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Dr. Dean R. Brimhall, 2
Director of Research,

Civil Asronautics Adminlstration, - ‘
washington, D. C. , %\‘

Dear Dr. Brimhall:

The attached report on The Effectiveneas of Patter and of Fundementals
of Basic Flight Maneuvers as Training Aids; by E. Lowell Kelly end E. Ewart, is

submitted by the Committee on Selection and Training of Adreraft Pllots with the
recommendation that it be included in the series of technical reports published
by the Division of Research, Civil Asronautice Adminisitratlion.

Thie report covers one of a Beries of investigations in the field
of pilot training undertaken by the Committes. These studies reflect the con-
victlon, which you have so frequently Btated, that the improvement of training
methods 13 an essentiml step In the most effective use of manpower in aviation.
Such emphasis upon treining in the Committee research program represents a
particularly importent advance upon earlier research in the field of aviation
psychology which, both during Vorld War I end throughout the pericd immediately
following, was prluerily coacerned with problems of selectlon.

In considering the attuched report, it ie well to recsll that the
work with the Patter and Fundamentals of Besic Flight Maneuvers was originally’
concelved as an "action™ progrem designed to bring to bear upon pillot training
the experience of educatlon and industry. As an "ection” program this work
has been eminently successful. The letters received from flight instructors
and flight operators, as well es the reception eccorded to these training sids
by the Navy, furnish evidence of the extent to which this materlal has foumd
useful application in the field. In view of such wide acceptance, a research
study to test the usefulness of these training aids might well have been con-
gldered unnecessary. However, it 1s the fixed opinlon of the Copmittse,
which I am certain you share, that it is still necessary to determine objective-
ly how well such training aids function and what they contribute to tralning. 3

Unfortunately, the present investigation does not present dofinitl!g'::
evidence with respect to these questiomns. The investigation, which wae con-
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ceived as an exploratory study, doee give a clear indication of the difficulties
to be experienced and of the controls which must be applied in ewh further
studies as may be undertaken im exploring the value of training aide and of im:
proved training methods. TFrom thls point of view, the study represents an im-
portant contribution to the applicetion of psychoclogy in aviation. '

In presenting this report, it 1s probably imporitent to note that the
criteria to which Dr. Kelly refers are undergoing very complete and detailed 3
analysis and that reports will be submitted on the Ohio State Flight Inventory i
and on other criteria considered in the study. These, it 18 anticipated, will
throw further light on the usefulness of these criterie both for field use and
as research aids.

Very truly yours,

Moo L A —

Morris 5. Viteles, Chairman,
Committee on Selection and
Training of Aircraft FPllots,
National Regsarch Council.
M5V¥-c8
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IHE EFFECTIVENESS OF "PATTER®™ AND OF "FUNDAMENTALS OF BASIC
FLIGHT MANEUVERS" A% TRAINING AIDS™

Sunmery

A group of forty primary Civilian Pilot Training Students was
divided into two sub-groups metched on the basis of six varisbles
known or thought to be related to success in learning to fly. One
group was called "experimental® and teught with the &id of specially
prepared study sheeta for students and stenderdized vocebulary or
"patter® for instructors. The other group was called "control™ and
taught as previous groups of Civilian Pilot Training students had
been taught &t the seme institution.

. Several criteria were used to compare the rate and degree of
learning in the two groups. These inecluded performence records on
four special check flights, instructor’s rating at solo and at end
of the course,; and Civil Aeronsutics Administration Inspector?s grade
on the flight test.

Limitations of the experimental design were: avaeilability of
study sheets and petter for the pre-solo maneuvers only, the impossi-
bility of matching instructors, the small number of cases in each group,
and the inedeguacy of criteria of student success, '

Analysis of the resulting data showed no significant differences
in the performance in the two groups on any of the criteriz. On the
average, the experimentel students were con:idered "ready for solo®
before those in the control group; this finding could however have
resulted from & difference in standards of the instructors of the
two groups.

These negetive findings coula be interpreted to mesn thet the
insiructionel =sids studied were of no velue, hut they could equelly
wel. hive resu.tea from the incgecusce: of the criterie ornc ather iimi-
tations o0 exserimentel cesin, rviadence il presentea to snow tnet the
vriteris of Jlight compe tene; were not gultcenie Yor reverling iffer-

ences hLetween maicreq groups treinec by oniy slignt.y differins methois,

#This slucy wes mcce curing the spring of 134k et Puraue Jniversity
Citn tae eoeperation of the locel Civiilen Pllot Training steff. It wes
Jinenees U oo ogrant froo the Hetioninl hesewrch Councii ‘ommittes on
wervetion snw Treining of Alrerslt Pilots frow funcs proviged by the
Livii feruneutics Administretion.
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THE PHOBLEM

In the course of research on training methods conducted at Furdue
University with funds provided by the Civil Aercnautics Administration
through the Netional Research Council Committee on Selection and Train-
ing of Aircraft Pilots there were developed early in 1942 two training
aids, viz.:

1. A menual known es Fundamentsls of Besic Flight Meneuversl
conteining & detailed description of each of the maneuvers
in the primary Civilisn Pilot Treining Course for study by
the student on the ground prior to flight instruetion in
the maneuver.

2. 4 small booklet known as Patter? embodying & simple, straight-
forward, and standerdized description of each meneuver to be
used by the instructor while demonstrsting the maneuver to
students during flight.

This matericl was developed on the besis of & careful study of more
then 100 hours of actuel conversations between instructors and students
a8 recorded by moesns of specislly designed radio air-to-ground recording
equipment. The description of each flight maneuver as used both in the
Fundementals and in the Patter was csrefully reviewed by meny flight
operators, inspectors, and students before receiving finel epproval.
Finally, the meterial was flight-tested before being turned over to
Civilian Pilot Training instructors and, in modified form, to Nevy ia-
structors for use in training pilots at the primary level.>

Although both the Fundamentels snd the Patter were well received
by instructors and students, it seemed desirable to conduct a training
experiment which might yield objective evidence of their effectiveness
as instructional aids. OSuch an experiment was carried out during the
spring of 1942 et Purdue Oniversity. Briefly, the experiment con-
sisted of dividing the 40 aveileble primery C.P.T. students into two
matched groups, providing one of the groups with the instructionsl sids,

lA sample page is presented as Exhibit A. See:

Fundamentals of Bezsic Flight Meneuvers for Civilisn Pilot Train-
ing, {Supplementary Student Materisl). (1lst ed.) ¥eshington, D. C.:
Civil Aeronautics Administretion, 1942. (Prepared by E. L. Kelly end
steff &t Purdue University.)

2 sumple pege is presented as Exhibit B. GSee:

Patter: Besic Tlight .leneuvers for Civilian Pilot Training. (lst
ed.) Fashington, D. C.:; Civil Aeromeutics Administretion, 194z. (Pre-
pered by E. L. Xelly end steff et Purdue University.)

34 senertl stutement of the need br tnese &ias ana the researcn o
leeding up to their prepzration is given in The Story Behind the Patter SRS F
waleh &ppecrs in the Appendix. '

LY



FUNDAMENTALS OF BASIC FLIGHT MANEOVERS @ -  .-» o

10. CLIMBING TURNS

A CLIMBING TURN IS SIMPLY A SHALLOW TURN MADE WHILE THE SHIP IS CLIMBING. Thus,
in making & climbing turn, combine the principles you learned when you
practiced normal climbs and normal turns. :~~;

AS IN ALL TURNS, COORDINATION OF YOUR CONTROLS IS IMPORTANT. You will find it
necessary to hold more back pressure in a climbing turn than in a normal
turn, since the nose is already held in a climbing position.

REMEMBER: In a climb, the alr speed of the plane decreases. In a turn yogr ST
minimum safe flying speed becomes greater, . e 571

Thus, in a climbing turn, your margin of safety above this minimum fl}&ng
speed is less than during either = normal climb or a normal turm.

THEREFORE: WITH THE SAME AMOURT OF POWER, THE SAME DEGREE CF CLIMB GANNGT BE
MAINTAINED in & ¢limbing turn as in a straight climb,

DECREASE THE ANGLE OF CLIMB BEFORE STARTING THE TURN.
MAKE A SHALLOW BANKED TURN.

COORDINATE YOUR CONTROLS. If you deon't use enough rudder for your angle af bank
you will climb with one wing low and "slip". Too much rudder for your angle
of bank results in a skid, and a resultant loss of air speed.

A SKID IN A CLIMBING TUBMN IS DANGEROUS. IT MAY DEVELOP INTO A SPIN, . <:

TO RECOVER FROM A CLIMBING TURN, coordinate opposiﬁe rudder and aileron. At the
same time ease off your additional back pressure so that, by the time the
ship is flying straight, you are back in a normal climb.

A MAXIMUM CLIMBING TURN is executed similarly to a shzllow climbing turn, except
that it is done at full throttle so that your angle of c¢limb can be slightly
steeper. In maximum climbing turns, your bank should be less than in a
shallow climbing turn. In general, the steeper the climb, the shallower
should be your bank in a turn.

THE RECOVERY is the same as from a normzl climbing turn, except that when you come
out of the turn you should be back in a maximum ¢limb.

CPT MANUAL: 153
EIHIBIT A

Sample pege from

FPundamentals of Basic Flight Maneuvers




Teqred woxl sded opdureg - g IIOTUXE

“qJeT oY} 07 Uy SUTqUTIC B §9NI8X3 pum
I9A0 5¥8¥} TOL mOoU “ y*( TQUTTO TBUIOU B UT JOBQ 8I8 am ‘quBTeI3s BurilI eJm
oM aur} 8y} £q 3wyj} of sanesaxd yorg sy3 4snlps am swiq swss S} 1§ “JUBq
ayq pur UIn} oy3 dojs 07 £B 08 STOJIIUCD JNO S}RUTIPIOOD &M ‘UIng sY} WOIT
I3A0081 04 USTM oM usypM -uwoxaTys o3Tfoddo quitTs Ardde mayy “peyusyiTgssas ST I8A0DaY
uImi oy3 SB U00S S8 odnsssdd UOISTIE pUR JSDPPILI JINC 9588TAI &M fSUINg SNoTA
-84d Jmo UT SY “uIng oYy Jupanp uoT3Tsod TYnSn 4T UL ©sou ay] desy Jsnu
am 38U} 00} ‘Joquawey “UING PIYUBG-MOT[EYS AJIBUIPJO TR UT SB OWRS SYY
BT 1T 3B843 988 UBD NOJ “‘UOZTJIOY 9Y] 0 UOTFBRTAI STU} UT ST dr} Juts 41871
JINO TTUN STOJRUOD MO 83BUTPIOOD 8M MON *JuTuang sdr oM USUM DPapesu 1JTT
TeUOTYTIPPE oY} 0} spraoxd TR STYL ~paTyj-suo Lreqewrxoxdds Lg qurro  Buta 338T
JO ST3UB STY} 95BOINSD oM ‘UIng ¥ UT pepsau ST sancsead HoBQ TRUCTITPPR 07 4Urog
22U% MOUY @M a0nurs ‘MON "9JI0J9q SUOP 9ABY OM S8 JUTTO TBUIOU & AUNSSE IIng Sur
fusy] +Jursinao sA0qr WIY DOT LreqruIxoirdde ¢t peads supfus eyj TTIUN —QULTO 3397
873301y} ay3 uado ‘Amm syj ur sdrys JoUje ou 3¢ TTI# 218Uy 4By} oJIns Jur
—qBU JI99F8 4SITJ -uwmy SUTqUTTo 1JeT eaadep-(p ‘eTiucs ® Op 9SITT TITM oM

‘5Tqresod ST quITs Jo oT78ue J99u243 apny

ATHYFLTE B 085 farlq0ayy TINJ 48 PAUSTTAWODO® € QUTTO WIWTXBW 8y} STIUM  —T4[8 Sur

‘peads FursTnio aroge WJIY poIpuny B URTx pausTTAWO0DB ST QUTTO TEWIOU 3Yy) —UTES STIUM

3®8Y]} ST 20USISIITP LU0 8YJ “JU®Rd MOTTRYS ¥ YITA 8peU ST WINY 8yl °oSol}  I840 IN[6]
Jo Ujoq Ul “QUETO UNWTXBW 8Y] PU® THULIOU SYJ UT DPIINdaxs ag Asw suang

SNHAL DNIGWITOD 0T SO8T :=fBnaey °L *d "D
(44 S9T9 TENUEY *T 4




3=

tesching tne other group by the traditionzl methods, and then com-
paring the success of the two groups in learning to fly.ﬂ

Difficulties in reseerch on training. It was recognized in ad-
vance that research on training offers many diftficulties. Research on
selection may be clean-cut in design and impressive in outcome. Very
large populations may he used, so that the results have high rellebility.
Differences between groups mey be both large and significent. The uase
of & valid test battery may produce easily recognizable changes in prac-
tical operations.

Research on training, on the contrary, is characterized by diffi-
culties in experimental design which frequently leed to results that are
at best inconclusive. Studles of training must ordinerily be don. with
smell numbers. There are generally extreme difficulties in matching two
samples of student populations.. To obtein adequate metching of itwo in-
structional situstions presents an equally troublesome problem. Research
on educationel sids, therefore, rerely yields significant results clearly
and unequivocally attributable to the use of such aids. A3 a result,
most of the training devices now used in educetion and in industry have
been introduced because their employment appeared sound &nd not becsuse
of experimentsl evidence proving their effectiveneas.

It wes reslized at the outset of this investigation that any study
of such mids in zeronautics was particulaerly subject to all these diffi-
culties, The Fundementals and Patter had already received an enthusgi-
astic welcome by operators and instructors. In other words, they had
pussed & practicel Pecceptence" test. Nevertheless, it waes thought
worth while to underteke a2t least an exploratory experiment with the
hope of securing cbjective evidence &s to their effectiveness es train-
ing &ids. It was the opinion of the Committee that the prospect of an
indeterminate outcome should not prevent an investigation in which a
positive outcome could have great prectical significance.

LESIGN 9F THE EXPERIMENT

Experimental snd control groups. Since only 40 students were
sveileble for use in the study, it wes essential that the experimentel
group (those using the training aids) and the control group be &8 much
&like as poasible at the beginning of the flight wraining progrem.

4More specificslly the study was concerned with the effectiveness
of the new neterisls for pre-solo maneuvers, since only these materizls
were available at the time of the experiment. As post-solo muneuvers
ere essentially combinations of the fundementals taught before solo,
any intizl superiority due tc the new materiels should be evident
throughout the treining period.

Tt



Ctherwise, with euch spall nusbers, either group ulgnt be found su-
perion st the\completion of the Training as the result of & chence
initisl superiority in flying aptitude. In crder Lo avoid such scel-
dentel inequailty, the groups were matched on several veriables lnown
or thought to be releted to success in flight training. Aveilable
nessures on which the groups were mateched included:

gy

1. Score on American Council Psycholegicel Exeminestion.

2. OScore on the Towa Mathematics Placement Test.

3. University grade-point index.

4. Hedien reting by three interviewers sfter a 20-minute
interview.

5. Total score on An Inventory of Personal Data for Pros-
pective Pilots.”

5. GSeore on Section A of An Inventory of Personzl Dats for
Prospective Pilots.

7. Previcus flight treining.

Because the 40 students were to be taught by four flight instructors,
the group was first divided into four sub-greoups of 10 students each.
Although perfect matching on &ll seven wariables was not possible with
such swnell groups, there were no statisticelly significent differences
among the four groups on any of the variables listed above. (A test

for significance of differences was not applied in the cese of previous
flight training. There wes one student with previous treining in Group
I; there were two such students in ezch of the other groups.)

.Two of the four groups (I end II) were chosen at random &nd as-
signed to the two "experimental®™ flight instructors who used the train-
ing aids. The other two groups (III end IV) were assigned to the two
heontrol® flight instructors who teught without the training aids.

Instructors. In & perfectly designed experiment the experimental
and control groups should heve received flight instruction {rom per-
fectly metched (i.e., "identicel"™) instructors. Because the experiment
was conducted in conjunction with & reguler university C.P.T. program
and by reason of other factors, this ideel was not even approachable.
It was necessary to proceed with the instructors whom the operator had
hired for the progrem or to drop the experiment entirely.

-

Both instructors of the experimentzl group were under 25 years of
&ge; both hed only recently completed the C.A.A. instructor treining
course; neilther had instructed in & C.P.T. program before. Their in-
structionel experience wes limited to & few hours, but both had assisted
in the preparstion of the Patter and Funcdsmentels.

One of the instructors in the control group was very similar to the
two "experimentel™ instructors with respect to age, training, end lesck

San Inventory of Personel Date for Prospective Pilots, Form zc.
Veshington, D. C.: Civil Aeronautics Administrstion, 194l. See:

Kelly, E. L. The Relationship of Background and Personality Factors
to Pilot Competency. (Purdue Heseerch Foundation, Project No. 3: Progress
Report, September, 1940.) Weshington, D. C.: Netionel Research Council Com-
mittee on Selection and Training of Aireraft Pilots, 1940.
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of instructionel expserience. He had not, however, worked on the
Patter or Fundementals. The second "control® instructor was a vet-
eren pilot sbout 50 years of age, who hed been flying for 15 years

and hed taught in several previous C.P.T. progrems. et

Procedure. Groups I and II were taught to'fly by the "experi-
mentel® instructors using both the Fundamentels and the Patter. At
the end of each pericd of flight instruction, the instructor geve the
-student those sheets from the Fundamenttls descriptive of the meneuvers
to be covered in the next period. Before teking off for & lesson, the
instructor quizzed the student on the materiel which he should have
studied.

Groups III and IV were tasught by the "controi" instructors, who
did not use elther Fundamentsls or Patter. Both groups followed the
regular C.P.T. ayllsbus outlining the sequence of meneuvers. An at-
tempt was mede to keep the Fundementals and Patter out of the hends
of the control group of students and instructors, snd while it wes
not possible to ascertain the success of this control; it is belleved
to have been reasonably adeguate.

' guccessd g Ding. Beceuse of the diffi-
culty of securing a satlsfactory meegure of student pilot competency,
it seemed edviseble to secure as many and as vaeried criterla as pos-
sible. Six different criteria were used:

l. Inatructor's estimste of when student was reedy to s0l0.5

2. Instructor's rating of pllet competency at actual time of solo.’

3. Instructor's rating of pilot competency at completion of course.’

4+ Scorep on Ohio State Flight Inventory completed during & stend-
ard chegk flight et the end of each of the four stages of the
course.

6Criterion No. 1 needs some explanstion. It is a fixed rule of the con-
trolled C.P.T. course that & student must heve eight hours of dual instruc-
tion bef'ore soloing, even though he muy seem qualified earlier. If a student
wes ready to solo at the end of eight hours, the ilnstructor estimeted at that
time how meny hours the student would have needed if the rule had not existed.
If a student wus not ready to solo &t eight hours, the time when the instruc-
tor sllowed the student to solo was teken &5 his estimate.

Tcriteria Nos. <y 3, and 5 were derived from Item 14 of A Scale for Rs-
ting Pilot Competency. This secele, frequently referred to as the Purdue Ha-
ting Scale, was prepared by E. L. Kelly and is printed by the Purdue Research
Foundation. See:

Kelly, E. L. Development of & Scale for Rating Pilot Competence. (Pur-
due Reseerch Foundetion, Project No. 23 Progress Report, September 1, 1940.}
Washington, D. C.: Nationel Research Council Commitiee on Selectlon and
Treining of Aircrafit Pilots, 1940.

8The controlled C.P.T. flight course is divided into four steges: &,
B, C, and D. Stege A ends when the student solos, usually between the
eighth and the tenth hours. Stage B covers five additiontl hours, through
the thirteenth hour. Stage C ends at epproximately 25 hours, and Stage D
at 35. Provision is made for additionel hours in each stage in cases where
the student needs further practice on certain meneuvers.



Student Pllot's Name
A SCALE FOR RATING PILOT COMPRETENCY

ity
to obeervi
Congidering his training, how skillful is he in carrying out precision maneuvers (spot-landings, figure eights, ete.)? *
| ] 1 ] I ] | ] ] | | L | | | i | | ] |
W skilltul high average nverage low average very poor
How does he handle the controls?
L1 L1 U VU YR RN NN T N S SN
dor o an or under Feeols tatly T corectly
:t:lﬁ. m;;:rﬁﬂ e oeontml smuthly, e =
How carefully does he check his plane and engine before taking off? .
Lo oy I N R S N R
very carefully carefully reasonakbly not carefully does not
[ carefully enough check #t
As compared with the other students yon have trained, how readily does he “cateh on" to your instructions?
AR RN S D VR S NN URUUU NSO AR SRR TR NN SN U T N B N
Ty fast fast average slow very slow
EArDer .
To lmt extent does he have the feel of a ship?
] ! ] | | ] | | | ] ] ] I ] ] | | I
unids! Ily well well fairly well poorly not at all..
‘f iea mechan!
Does he show respect for a ship and its motor?
R A TR T (N NN T SO R A SR N N N M R N S
takén excellent takes good showa ressonable tends to be no regard
+ur¢ care respeet for both careless at all
tense or relaxed is he when fiving?
| I ] | i L1 J | A ] ] I 1 ] | | l
e mely te‘nae rather tenge slightly toco tense almost guiticiently ideally relaxed
xﬂ+ relaxed
Is h inclined to show off while flying a plane?
Lo b L1 1 |
t always frequently sometimea seldom never
How easily does he become upset when something goes wrong, for example, a motor failore?
i ] I ] I | l | I l | L ] L | | | 1| ,
an easily ennily upset pometimes upaet usually calm always calm
upaet and controlled and eontrolled
Ho# confident is he of his fiying ability?
] ] l ] ] | | ! I | ] [ ] | ] ] | l
ﬂnm:h too slightly 4ver densibly net confident entirely lacking
ionfident confldent confident enongh in confidence
DoeF he like to try out new things, new manenvers and croes country trips, for example?
i ] ] ] ! ] | | | ] | | | ] | | [ ] ] L l
al trics frequently trying somoetimen tries raraly tries never tries
things new things new things new things new things
How good is his judgment with regard to taking flying risks? (weather, stunting, ete.)
| [ | ] | N B ! | l | | | | | | | L |
extrethely cautious rarely uses takes some takes many extremely
no poor Judgment TNDECessnYyY uDnecessary reckless
un ry risks risks risks
Hov+ well ia he satisfied with his flying ability?
A S RN T NN SR NN S HNN SA SN RN RN A R AT T R
always tries considerable effort some affort fairiy well entirely
improve st improvement- at improvement satizfled satisfiad
In our opinion, considering skill, emotional stability, judgment, etc,, how good an “all-around pilot” is he likely to become?
] | | | ] | | 1 _ I | ' | | | ] '
p:t’:m o e s S T e
1 Rated by. . Instructor
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5. Check pilotts rating of piloL competency at ccmpletldn of' the
course. (See Footnote 7.)

6. C.h.A. Flight Inspectorts grade on flight test msde in terms .
of & percentage scele, 70% being the lowest passing grade. -

Beeause criteria Nos. 1, 2, &nd 3 all involved subjective estimates
by &n instructor of his own students, end especielly because of the dif-
ferences between instructors noted sbove, it seemed cesirwble to secure
other more objective criteria (Neo. 4}. To this end, & qualified instruc-
tor wes hired 1o glve ezch student & stmndard check flight at the comple-
tion of euch of the four stages of primery treining. He used the Qhlo '
State Fli.nt Inventory which yields cbjective scores presumebly indice- GEET
tive of the quality of performence on each of several flight meneuvers. C
The check pilot did not kmow until the completion of the experiment whe-
ther a student wes in the experimental or the control group. This check
pllot was alsc asked to rate each student as to over-all competency at
the end of the last check flight {No. 5 above).

Flight test grades as agsigned by the C.A.A. Flight Inaspector con-
gi.ituted criterion No. 6.

Experimental end control groups were compared on eech of the six
criterisa,

RESULTS

The Ohio Stete Flight Inventory. According to the originul design,
the principle criterion of pilet competency was to have been the scores
on the Ohio State Fiight Inventory obtsined during standard check fiightsl®
administered by an instructor who devoted full time to the giving of check
flights to eech student at the completion of sach of the four atages of
flight training. Presumebly, the check flight wes to give objective scores
indicative of the student's excellence in performing eech of the maneuvers
required in the primery training program. The scores supposedly were ob-
jective in that they indicated the student's excellence on a fixed scele,
and not in terms of the check pllot's estimete of this excellence judged
agaljist the mumber of hours of flight treining the student had logged.

%4 semple page is presented as Exzhibit C. GSee:

Valker, R. Y., Lipmen, F., & Wentmen, M. J. Manual for the Administra—
tion of the Ohio Stete Flight Inventory. (Progress Report, December 20,
1941.) Weshington, D. C.: National hesearch Council Commitiee on Selection
end Tralning of Alrcreft Pilots, 1941.

lODeveloped with the cooperation of K. 5. Viteles and A. S. Thompson,
University of Pennsylveniu. JSee:

Instelletion of Photogrephic hecording Equipment and Check Flights for
the Boston Project. (University of Pennsylveniz Research Project: Progress
Report, November 7, 1941.) Washington, D. C.: National hesearch Council
Committee on selection and Training of Aircreft Pilots, 1941.

Standard Check Flight Procedursa. Wuashington, D. C.: Departmént of
Commerce, Civii Asronautics Adninistration, Bulletin No. 1.
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& critericn of this sort to be valid and reliable should meet,
two condltions:

1. In general the mean and medisn scores for individusl men-
euvers should increase significantly from stage to stage.
In other words, it could be reesonably expected that the
students, as a whole, would be more expert in performing
given msneuvers at the end of their flight treining than
they were at the end of the period of dual instruction,
after eight hours of instruction. Thus the mean or median )
scores on the given maneuvers should be higher for the check ~ _ - =z
flight given at the end of the training, than for the check - TR
flight given after eight hours, and the mean or median scores
after each stage of training should progressively increase.

2. For individusl meneuvers, the correlation between check
flight scores from stage to stege should be pesitive, just
as one would expect to find e positive correlation between
college grades at intervals durlng a semester.

------

The scores from the Ohio State Flight Imventory setisfied neither ™% - -

of these two conditions, «s ls appurent below:

Scores for students on the various meneuvers in the check flight
were plotted by group, and by stage. Examples of these plots eppeer
in Tebles I tn V. Inspection of these figures indicates that the
medians and ranges for scores from stage to stage, and from group to
group, show no consistent trend.

For seven of the meaneuvers which from inspection showed the great-
est incresse in score from stege to stage, the four sub-groups vere
merged into a single distribution, end the scores were plotted by stages.
An "epsilon squared“ll was computed for each of these distributions with

llrne statistic "epsilon®, developed by T. L. Kelley is an unbiased
expression of the correlation ratio which is not subjJect to distortion
resulting from size of the sample, as is the conventional "eta." Like
eta, the size of this coefficient is a function of the relationship be-
tween the stundard deviations of the scores in the Y arrays, znd the
standard deviation of scores in the entire distribution. If no lew
were operating affecting the distributions of scores of a number of
groups, the stendard deviations of individual groups would differ only
by chence from the standerd devieation of all scores combined. ~ Since
ensilon is dependent on the relationship between the standard devie-
tions of individusl arrays {or groups) and the standard deviation of
the entire distribution, end is independent of the number of cases, it
offers ¢ convenient way of testing the null hypothesis.

Peters and Vun Voorhis give the cistribution of epsilon squared
when the true correletion is zero. Applicetion of epsilon sguared gives
results compareble to the "F" test in analysis of veriance, end gives en
indication of the strength of whatever law is operating, in sddition to
indicuting significunce of differences between groups. GSee:

Peters, C., & Ven Voorhis, W. R. Steatisticel Procedures and their
.athematicel Bases. (lst ed., 2nd imp.) New York: UcGraw-Hill, 1940.
(Pp. 319-330, 494-497.)
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the resul®ts seen in Teble VI. An exarnination of the table shows that
two of the epsilons squared, those applying to texiing and to teke-off,
are statistically significent at the one percent level { in the sense
that such velues would occur by chance in only one percent of ssmples
drewn &t random from a homogeneous population)}. Two additional epsilons
squared, those for landing and climbing turn, &re stetisticelly signifi-
cant £t approximetely the five percent level. However, there is an ap-
precicble increcse in median score from stage to stage only in the case
of taxiing.

To checl the second condition mentioned asbove for & satisfactory
criterion, correletions were plotted between scores et Stage A and scores
&t Stage B for 17 of the 23 maneuvers. In no cese was a positive correl-
ation of over .15 evident, &nd & number of low negetive correlations ap-
peared. Correlations between Stage C wna Stege D yielded coefficients
of the same order. Even correlations between Steges A and D for the
seven most promising mezsures (shown jn Teble VI) with one exceptionm,
were below the level of .30. Such low correlations could result from
lack of consistency of performance from one check flight to another, or
from unrelisbility of the flight inventory scores.

The sbove facts led the investigators to refrein from accepting
scores on the Qhio State Flight Inventory as an acceptable criterion of
performaence during flight. Further difficulty with the inventory lles
in the fact that no totsal score is available on the inventory &s a
whole, thut is, there is no method for combining the scores on individ-
usl meneuvers in order to arrive at &n over-all index of pilot efficlency.

Secondery criteria. Since the principal criterion wes found to be
insdeguate, it wes necessery to use the five secondary criterie in eval-
uating the training materialsin spite of their known limitations.

3ince the groups were matched, the following null hypothesis was
agsumed; "There are no significant differences between experimental
anz cenirol groups in the scores on the five eriteris of pilot compe-
tency.n '

“ngilor. squared wes computed for criterie Nos. 2, 3, and 5 respec-
tively and iue mal: hypothesis was substentiated insofar as the dis-
tributions op these criterie were concerned, ince none of the epsil-
fns SqUEre: o ooechen the five percent level of significence. (Cri-
herla lus. .y 5, 8LG 5 wre instructor's rating at solo, instructort's
finzl reting, arv check pilot's finel rating.) Inspection geve clear
gvigence tast 1he null hypotihesis wes also substantiated insofar as
arilérior Lo, A, Fliirat Trspectorfs rating, was concerned.

st Liodritution of scores on criterion No. 1 (estimeted hours
tu so0io) viel.e. an ensilon squarea of <450, which is very signifi-
cent. The me.n estinated times to solo for the two experimentul groups
were 7.5% anu 6.31 hours respectively, anu 7.31 anc 3.12 hours for the
two control groups. The differences between the meuns of the second
end thiry ,roups, end the second sna fourth groups, were significant
et the six percent snd the three percent levels respectively.



TABLE VI . : - ”:i'-z, o

COMPARISON OF SCORES ON OHIO STATE FLIGHT INVENTORY
FOR REPRESENTATIVE MANEUVERS AT END OF STAGES A, B, C, & D.

Medien Scores for all 40 students

Stege Stage Stage Stage °

A B C D EZH- ' rA"D**

guver
Taxi 4o 3 10 12 .200 «230
Talke-of f 2.5 4 5 7 125 -,012
Climbing 12.1 10.8 12.4 13.1 057 . »130

turn
S-turn .3 7 7 9 026 .269
Left turn 13.8 13.3 12.7 13.7 025 A IA
Straight 1.5 2 3 3 021 .021

glide

N = 238 35 34 33

Level of significance frr E2 (N = 130)
5% = .038
1% = 064
#*Epsilon squared was computed for the distributlon of scores on the
check flights given after each stage. If & definite improvement

from stuze to stage were present, epsilon squared should be large.

*#r, p denotes the correlation between scores at the end of Stage A
and scores &t the end of Stage D.
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This item of evidence in favor of the experimentsel groups is,
however, far from conclusive. The size of the epsilon squared is in-
creased, and the size of the stendard error of the difference is de-
creased by the fact that the variances of the scores on Groups III end
IV on criterion No. 1 &are extremely small. The fact that students in
the experimental groups received a wider range of ratings then thogse
in the control groups cannet unequivocally be interpreted es resulting
from differences in the methods of instruction. Since each instructor
rated only one group, the large epsilon squared may Jjust as well re-
flect differences between insiructors in methods of rating, in stand-
ards of judgment, and in attitude towards the students, rather than
differences among the students themselves or in the type of treining
which they recelved. It must not be overlooked, however, thet since
the effects of the Fundementals and the Patter were probebly mest pro-
nounced during the first eight hours, this difference mey to some ex-
tent be real. Nevertheless the obteined significunce of the differ-
ence is probably spuriously high. It is regrettable thet more directly
comperable estimetes were not available.

One other item should be considered in reviewing the evldence,
namely the fact that none of the criteria revealed & superiority of
those students taught by the highly experienced instructor of one of
the control groups. In fact, students in both experimentsl groups were
better then or as good as those taught by the highly experienced in-
structor. However, the significsnce of this finding is confused by
the inadequacy of the criteria and by the limitations of the experi-
mental design referred to elsewhere in this report.

DISCUSSION AND CONCLUSIONS

The negative findings obtained in this experiment, thaet is, the
absence of significant differences in proficiency between experimental
and control groups, could easily have resulted from the conditions under
which the experiment was conducted. The small number of cases; the in-
adequecy of the criteria; the differences between instructora employed
in teaching the experimentzl and control groups; the fect that study
sheets were available only for pre-sclo maneuvers: all tend to confuse
the picture and to make impossible a definitive interpretation of the
findings. On the one hand, therefore, there 1s wholehearted acceptance
of the Patter and Fundesmentals by both instructors end students; on the
other hand, there are negstive objective findings {of doubtful signifi-
cence) &s to the velue of these training aids, In generzl it can be con-
cluded that the experiment hes served its function s sn exploratory at-
tuck upon the problem but has produced no definitive results. A repeti-
tion of the experiment with & larger number of ceses and with improved
criterie and conditions would be necessery in order to procure acceptable
objective evidence on the contributions made by the treining aids in im-
proving instruction. It should be noted that such velidetion of text-
books, work menuals, and similer instructionsl alds is not ordinarily
attenpted in academic education. A guestion of broed policy is involved
in decidin_ whether an elaborate and costly experiment along these lines
is at present desirable in the fleld of pilot training.
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THE STORY BEHIND THE PATTEh#

A short time ago the Dlvision of Research of the Civil
Aeronsutics Authority published two &lds to flight in-
struction. One, entitled simply "Patter,” is a small
booklet containing carefully prepered descriptions of
each of the maneuvers in the primery C.P.T course.

The patter is intended for the use of instructors and
is written in the style which instructors would use
while actually instructing in the pleane. The other en-
titled "Fundementels of Basie Flight Maneuvers™ con-
sists of some sixty 85 x 11 sheets bound in loose leaf
form. It contzins more deteiled descriptions of the
meneuvers for study by the students on the ground be-
fore each period of flight instruction. Both of these
publications have been enthusissticelly received by
C.P.T. operetors end flight instructors.

Beceuse the story behind these publicetlons is such &n
interesting one, we have asked the man responsible for
their development to tell us the story. The euthor, Dr.
E. Lowell Kelly, is Assoclate Professor of Psychology
&t Purdue University end himself an experienced private
pllot. During the past three yetrs he has been & pro-
Ject director for warious studies on the selection and
- training of aircraft pilots being carrled on at Purdue
under the guidsnce of the Netionel Research Council
Committee on the Selection &nd Training of Aircraft Pi-
lots. Funds for these studies have been provided by
the Division of Research of the Civil Aeronautics &u-
thority.

Although small and apparently very simple, both the "Patter® book
end the study sheets for the student have & long eand compliceted history.
4 great many people have helped to write them &nd many of them don't
even know it. Here 1s the story.

Three years ago the Civil Aeronautics Authority, realizing the need
for research on the humen side of flying, wisely set aside & portion of
the C.P.T. &ppropriations for fundamental reseerch on the selesction &and
trzining of aircraft pilots. Rather than attempt to assemble its own
reseurch staff and lsboratories, the C.A.A. contracted with the Netional
Resecrch Council to carry out iis rese&srches on pilot selection and
fraining. The Nationsl Resesrch Council immedistely orgenized s Com-
mittee on Selection end Training of Alrcreft Pilots, which in turn con-

*An article prepered for publication in Aerc Digest.

(September 1942)
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tracted with various universities and colleges to conduet specific re-
seaerch projects. One such project, "4 Study of Flight Training iMethods,™
was assigned to the Purdue heseerch Foundetion end the writer wes asked
tc assume direction of the project. That wes neerly two yesrs ago.

OQur first job was thet of finding out how flight instructors ac-
tuelly went about their work. Patter hes bteen written before, and hes,
in fect, been used for meny years by the British in instructing pilots.
liowever, no effort haed been mace to find out exectly what goes on dur-
ing instruction in the air as & basis for preparing patter that would
be completely reaslistic in character.

Discussion with both flight instructors and students, revezled
wide variation in instructional practices, but such discussions falled
to revesl very much sbout the actual methods which the instructors used.
As & group they are not inclined to talk about their srt. It became ob-
vious that some method had to be devised for observing flight instruction
itself, if we were to learn how it actually took place.

After consideraeble experiuentation, a technique wzs developed. which
permitted us to meke souna recordings of ell conversetions between an
instructor and student during an instructionael flight. Briefly, the ap-*
paratus consisted of a two-wey electrical interphone which alsc served
as a moduletor for & light weight, high-frequency transmitter. Thus,
we could "listen in" and make recordings on the ground of the converse-
tions teking place in the air. Over one hundred hours of actuel flight
instruction, by many different ilustiucitors anxd in different types of
aircraft, were recorded, typed, and then studied in detail.

OQur enalysis of these typed records of amctual flight instruction
revealed a grest meny interesting things. Perhaps the most significant
finding was the grest veristion from instructor to instructor —- varia-
tion not only in the actual type of explanation ecceompanying a demon-~
stretion of meneuvers, but verlation as well in the amount said, in the
vocsbulary or terminology used by the instructer, in goodness of grammar,
and even in correctness of the explanstion itself from an sercdynemic
point of view. For instance, in one analysis of ten hours of instruction
by sech of four instructors, we found a total of 500 technical terms or
phreses used by the four instructors. There were meny other terms unique
with each of them. In other words, eech Iinstructor seemed to have & sort
of & private instructional vecabulary.

In no instance, in &ll of the instruction recorded, did we find e
single wescription accompanying & maneuver which might be said to be
both complete end correct. Meny obviously incorrect instructions were
given, such &s, "you steer this thing just like & sled."™ In other in-
stances, the student was given & "bawling out" for holding left rudder
on the climb after teke-off when he was actuslly not heolding any rudder
pressure; he simply had not been instructed to hold right rudder to
counteract for torquel
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Of perhaps even greater importence was the discovery thei much of
the instruction now teing given in the air could much bettar heve been
given to the studc: * on the ground. In many instances, the Instruetor
would go into & relatively comprehensive expleanation of the zerodynamics
of & meneuver for the first tire while flying through the mansuver —- &t
& time when the student wes obvicusly not ready to listen and when condi-
tions of comnunicetion were poor.

Tuese and otuer finuings lew to tne recognition of twou very real
needs: (1) & set of short zna simple descriptive study sheeis describing

et.ch meneuver to be studied by the student before being given instruction:

in thet particular maneuver and, (2) & standardizec¢ patter for use by in-
structors, both in actual flight instruction and in the training of new
instructors.

The study sheets for the students werec prepered firsi and are lkmomn
&8 "Fundementels of Basic Flight Maneuvers.® In these sheets, an at-
tempt has been made to provide the student, in the simplesl and most
straight-forward fashion, the minimum essentials of knowledge and in-
fornation concerning each of the maneuvers in the primery C.P.T. program.
These descriptions are not as comprehensive as those found in the Civ-
ilisn Pilot Training Manual (Bulletim 23} to which the student is re-
ferred for more detailed discussion of the meneuver. They do, however,
contain what we believe are the minimum essentiels which z student needs
to know before having & meneuver demonstrated to him, or before he at-
tezypts to practice it himself.

Every effort has been made to describe the maneuvers in non-tech-
nicael terms end with no assumption regerding the student's previocus
knowledge of serodynemics or other technical subjects related to flying.
In a sense the sheets might be sald to contain the type of information
which instructors used to give their students under the wing of the plane
in the days when instructors had lots of time. These sheets have been
bound in loose~leaf feshlon to permit &n instructor to hand out study
sheets for the particular meneuvers which the student will teke up in
the next lesson. Beceause the study sheets are both brief and interest-
ingly written, it is likely thet & student will read them when he would
not go to the trouble to look up &n assignment in u text. Parenthetlie-
tlly, it might be edded that this procedure slsc has the virtue of re-
quiring en instructor to think of each indiviausl student and his needs
to the extent of making the uppropriate assignment for the next lesson.
Fror our recordings, we found it a not uncommon practice for an instrucw
tor to get in & plane and &sk the student "Let's see, what did we do
lest time?" Apperently, he wus thinking for the first time about the
perticular student end his needs for thet instructional period.

Behind the preparation of the "Patter®™ wes the very strong feeling
that & student deserved at least one simple and complete description of
eaclhi maneuver while in the alr, prefersbly during the first time it was
demonstrated to him. As indicated above, our &nalysis of actual re-
cordings of flight instruction convinced us thet such descriptions were
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air. It was at this point we decided to prepere appropriete "patter?
for sach of the maneuvers., Using the recorded "petter” of actuel flight
instruction as a beginning, we then revised it for each mansuver in
line with the followingz standards:

(a) it had to be serodymemicelly correct;

(t) it hac to be simple and clear to the student, using
no words or terms not already explained to the stu-
dent in the study sheet for eech maneuver;

{c) it hed to be suiteble for actusl use in the air;

(d) it hed to have the same meaning for all who read it.

These standaerds were not easily met. In fact, we ourselves were
surprised at how very difficult it is to write a description of e man-
euver which even reasonably neerly approximetes the standards listed
above. As 1s the case with mzny of the activities in which we engaege
in everydsy life, it is considerably eesier to fly a maneuver than it
is to tell someone else how to do it. Let anyone who doubts this
statement try to write out = detailed and correct set of instructions
for putting on & coat or, if he is & flight instructor, let him try to
write out the detaliled steps in meking e gentle banked I0-degree turn
in an airplene and then have it read over by two or three other flight
instructors. Either of these tasks will be found to be amazingly dif-
ficult.

On first glancing at the "Patier" booklet, the everage instructor
is inclined to say, "Yes, thet's all right, but I don't see any reason
why I should use it, I explain the maneuver in the same way." Our re-
cording of various instructors' actusl spontaneous patter in the air
followed by & critical analysis of it, however, hes in every instance
convinced each instructor that he was not sble to say on the spur of the
moment just what he had intended to say.

Not obvious to the cesual reader of the "Patter" are two facts:
(1) that it is based upon an analysis of actual instruction in the eair
obtained through the use of air-to-ground recording, and (2) that each
of the sheets in it hes literslly been written, revised and rewritten
dozens of times. The success with which we were &ble to meet the stand-
erds noted above wes possible only because so many different persons
operated in the preparation of the "Patter."™ After each set of "patter®
hed been revised to the point where the seversl persons cooperating in
the project agreed that i1t was correct and sufficiently clear, it mas
then "flight tested;"™ that is, we trled 1t out in the air in the in-
structional situetion. This was necessary to sgsure that sufficient
time would be avellsble during the meneuver for the particular patter
which had been written. In these flight tryouts, new recordings were
nade of the "patter® end both the instructor and persons listening in
on tne ground noted pleces where it needed revising. After being sgein
rewritten, it was agein flight tested end this procedure continued until
&ll persons associeted with the project were setisfied with the product.
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At this point, the "patier" was prepsred in & nimeographed form
and submitted to & larger group of flignt instruectors for their criti-
cism and suggestions for improvement. The PPatter? as published by the
C.A.A. is thus the result of the coopsrative effort of a great many
persons, and the acceptance which it has had by operators end flight
instructors is largely the result of the cooperative nature of the pro-
Ject. Certainly neither the "Patter™ nor the "Fundementels® could heve
been prepared by any single individusl and, for thet matter, not even
by the group responsible for it, without the help and cooperetion of
both the N.H.C. Committee on Selection and Treining of Aircraft Pilots
tnd the Division of Research of the C.A.A.
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