunnery Officers: Tyndall Army Air Field:
-- development of achievement basic gunnery school, 2

tests, 402 -psychological research detach.
-Eighth Air Force study, 399-401 ment at, 30, 63
-formulation of curriculum, 399- -studies at, 64-72, 95, 205, 350-

402 352, 471-473
-role of board of experts in, 401 352, 47ainer

Training Programs, Evaluation of W-as gunnery criterion 49
-basic gunnery, 304-315 ---"beep-tone" and perforx.ance on,
-- critique of studies, 334-334 163-166
-- Eighth Air Force, 320-328 -description of, 161-162
-refresher course for combat re- -evaluation of, 165-166, 258

turnees, 328-434 -learning on, 163-166
training air forces, Pueblo, 315- reliability of scores on, 163
320 -scoring methods, 162,

Transfer of Training: Weapons:
-in evaluation of gunnery train- -on Final Comprehensive Exam-

ers, 141-156, 185-191, 194-195, inaion, 10i7-118
197-199, 201-204, 238-240, 245-
250, 252-2541, 256-258 Yuma Army Air Field:

Turrets: -basic gunnery school, 5

-and gunner's job, 15, 16 Zone System:
-- description of, 15, 16 yrelated to Position Firing, 414
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