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L : 2101 Constitution Avenue, Washingtom, D. C.
oy Divieion of Anthropology and Paychology

Cammlttes on Selection and Training of Aircreft Pilots

. April 18, 1947
Dr. Dean R. Brimhall - RPN
Ageistant to the Administrator . S
for Research ,
: Civil Aerocnautice Administration
e Room 5217, Commerce Bullding .
; Washington 25, D. C. . |

Dear Dr. Brimhsll:

Attached 1a & report entitled A Study of the REffect of Training
in Slov Flight on Landing Performance, by Devid Bakan, R. Y. Walker, aod '
Seymour Wapner, submitted by the Committee on Selection ang Training of -
Aircraft Pilots with the recommeniation that it be included in the series
. ‘of Pechnical Reports of the Division of Research, Civil Asronautics Admin-.
. lstration. - .-
o The report ie another in the series growing out of research com-- .-
ducted at the Institute of Aviation Peychology through the cooperation of
the University of Tennessee, the State Burean of Aercnautice, the Commif- .
tee on Selection and Training of Alrcraft Pilots, and the Civil Aeromawrijes.
. Mministration. This investigation ias of particular interest in that it -
repregents an evaluation through controlled sxporiment of a procedure .
o developed by flight instructors. Although not ccmplotely defipitive, re- -
f . wults pertinent to the improvement of rlight instruttion wore cbteinsd,
a8 well as findings important to the design of eimilar experimsnts.
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Sinoerely yours,
Morris §. Vitoles, Chairman
Committee on Seloction and

\ ' Training of Alrcraft Filote
MEV:rmm Eatiopa)l Resoarch Councll
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‘of Afrcreft Pllots directed toward the improvement of flight treining,l : e ;—ff’

- mittee on Selection and Training of Aircraft Pllote for 194k and 1545, and m

. The invoatigntim of the effect of trainins in slow ﬂiah% on m
parfa:rmnco, deacribed in this report, ia one in a series of stniles- lgaﬁ
sored by the Mational Research Counicil Committee on Selection and

survey of technigues used by flight instructors indicated that a nwmber o!’
them were employing slow flight instructian as a device for increasing m— '
fiolency in the approach and landing.2 The present stuly represents an ™ -~
effort to determine experimentally the value of such a tralning prooodm,

-
%y

'which is of particular interest because of the fraquoncy of acoidontl asso- ! v

ciated with' a stsll during the turn.3

The data for this invostigation wore collected in the course of re- 0
search at the Institute of Aviation Peychology, Thiversity of Tennseseca,
Fnoxville, Tennessee, under the supervision of Dr. R. Y. Walker., Methods

- used in the analysis of photographic recorda are largely ths outgrowth of

work done by M, S. Viteles, A. S. Thompacn, and E. S. Bwart at the Univer-

elty of Pennaylvanie. The statiatical analysis was conducted and the re-

port propared in preliminary form by David Bakan and Seymour Weyner at the -~ . |
Statistical Office of the Committee. The final report was largely written: '
by the Bditorial Btaff of the Committes on Selection and Treining of A.‘I.r- -
craft Pilota, in particular by E. S. Ewart.

lother studies in this aree are described in the followina raportae c

Eelly, ¥. lowell, and Ewart, K. The effectl
*fundapentale of Besic Flight Meneuvers” as_tral Huhingtcn, &-s
CAA Division of Research, Report No. 6, December 1 2. v

Tiffin, Joseph, . and Bromer, John. Analysis of eye fizations end Et" <L E

[ moysment in landing a Piper Cub J-3 u&:l.ane - Washington, D. | ,; L

‘CAA Division of Research, Report No. 10, Pebruary 1643

National Research Council Ccmnitteo on Selection and Training of Alr~ -
craft Pilots. The peychology of learning in relation to flight. Weshingtom, ;-
D. C.: CAA Divielon of Research, Report Ro. 16, June 1943. PRI SR
Vitsles, M. S., et al. A course in training methods for pilot &ﬁﬁg
%F 'ihahingtcm, D. C.: CAA Division of Research, Report Ha. EO, Sep }Tz;
Kelly, E. lowsll. The flight 1nﬂtruct.or s vocabulary. Washington, D Gf;

CAA Division of Research, Report Fo. 22, October 19%3. by Rl
Bwart, Bdwin 8., 'I'hmpscm, Albert 5., and Viteles, Morris S. M L E

of ruotd techniques described as effeotive b t_lnstruc s
Washington, D. C.,: CAA Division of Research, Report No. 63, June 1940. SRR

Walker, R. Y., Wapner, S., Bakan, D., Euart E. 8. o effact S
di attention to inatruments a traini aid Washington, D. C.: . —f-; T
Divislon of Research, Report Ko. 33 October 1&3 . C

Emmrt Edwin 8., Thompaon, Albert S.,'u.nﬂ. Vitaiaa, Morris 8. op. og‘g.

3The high incidence of mccldente of this type has been indicated in re- ‘
search conducted by Dean R. Brimhall and Raymond Frenzen. Digcussion of t-hom" ‘

inveatigations can be found in the minutes of the Annual lheung of the'Com~ -
progress reports in tho files of the Cammittes. o
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SUMMARY

The inveatigatlon descrlbed in this report was concerned with ths
expsrimsctal evaluation of an lnatructional technique which had been
developed for teaching the maneuver "landing." The subjects employed
in thie experiment were satudent pilots in the fourth and fifth flight
classes at the Institute of Aviation Psychology, Univereity of Temnessee..
There were 28 subJects in the fourth flight class and 30 aubjects in the
Tirth flight cleses, each class being divided into cantrol and experimental

groups .

The control groups received the conventional instruction in the
maueuver "landing.® That is, all landings executed in regular landing
Practice were of the norma]l pover-off type. The experimental group re-
ceived special training in this maneuver which camprised:

1. Emphasis on demonsetration and exscution of atalls from extended
perlods of slow flight prior to the introcdustion of landings,
and during subsequent stall praectice (through the first 17 hours
of training) during which time the mlow fiight stall practice
vap alternated with practice in conventicnpal stall procedures
during dual flighta. -

2. Uss of the power approach for initial demonstration and early
practice in landings, and employment,-following every third
poWwer approach, of a procedure whereby the setudent handled all
of the controles except the throttle, being instructed to hold
the plane at a conatant helght off the runway while the inetruc-
tor varied the throttle setting Thie provided an extended and
exaggerated period during which ths subject precticed "holding
the plane off."

This special training (of the experimsntal group) in landing was con-
timwed for the firat two hours of landing lnastruction. OSubsequently, and
until the atudent scloed, all landing practice consisted of normal power-
off landings. Following solo, power-approach and power-off landings were
alternated during dusl landing practice, until the seventeenth hour of
training, following which both control and experimental groups recelived

conventlonal tralndng.

Criterion data on the proficiency of the subjects were obtained dur-

ing check flighte, administered by a flight examiner, at the seventh, f£if-

teenth, twenty-fifth amd thirty-fifth hour of training, and during "pre-
check flights,” conducted by the subject s instructor during the instruc-
tion period just preceding the check fliight. These measures included the
@rades on the maneuver "landing" assigned by the flight examiner, and by
the instructors during check flighte and pre-check flighta, reaspectively;
as well as other general and gpecific mapeuvers obtained through use of
the Ohio State Flight Inventory and photographic records taken during
flight of a concealed instrument panel. Also avallable were data on the
vertical acosleration produced dwring each lending, and the mumber of
hounceg mssociated with the londing.
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The date wers evaluatmdi by analyels of serlence, whers toles procedure
wvag applicable, and by clkil equured whore ihe dat: vere dichctamous. In
general, significant differences wors nol evident Letween the performances
of sxperimental and contrnl groups in Lerms of the svailable criteria, and

unequivocal evalustion demanda mercly the statement that no aystematic dif--

forences are indicated. Howsver, the exrperimenteal evidence does not indi-
cate that the slow fiight trainiig procedure in landing is leas effective
than conventiocnal instruction, and therefora certain empiricel evidence
tavoring the technigue shouid riot necessarily be considered unfounded and
dismisaed." '
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. A STUPY OF THE FFFPECT CF '[AAINING TN SIOW FLIGHT :
¥ LANDING PERFORMARCE )

IRTRUECTION

Two importeant factors atrfecting landing performance are recognition
Ly *ke piiot of cuss Indicating that the plane ie About to stall, and his
Judgment of thy dictance ebove the ground at which the plane is to be
laveled off. . the executlon cf a normal pownr-off three-point landing,
the p1iot levels the piluns off at the proper helght, then "slows it up,”
or increasss bhe angle of attack, so that it sialls in close proximity to
the grotnd in the “thrss-~point" position. If the sirplene ip leveled off
too high, a "pancaks” landing will result, 1l.e., the plane will contact
tre groumd with & asvere Jolt. If lsveled off too low, the plane will
“$1y anto the groaed." contacting wiaeele Firet, e&nd bouncing. Through
moper #enalng of the cues whick 1odicate that the plane 18 {or is not)
on tne verge of atell, the pillot conirols the angle of attack in such a
perner that the atuyil occurs when the plasne 1g Jusl off the ground, in
ouc#r that a smooth three-point landing will be made.

Ta the uaus: powsr-of’ lendlpg the pericd of leveling off and landing
13 relatively ahort, f.e., 8 watber of & few seconde  Therefore, in normal
lancing Instructic:. the perled o time durluog whilch the astudent pllot ie
erpored tu, s0d st losrn to recogndze, the eenscry cues important to the
proper sxacutlon ol tale critical psxt of the maneuver ie brilef.

It. gremed roasouabtes tuat an nalractional procedure which incressed .
the wagth of thy pre-guwell pericd «i. 11 allow gregter opportunity for the
atudsnt prlew to lousro &0 recognizs the genccry cues which indlcate tbat
the plece 1e about to 3all. [urthsruors, eitennion of this period prior
¢ an actusl lending wan'd, it was £516, provide greatsr opportunities for
the development of Judgment aa .o tha correch altltude at which the plans
ghculd he leveled off.

For thie remsun it wnr suggsseted tLat ol ofZiciency of landing in-
struction might be incresmpod. {1} if gtvdeat pilots were glveu preliminary
treining in euslie from glow flight st & safo altitude bafore the Introduction
of iandinga, sud (2} 1f landing lnctrmotlon wers Iniveduced through employ-
ment. of power arrrsach landiogs dvring -Lich Lhe plane was flown the langth
nf the runwey, Juet a few feet ofFf thk» ground, the sludent bandling all cf
tha ccotrals excart the throttin, aid boing 1alrusted to hold the plans
st 4 (oustent ne’ght orff tiw ru-rway whiie tie ingstcoctor varied the throttls
setting - Thie w1 provids e cavondad pnd staggewted pericd during which
Lo @b Jet praveiced "o ldlag Lie pd0ca of . I4% Ja of intereat to note 5
What cbls pvaecedos for Landing losbrvcts o bal zepor.edly been uped to ad- :

PR £ T T

“aoticn by & 1wmate ol Sllgbc tretructors. b Dhn presunt Invegtligatlion rep-

TEReDLLL an eyparimoestal teoh o0 LU LRty

U 7
lﬁwert, 1dwia oo, Tuowgeoa ‘Lee.t 3, ¢ haven, Korils 5., wlth the

cocparation of Dean B Brimhal Fowdwatied of bructlonsl techniques
descrlond as effecrnirg uy [l drat;

eTos dasbYngion, I C.o: CAA
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Sub jecta &Jﬂ.E SARAG GnELochoTd. R E“'ngﬂu subjects wvers ampluyed.
in thls irvastigution. 20 in thw Gta fi4gnt clues {Spring, 1945), and 30
in the 5th flight cle6s (S TE e 1‘#,;. In tke Mtk cliss nine of the Bub-
Jocts were famnle nad in e :bh cluss  eight. The subjects were amatched,
roughly, on tho bas's of we, sex, urd scorsn on a ssrdies of ael&ct1oﬁ
tests, and were divided inwo _an*xcl sl experinental g"uups

Instructlon. Fiwve flight instructors particlpated in the experi-
mert, the same instructors beineg employed during the two 3ucceasive
flight clesees. Each irs!ow L.r Seight both experimental end control
subjJects in esch vises. The assigrmernt ui zubjects according to Hsthoic,
lpatructore, and Clzazres 1: ' 30 11 Table 1.

Treining Procoomns.  Erarimsgtel Group. Steclal procedures In-
volving emphasis on elow fllgnt wero awployed in the ivtroduction of
landings, during part o the vl feslruction 1n the azecution of this
mansuver, 2ud in the deacastration nno sxecution of stalls duxg ing tho

Tirat part of the cowrse, rarticalarly in vegurd tu their integration with

training in landing.3 A ccmplete siatement of the experimental inatyve-
tion employed 1rc the inveatigatico is given 1u Appendix 1. Briefly, tbe
procedure was &6 Tollews: Ths ususl Introduction in stalle prior to the
lntroduction off landirge wes stroesed, partlicular emphesis balng glvan to
execution of stalls fcllowing echended periods of sicw flight. T theee
gtalls the thro%tle wes retarded extreaely slowly, oltitude belug mala-
talosd by increaging the angle of eitack through exertica of bank prassaure
on the stick until tha stall cccurr=d. Prectice in this type ol etall wes
elternated with normal stall practice before introlucvicc of landing, and
durdng all dual stall practice toroughoat the Siret 17 bowrs of Lreinlag.
After this polnt the usnal stall procedure was employud.

The firet two houre of lending practice (for the experimental group)
consleted entirsly of vwower appreacl landings. On every thixd power ap-
proach landing the inetructor hendled the throttle, and directed the stu-
dent to hold the plane about three feet above the runway, but wo "hold it
of f" rather whan actuslly lending. The instructor then varied the throttle
setting, requiring the student pilet to "hold the plans off” by appropriate
application of back pressure on ths control stick. This provided a simu-
lated "level-off" period of considersble duration. The irstructions to
the eubject were "On thie landing sttempt I d. not want you actually to
land the plane. I will hendle the throttle, varying the amount of power,

]

cThe teste employed were &s fol.lows:
" a. Otis Test of Mental s“bilicy ¢. Two-hand Coordination Test,
[y b. WMechanical Comprehension Test Total Score
d. Mashburn, Tcial Score

3These drocedures were smployed only under the direction of a flight
inptructor and never in solo flight.



TABLE [

'NUMBER OF SVBJECTS ASSIGNED ACCORDING TO METHUDS, .
IRSTRICTORS, AND CLASSES

Ingtructor Lth Clase 2th Clase
Control Experimental Control Erxperimenta!
1 - 3 2 : 3* 3
2 el 3% 3 1
3 38 o kL ‘31
4 3 s 3* 3
5 3* 3 3 1e

Kumber of cases = 58

*Danotya that cne subject le female
**bhenotos that twe subjecta &r— femaiw.

and you want t.. [1y the plene straeight down the runway, making corrections
far euy drift and holding the planes sabout thiree fest off the ground Re-
member, you frw nut to 1Y tho ¢h-eiz touwch the runway.”

As noted pravicusly, thie training was continued for two hours foullow-
ing the lntroduction of landinge. Subeequently, and until the etudent so-
loe?, all lending practice consiated of normal power-off landings. Follow-
ing 60.0, howevar, power-apprcach and power-off landings wers altsrnated
luring all dus) instructicu periocds through the seventeenth hour of tralning.
After this polnt the training of arpuricsnta) and control subjects was lden-
tiloal. At the initlation of each landing approach all instruments, with the
exceptlon of the tachomeior, a.ad oll Lemperature and pressure gauges, werse
biocked from the studsnt’s vlaw to pravent the student from ueing the instru-
ments rether thar otnar cuer ag &ids in landing. Thie condition applied, of
ccurse, only tu ihe srgperimentel group-

Training Procedurs . “ontrol Gwoup. The students 1n the control group
recelvad treining in accoreance with the ueuai flight curriculum specified
for epproved flight treining scaccls  “Yhie did not, of courss, include the
intreduction of landinge througb usa o the power approach, and 414 nof in-
ciude the emphasis On etulla fridoelpg sxtendad psricds of extremsly slow
fiight That is, all isnd‘ngs practicad by the control group were normeml
landings, ana there was no arfificiel extunsion of the lavel-off period.

Time Spent on landings end 5taiis by Faparimental and Control Groups -
It ebkould be notad that tL- pumber of acurs gpsnt on instruction in stalle
and landings wae the weme I'i-r woth esporimental ang control groups. Accord-
ing te the CAA appru<ed mchocl surriculivm io =itect at the time, among the
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maneuverg covared du:ling Stage A of tle trsianing course (through 8 hours of
treining or until s0lo; a olnimur of 20 minutes #ss to he spent on instruc-
tion 1n stells, end minimums of 1 hour were to be spent in instruction on
the following mansuvers: take-off, landing, and 90° and 180° .approaches.
During Stage I (coverinz the 10 hovrs sfter solo, i.e., normally to the

18th hour of training) 2 hours were to be spent on dual instruction in pre-
clgion landings, 2 hours on solo practice in precisisn landin-s, and 1 hour

respectively, op dunl end solo executlon of atalle.

During Stage &, however, ruch more than the minimum time actuelly was
spent on instruction in Iending in as much as landings were, of course,
made at the end of every flight, and since additlonal consentrated instruo-
tion 1In this mgnsuver sbove the minimum, ncermally wea necesssry. The in-
structors estimated that during Stage ), avprox'metely 45 mimites were spent
on dsmonstretion and instruction of stzalls and about 4 hours on Instructicn
In toke-off and lardinc, &il in dual fiight, This applied to both contrel
and experimental subjects, Durinz Stage B, both experimentel and control
subjects spent 2 hours of duel imstruction op landing (and 2 hours of solo
practice in this maneuver); and 1 hour on dual ipstruction in stalls (and

1 kour in solo practice on ihis maneuver).

The differences in training between the two proups were, to recaplt=
ulate, sa followa:

1. During the 45 mimutes devoted to stalls In Stage 4, training in
stalls from slow flight was alternated, for the experimental ~roup, with
conventlonal stell instruction. The ecntrol group received conventionel

stall inatruction throurhout.

2. The first two of the sgproximztely four hours actuvally given to
landing instructlon during Stage & were devoted, for the experimental
group, to the experimental tralning procedures., During the remaining
time the conventional instruction procedures were emplecyed. The conven-
tional procedurea were employed throughout for the control proup.

3. During Stage B, the control group recelved two hours dual in-
struction In lending and two hours solo instruction, in all of which con-
ventional lnstruction procedures were employed. For the experimental
group, however, during the two hours of dual instruction one-hslf of the
landings were made employlng the experimental inatruction procedures, and
in the other half tha conventional instructlom procedures were employed.

4. During Stage B one hour was spent in dual instruction in stalls,
and snother hour in s¢le practice of this maneuver. For the experimentsl
group, during the hour of duel instructicn stalls from extended periods
of slow flight were alternatel with the conventionml executicn of thie

msneuver.

There is no record avallable of the actual pymber of lendings and
stalls executed by members of the control and experimental groups.

Check F re=check Fli « Measures of flight proficiency
were obtained through the administrstion, by & flight examiner, of check



flighte aw the sevenbu, fiftacath, twenty-fifth, and thirty-£ifth hour of
flight training, reapectively. A singla £light axsaminer administered ell of
the ckeck fligawe In ~h'e investizaticn. Iuring the hour preceding each
check f£light. pariod, the flight lustrucho. edminieterad & "pre-check flight”
to ench subject. ourilng thls re-check ILight she sane meaeuvers were sIe-
mwtal ey wore Lo D0 iuciluded i bhe check Zlight, conduvcted during the neat
walnlug porlod by tew fllght exewiner. “ho order in vhich the maneuvers
vere gsrocutel duriog the mre~--heck fligut woe not the same, however, es dur-
Lig the cheok Fidghth prepor . Tie mancuvera included in each of the four
check fl1gbta ars preeensed It Auperdix 3. It should be noted, however,
thet, the priociral irtereat of the prenent investigation is in the mancuver

Manding,” and that dloes Londings werae exacubed dauring -ach check flight.

Criterion Mesgures. Jr the evaluation of the flight proficlency of
exporirentsl and control pubjects twe typsa of critorion measures were ob-
talned, 1.0, goaeral measures and aspecific measures. The gensral criteriom
wmeasureg ropredted ovalustions of the osi-all adequacy of thke atudent pi-
Job'y performence on tne wooexver "landlngz." Sawelfilc msasures reafer to
cbesrvations made 1o torms of glven objactive and donotable mspacts of per-

" formance. Both suecific and zsneral critericon msasures were obteined from
filgot oxaminers and flight iastructors, although some criterion messures
Jure obteined fircm the flight exmminer only.

The gecara! oritarlon measwrss wore Iagredentad by:

1. wwer-30 grades on the maresv o Tlaoldng,” aselgned on a percentags
hario by the Flight smapioner curing the cliwek Flighta, and by the flight in-
structor dwring whe pro-check {iigh.?

2. An irdlcevion of the "satlafactocy” or "uneatiefectory" nature of
. eacn lending ezoculed luring uhe chuch flizhias, ne recourded on the Ohilo
State Fligat Inventcry* by the flighl srauiner.

3. Eu ovar-al: goowe compiiced Uhooagn sasration of velghts assigoad 1o
Lxdividual items o1 tte Oalo State Klight livootorr mavked by the flight =i -
Al bar.

e d—r—
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i“T]:m Chic Staty Pilght Juvoirery [(Wi- "GoFT") conslsta of s gerieo of
cha:kX Bhauhe, emch vage of tr: luvertery. §.3., s&ch chack sheet, being
devoted to & elpgle mansuvar. Gu e&tr 7o suver cisst the crltical elenents
cf e mapauver n cuvestion woy irdiectsd, eul 3022 Are provided in which
the ciedk oilot whe sdmiudsioced (e Slig™h toanl records thy aubJect's por-
formance, in fLorms 0 av.k ot<ment by clivrole o ole peoper dascrlipblive torn,
cop entering & figuer. Fig & Ml 2 coirioan 2l rtue OUBFT and its developmant
geoe; Eogertou, H- .o, ooa Folles, R. Y, Hiepioyr and developmant of thw Oloo
Sigte Fligat nventrry, fart ! oerly seoslgs swrl bagde vecearch.  Hashing-
won, D. G.: Crb 01 feic of Yasesrch, oo, (4, 570 Juiy 1945, Alao: 8RO
Curmd btee on Sedect.or. ao L WG 1o o7 PPt (lule. History and davelop-
zout of the OQuic obabr o4 ahd Fesenls [ o0 00 feeedh veraiome and curyant
appricabione.  Veehlog oo o Yo UpY T tes " Dhoenaoch, Baport Boo 51,
Eororhor ;'?11:5 .
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L, An ovoy-ald poyce wcompnied v ovgh coddilecn 9" welghta essigned
.- . &,
o dindividual filem: ou thn phencsenite resors “recird sheeta.'

The specifi. cyriieris m itper, cwl=iped from the £1ight esmuminer and
the iiva Fligh- Jrsv - dorg, cacp

1. The narhesr of gz {aurte of worilcal asceleratlion) yreduand by each
lending in the cieck flighs wcx s-s-check £light) as re2d from a vertical '
accalerameter.

2. The nuzver of bownocas durliyg tae lenling, recorded ¢a apecisl Jorma
both by Ingtructors &l Flight eraminee.

Additlonal wpecifis messures wie obtulned In terme of elements on the
NSFI, administersd by the flight eran’psr during each check fiight, and
also in terms of deia on specific elewenta of flight performance oblalned
Lhircrgh cheervation of photograpkic racords tasken of Tlight lustirumerts
during sxecution of the marneuver durling the check flighta. Ths gensral
and specifilc criterior, meagures sus wesanted in detsil in Table 2.

STATISTICAL PRUCEDURES

Two statistical procsdured wers ampicyed in the eralysis of data from
this investigation, namely, eralysis of veriance aand chl squared. Anaiyels
of warlance was employed in the ewvaluatiocn of {1} landing maneuvsr grades
{glven by the rlight exeminer ari by tke {1igut instructors}, (2) number of
@8 produced by the lsnding, {2) mmber »f bounces during landing, (%) over-
81l OSFI score on landing, und (5] over-ail photographic record score on
ianding. The remalning critescion asssursa, 1.e., those of an essentially
Gichotomous neture, were analyzed tiwough the nu3e of chi aquared. .

Analyeig of Vuriance, For thos? crivericn mesasuree to which analysis
of variance was applied, & singie szors for each criterion msasure for sach
#light test was computed for each student. Thue, although each student per-
formed three landings on eech flight test, the sum of acoree for the three
landings was used as & besls for enalysie rather than the scores on individ-

JThrough use of a speclally constructed “criterion plans," motion
photogrephs were taken of the insSruments in a concealed instrument panel. -
Through reeding and analysis of these photographic records, objJective data
on epecific aspecte of the execution of the meneuver could be cbtained.

The instruments included in the concealsd panel were aa follows: alrspeed
indicatcer, altimeter, artificial horizon, ball-bank instrument and rate of
turn, tachometer, angle-of-attack meter, and a "control indicator" by means
of which the positions of the elevators, allercns, rwider and throttle
could be obeerved. FPor a more complote description and dilscussion of the
photographic instelletion, see: Viteles, M. S., and Thompsoa, A. 5. An
analysis of photographic records of aircraft plleot perfo o. Washington,
. C.: CAA Divisicn of Reassarch, Report TFo. 31, July 194&.




TABLE 2

CRITERION MEASURES O WEICH THE EXPERIMENTAL AND CONTROL

GROUPS WERE COMPARED

Gonarril oriterion measures:

A. landing maneuver grades assigned by 1lnetructers.

B. landing maneuver grades assigned by the flight exsminer.

C. Satisfactory or unsatiefactory landing as recorded by the
examiner on the O3FI. :

D. Total OSFI acore on maneuver "landing.”

B. Tota) photographic record score on maneuver "landing.”

Bpecific corlterion measyres:

A. PRecorded by observer:

1. Recorded by both instructors and examiner on the pre-
check flights and check flights, respoectively:

a,

b.

"ga"” reed fram the vertioal accelercmeter.

“Ba" (nimber of bounces).

2. Recorded only by the sxaminer:

Idrection during approach constant or varled.
Wing level during approach constant or varlied.
Direction during roll constant or varled.
Wing level during roll constant or varled.
Did or did not stall.

8talled emcothly or ebruptly in those czess in
which stall tock plece.

Speed constant or varled.

Did or 414 not correct for drift when it occurred.

Did or did not lovel off at the appropriete helght.

Wyt

w
o et
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TABLE 2 (Continued)
Belght above ground at *stnll was correct or incorrect.

Correct or incorrect clea:r'ance turnse.

pont

Observer did not or 4id eseist in the landing.
D44 or did not land in spot.

Did or did.not makes & good landing in terms of the
sequence of points contacting the ground.

B. Recorded by camera:

1.

b,

C.

Wings levsl or not level {artificial hortzon):

5-10 aeconds before contact.
C-5 seconds before contact.

At the moment of lnndiﬁg.

Dad or did not turn {twrn indicator):

a.
b.
e.

dl

5-10 seconds befors contaot.
0-5 geconds before contact.
At the moment of lending. - .

0-10 seconde after contaect. - ..

Stick full back (control indicator):

‘a.

‘b,

At the moment of landing.

0-10 gaconds after contact.

Change in angle of attack smooth or irregular:

A.

Y.

5-10 seconde before contact.

0-5 seconds before comtact.

Ball bank satisfactory or unaatisfactory at namant of
landing.



ual landings. It 1s belleved that fheae totals are more reliable indices
of performance than each landing score taken aeparately. It is evident
that thess total scores are directly proportional to the mean of all three
scorag for a studsnt on & given flight test.

Since thers was duplication of studente from flight teet to flight
test, the requiremant of "independent random gamples,” nscessary for the
simultansous anmlyeis of data from more than one check flight could not be
met. Thersfore, separate analyees wors run for each flight test.

The data were analyzed statistically by controlling the following
three variables ee maln effects: Methods, Instructors, and Classes. The
statistical control of these varisbles was made poesidle by the deaign of
the ezperigent which pormitied each coll of a schemetic threeo-way table to
be illad.® In each analysis, the variances due to the following sources
of varietlon were caliculated: Mesthods, Inatructoras, Classes, interaction
of Methodes and Instructors, jnteraction of Methods and Classes, interactiocm
of Instructors and Classes, interaction of Methodis and Classes and Imstruc-~
tors, and Within Groups. The ratio of the wariancea, F, was camputed by re-
gexrding ths Within Groups variance as the error term. .

Chi Squared The criterilon measures which were analyzed by chi squared
wore treated as dichotomous 1n nature, i.e., performance in terms of sach
criteria could be categorized only as "satlsfactory" or "unsatisfactory.”
For some criterion 1tems 1t wee necegeary to sel arbitrary etandards of
"gatisfactory” and "unsatisfactory" {or "correct” and "incorrect"). For
example, in regard to the measure taken from the photographic recoris
"wings held level {or not level) 5-10 seconde before contact,” the per-
formance on the item was considersd "eatisfactory” 1f the deviation from
the lavel position, ae indicatsd by the artificial hordizon, wes five dsgress
or less, and "unsatisfactory” 1f the deviaticon was greater than five degrees.
The standarde used for the warlous items -f this nature are given in Appendix

2.

For other measures lt was not oucassery to set arblirary standards in
thie manner, since the check nilot mersly indicated whether the psrformanca
in terms of the item wos "satlefactory” or "unsatisfactory,” or "correct”
or "incorrect." For example, the flight exawiner noted on the Ohlo State
Flight Invenlory whether or not the plang was leveled off for landing at
the proper height.

For each landiug in gach flight test Lho data were cleasifled 1n terme
of Tonr nategorles which can be shown schematlcally by the celle of a two-
by-two table such as that 1o Flgure 1. The coptingensy of the two ayea was
maasursd by the calculatlon ni chi syuarsd. Sinca tho cell freoguencies were
generally smell, tates® correction wus uded in the computation.’

B I T e AL T E T o e Y i

6500 Table 1.

Triebor, R. 2. Staiislicsd asthida for roesacch workars. {Sth ed.)
Blinburgh: OQidves & Peyd 1634 o-0%,

. '
At .



TTE A W Y e TG e g
T e - - s - - P
i
- e ] i
Experlosa.d ; ;
{ i
i e cTo
1
LT ' '
(SN SO
FIGIEE T

CONTTRGEF™Y TARLE FOR COXUPATION OF CHEU SQUARED

It can be sesn thet, £sfle from the Pact that the cell frequencles
ars small; the blas of whicih Mae Seen cvercune by Yatead’ corrsctlon, the
chile squared computed in the techlior. daarribed sbove are 12t blased.

REIULTEG: I. GEMEDAL CPTIERIA

Five of the criterion mesrxuwee nallzrted in fhe courage of thies lnves-
tilgation may, as noted creviocuely, be cenwildersd geusral mensures of lend-
ing proficlency. Thess are the landing maneuver gradec assigned, reapec-
tively, by flight exammlnere cod instructors, tha judgrent recorded by the
flight examiner on the GS¥FI &8 tc whatber the lending was "satisfactory”
or "unsatisfactory,” the ‘bLver-sll score” on larding derived from the Ohio
State Flight Inventory, and the "ovar-all acore” on lending derived from
the photographic recorda. The slanificance of Aiffscencen betwoen con-
trol ard experimental groups in terms of all of thess mesaures excapt
"landing ‘satimfactcry’ cr ‘unsatiofactory " wes svaluated through applica-
tion of analyaie of veariunce. Differsnces in terms of this measure were
evaluated through uss of chi squared.

landing Meneuver Gredes. 4As h~3 bean indicated asbova, emch student
performed three landings on eech flight teat. The total of the landing
paneuvar gradee for ths three ilandirgs wieg teken ns the measure on each
student and used in the arnlyses. Ssrarete zoalyses wore run for each
check flight.

The results of these analyses Are eummerizad in Tablie 3. In thie
table are presented the means of tha control and experimsntal groups for
each check flight, and the p-values Iour each ewmluation of the F statistic.
If for any wvariance, except that dus to Methode, the p-value wes greater than
.05, 1t 18 go indicetsd by ™m.s." {not algnificant) i the teble. The p-
valuea for the Methods warlances aro given within clossr limiue if .30 or
below.

Examination of thils table shows that for the Meihode variance none
of the F'as are significant at the orthodox £ per cen’ level of confldence,
and that in only one instance, on the third pre-check flight, is the vari-
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ance slznificant et Lhe 10 per cent level of confi:lanc‘é.

An interaesting feature of the tahle ia the petterning, l.e., the
soguence of toe obtalned differsnces in means between the experimental
and cantrol groups. In both the pro-check flighis and the check flights
the control group shown betier gerformence oo the first and second flight
teste, ard the experimontal group shows better performence on the third
and fourth flight teets. Aesuming that thie patternlng is not. & chance
event., 1t would irdicate theat the offect of slow flight treining dcoes not
became renifest until later tralining, acd that its effect is then positive.

A significant Instractore variance occurs in the second pre-check
flight. Fluce thls varlance 1s couruted on thke basis of grades assigned
by the instruciors, ite uagpitude could have resulted from differences in
gr=ding practices asmong the ingtructors as woll es from Qifferences in the
performance levels of ths atudents of the different instructors.

Slguificant Classes variances occur In the first and thirl pre-check
flighte. Theee again could either be due to changes in greding practices
on the pert of the inetructora from claga to clsss or to differences in the -
levols of porformence of the gtudernts of the two clagses. It ig pogsible
that weather differences might have played & rode in producing these sig-
nificant Clmsses variarnces.

. The cnly intersction varience that 1s significant in this teble 1s
that for Mothods x Imstructors for the third check flight administered by
the flight examiner. Thie suggezts the possibility that the effectivensas
of the slow flight method of training may be & function of the inatructir
who adminlsters the treining. However; since the slgnificance of the sev-
eral verlances and interactions followed no cceneistent pattern 1t le d1ffi-
cult to draw any systematic interprstations.

OSF1 and Photographic Record Over-all Scores. It was considered de-
eira‘ble, in addition to the analysis of “individual itema on the Chio State
Flight Inventory (which will be discussed subsequently), to determine if
significant differences betwsen control and expsrimental groups existed in
terms of total scoree derived for the maneuver "landing" from. both.the Ohio
Stete Flight Inventory and from the photographic record date sheetd. In
deriving this total score, wolghts were assigned to each item (on the OSFI
and the photographic record data sheeta), an item being welghted 1 1if it
denoted “atiefactory"” performence, and zeroc if it dencted "umnsatisfectory”
performancs. Setisfactory and unsatiefactory performance were defined as
proviously indicated. In the ecoring of the records, a welght of 1/2 was
agelgned 1f an item was not mearked.

The date were evaluated through application of analyels of varlance,
the results of these analyses being sumuarized in Teble 4. It will be noted
that the analyses are not uniformly campletes. In a number of instances the
data avallable were so grossly disproporitiopal that they did not permit
any analysis. In such capes only the memns of the two groups are reported.
Morsover, since large quantlties of photographic rocord data for the fifth
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ligns clang wars sl Jar, 3% o swtoEediy e Lretrint Lhe enalyels to
tre foeth €light o7org, cxes . will rarcalt bo Clindy Tidekt 3, for which
dats Tor botir cleckon ave avoilod .

It ie estiont frop Iospecticn of Tebia B thst rone of the varlencoes
ettalbutebl, f 7 weviids wors formd sigaificant. In fact, noue of the var-
igyeee o the exalyice o7 phctogrepblc dsta wire found slgnificant, and
only twe verliancs® Jn tius U3FL enalyres reached the 3tetistical level of
confidenne, viz: for Clzezes ia the [irst check flight, end for Inetructors
In ths fourth chacle £32zkt. Menrdngful isterprotetions cannot be drawn
fran thews leolatod ceres.  Furthermors; In regard o the Meibods wariable,

ich 1 of piinclipal interost, 1k those inelances where analysis of veri-
ense ccuid not be exnloysd the Iiffares-ces betwsen means arses extramely
sx--1, arl probably would not heve besn found statisticelly eignificant
wngger Ay clroumstnnce.

It ran be said, tlerefors, tint significent differences between con-
trol agd expsrimental groups ware not evident in ters of the over-all
wcones derived from tho Chlo Stete Flight nventory, and the photographic
record data shaots. It i of gore fuvither intsrest to note that with the
axcepticn of OSFI scores for Check Flighte 1 and L the rmean score for the
exverluontal groupn wes slightly, sltbough not eignificartly, lowsr than
tho meun score for thse coutr=ol groun. Tho "patteralng® suggested in the
cage of cver-ell grafes 18 nos evident In sc far as theee "score” variables
&re concernad.

looding "Satiefactory” or "thartisfactory”™ {0SF1). The flight examiner
indicated oo the Ohio Sitate Fiight Invantory hia judgament as to whether
sach landing wae "saticfactory” or "unsatiefactory.” The deta for each
laoding on ench check filght, obralred from expordmentsl acd control svb-
Jects, respectivsly, were evaluated by bl sqrered, oun the basls of four-
T31¢ contingency tables mz iuilceted in Figure I. The results of these
ankiysos are pregsnted in Tehle 5. Since For one degree of freedom the
ralue for chil sguerad &t the © per cent level of confidence is 3.841, 1t
15 evident that none of the wvalues attained evsn approsch this level. On
ths busis of this analysie it can be condligded thet there is no demonstrable
difference between sxperimental end controllsd groups in terme of the flight
examiner’s J nt as o the "satlsfactory” or "unsatlsfactory” nature of
the landinge.® - ‘

81n addition to the chls squared presented in Table 5, the total chia
squared (cbtained by ewmmeting the individual chis squered), the pooled
chils squered’ {obtained by entering in a four-fold table the summated entries
over all landinge), and the interaction chis squared, which represent the
difference betwoon the total and the pocled chis squarel, aleo wera com-
puted. {This Jatter statletic, which may be regarded ae an index of change
in contingency from lending to lending, is discussed in: ©Snedecor, George
¥. Btatistical methods. (4th E¢.) Ames, Iowa: Iowa State College Press,
1946, 189-192.)

All of these statistice are biesed, however, since each case cannot
reasonably be coneidersd to have been drawn independently and at random




1%~

T 000° 2t 1 1T oy )
T 666" YT T 6 ot 2
T 020" T HT cr 2T T it
T 000" (% S £T £T 2T v
1 1l0* et A 41 €1 o
T ot 4T T 2T GT T
T g ET lT LT 2T L
T 000 T ST AN G 2
T 000° g1 Ht 4 £t 1 z
T oE2* iz £ £ “ C
T 000" w2 9 E o z
T 205" 92 4 . g2 T T
Wopeody pelwnbe-ju) Aio3oujs(3usw] AJC}OBJIRTINS LI030%]014800] AI0308I8T30S  BUTPUF]  AUB| LT
Jo Tory
eo.req TOXUD) TEUCH I8d Xy

INDINANT OO HIVIS OIHO HHL NI
WENTWYYH JODCTE o) X€ qEIVOTONT SV SIHOITS EOEHD HHI NO SONIAGNVI
XIOAIVASIIVENN W0 ANOIOVISIIVG FavW CHM JNO¥D HOVE NI SINFIMIS 40 YESMN HHE

¢ FTEVL



L

-
FRATES: IT. SUBIllc (f fkIs RECGRD L Y BODA FLIGHD
I JSANRn (4D T FTIGNIT BEXAMINER

Tro » ths ureclids critarisn moasnrseg moat iwportent for the eval-
uelion of tha pardosTence of coalrel snd sxoerimectal sronuve are the "ge”
{unit.: of wvorticel eocolewifion v hi~ed darfug the landing) axd “Bs”
[nurtor of Tonnces €oring the leodingl.  To wws feld, that 1o general the
olene vould conbeet Lhe grovnd witp oorwe Tores in Bod landings than 1n
gocd lenlingz, and thet elmllsrly, < bed leoding woull he ccoompanisd by
mura tovacas chan oogoot lendiog.  In oropszd oo vertical acceleretion,
exparicroe indlcated *hit a three-point lendiaz could be made with as low
a2 1.5 tnite o verllesl msecterstien,

Faszeuroe of "ra" eud M35 srcocinted witlh lending were obtained botk
Auring pre-checi erd eheck flighvs %Wy the daf ructors armd by the flight
sexeudner, reevactitely.  Ae Y the ~nse of lerding maulsuver grades, thesa
seores wore suaes for etoh aublect over the three landings “n each check
ight {or pre-check M1ight), and Jiffereraos Potwasn contrel rod sxperimen-
T2l grovzs ovaliwmtod through w.e of 2ralycln of variance.9

In Tebles 6 nnd 7 aro prosested, respeciiyely, the results of the
avelracs of mrlants in terse of ge {unite of verticsl acceleration) arnd
Ee (nusber of Zouncoe ). G'ven &rs “ho msean of control and experimental

~ups by check fiigh%t~, and the r-veluss for the evalueilcn of each F.
ke 1ir previcus tablem, vallances nct elignificant at the 5 per cemt level
nf confidence are indlcated ag "a.e." {act significant) with the exception
of the Msthode varlences, for whizh the coufidence levels are indlcated if
less than .30.

g8. Witk reference to Tabls 5, it is evldent that the only Methods
varignce for the g mensure which might r»ossibly be consifered sigmlficant
is thet obtelned in the fourth check £light adémirlstorsd by the flight ex-
aniner. The p-valus 1les between .10 exd .05, the difference bsing in favor
of the sxperimental group. It olea le notaworthy that the patteru of differ-
ances over the four check fligrhis adminieterad by the [llight exsminer l1a
gimilar to that fowurd for “he land’ng panewver gredse. That ls, the control
group shows better performence in 11w flrct and second check flighte, whereas
the exporimental gronp la svperdor ir the third ard fourth chack flights.

s b e e —

B(Contirued }rrom the trual population, thoreby rendering uatsrable the
procedurs of summating chis snuarad or pocling of data. In general, partl-
cularly 1o Bo far es ths pooled chi squersd 1s concerned, this blas could be
expacted to result in somewhat spuriocusly high chils squared. It is eignif-
lcent to pote that for none of theme computations wss the chl aguared sta-
tistically significant.

9he date for the total "g" scores on the Pirst pro-check flight did
pot meet the requilrement that the frequencies in the calls be proportlooal,
and anslysls of varisnce therefore could not be applied to thess data. It
might be noted, however, that the difference between means i3 extremely
smell (see Table 6).
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This patterning, however, is not indicated for the g meagure as chsarved
by the instructors during the pre-check flights. .

It ia ovident in any case, that the d.irrmncel between mean per-
formance of experimental and control groups is.very emall, the gverage
difference per landing being in many cases legs than the unlt in whiceh
the vertical accelercmeters were calibrated.l0

It can be concliuded, therefore, that meuningful differe:nces betwesn
control and experimental groups in terms of the smoothnesa of landing; -
ap measured by the number of g units produced by the’ ln.nd.:l.ng ware not
evident. It might be noted, howaver, that sigpnificant Instructor var-
lances were ovident for the secomnd and fourth pro-chack flights, which
might indicate different observational prectices on the part of differ-
ent instructors, or poseibly differences in porfomnma poculiar to ‘the
atudents of given inatructors. If this is the case, however, such dif-
forences were not evident in the check flight ministemd by the flight
sxeminer. No meaniogful comclusions can be drawn from the aingle slignif-
icant Methoda X Instructors interaction, except in B8O far as it, wvhen
viewed in conmsction with the sigulficant Instructor’ variance, suggeata
the presence of sume factor aapociated with instiuctore, wh:lah influenced
to ecme degree the observed variability in performance of the sub.]ecta.
It vill be recalled in this comnection that a significant Methods x In-
structors variance was fou:nd for the land.ing maneuver grados in the
third. check flight. i

Ba. Data on the number of bounces during the landing were analyzed
by am.lysis of varlance, the results of this analysis. be:l.ng sunarized
in Table 7. It is evident again thet s:lgnific-unt dirferoncaa attribut-
able to methods are not clearly evident, elthough two of thée differences
betwesn methods {Pre-ckeck Flights 1 and 3) are significent at between
the .20 wnd .10 levels of confidence. In general, hiwever,  there aseems
ne redascon for the rejection of the hynolhesis that there are no differ-
ences between control and experimentel. groups.

The fact, however, that aignificant variences attributable to in-
structors were svident on &ll four pre-check flights, end on two of the
four check flights irdicates the protabi)ity t thb nutber of bounces
a student mekes in landing is a function of the training he receives
from his instructor, and that the treining in this respect varies from
instructor to instructor. In this cornection, howaver, the fact that at
least part of this vexlability may be accounted for by differences in
"the observational procsdures of the raveral instructors should not be
overlooked. -

10mMepe instruzents were calibretec in terms of .1 €, and the means
Presented in Table & are the averages of g values rumned over three land-
inge. Thus, any difference between the mean hctals presented less than
+3, indjcates thet the mcan diffsrencs per landing is lems than .1.
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or inspector, than on flights conducted by their own instructor. However,
~ & somovhat more plausible explanation of this trend lies in the Fact that
" dus to the inclualon of the photographic installation in the criterion

- Plane, thia plane in which the check flights were carried on wes scmewhat
more overloaded than were the planes employed for instruction purposes.
The fact that the criterion plans wes somewhat heavier could be expected
to causs elightly higher readings in terms of vertical acceleration om
landing, as well as contributing tc a greater nuwiber of bounces during
thia maneuver,

RESULTS: III. SPECIFIC CRITERTON MEASURES RECORDED
ONLY BY THE EXAMINER ON THE OGFI

] The flight examiner recorded cbservations on a number of specific
elements of flight performance pertaining to the mansuver "landing" through
uge of the Chio State Flight Inventory. (These specific elements have besn
listed in Table 2.) As noted previously theae observations recorded on

the OSFI ylelded information as to the “satisfactory™ or "unsatisfectory™
nature of performance in torme of these slementa, as deilned by standerds
developsd in connection with the use of this inventory. Since the data
were escentially dichotamous, analysis wes mads through application of

chl sguared to four-fold contingency tebles ag 1llustrated in Figure I.
In this analysie date from sach landing in each check flight wers treated
separately.

Chl srquared wes ccaputed for each such table, veing Yetes' corrsction
for emall frequencies. These chl squared valuea, and the sums of the chis
aquarsd for sach item, are presented in Table 9. Chl sguared must be 3.841
or greater to be algnificant et the 5 peor cent level of confidence for ons
degree of fresedcm. Of the totel of 168 valueell of chi squared computed,
only 3 ars significant at the % per cent level of coniidence. Thesa otcur
for Item 2, Check Flight 2, landing 3; Item 7, Check Flight 2, Landing 2;
and Itam 8, Chsck Flight 4, landing 1. Two of these show superiority on
the part of the expsrimental group, end one sphows superlority of the con-
trol group.

The lest column to the rvight of the %able showe the total chif sguared
for the 12 chis squarsd for each item.ld These totels have 12 degrees of
freedom. In order for chi aoquared to be significant at the 5 per cent
level of confidence, chl squersd would havs to be 21.026 or greater. MNone
of the total chis squared meet this criterion.

It ls ovident that witl respect ic the cbsarvatione on elements of
performance in the mensuver "lending,” as recorded on the Chio State Flight
Inventory, there is no indication of systematic differancos in proficiency
between experimental and control sublects.

yourteen items, 3 landirge, ard b chesk flights.

12m1s statistic was cairlvtol vitk the rscognition that 1t waes prob-
ably blaged.

A
SR



*dnoad TeUemnIedYe BUTICAR} PR TeAeT ¢ 3B JUBLTITUDTSwe

SC5°C YT 000 vaR*
169 A6T*  GETT TLO°T
TEYCET YR6'T GORT w5857

Y &
U gL 9L0°T ses”
0LETO HGET 9Lt o7

)5-
N

.
&)
N
L]

-
. 1

wIeta 0000 YT 9T
64T 00T° 000 000"
ces*s c GL0°  LEo' 2wy
coL'7 dooT  TLLT 000"
wEl e F T

o
T . . Adrpuer

VEE S AT CER T

mmm{ﬁ 656 97T°  000°  LYE'T YLRT LT

760"

%00
EEG*
zee”

S
&

T 3T X004y

000° 816°T 740°2

000"  €20°  COO°

- 0D0* 696 &00°

000* €97 000°

et 620t YT
000° 220°  9€Q°T
$90° 000"  EYT'T

000° =#8lZ°Y g2o°
€90° 000" 00
860°T 641°Z A0Z°
£EGR"  880°T 000"

66T L9T° 0097

w2 000" O00*

066" FET E65°
A
Aurpue
Z 399714 49340 -

$%0° 089"

00°

866" T

-+

¢7L"

GrL
ze0’

T.LA
9¢9°

elely

——rr

T

T WITiL %09qD

INOIRRANT JHOULS ZIVIS OIFQ FEL NO HANTWYIN I X4

punotd Juy
~1avjucs ejutod Jo
eottenbas 3o swmie)
uy Buppwel pood

e¥sE jou PIY 40 PId

jods up pusy

j0u PIP IO PTG
157688 DIP 40
20U PIP JIAIIEQQ

TIng 8aUuJBaTO 031

~JOOUT IO 7DALION

TI®38 3% 34 300
-I00U] J0 3I3IIC)

not I0*qy 239fLdosd

~d8 72 JJO DPOTOAST
paIamooo

1T usla 1JyIp

J0J 3084300 30U
PIE 30 P3308JI10D
PITInA

10 JuUB3SU0D paIadg
L1qdnags xo
ATujoows peTT®IS
patTe3s

304 J0 PAT®IS
TH.OL

8apmp Teasy Jupy
oL

Buianp uwopzeedi]
govoadde

Jupanp ToasT July
goeoxdds

Suypanp mo3eeILq

&51T

AECEONN NY CIASESED SISEWNRTE H04 IROTTd XOMHD HOVI N0 DNIAQNVI HOVE 304 CENWIDS SIHO

€ FTEVL

‘dnodd {oIIu0d BITICAR] PUR T9AST 3G 38 SUBOTITUSID.

-:-s_:.H
‘€1

KA

0t
‘6



D%

RESULTS: IV. SPECIFIC CRITERION MEASURES
FROM THE PHOTOGRATPHIC RECORDS

The specific criterion measures from the photogrephic record data
sheets, listed in Table 2 as noted previously, were analyzsd through
application of chi squared, the applicetion being identical with that
employsd for the OBFY items. The definiticns of "satisfactory” and
"unsatisfactory” performance in terms of each item are presented in

Appendix 2.

There were twolve items on the photographic record data sheeta for
"landing” that couid be meaningfully analyzed. Therefore a total of 1lih
chi squared velues were computed.l3 The chi aguared values for sach four-
fold contingency table are presented in Table 10. Only two of these values,
were algpificant, and none of the total chis aquared, which undoubtediy
are somewhat biasaed, are significent.

Therefore, as in the analysis of (OSF] items, thers is nothing to indi-
cate the presence of systematic differences between experimental and con-
trol groups, in terwme of the data ylelded by the photographic records of
flight performance during landirng.

SUMMARY AND CONCLUSIORS

Primary ¥indings. 1In consldering the results of the ansiyses of
available data, it le svident that no gystematic differencea between exper-
imental and control groups in terms of landing performence has heen demons-
trated, I.o., the hypothesis of no differencs between the experimental and
control groups ceannot be rejocted. Certain trends in the data might be
taken as indicating slight superiority for the group receiving slow flight
training {the experimental group). In this connsction the "patterning” of
landing meneuver gredes, end certain other indices, could perhapa be con-
sldered as indiceting slight superiority for the experimental group at the
end of trailning, coupled with scmevhat inferior performance sarly in train-
ing, which couid be sxpected ae a result of the initiml effect of the expe-
rimental training procedurs. However, contrary tronds can elso bes found in
tue date, and without gueation unequivocal evelustion demands merely the
statement that no systematic differences wers indicated.

Bowevar, in commectlon witk thie interpretation e number of consldera-
tionsg should be mentionsd. Firast, 1t might be pointed out that the exper-
imental groups actually recelved less traiuing in the normal power-off
three-point landing fon which all students were tested) than d1d the comntrol
group. This polnt carries 1ittie welght, however, in as much as the purpose
of the invastigationp was to determine whether the sxperimental training pro-
cedures wers an effective subatitute for the mores usual inastructional proce-

s e Ly ammre xS T

i3Twelve iftama, 3 loadings, 4 check flights

e 8



Y6t T Nt gl £re’

A TAS £ R <1 BRI
0TE Coz°T §9T°L  £67°
LAY 3007 CoO £et’
oont oot coe T0%° T
200" 000° ol 0uo”
oL BET'ZT B8TT 000"
gt 2000 Q00° 092*
Sl A S

dujpun]

T 39T La 10990

681’
000*

e

€E7° 1
LT

e
Buppuey

FS5°

Guo”

TET”

——p

T

TAG8T1s R840

SIUEOTY OTHIVUDOLOEL HO d

SHALT HOA JHOTTS H0EHO HOVE dQd ONTANVT H

6£0° 000" 26T
160 6D 000°
oo0*  000° 8Lo”
0o0*  #££2°9% LT
g6 LLO®  000°
000" 000°  000°
gLT" 8" 000°
ozr+ 000" 18T°
€ 2
Buypue
TAGITLd A0940
FNI00TY

o1 TIEVL

000"  ETLT
Qb qTTT
000" LYO'
190° eE°T
gvot 2os”
120 000°
€ge”  990°
61T 000"
< T

duypusg

006"

720°

S00°

000"

wwo.

X

T W37Ld #oeUd

o¥a H0d QEEvals sIFD

Batpus{

Jo quauonw eyl
g8 djowq TINJ
HO[18 BABY 30U
PIP 10 P3Q
3utpuwy

193J% *0o8 01-0
JoyBOTPUT WML
Buppue

Jo juemow 38
JOBOTDUT TIN]
1983000

aJojaq ‘988 G-0
J0380TPUT WIRY
3993000

sluyeq 998 O~
J0qBOTPUY WINL
Buppuwy

Jo jueucn 38
Teasy FTOY S2UTH
1994002

al0Jaq 098 ¢-0
1oset prey s3urs
1083U0D

aIojeq "038 OT-%
1eART PIod BIUTH

——————

o}l

't

°C

T



‘dnox® TwuewTIodTE uﬂﬁnnﬂmn Poe Hpbmﬁ % 39 vnaoauanw«mjt undoaw TOXIM00 BulIosul puw tesel 46 3¥ eI TUH T

9ty 2 0g9" 0007 000" UH,DQO. : ooc.. 000° :mﬁ. I’ .wmm.ﬂ ETT tLo-

.»mo.m 000" i efr 000"  SoOf" mom._,_ 000° @60 yeor  Lio- 000"

690°6 612 000" 2TE* 000 »=[%6°0 1¢g* 000" 000" CLTT 000 000

6T0'% 000° Go2° 6yx g0 2660 000" @ER'T LT 000" TEE:  Cwe

tee ¢ =T T ¢ = T % F T Vv T

Barpue : Buypuvy

gt

GEG".

6LG

T AT YO0 T X090 g F9gTid Yoeq) T 90711 P

(vemuzawon) OT FIUVL

Buppaet -
 Jo quemom
3% YUeq TTe6 ST
JammParry
40 -yioomy 30w}
~UON BI0XOY ‘D96
-0 Joww go
sTfre uy eduwyy - 7TT
TeTNazIT
I0 ooy " 3ow
=UQd @JOJeq " o9U
07-& Xow33e Jo
8T8us uy eZuvyy 7
2094U0D J&3J9
*998 OT-0 Jouq
TINF XOT36 AWy
30T PEP X0 VI &

w3



e
%

.l’_}

3
dures 1n the normal povex -ruf a.np.ing N

I e §

toa

Second, the possiility should be rocognized the effect of the
apeciel Blcv fidght Instruction ik landing Right not Yecame mandfget un-
t11 later in training.}* Walle thic might be true, and is perhaps sug-
gested by the "petieming” of moesures discussed ee,rlier, it is. of
little prectlcal lmportincs at leest as fan-er the private pildtiis con-
cerned., Most etudent pilote moke. their firét attemph Lo paes ~private
pilot flight tes%t ahortl;r aftor thirty-fivs hours of training. be of
practical value, any new method of teaching landings might raaaOEﬂbl.'r Yo
expoected to d‘amonltmte 1tel seficeoy before- “thia timq

Third, it is not impoaelbla thet there exiate a "true® difference
in favor of one of the methods which was nqf measurahle by the present
inveetigation, either becayge of inadequacids in the design of tha exper-
iment and in the criteria themsslves, or a3 a result of large varisbility
in the performances as measured which obscured the "true" differéhces,
rondering them not statistically ¥ignlfic 15 In opnnectign ¥ith this
point an important qualification of the a.;ﬁ:ently negative te of the
exporimont 1teelf should be emphaslzed. g g

he slow flight instruotional procedurs for the Maneuver ﬁinu
as employed in this investigation, was developed apparently independ tly
by several flight instractors in the field on the basis of their actual
day-to~day experiesnce In tsaching: people hgy to fly. : They, snd other:in-
ptructors who have employed the procedurs, ‘have reporbed on the b&sie— of
extenslve use of the technlque, that 1t hss proved affective 1a tpac
their studant pilote how to land. 15 Becangg of the fact thap thés efficacy
of the procedurs may have bteen obicured by }imitations in the’ de#ten &f
the experiment, it camnot be concluded, although the experiment-nlb reglte
were negative, that empirical evidence favoring the technique i Becensar-
1ly unfounded and should be diamiased. (he experimental evidence? does not.
indicate that the elow flight training prodedure in landing 1o less effec-
tive than the conventional ingtruction  procedure. Further exparimentation

"'.

1474 w111 be recelled that the f1ight Gesting of subjects cpverad only
the firet 35 hours of tmining L

151¢ this vere the cage and u, as mi@t. be eJ:peéted. mriuﬁility anong
studente grows less as training progresses, significant dirfereindha botween
exporimental and control subjecte might becqme evident later in @-a.ining.
It should be noted, however, that the abaolute dir:t‘er@nces between mean per-
formance of experimental and control groups, regpectively, were in most cases
not large.

16mis treining procedure was deac,r.tbed, by & f:ught- ipstructor, to Dr.
Dean R. Brimhell, Director of Resesych, q.;.;vu Asronautics :Administration,
vho waa thantal in the dsvelopment o} thise: research project. Moreover,
the advantages of the technique were repotted by ‘a nmumber of flight instruc-
tors who responded to & survey of effective teacling teohnigues employed by
£1ight instructors. FMurthermore, the consenaus of a group of experts who -
evaluated the techniques submitted during this survey was that the procedure

1s sound. (Q0p. cit., see footaote 1.)
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aeams desiralble, p;rticularly in view of thu favorable rnsponue'to tho pro-
cedurs by many of *hoes who have used it.

Secondary Findinge. Consideration of the varisnces attributable to S
variasblea otie; than Methods (indicatsl in the analyses of those masasures R
trected by ansiysis of variance) yleld a number of implications. The aig- . W
nificeut variances atiributeble to the instructer varlable were found in i
tte znalysie of dste Trom one or mors chsck flights for the criteria:
"landing maasuve: grades (asslgned by the iratructor) during pre-check
fiighte," “ge on the pre-check flights," "Bas on the pre~check flights,”
and “Bs on the check filghts." It ie notewortny that thrae of these sig-
nificant Instructor variances wers found in teris of criterion measures
agslgzoed- by the ipstructur ca pre-check flighta. Thia suggests that dif-
farences in evaluaiive mtandards and Jbeervetlounal procedures compriss an .
inpoctant source of varinticn in exporimenial Investigations of thies eort. .
The fact should not be overlooked, howsver, that such differences may also L
he dua o differsnces ia the ins’.ructional procedures of the several instruc= .

r¢.

tors. That thie may be the case in cunuection, at least,, with the oumber of . ??
vouncer sevident on leading is suggested by the fect that significant Instruc- o
tor varlance was fodilcated not only in terms of the measures obtalued by the . f
instructors during the pre-check flighta, but also during the check flighte {;3
administered by the flight sxaminsr Certainly 1%t can bs saild without equiv-" *;E,
ocation that more varisnce in tule investigation was attributable to Instruc- e

tors than_to Methods -

Some evidence of varlance ettridutable to "Class™ was indiceted by
the analyses, flve Class variances bolipng aignificant, and 1t is possible e
that the weather factor msy have been at lesst in part reaponsible. The- e

data do not permlt unequivocal interpretation of the algnificant interac- . {'gg
ciona of Methods by Imstructors, and Mathade by Classesa. There 18 a augges~ - - é
tion, however, that the dperiliental procsdure wae employed somewhat more et
affectively by certein inatructors than by others, an implication which; ag

alshough not oul, of lire with expectaiicy, ig of some practical lmportance.
Towee sacondary findinge, however, sre of partcicular ipterest in connection 5
with the aevelopment and deelgn of future invesmtigations of this type- A

o

-
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APPENDII 1
SUMMARY OF EXPERIMENTAL PROCEDURESLT

Instructors of experimental studemtis will make i1t a point during
sarly stoges of training, when the inatructor mekes the actual take-off
and landing, to be certain that one-half of the landings are power ap-
prosches to the field; the other half ghall be the normal powsr-off glide
npmmh.

During the indootrination, prior to the initiation of take-off and
landing, students shall be trained in alow flying at altitudes sufficient
to perform atalls safely; thut ia, well atove 1500 feet. This procedure
involves the gradual retardaticon of the throttle {n straight and level
fiying requiring an increasing smount of slevator pressure to maintain
altitude. Rsduction of throttle then ashall be carried out progressively,
culminating in the actual stall. The gredual reduction in power should
davelop awareness of changee in "fsel" of the controls arnd difference in
rosponse of the alrplane to control movemsnt. Btretohing out the approach
to the stall in this fashion will give the atudsnt a longer interval than
is now eavallebio to develop ewarenzas of changes in "feel."

The firet two houra of landing practice shall consist entirely of
pover-approach jandinge. On every third power-approach landing, the in-
structor shall lmmedistely opan the throttle in such a manner that the
student ahall get the plane into the air off the runway and he requisud to
hold the plene in the air off the runway. During this time the instructor
vill vary the throttle in such a way that the etudent will have to compen-
psate for tlw changos in power by mdequate use of slsvatars. The instructor
must make certain that thie practice shall bs terminated and full power
applied in tims for a sefe take-off with adsquate altitnde to clear any
obetacles 1& [Tha 5000 foot runwvay at the Municipal field and the excsl-
isnt cooperation which we have with the coptrol tower will make posalible
the exscution of puch an experiment. As soun as the turf is in condition
for use by light plmnes, euch practice will be carrisd on over the turf,
ad Jecent to, rmther then over “he ruowey )

The pilot » inatrumant pensl ehall be a0 arvanged that at the initia-
tlon of the lacding epproach the instructor ghell caver ull instruments
excapt the tachameter and the oll tamparatura and preeswe gaugee. The
remainder of ths ellotted time in Stago A, for tedge-off and landing prec-
tices, aball ccrsist of the nommal 90° and 1809 eppraaches in a power-off
#lide.

As socn es the student hae zcloed he then enters Svwage B of his fllght
training. Ons hour of ths two bours of duml time allowed in the approved

Tmmse appendilz is an excerpt {rom ths original dsslgn of the experi-
ment, sultmitteld for the staff of the Inatitute of Aviatiun Peychology by
Robert Y. Welker, Directcr, Cctober 23, 19kh.

181t should be noted that en actusl landing wes not made.



curricula for precision Janding practice shall consaist of power approsch
practice.

Power approacl’i&s or ﬂlo'i_i_‘_lying with the instruments covered shall
be performed ONLY UKDER DUAL FLICET and in no case shmll be porformed

during sclo flight. .

After campietion of geventeen houra of instruction (including check
flights), the trailning of both experimental and contrel studsnte shall be
identical. )
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APPENDLL 2

CUT-OFF POINTS POR OSF1 ARD PHOTOGRAPHIC RECCRD
DATA SHEET .TTEMS

Ohic State Flight Inventory

Ium

Mrecrton duwriag approach was constent
n1 varied. '

Wing level during approach wes con-
atant or varied.

Direction during roll was constant
or varled -

Wing level during roll was constant
or varied.

Did or did not etall.

Stalled smoothly or abruptly in those
cagses in which stall took place.
R 1

Spesd constart or waried.

Did or 4id not correct for drift when
1t occurred. .

Did or did not level off at the
appropriate height.

Beight above ground at stall correct
or incorrect.

Made correct or incorrect clsarance
tuth

Observer 41id not or did assist In
the landing.

Did or 4id not land in spot.
Did or 4id not make a guod landing

in terms of the sequence of points
contacting the ground.

Cut-off

Constant = variation of 5% or leas;
Varied = wvarlation greater than 57.

Copatant = wvariation of 5° or less;
Varied » variation greater than 59.

Constant = variation of 5° or less;
Varied = varistion greater than 5°.

Constent = variation of 5° or less;
Varied = variation greater than 5°.

Judgment mades by flight examiner. .

Judgment made by flight examinsr.

Conatant = variation of 5 m.p.h. ar less;
Varied : variation greater than 5 m.p.h.

Judgment made by flight eminor:
mt'mde by flight examiner.
Judgmsnut mada by flight omimr.-.l _
Judgment mmde by flight examiner.
Judgment made by flight amimr-,'

Juﬁgmnf. made by fiight examiner, .

QGood = right and left wheels and tail
made simultanscous contact with ground;
or tail mads contact first, end right
and left wheels contacted the ground
simdtaneously. Bad = other types of
landing.

7
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cronosrapaty Beuoads

. Item - o
Wings were held Jlevel or it Lawe ]

5-10 seconds vafors cvontash. r

Wings were beld javel or not Lovel
0~5 geconds pefore wontact

ings were held lavel ov nob Towe)
at the woment of 1s0iing -

] Tt

-

Turn indicator reading was patisfactory
. or unseatiefactory 5.10 paconda bafors
contact. . » . Lo

furn indicator reading was astisfactory
or unsatisfactory 0-5 peconds vefore
contact. - e

w ¥

B “-f‘-'ni-'.r': ¢ - I TR
murn indicator reading vaesé watlisfectory
or unsatisfactory at the moment of
1endsng.ic-w v oo Lt o

Purn: ipldcator roading -vas. aatisfectory

or unsatisfactory 0-10 seconds aftsr

‘contact.
ChL R

. pid or did not beve the stick full
back at-:iLhe moswht of 1anding. -+

pld or aid not have the ptick full
back 0+10 wecoifls. after contact. I ¢

-gllﬁ'_'uff

fawne - Cevienion oo artificiasl borizaon
srog porizontas of 50 or less; Bot
leval - deviatlon ob artifictal horiron
vpom novizontal greater than 5%.
level = deviatian on prtificial horizon
fram hurizontal of £0 or less; Not
iaval - deviatlon on artificial horizon
¢ om horizontel greater than 59, -

Leval = devimiticen on artificlal horizon
fran porizontal of 50 gor lesa; Bot - .
1eval = deviation on artificial beoriwon
from horizontal greater tham 59,
agtisfectory - Lo twrn right or left
greater thao njegree O"1Y on turn indicator
tpsatisfactory = twm right or deft .
grester than "degree o™ on turn 1ndicator. .

Satisfactory! T NO WD right or deft -
greater then "degres o" on turn ipdicator;”
lTnestisfactory = turu right or lefd: -
grester iisn "degree 0" on turn indicator:

[ S - x

Gatiafsciory = no tam rignt or left

greater thau-"degres o" on twrn indicater;
Theatisfectory: @ WR right or deft
greater than "qegree, O™ OD- AL ingicator. .

Satipfactory:s 0o &LUrR right or-Jefs: .

tar than “degree 0" on turn indicator;
lnsatisfactory = turn right or left L
greator than "degres o" on turn indfgator.

Baasd on control indicator readings.
3 ’ 3 ',? Lia 3 T, - gﬁrj‘}

Baged on control inﬂlcat.orl’ readings.

.
I : !
1 el pepus
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e Wy 1htions of *degrod O were' defined es excursions of the turn 15 tator
“fothter Loe then one-balf Gf the width of thie pointer. : e
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o ' " Photogrephic
Itea

Change in angle of attack was smocoth
or irregular %5-10 seconds befors
cantact ,

Change in angle of atteck was amooth = Read from u.nglo-or-i.ttlok indicator.
or irregular 0—5 seconds bafore )
) contact.

$m¥m, g '{,_‘ o

o

Ball bank reeding was satisfactory or  Satisfactory = excursion of bell one o

unsatisfactory at mament of landing. wnit or less fram center; 20 Unsatis- A
o factory = excursion of ball g:u‘t.ar T o
than one unit from oshter. " “’;i

s

>

VR i

“F

£

Ii‘r.iﬁf‘-

8
Yk

. @%yoursion in vhich not more than one-half of the ball was outside the -3
centrel markera or "lubber-lines" of the instrumsnt. -
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Those followed by an esterisk (*)’
The photographic records of pe

| SEQUENCE OF MANEUVERS IN THE CHRCK FLIGEIS

g
e

-The "x" indicates the several menouvers ﬂh.ighm

Shallow Ba around Pylon
Normal Power-off Stall
Hormal Power-off Stall
Straight Glide
- 90° 1. gliding Purn

Straight and level

Taxi
Take-of f-
Yorwvard Blip
Landing ‘
. landing
Explanation:
on the respeotive check flights.
during Mensuvers 12, 13, and 1k were not .employed in the .

that a camera record will be taken.
in thie report.
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