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EDITCRIAL FORBWORD

The investigation of the effactiveness of directed attertion to in-
struments as a training sid desoribed in this report is one in a series,
direoted toward the improvement of flight imstruction.) It was stimulated
by differences of opinlion mmong expsrienced {light imstructors regarding
the desirability of reference to flight instruments in primary flight in-
struction.

(ne point of view is that, in teachlng the student pilot to interpret
kinesthetic, auditory, and visuel cuesa as to attltude and performance of
the plane (e.g., whether or not it is "elipping,™ "ekidding,™ or gliding
too fast or too slow), it is dezirable that he associate these sensory
cues with what the instruments toll him tho plane is doing, until the as-
sociation is established and reference to the instruments can ba dispensed
with. The opposing point of view is that such reference to instruments in
primary flight training results in "mechanical™ flying and teaches the stu-
dent pllot to continue use of the instruments as "crutches™ after reaching
the atage whore he should not flind it necessary to depend on them.

Ingtrumental alds investigated in the present study include the ball
bank, airspeed indicator, snd «ltimeter, with partigular reference to the
offect of the use of theas instruments on student pilot performence in the
Straight Climb and Turn maneuvers. One limitetion of the investigation is
an inadequacy in the experimental design which made it impogsible to con-
trol simultaneously, in the atatiatical enalysis, the four major sources
of variation affecting the criterion scores of the subjects. However, de-
spite this limitation the present study has asuppliod portinent, although
not definitive, information bearing upon the primary question. Moreover,
this. investigation served to clarify a number of methodological considera-
tions which will be of importance in the design of further atudiss of this

type.

lother studies in this arem are described in the following repcrte:

Kelly, E. Lowell, and Ewart, E. The effectiveness of "Patter" and of
"Fundamentals of Dasic Flight Maneuvers" as training alds, washington, Do Ge:
CAA Division of Research, Repart No. 6, Deocember 1942

Tiffin, Joseph, and Bromer, John. Analysia of eye fixations ani pat-
terns of eye movement in landing & Piper Tub J-3 Airplane., wuashingtonm, D. Cos
CAA Division of Researoh, Report No. 10, February 194&.

National Research Counoil Committes on Selsction and Training of Aire-
craft Pilots., The psycholoyy of lesrning in relatiom to flight, Waghington,
Bo Cos CAA Diviaiongif RdEEEFEh, Heport No, 16, June 1945,

Viteles, M., 8., et al. A course in training metheds for pilot instruoc-
@gz;. Washington, D. C.3 CAA Division of Research, Leport No. 20, September
1 °

Kelly, B, Lowell. The flight instructar's vocabulary. Weshington,

Ds Co3 CAA Divieion of Reeeerch, Report No. &2, October 1243, .

Ewart, Edwin 5., Thompson, Albert 3., and Vitelea, Morria 5. Evalua-
tion of instructicnal ‘techniques deccribed as effective by flight instructors.
Washington, Do G.: CAA Division of lesearch, keport No. 63, June 194b.
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The data for this atudy waroe collectad in the course of rezsearch at
the Institute of Aviation Paychology, University of Tenneasse, Knoxville,
Tenngagee, under the supervision of R, Y. Walker, Director. Netbods of
analysis of photegraphic records of flight performance are largely the
outprowtih of wark done by M. S. Vitelse, As S. Thompson, and E. 8- Bwart
at the University of Pennaylvnonia, Philedelphia. The etatistical enalysis
waa gonducted by Seymour Vapner and David Bukan, at the Statistical Office
of the Committes, University of Rochestsr, Rochester, Few York. The final
report was prepared throupgh the cooperation of the Staff of the Stetisticel
Office and the Editoriel 3taff of the Committee on Selection and Tralning of
Aireraft Pilots,
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SUMMARY

This experiment which employed as esubjects stulent pilote in the 2nd
and 3rd flight classes at the Institute of Aviation Pasycheology,. was oan-~
ducted to inveatigete ths effesct of treining student pllots by the method
of directad attentlon to instruments. OUne group uf studenta, the ocontrol
group, wos given the usurl type of flight trainlng.- Another group of stu-
dents, hhe expsrimental group, was pgiven apeciesl training in which refer-~
ance to the ball bank, airspeed indiocator, and altimeter was emphasized dur-
ing i.mtjuotion n the Streight Climb, end Nedium Turn maneuvers (180° Turnm,
45 Bank).

Various oriterion measuwes of the flight performance of these two groups
of a%udenta were collected at intervals durlng the training of each class of
student s These measures taken on the awmtral and experlmental atudents, re-
speatively. were subjected to atatisticnl unalysis. The method of analysis
of varisace was used in comparing the performance levels on criteria derived
from the moticn photographs tmken of & hidden instrument panel during each
check flight Amalysis of variance was aleoc used in studying the grades as-
signed by the imstiuctars on the pre~-cheak flihte. Analysis of variance
was not used in the invesatigation cf the prades mesigned by inapectors dur-
ing the ohesk flignta whish they administared &t intervals during the ocourse,
sinoe these data did not werrant guch rigorous analysis- Instead, learning
curves bagsd on mean gredszs of the two respoctive groups of students at
anah oheck flirht were Jrawm and conpsrac by inepection,

Begause of the nature of ths wxperimental dsalign, it wae not possible
in the enalysis of the phoytograpnis deta and the instructors' grades to
oontrol eimuitenecusly the four variambles: wnethoda, classas, instructors,
end chasck flighta. Therofora, wherevor posplblo, two diffarent analyses
wore run ¢n each oritsrian rwasure. For cne sualysle it was assumed that
there were no true clasa ¢iffersnoss srd he wariebles "mothoda," "inatruo-~
tora," and “cheok £lights"” were treated simuitmneovsly- For the ather an=
wlysia it was assumed tha+t thare were Lo trus jnatructor differexnces, and
the veriables "methods,” "classes,” ari “clwok flighta" were trawted simul-
tanscusly- Althougn it was resoznizad that neither of these asswnpticns
might be Jjustified, ‘his sceuerd the moat expedisnt approach since the four
variables oould nct, in any svont, be deslé with in sessingle mnelysis.

In regard to tho major issus of tne euperiorivy of one or tha other
inatruetionnl procedure, for the bulk of the criterion variables no ste~
tistically edg iticant differences in performance between experimental and
gontrol groupo Wi:e svident. The fuw statistloally significant differences
ware &ll in fava of ths oontrol pgroup and in terms of moeat of the remain-
ing varisblesa the control group showed sozewhat gupsrior performance, al-
though the differencez were nol of sufticient size to be atatiatically
eipnificent.

Similerly, the learaing owrves drewn on the basis of the grades as-
aignad by the inspactar of the sospnd clees turded to show a consistent
supericrity on the pari of the somirol group. Ths learning ourvea for
the gredss assigned Ly the laspsotol of the third class were ambigucus,




shewing no olear-cnt supsriority for either group. There 1s avidence to
indicete. however, that the grades aseigned by the inapectour of the third
oleas were lzas dopendeble than the gradses assignad by the inspector of the
third oclmas-

The evidenoe provided by these amalyses indioates that the method of
direoting attention o Instrumente as it wms applied in this study, is no
more effective, and poseibly sliphtly less effeotive, as a tralnlng tech-
nigue than the more usual treining methoda. These findings, however, are
rendered scmewhat equivocal by the faot that no evidence is avallsble re-
garding the thoroughnesa with which the inatructors of the experimental
group employed the experimental trailning procedure.

In addition to the principal results, snalysis of the data ylelded a
nubey of smupplementary findings having valuable implications in regard to
the dealgn of future investiga®tions of this type.



THis EFFECTIVENES3 OF DIRECTED ATTENTION T0
INSTRUMZNTS A8 A TRAIFVING AID

TP RODUCTION

Under the usual nonditicns »f primary flight tralning nc dpecial and
specific emphasies ig given t¢ the ball bank, alrespeed indloator, and wlti-
mater as training mids in temching Straight Climb and Medium Turn maneuveras.
Some experts nave supgested that the student'a performance of these maneu-
vers and the faocllity with which 1he student becomes proficlent in their ex-
scution, might bs improved by giving greater emphasis to these instruments
during training. Suoch poovsdures might entail pointing ocut the relationship
between performance of the plane as indicated by these instruments and oon-
camitant sensory oued, o .g., auditory and kinesthetia. The thought in thias
ocnuaction is that by such training the student'e recognition of sensory ocuma,
not dependent on instrumenta, will be speeded sl he will learn more rapldly
to sense correct oclimbing epeed for example, by auditory cues and will more
reacily learn. for sxemple, to reocgnize the kinesthetio oues which lindiocate
that the plans is slipping or skidding.

Other experts 4o not favor thls empluyment of instrumesnta as training
mide. The srgument of ths adheronts to this point of view is that if instru-~
ments are usad in this waoner during training the student will become overde-
penderttt on them in eplte of werninge tc¢ the cuxtrary and will not develop
the proper sensitivity to other ocuea so necemaary for good performance. Re-
gerding the ball bapk, for example, thLe proponent of this latter polnt of
view would cheerve that nearly sll students ocan minimize elipping and skid-
ding by reference fo this ims<rirsat but would add that the oruocial test of
a good pilot is his performaxnoe whsn nie atitentlon is directed elsewhere,
a-g-, outelds of the plans.

It wag the purpass of thie ezperimrot to cumpere the wsual method of
flight training, during which no particsiar empheais is given to these in-
strumenits, with treining darin; wiich referonce to the ball bank, airspeed
indicator, eni asltioater .ie regus riy wia coneistently employed as a train- .
ing aid. '

DOCGH OF OATA

The experimeut was warried cuot on the first throe flight classes of
the Institute of Avimtiwm Paveloisg -1 ewever only the date for the 2nd

- —— e —cr— -t R T e

AThe Imatitace of wristion 'y nolcgy wepe aponacsrad jointly by the Civi)
Asronautios Administretion sna t.2 ‘smrwsses Doreau of Aeronautios,
under the supervisinm of khe Hati.or .l Hesearch Jouncll (ommittee on Seleotion
and Training of Aireraft Pilota .- xh JTastitube subjoots were orgmnized
into classes, each studeat | ilet r aeiv oy B2 }cours «f ground school inatrue-
tion at night and apprexiw.bely o now s 27 . ight Ipstrustion. Flight and
ground instruotlor Jacirrea Jdeil. exoows Luw . Fiight a d ground school
curricula, with the avoniiios -5 b sdnord. © ooacedws 8, followed those
recommendnd by *he iviY Acevci oo Uiakvis 1740 .



and drd Fuigid creat3a orrs cpEa e Lnd urAor.n e e lan o the uk-

poriment involving ‘e rirst Gless o rot.uiled o L ATETRT Y & AP AY TOPMEL gOrY-
ng largely as a wriasl cun- Fupriosir oo, ihe cirst 9Ya L wwe beli at a dif-
ferant sirport and two different L7p0s of vienee were uses,  Ths atudeuts of
the second ancd third oluszes wers triired o Mincr (0@ -4 vlrp unes, Al
check flights curing whiich eriterisn d-is wers tuker @9re coructsd 3n a sin-
gle piane, ales & Piper (Cub) J-3. The or!verlon piane wes aquippsd with m

hidden inatrumesnt psnel- Motion phobtnjcaphi: veccrds tskon or thia pansl
during the exwoution cfcertein meneuvere providad criterion datm-

EEPBRIMENIAT Phoc bPes

The studenia of the 2nd and 3rd flight -lrnasoe were dividad into twao
groupe, n contreol group &nd an experimentel group. The wurirol group re-
ceived the usual type of training. The exporimental group vas given speoial

ral ning in which the wpesified lnstrumwnts wore usod as treining aids dur-
ing inatruoticn ir Straight Climb and dight and left Medium Turns es de-
acribed followings

Experinmental Grour- The instructors wers piwen indoctrination in traio-
ing ﬁ#gggaﬁFsﬁhﬁﬁxaﬁniﬁholvud giving spesfal expheals o the bell Lank, kir-
speed indicatcr, and eltimeter in the imstruction of atudenta in the experi-
meptal group. '

The etten“ion of tha atudsnte wus cirasied to the airapeed indicator
during the Straight Climb, and to the ba)l omnk cnd eltimeter during the
Modium Turna  Thess instrumenta wore avaliahle for cbaarvalion by the stu-
dente on all) fiights. dual and solo, up to tai nct including the 8th cheok
£light (358h heour of Fiight traioing)}. On uny dual £light, howaver, the
ingtrustor oould prevent the student firom viewing the instrvmente by drop-~
ping a cover ovor thew. Uccmaionally, the lustruntor would follow thia pro-
cedure in an attempt to prevemt the studernts fron becoming overdepeadeni on
these iratruments.

The following prodedure was ouzlined »n the cpsrational diraotivea for
the prcsecution of the axperinent- 'Du.ing tra.ning proosdares /| for oexperi-
montal students) the inatructor ahali“ihhat Gpesikl emphasis upon instru-
ments to tho two maneuvers seleosed. Luring turns he should specilically
call the etudont's sttention to “he locetion of the ball on tue epiry mad
racevery, snd at approximntely every 80 degrees of turn wuring the turp it-
solf. In a similar fashion he should cell the stuwlent's attenticn to the
altimeter reading prior to the euntry, immedictely after the satry, pricr to
the recovery, and immediately after ihs recovery, and at uvery 90 depgrees
of turn during the turn- In the Straight Climb mansuver the instruotar
should ocall the student's attention to he alrapeed reading while in a
lovel flight pueition prior to entry, irmedletely alter the entry Lo the
alimb, at %en-second intervala during the cliab, jumodiataly hefore thse
recavery, ani immediately aftear the recovsry when again in level flight.
Ths instructor should arrenge on any deaired fiight so that by draopping &
cover, these instrumants can he viawed oniy by hin. Thie particular veria-
tion should be doue ¢n the reaspeotivs flights which will be half-way in
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flying time -~ between twc succesaive check flights. This will make it
possible for the inatructor to train the student to avoid using these in-
struments as ‘orutches,!"?

Control Group. The students in the control group received the usual
type of flight training preascribed for an approved achool. . The instructora
were told not to give any unusual emphagis to the instruments and to follow
the usual procedures prescribed by the regulsr CAA approved curriculum. The
ball-bank instrument was covered during all the imstructional flighta.

Check Flights and Pre-Check Flighta- Kach studeat pilot was given eight
oheck flighte by a CAA inspector, each check flight being represented by a
"standard flight" {i.e., a specified series of mansuvers in a standard se-
quence as imdicated in Table 1, during which the various oriterion measurss
wore obtained. These check flights were administered during the periods of
training et &6, 10, 16, 20, 25, 30, 34, and 35 houre. All check flights ex-
oept the seventh and eighth (after 34 and 35 hows of training, respectively)
were administered under the instrument-no instrument conditions under which
the subjects had been trained, the check flighte administered to the control
group being given with the ball-bank indicatcer covered and to the experimental
group with all instruments visible, The seventh check flight was adminiastered
to all subjects (both experimental and coutrol) with all instruments visible,
whereas the eighth check flight was administered Lo all subjects (both experi-
mantal and control) with the bmll-bank indicator mnd airspeed indicator cov-
ered. It was felt desirable to conduct two respective check flights durincg
which all subjects, irreapective of how they ware trained, would be teated
under conditions firat of "instruments visible," and second, of "instruments
not visible.™

In addition to the check flights administered by a CAA inapsotor, grades
were piven to sach subjeot by his flight inatructor on the "pre-cheok flight"
lesson,i.e., on performence during the instruotiona) period Just preceding
eaoh check flight. During these pre-check flight periods, the inatruotor
graded the subject on his performance of every maneuver inoluded in the
check flight to follow, although the sequence in which maneuvers were per~
formed during the pre-check flight lesson period was purposaly altered from
the order in which they eppeared in the stendard fllght employed in the check

flight to follow.

In Table 1 are presented the maneuvers included in the various check
flights- The order of mancuvera in Tuble 1 represente the order in which
they appeared in the various standard flipghts Aas noted above, the order
in which the nmoneuvers were presented in the pro-chock flight lessscn period
was not the same as the sequence omployad durinpg the check flight proper.

» g

2Although preliminory training of instructors wes carried out in terma
of this direative, thoro are nc data available indicating the degree to S
which this indoctrination of instiructors was succesaful, or the degree to
which training of the "experimental” studenta differed fram the training
of the "control" sul jects.
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TABLE 1
MANEUVER NUMBERS AND CHECK FLIGHT SEQUENCE

Man . Maneuvers in Check Flight
Ho- Maneuver

1. Taxi X x X b 4 x x x
2. Take=off x xe x x=* x x x*
5. Straight and Level x x* x x* x x x*
4. 8~Turna x

5, Bhallow 8 around pylon x x

€. Jteep B around pylon x x x
J ;.’:tre.i%h'l; (03 . Yo S L e X W r X £
8. L. 90" Climbing turn X x* x x* X x x*
g. R. 90° Climbing turn
10. L. 909 Turn, 169 Bank x x x
11. R. 80° Turn, 15° Bank ’ x x x

12. L. 90° Turn, 30° Bank  x x

13. R. 90° Turn, 30° Bank x x

[ L. 1" Turn, 1u~ ek ¥ T AY L 5 ¥
LE, H. 160Y Purmp, 4o Leah wA
16, L. 3602 Turn, 45° Bank

17. R. 360° Turn, 45° Bank*

" 18, L. 360° Turn, Stasep x X~ x x x*
19. R. 360° Turn, Stéep - x x» x x x*
20, Normal Powsr-off Stell x X x x= z x x*
2l. Normal Power-on 3tall
22-. Complete Power—off Stall
23, Complete Power—on 3tall
24. Omne-turn 3pin x
2b, COne-turn Spia x
26. 1080 Spiral - x
27, 1080 Spiral .. . '

28. Btraight 0lide x x* x x* x x x*
29, 90° L- Gliding Turn x x* x - x* x x x*
30. 90° R. Gliding Turn _ ‘
31~ Forward Slip x x x X x x
32. Landing (not spot) X"
33. Spot Landing x x* x x x*
»Indicates maneuver is photographed.
sxMEmcavora 7, LT, st lo a309 e S0 LRI Dae RARGJVETe ou we ol hihg

oxpovimental studenta rocoivsd gpecial tralainss

1 2 3 4 b 6 7 8
5 hr. 10 hr. 16 hr. 20 hr. 25 hr- 30 hr. 34 hr. 36 .

x
xw
xl



SUBJECTS

The subjeots in this study were drewn from the Univeraity of Tennessee
and the area of Knoxvilie, Tennessee. The ages of the studénta ranged from
18 to 38. Both male end female students participated in the experiment, al-
though approximately 80 per cent of the sudjects were male. The 2nd flight
claas had 14 experimental studemts and 9 control studemta. The 3rd flight
class had l0 experimental snd 14 ocoptrol studemta. An attempt was made to
match the atudents of the cmmtrol and experimental groups in terms of age,
sex, and soorea on seleotion testa. The melectlon tests included the Test
of Menta) Ability, the Test of Mechanical Comprehension, the Personal History
Inventory, the Teat of Aviation Information, the Desire to Fly Invemtary, the
Two-Hand Coordination Teat, and the Maahburn Serial Coordination Test.

CRITERIA
The performance levels of the atudents at speoified. points throughout
the course were evaluated by the use of severml oriterion measures of flight

performance. There were three sources for these criterion measures;

1. : ! . .
Thege were grl.daa on pa-t:ioulu' maneuvers and gruioa on the fliylt ;n e whole.

2. Motion photographs taken on the 2nd, 4th, 7th, and B8th check flights.
Thess photographs provided recorda of readings of wvarious inatruments on a
hidden instrument Pm°104

3. Measures-:obtained by the inspeotor on each check flight. During the

check flighte the inspectors entered their observations regmrding the studentvs

flight performance on the Chio State Flight Inventory.S5 On the basis of these

SPhe term check flight will be used synonymously with pre~check flight in

the text. However, it should be indicated that all instructor-assigned grades

wore based on performances during the pre-check {light periocd, whereas oriterion

_ measures basea on the photographic records and an inapector grades were based
on the choeck flight performance.

4& more complete description emd discussion of the photographic installa-

tion is presented in; Viteles, M. 8-, snd Thompson, A. R. An analvgis of
photographio records of airoraft pilot psrfarmance. Washington, D. C.: CAA
Diviaion of Resenrch, Report No. 31, July 1944. A detalled description of the
record reading prosedures employed in thias study are on file in the offices of
the Camittee on Selection and Traininyg of Aircraft Pilots.

5This criterion instrument which comprises @& sories of check eheets by
moans of which ceritical details of the plane'a parformance during each msneu-
ver of the check flight are recorded by the check pilot and:later evalusted,
is described in detail in: Edgerton, H. A., amt Relker, R. ¥. History and
development of ths Chio 8tate Flight Invant__l,r, Part 1; Rarly veralons and
besio research. Washington, D. C.: CAA Division of Research, Report No. 47,
July 1945. NRC Committee on Sslection and Traiping of Aircraft Pilota. Hie-
tory and 4development of the Chio Jtata Flisht Invanuur}, Part II: Raecent ver-~

piona and current epplicetiops. Washingtom, D. "C.s ChAA Divisian of Resesraoh,
Report No. 51, Hevember 121h,




entries an aver-all scure rom the Iunveriory wss derived by =ummating (with
the addition of a vonatant) the poaitive unit weights wssigned those items
representing aatlsfaoctcory performance. Furthe:more, on ths basia of his

om evaluation of the flight performance, the inspector also mzaligned grades
(a) to each individual maneuver executsd (referred 4o hereafter as "maneuver
grades") and (b) to the students' performance on the flight as & whole, {(re-
ferred %o hereafter as "over-all pgrade”). -

STATISTICAL ANALYSIS

Allosation of Subjeots. Table 2 indicates the number of control and
experlmental studenta assigned %o each instruoctor in each oless.

TABLE 2

ALLOCATION OF CABES

2nd Flight Class Srd Flight Class
Instrutor Ep- EonthE Exp- Control
1 b A B b x
2 x 3 1 x
3 4 1l x 4
4 b x x D
b 5 x x 71
6 x X 4 x
N 14 2 1C 1lg

S8everal charaoterlstica of the ellocestion cof oeses are noteworthys

1. Eaoh instructor, with the exception of Instructor 6, had both con-
trol and experimentel studenta. Boeoause Inatructor 6 did not have any con-
trol students it was declded to drop his four students from the armlysie.

2. With the exception of Instructor 3, the instructora had only ocon=-
trol or urperimautnl atuwdents in each clnna, and, the inatructores who had
control students in one olass had experimental students in the other clasa
and vice versa.

Variables Affecting Criterion Measures. In addition to the major varl-
able, the mesthod of traininp, there are three other variables in the experi-
ment which may have mocifled ths performance levela and oriterion scores of
the students. These variablea are the classes, the check flights and pre-~
check flights, ond the instructora. Ipn addition to the effect that differ-
ing temahing preotices ¢f the varlous instructore might have had on the per-
foarmance levels of the studeaxts, the difforemt grading practices of the in-
struotoras oould also have produced differences in the inatructor orlterion




sooree~ Afferenser Levwi.an claseeg rexy §oar oot sed beeauss of differs
ennes in the wenther comdlinkue omdoe whion tha viuosats ook their fligat
training- DifYorsncen in tho crivoriom scores fron cheok flight to check
flight may be antioiputed tecenus ol learniug. However, due to the fact

that, in gererel, io e given (11 Lt class individusl instructors had elither
experimental or control students, but did aot have baoth exparimental” and
ooptrol students, clazs varisnce end instructor varianoe were confoundea

and i1t was not pﬂ?&ibla to Wroat these variebles simultensoualy- The impli-
oations of thile situation are prosentad srd discusssd in detall In Appendix 1.

Analyses Employed: faalysia of Varlance. It is unfortunate that due
to limitatIons in the exper imeutnl desipn the four varimbles involved in the
exporiment, methoda, classea, instructors, and check flights, ocould not be
evaluated slmulteneously. GSince the major concorn of the sxperiment wae
the mothods variable, and egince differences from check [li;ht to check flight
cculd be expected, tro Lspos of asnalyzls could be doneq

1- Tt could be aseursd the% there are no trus claas differences end
hence the analyses could be carried oot tekiry account of the variables
mothods, instructors,; and cheox lights.

2- It gould he ansumed thiat there are no true instrustcr differences,
and the analyees coculd bse oarried cut teking mccouat of the veriables mathods,
clagses, and check Ilights.

Since class and instructor variance could not be treated simultansously
both of the above analyses were carried out. If both of these statistical
analysons yield similar results with respect to methods, sufficient evidenoce
would be supplied to warrant conclusione to bo drawn even though the ex-
perimental desipgn has theas limitations-

Analysis of variance was chosen as the statistioal technique for an-
alysing the data because it permite oontrol of severerl variables, increases
the precision of the experiment, and permits the evaluation of interactions.
The two types of mmalyais which wero ocarried out are presented dimgrammati-
oally in Figures 1 and 2.

Eaoh axis of each of the figurea representa a major variable. In one
type of anaiyeis (Figure ¥), the major variables dealt with are mathods,
instructors, amd check flightsa. In the second typs of mnalysis (Figure
2), the major variables are methods, classes, and check flights. The en~
try lIn each cell is represented by the mean of the criterion soocres for
eaoh group of studenta charaotarized by the variables of each of the axes-

A separate analysis of varicnoce waas dons for each of the oriterion
measures pregonted in Tablea 3 and 4.

F-tests were rub for each of the major variables and each first-order
interaction far each criterion measure. The orror term used for the eval-
uation of the first order interactions was the second-ordar interaction
variance. 7The mijor variables wore evaluated by comparing their variancas
with a pooled arror variance comsisting of the first-order interactions
{which were not significantly greater than the seccnd-ordsr interactiion)



Inatruotors

Check Flighte

- Uethods
FIGURE 1

ANALYSIS FOR VARIABLES: METHODS, INSTHUCTOURS, AND CHECK FLIGHTS

Check Flights

Clasaes

Methods
FIGURE 2

ANALYSIS POR VARIABLES: METHODS, CLABSES, AND CHECK FLIGHTS

and the seoond-order interaction. The pooled errcr verisnce wis deter-
mined by adding the appropriate sums of squares and dividing by the aum

of the appropriate degrees of froedom. For .he analyses involving methods,
instructors, and check flights there were soventeen applications involving
the nine criterion measwea for which data were svailable, as indicated in
Table 3. A separate ansmlyals of variance was carried cut for each of these
seventeen applioationa. For the analysis involving methods, clesses, and
chedk flights, there were available data for 22 applications of twelve
oriterion measures ag indicated in Table 4. A seperate snalysis of vari-
ance was carried out for each of these applications of criteriop measures.®

GTha di fferences in the number of criterion measures for which data

" were available from one type of snalysis to another result from the fact
that the number of cells in terms of which the data are categurized for each
of the two types of analysia is not the sams. 3Sinoe the firat type of anal-
ysis (methods, instructors, and check flighte) involves a greater anumber of
cells to be filled, it is to be expected that there would be & greater op-
portunity for cells to be unfilled. In the instmnce where teo many cells
had migsing cata the anslyeis was not carried out.

It should aleo be noted that in the breakdown by instructors the data
from the photographic recorcs from the second check flight weru in gensral
toc sparse to warrant inclusion of data from this cheok flight in the snal-
ysis of "methods. instrustors, apd choeoy flighta.®
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TABLE 13

CHITERION MEASURES IN ANALYSIS INVOLVING METHODS,
INSTRUCTORS, CHECK FLIGETS

¥apevver Sriterion Meagurg
7. Straight Climb 1. Airspeed variation (Phot.)
2. Manouver grade (Instr,)

14. Left 180° Turn, 45° Bank 1., Altitude variation -~ turn (Phot,)
, 2. hltitude difference « recovery (Phot.)

3, Slips - turn (Phot.)
4. Slipe - recovery (Phot.)
5. Skids = turn (Phot.)
6. Skids - recovery (Phot.)
7. Koneuver grade (Instr.)

2]
15. Right 120 Turm, 1.50 Bank 1. Altitude wveriation - turn (Phot.)
2. Altitude difference - recovery (Phot.)

3, Slipe - turn (Phot.)
L. Slips - recovery (Phot.)
5. Skids = turn (Phot.)
6. Skids - recovery (Phot,)
7. MKanouver graCe (Instr.)

All maneuvers 1. Ovor-all flight grade (Instr.)



TEBLE 4

CRITERION MEASURL'S IN ANALYSIS INVOLVING NETHORS,
LASAES, CHREICK FLIGHTS

Mageuyer - Griteriou Measure
7. Straight 0limb . tirspeed variatisn (Fhot.)
» Maneuver grade (Instr,)

l
2
14, Left 180° Turn, 45° Benk 1, Altitude difference - entry (Phot.)
2. Altitude vaeristiom ~ turn (Phot.)
3. Altitude difference - recovery (Fhot.)

L. Slips - entry (Phot.)}
5., Slips - turn {Phot.)
6. Slips - recovery {Phot.)
7. Skide - entry (Phot .}
8. Skids - turn (Phot. )
9, Skids - recovery (Phot )
10. MNancuver grade {Instr.)

15. Right 180° Turn, 45° Benk 1. 'Altitude difterence -~ ontry (Phot.)
2, Altitude variation - tvrn (Phot,)
3. Altitude differencs - recovery (Phot.)

Lo Slips - entry {Phot.)
5., Slips - turn {Phot. )
6. Slips - rescovery (Phot.)
7. Skids - euntry {Phot.)
8, Skids - reccvery {Phot. )
9, Maneuver grads (Inatr.)

All maneuvers 1. Over-all flight grade (Instr“)
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Analyses Employed: Learning Curves- For each of the twe flight cleasses
there was & different inapectar. This faot makes the aualysils of the inspeo~
tor oriterion messures atill more difficult, since it adds ancther variable
which is confounded with the class varieble. Furthermore, there is evidence
that the inspector of the third clasa was lees reliable than tha. inapeotor
of the second clasa. The grades assigned by the lnspeotar of the third
olass also showed much less relationship to the frﬂﬂﬂﬂ assigned by the in-
structor than the inepeotar of the second class.

In view of these limitations 1t was decided not to subjeot the inspec-
tor oriterion measures to any refined statistloal analysis. Bowever, in
order to ocbtain some over-all view of the results on these oriterion meas-
ures, the group learning ourves were drawn separately for each olass (i.e.,
for each inapeoctor)-

RESULTS FOR VARIABLES: METHODS, INSTRUCTORS, AND CHECK FLIGHIS

Tablea 5A, EB, '‘and 5C present a summary of results of the analyses of
variance for the seventeen criterion measures oa whioh there were suffi-
olent data to oarry out the enalyses inwvolving methods, instructors, and
cheock flights- In these tables the significance of the F-tents are given
for each evaluation of n major variable and each first-order interaction.
This ia done for each of the criterion memsuras. Tho £ per cent level of
oonfidence was used in aveluating oach F, excapt in the evaluation of the

7Tha two inspectora differed in "reliability" ee mepsured by test=re-
test correlations on tha 7th and 8%h chack flights.

2ad Flight Clsss 3rd Flight Clasoe
(Inspector A) (Inspaotor B)
Ovar-all Score ~ 91 .047
Mean Meoneuvor Fl. Gr. ~93 =Tl
08F1 a9 -T2

Even more atriking le the warked dimsgreement betwsen the inepector’s grades
snd the instructor’s gradus. Tha ocorreletion coefficients between the in-
speotor's and the lprtructor's grades are givon below separately for flight
olass and cheok flighta.

Flight Check Fright {Pre-Check Flight)
Gritarion Clineag 1 2 T 4 b 6 7

Ay — o —— P ——— P —— -y

.42 .55 .40 .68 .62 .75 .BB
‘1)11 ='~11 “11:5 ﬂ:1.‘3 444 "\29 707

[y A%

OCver-all Soore

4 - 80 -45 - 06 .64 .76 .7

F1. Gr.
Maan Maneuver F1. Gr 00 -.0b <12 0 .42 .13 .20

I o]



STEMARY CF RESULTS CF ARALYSES OF VARIANCE:

TEILE 54

INSTRUCTORS, AND CHEGK FLIGHTS

METHCDS,

(Direction of Mean Differencea Between Experimental and
Control Groupe and Significence of F-Tests)

Photographic Records for Mapeuver 7, Jtreight Climb ard Mareuver 14,
Left 180° Turn, 45 Berk

Methods group
showing belter
performance®

Ypzigpee

Hethods
Inatructorg
Check flights

Yabhodas
x
Instructors

Hethoda
x
Check flights

Inatruciors
x
Check flights

Man. 7

Adrspeed Altitude Altitude

Ygriation lon 2%££gzsn§g
Turn recov,

n.g *%
-05' 401
NoBe

n.9v.

n.s.
n.B.
n.a,

n.n.
n.s.
N.8,

N.s,.

Man. 1.

Slipa

{turn) (recov,)

TiaB.

Slips

n.B,
neal
N8,

4]

kicd

tum)

.01
n.ﬂu
n.B.

7,01

n.8.

Dl

OGOV,

D:8a
n.s,
n.a.

n.s.

n.8.

p.8.

*Hhen the experimental group shows better performance it is indiceted
by E; when the control group showe better performance 1% is indicsied by Cj

when there is no difference it is indiczted by =.

Of course,” thia only shows

the direction and does not neceesarily mean that the difference is signifi-

cant.

#aNot significant at 10% leval of confidence for methsds varisnces.

For all other variances n.s. means not significant at the 5% level of

confidence,



TABLE 5B

SUMMARY OF RESULTS OF ANALYSES OF VARIANCE:  METHODS,
INSTRUCTORS, AND CRECK PLIGHTS

(Direction of Mean Differsnces Between Experimental and
Control Groups and Significance of F-Tests)

Photographic Records for Maneuver 15, Right 180° Tumm, 45° Bank

Men, 15
Altitude Altitude

Ipriaties Nffermnge Slisg Slss-  Sddg  Skids

Methods group
showing better c E c H E c
performance® :
Yarignge
Methods TR N.B. <.01  n.s. n.s. n.s.
Instructorc n.s. n.s. . n.g, n,.s, n.s, n.a,
Check flights n.s, n.s. n.s. n.., n.s. n.s.
Methods ‘
x 005-001 Ti.8. 005-001 .8, N.8. N.8,
Inatructors
Mothods
x noSa noBl noae n.B. nis. neﬂo
Check flights
Instructors
x n)Bo nhad nbab n.E'- n.a' nla.
Check flights

*Fhen the experimental group shows better performance it ia lndicated
by E; when the cortrol group shows better performznee 1t 1s indicsted by Cj
when there is no difference it is indicated by =. 0Of course, this only shows
the direction =nd does not necessarily mean that the difference is significanh.

#*Kot significant at 10% level of coriidence for melhoda variences. For
all other variasnces n.s, means not siguificant at the 5% level of confidence.



TABLE 5

SUMMARY OF BESULTS OF ANALYSES OF VARIANCE:  METHODS,
TRSTRUCTORS, AND CHECK FLIGHTS

{Direction of Mesn Differences Between Experimental and
Control Groups and Significance of F-Tests)

Instructor Grades, for Maneuver 7, Stralght Climb; Maneuver 14, I.. 180°
Turn, 45 Bank; Maneuver 1%, R. 180° Turn, 45° Bank; and Over-all Grades

Over=-all
¥an..1 ¥ap. 14 Mop, 15 Grade
Methods pgroup ’
showlng better C E c ¢
per formancex»
Variancs
Hethmj B 1.9' ;05 E.Bo** D.B. -:10".05
Instructors {01 r.6. {01 .01
Pre~check flights (.01 {.01 {-01 401
lethoda . )
x N.8 NeB- 005“u01 n,a.
Instructors
ethoda
X D8 N,8.¢ n.ge, N.8.
Pre-check flighta
Instructors
x €:,01 D.B. n.e. n.8.

Pre-check flights

*When the experimental group shows better performance it is indiceted
by E; when the control group shows better performance it 1s indicated by C;
when there is no difference it is indicated by =, Of course,this only shows

the direction and does not necessarily mean that the difference is signifi-
cant, ’

#xNot significant at 10% level of confidence for methods variancer. For
all other variances n.s. meana not significant at the 5% level of confidence.
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8
methode varisnce in which the 10 per cent level of confidence was used,

If the F is not eignificant, it is dencted in the table by "n.s.%
Yihere the F is significant, the p values is given. These tables also indi~
oate whioh of the two methods groups show better mean performance. For
the instruotar messures, the higher the scare the better the performance.
For the photographic criterion measures, the lowor the score the better
the performance.

Methods, Examination of these tables shows that the comtrol group
has better mean performance than the experimental group far 13 out of the
17 oriterion measures considered. In four of the instancee in which the
control group shows better performence the Fis for nethods are significant.
None of the F°s are significant where the experimental group shows bettaer
performanos. .

Significant differences were found at less then the 1 per ocent level
of confidence for Skids (twn) on Maveuver 14, (Left 180° Turn with 45°
Bank), and for Slips (turn) on Maneuver 15, (Ripht 180° Turn with 46°
Bank} the control group being superior in al} of thess instances. The
instructors® maneuver ;rades for Msneuver 7, Straight Climb, and the in-
struotors’ over-all prades are both significant between the 10 per cent
and 5 per oent levels of confidence, cantrol subjeots again being superior.

It appears,then, that wherever there sre eignificant differences be-
tween the methods in these anslyses, these differences tend to indicate

Brhe 1level of aignificance of the "F" valuo indiocates the number of
times in 100 that the difference in queatlon could be expected to arise by
chance alona. An "F" yalue significant at the 5 per cent value, for inistance,
indioates that the difference could-be expected to arise by chance only 5 in
100 cvines. Some Jjustificeation seems necegsary for the use of a level of
confidence as high as 10 per oont inateac of the orthodox & per cent level.
This Justification comes from a review of the general context of the experi-
ment. In this experiment the major interest is that of determining whether
ingtructore should or should not be urged to direoct atteation to special in-
struments in training students on certair maneuvera. If, in this experi-
ment, the experlimental group showed better performance then the control
group, 1t would be necessary to he very cortain that the difference is aig-
nificant before a recommendation should be made to change the method of in-
struoction. It would be necessary to be quite certain that there is a truse
difference because of the effort and cost required te introduce the ohange.
Under thess cirocumstances, it would be advisable to use a very conservative
confidencs level. However, in the sample studied the control group for
the most part showed better performance than tho experimental group. With
this kind of result it is more conservetive to use the 10 per cent levol
of oonfidence. The effect of using a fairly libaral confidence leve) in
this instamnce ie to reject the hypothoges of no difference between methods
Af there is even a small indicaticn that the new method haa the effect of
impairing the performsnce level.

Ll
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that the training method of directed atiention to instruments 1s leas ef-
fective than the usual training procedure.?

Uethods x Inatruoters. If the methods x instructora variancelC is sig-
nificant it indicatez that tho hypothesis that the difference betweem methods
ie the aame from one instructor to ancther instruoctor may be rejected. The
analysis indionted that ihis hypothesis may be rejected, i.e., that thers
were aigifioant methoda » instrustor interactions for Skids during the turn
in Maneuver 14, and on Meneuver 1b far the photographic measure "Altitude
Variation™ during the twwu, and also for the instructor mansuver grade. It
may be inferred that the cifferencs between methods varies si nificantly de-
pending on the identity ol the iwstructor involved end, therefore, that for
thege criterion measvres differences Letwsen mothods may be, in part, a func-
tion of differences rmung instructora.ll .

Methads x Check Fiighta. Inepeotion of Tebles EA, 5B, and 5C showa
that there are no significant methods x cheok flights intersotione. In
other worda, on the basis of th»s~ deta the hypothesis that the difference
botween the mnethode remaines the same from check flight to check fliigh% can-
not be rejected.

Instructors. ULAfferences in oriterion measures attributable <o in-
structors alons may be 8 function of & number of factors, In terms of
photopraphlio oriterie, a diffsrence sfitributeble to instructours may re-
flect differences in guality of instruction. In terms of instructorat
grade, differences attributeble to instructars may alsc resuit from dif-
ferences between instrustors in pgrading standards.

Examination of Tables BA, BR, and 6 indioates that of the twelve cri-
terion weasures taken from the photographic recordes instructor variance was
.8ignificant in only one case, i.e., Airspeed Varistion awing kaneuver 7
(Straight Climb). HNowever, of the criterion measurses based on instructor
grede, significeant instructor variance {(at the 1 per cont level of confi-
dence) is evident in threo of the four cases. The conclusion seems wur-
rented that differences in grading methods represented a marked source of
variance, although in the cass of Airspeed Variation in the Straight Climt
(Meneuver 7) the significant variance camnot be attributed to differences.
in grading methods, since it wae demonstrated on the basis of a photogreaphic

9%he methods differences cbtained could also be a reflection of in-
structors x olasses interactiona (see Apperdix 1).

0Methods x instructora variance acocunts for differences in criterion
scores which result when the adequacy of teaching or grading procedures
used by the instructors is a function of the set of training conditions
under which the instructor works.

1l7he methode x instructors interaction obtained could also be & re-
flection of olass differences (see Appendix 1).
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oriterion.12

Check Flighta. A significent check flight variance was indicated for
only one of the photographic criterion wvariables, i.e., Slips in Maneuver 14
(180° Turn Left). The mean for cheok flight 8 was higher, showing poorer
perfoimance then the mean for check flight 4 or 7. Since the ball bank was
not visible to either control or experimental studenta during this maneuver
it might be indiocated that its absence from view wes detrimental to perform-
ance, at leagt on this meneuver. However, bescause this significant variance
appsared far the 3lip and Skid variables in turna only on thia maneuver no
definitive conclusions can be drawn, except to mote that the very fact that
only one significant oheck flight varimnce mmong photographic criteria was
ovident is, in itself, of importance. However, it should be recognized that
photographio data from only the 4th, 7th, and 8th check flights were included
in the "methods, instructors, check flights" snalysis. Theso results do not,
then, preclude the possibility that sigpificant. check flight variances might
have been evident for the photographic variables had data from earlier check
flights also been included.

"All of the instructor criteria show significant check flight variances,
a8 might be expscted, since grades throughout the course were aagsigned in
terms of a fixed standard rather than a floating standard, i.e., all per-
farmances were Judped using the performence esxpected of a private pilot as
w standard. Since there is a progressive inorease in the means of these
grades from check Clight to check flight, the pro ressive learning Irom
stage to stage is undoubtedly r eflected.'® Since the instructors did not
administer an elghth pre-check flight it is impossible to ascertain the ef-
fect on instructor redes of ovovering the ball bank.

Instructors x Check Flighte. A significant instructor x oheck flight
interaction was fou or only one of the criterion memsures, i.e., the ma-
neuver grades assigned by irstructors on Heneuver 7 (Straight Climb). This
mhy be interpireted as indicmting that ths incremente in performance between
check flights, as indiomted b¥ instructar grede, are different for students
of different inotructors. The fact that this aignificant interaction ap-
peara only for instructor jrade may indicate that differemces in grading
standards or procedues may be a fectar. However, the fact that such sig-
nificent interaction cccurred for mly one maneuvar pravents defipitive
conclusions beir drawn, except to note that there was markedly less evi-
dence of imstructor check flight anteracticn than of variance attributable
to instructors, That is, although there wae considerable evidence of dif-
ferences in grading prooedures among instructors, there was lees evidance
of differences among instructora in grading the apparent increments of par-
formance Lrom check flight %o check Tlight.

12%he instructor differences obtained could aleo be a reflection of
mothaods x classes interactiona (ece Appendix 1),

131t may also be possible that the icatructore syatematically give
higher grades on subsequent check flighta than that which accurately re-
flects the performance level. Both factora mey be cperative in this in-
stance, (S8ee Discussicn, page 29.)



RESULTS FOR VAEIABLES: MEDNIOLS, CLA3SSES, AL CHICK FIIGHTS

Tablea 6A, 6B, and 60 present a summary of results of the enalyses of
varisnce for tha 22 oriterion meesures on which there were suffloient date
to oarry out the amalyases involving methods, classes, and cheok flights.

In thoee tables, the significance of ihe F-testa is given for each evalua-
tion of the major variable and each firat-order imteraction.l% The tables
also indicate which of the two methods groups shows better mean performance.
As in the cage of the previous analyses, the higher the score for the in-
structor measuras, the better the performance. For the photographic ori-
torion measures, the lower the maore, the better the performance.

Methoda, Examination of these tablea shows thet in only one imt-.noei
Alrapsed Varistion on Mansuver 7, is the variance for methods significant. 5
In this instance, the ocontrol group shows better memn performance. For the
- remaining eriterion measuras the coutrol group showa better mean performancs
in 9 instancea although these are not significant. It should be noted that
none of the variebles yielding significant variances in the "methods, in-
structors, snd check flighta’ anmlysce owrried sigpificant Fia in the present
amalysina.

Clanses. Clase differences which are eignificant coour on l4 out of
22 orlterlon measures. This result is quite striking. However, it muat
be interpretad with caution, in view of the possibllity that the assump-
tion om which the analyses is bamed im not valid. It will be reoalled
that the statistical design of these analyses involved the assumption that
the instructor variable is not a significant feotor in wodif'ying the ori-
terion soares. Simoe it iz not at all unlikely that this assumption is
falae, and should there be a methods x instruotors interaction, the class
differencea obaervad may be a reflection of this intermotion rether than
an index of true differenmces between the two olmamss.lS Moreover, although
the previous analysis, based on the assumption that thaore were no true class
differences, yielded no marked evidence of signifiocant instructor variance,
or significant instructors x methods interaotion, the posaibility might also
be considered that the apparent class differences refloot instructor-cless
interactions which were impossible to isolete due to the original design
of the experiment.

Check Flights. A significant check flight varlance was found in one
instance on a photopraphic criterion, i.e., Airspeed Varlation in Manouver
7. It is to be noted that in this apalysis of "methods, clasases, and check
flights™ photographic date from the second flight claas were included. For

14The method of eveluation of the F's in these analyses are the same
as those used in-the foregoing analyses. (3ué pages 7 and 6. )

2ohe methods uwllferenve oviuines oould Te & relleotion of an iustiuc-
tors X oluases inleracition {eee Appencix 1j.

16500 Appendix 1.
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TABLE &C

SYMMARY OF RESULTS OF ANALYSES CF VARIANCE: METHODS,
CLASSES, AND CHECK FLIGHTS

(Dirsction of Mean Differences Between Experimental and
Control Groupes end Significance of F-Testa)

Instructor Grades for Manocuver 7, Stralght Climb; Maneuver 14,
L. 180° Turn, 45° Bank; Maneuver 15, R, 180° Turm, 459
Bank; and Over-all Grades

Over-all
Man, 7 Man, 14 ¥an. 15 - Grade
Methods group
showing bettier ¢ E E C
performances
Variance
Methods n.p. k¥ .80 n.g. n.g.
Clasges n,s. .0 - £ .01 Lo.B,
Pre-cherk flights .01 ¢ .01 .01 ¢ .01
Methoda .
X noau aUS“";Ol 4 401 4‘001
Classen
Methods
x n.8. 6,3, n.s. n.8,
Pre~check flighte
Cianses
b N Lo, Y- Nelo 0.8,

Pre-check flights

*Fhen the experimental group shows betier performance it is indicated
by E; when %the comtrol group ehows better psrformance 1t 1s indlcated by &3
shen there ia no diference it ia ilndicated by =, Of course, this only
showa the dirseiion &rd doea not necesgarlly mean that the difference 1=
significant,

#%Not significunt at 5% level of confidenze, ‘nor at 10% level of con-
fidence for methode variance). .
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each of the instructcr ecriterion measures there ars significant chsck
flight variances. This, in view of the pro,ressive increaes of the
scores from check flight t.o check flight, is probably a manifestation of
learning, and is in accord with the findings in the methods, instructors,
and check flights analysis.

Methode x Classesa. Sigrnificant methods x classes interactions were
found for one of the photogrsphic criterion measures, Skida on recovery,
on Meneuver 4. Sipnificent methods x olasses interactiona were found for
three of the four inatruector coriterion measuree. Thesze gignificant methods
X classes inteructions could result from differences hetween instruotors,
as has already been indiosted.l7

Methods x Check Flighta and Clasees x Check Flights., HNone of the
methods x oheok flights amd clasees x cheock rlights wes found to show aiy-
nificant variancea. This wculd indicate that the incrementa in pilot pro-
ficiency shown by the atudent pilots, and reflected in their criterion
soores could not be shown to be m functicn of the type of training received
by the subjects or of the class in which they flew:

RESULTS: JHSFEUTOR CRITERIA

Figures 3, 4, 5. €. 7, snd 8 presant the group learning curves for the
two inepectora {two olaases) ¢n the oriterion messures, over-all grades,
maneuver grades (for the Straight Climbd, the Left and Right Msdium Turnsj,
and the scores computed Ffrom the inspsctors® observations on the Uhio Gtate

" Flight lnventory for thees meneuvera. As has been mentioned before, there

is remason to suspect ths "reliebility" and "validity" of the prades as-
aigned by the inspectar of the third olass.iB Far this resaon mors rig-
orous anelyais was not carrled out.

For the seoond cleas, thore appesrs ic be a distinet tendsncy for the
ocontrol group to show betier psrformance on all the grades assigned by
the inspector.l®

Fer the grades assigned by the inapectar of the third class, however,
the resulta aro not olear cut.20 Nelthor group shovs any consistent super-
iority over the other group. The meavs uf the two groups sre falrly olose
fa each check flight and the rank cder of the means of the two groups
tends to change from check flight to check flight and from oriterion %o

17500 Appendix 1.

B8
1 See Footnotes 7-

19830 Figures 3, 4, and 5.

#0300 Figures 6, 7, and g,
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»Maneuver 14 was not inoluded in the first check flight.



s
."F\*i-‘:-r:ﬁ’hﬁ
rheTel .

£0

39

38

36
35
34
33
32
3

39

- 29

28

R6

25

N i
«28 - ‘

Control

f
A
£
L]
1 2345678 1 2345 6178 1234 5678
Check Flight Check Flight Check Flight
Maneuver 7 Raneuver 1li> Maneuver 15'
Straight Climb L. 180° Turn, 45° Bank R. 180° Turn, 45° Bank
FIGURE 8

OSFI SCORES BY CBECK PLIGHT
{Ingpector of 3rd Flight Class)

sManouver 14 was not inocluded in the firat check flight,



RS LI A

griterion. The contrnl grouf s3ewms o show betier performanse then tne
experimental group on the Brh sheck flight for the ower-sil grades, each
of the maneuver grades, and sech of the Ohio State Flight [nveantury scores
axcept for Maneuver 14, Laft Hedium Turn

Although there ia little diffarence between the experiments: wnd ¢on-
trol groupe in the third class, there is a consistent difference in thae
sacond classg in favor of the control group. This may be taksn as further
evidence of the fact that no marked differences in efficiency between the
two procedures exiets, end aupporla the suggeation thet if there is a trus
differemnce between methoda it is apparently in faver of the control group.

DISCUSSION

In gpite of the limitations in the deaign of this experiment, the re-
sujts indicate quite forcihly that subjects trained by the "experimental®
and "oontrol” procedures did net differ in important nor signifioant degree
as far as any of the varied criteria of flight proficiency were concerned.
in terus of most of the criterion variebles the control subjects ware, in
faot, 8lightly superjor to the sxperimental sub jeote, slthough the differ-
ances for the most part were not statistically significent. The few ata-
tistically significant ™asthods" differences which were found were all in
favor of the control goup. The poaeitili%ty exists that these significant
differsnces raflect an insiructors x mothods {nteraction, although it seems
more plaugiblo to essums that a welhods ciffsrence was involved. Io any
case the resulies of this c.meriment do not incicate superiority of flight
performance resulting Trom use aof “he rxperimsntal tralning procedurs.
These conclusione are aleo supported by an sxamination of the analysis
mada of the flight teat srades ase:gned by the inspectors,

There are, however, cevoral Zoutions vhion should be indicated in the
interpretaticn of rasulia, The expwirirent ®ss limitad only to the first
35 houra ol training, snd it i+ peose ~"o the . if griterion memsures harsed
on additional 1light trdning wern cbhwmined, Lue results might have been
daffe-ent. Furtbornors, it idg peasikls thal the experimsntal training
might 2reducs beiter instrueornt plicts.  Theex cavticns, however, need not
ba texen tos sericuely as far sa iraiaing of privale pllots ls concerned
since rosi privets prlota do noet require wueh mora than 35 hours of flight
training in a controllied sowsze (i.e,, noet mets than 42 or 45 hours), and
since not a giust rumbsr of privers pilats g2 2o to ths ipnatrument rating-
hnother serious limitetlion ir, of ocurse, thet po definitive information
is aveilsble indicating the degrin o which %14 ingiructors absorbed their
indootrinetion, nr tone dagress to which the axpz:rimsatel end contrel in-
structlion rehurll, difforad. Imrithevmors. s precizion of the experiment

ig impeired Lo the xegrae vhak e preunphicos of "no instructor differences™
nrd "no clage Aif{oranga:’ are st qretified

Althsugh tha rirolos o Phis ouper im., rageirdisg the relative affi-
eagy of two typrs oF Insuvstionsd pneonds e, ara act altogether unequi-

racel, naverlwisos, *ho cLdraca of thass Jdata yielded a pumber of im-
plications raacie - sDon Uufare sopef Wer e oion In this fleld, For example,
sifne tnere wers o3 o, floant wer.3reZa RIBaniatra sitch both the iastructors
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tive or wigoronsly uerivsd mea o ny o0 o pab wrTr Lemss. P G5t e guels
itative Judgment ol ¢ sapgle «nifrudaal, S, 3 colle prl s aricaciho
not enpeged in imstruation of subjeota 1 %2 Grpesriosnt I Qeistiou

Thie suggestion wueh be au+llrfen, boweeh o b Gty 20 GO i ra-
tiona-. Criterion deta based vuun tae lnoswrasber s’ prass wel? Liep st each
£ the sight chock flighte, i-o., 8t ti- 1L78h, Yoak, Jirtes: th, tesutiehy,
twenty ~fifth, thir sielh, wadc oy ~toerth ana balrt -F 240 wour o7 Fligho traein-
ing. Criterlion dess based .pon the phote ranto cescode wers tekea wnly at
the chenk flighte cccurying ab ter, twyoabty, Wariy-tons, aca thiriy-i{ive hours,
and the dota from Lhe second check Tlizht {at iul Wanral 4crs wery Spavas.
Bacause of this fect, as has lagen ucted (- orior Ay, o the srelvysis by
“methuds . instructars, and ohezk J07ghes™ grutogr.pric gdase from the sscond
check flight were im junersd oxcludod: G4ie fash tha, a grea“er propwrizoo
of slgnificant varianssy wers evider:t for nrikevion ngasures Lased oo dn-
strustors’ prades night, therofnrs, be due Lo the {act that thesgs mensivaw
more adequately sampled pger forperse o iolarvais eerly 31 Liu Ccoursn:

Similarly, bacause of this poesds sty tas faat Lbhxt 2T, the photo-
graphic sriteria there were fuw listancrs of gi nificeat verieoces sitribut-
able to check flijfits muai be intercretesd guardsdly. hie might bw considered
to reflect upon the disorimipetory pows: of opriterior muesures ss “atewiatic®
in neture (i.e., heving reference to spscific elements of pestormence) as mrs
the se photog raphic criterin. This sonicd follow sinece appereatly increments
in flight proficiency were not rogiateived by these mezawos. However, einca
the photoyraphic moasures were for the most part taken ln the latter parit of
the course {during the last 15 hours of the 35-hour couras}, mesaningful com-
parisona cannot be wade betwaen the ..ncid-pce of significant check flight
variances occurring amony, oriterion neasures based rsapectively upon the in-
structors! pgrades ancd upon the photographic recorda. The !l'mgt that at leant
in the laet 1lb hours of the 35 hour course increments in flight proflclency
ware not registerod in terms of tne photographic criteria saplcysd in tais
study is, however, of some significance.

21A1thaugh data from the second check [{light were Loo sparse to permit s
breakdown by instructors, deata from tinls check flight weare iaciuded io the
"methods, classes, and check flights" analyses- However, the paucitv of deta
from this check flight, and the leck ~f precision induged by the limitations
of the experimontal design, renders particularly suspect conclusions regerding
porformance early in the course.
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APPENDIX 1 PR
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Implications of Experimental Uesign., It is importeit ¢ bxamine some of

the implications of the experimsntel design in ordsﬁ?tg:avalulto the analyeles
which was evemtunlly oarried out. The design is presented schematioally in

Figure 8-

-

Class 2 Class 3
Instr 1 Xic2 X1E3
|
1
Inatr. b [ KEEZ xBOﬁ
FIGURE 9

For pwposas of exposition, the check flight veriable has been dropped
rRnd onuly twoe Jngtructars are coneidersed, Instruoter 1 end Instruotor 5.

XTiC denotez the mean of the ariterion scores for studests having &
particular instructor oubjosted to one of the methoda of training and be=
ing members of the came 3lase. For euswmple, X1E3 denotes the mean criter-
ion soore cof studenis who were taught by lnatructer 1, who were pgivon the
experimentnl training aund whe woro in the third claga.

This schematioc representatiua ahows tne basic ocharaoterlatics of the
experimental desigrn. It mey ba geen thet for Iustructer 1 the ocontrol stu-
dente are in the seacnd clase, and far Inatructor 5, the control atudents
ars in The third class. The experimsutal students for Instructor 1 sre in
the third olaass and ers iv tha ssoond ~laaa foe Tnestructor 6,

This type of sxnorimenia’ dealgn presents curtain difficulties. It
may ta ghomn, for axanrle. chel a ditfforence wciween methods could be a
reflection of an 1nutrustors x slesaee interaction, amd vice versa- Ths
passible confusions that may osour ere presented by means of algebraie
tranaformation of inmguilities 'nllowlas

1- A methoda 4l fferanee couid he & reflsastion »f aan instruotors x
clasaes intoraction and vie varss

Xygs * Xgap # Do+ fepg fRotivale Al forsnce}
X, ¥ o, v A
1E® g2 % D3 o552 . ~ -
x ¥ Y i Linstruetore ¥ Claspes intermction)
BB« L2 TBGS “1EE

2. A wvlasges Jdifferernrse amild Lo a refleotlon of & msthods x instruc-
Ltors intaraotion, erdd vice +arsa-
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thenione v Olpesas infersation)

1% should be notod that in the algabraic traneformaticns, hypethetical
obtaiiod values of the mean criterion measures are repregented. Those trana-
formations do not necossarily imply that tno cifferences and interantions
are sipnificant.



