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Room 3895, Commerce Building 
Washington 25, n; c. 

Dear Dr; Br1mhelJ, 

Attached ie a report entitled A Studz or Ind1Y1dJpJ Diffar­
epoea Among Flight Instrp.otor, 1p 11s.1<1ne Spot 1:ernUnu 1IY R. 1. 
Walker, s. V, Bennett, and· E, S, Ewert. This report is subliitted 
by the Committee on Selection.and Training of Aircraft Pilots with 
the reoomnendation that it be incl_uded in the series of Technical 
Reports issued by the Division of Research, Civil Aeronautica 
Adminietration, 

The study described in this report wsa in a large 11anae the 
outo011B or ;your interest in the data pointing to consistent dif,ar­
enoes among transport pilots with respect to the portion of the 
rumrB.7 ll8ed in landing a plane reported .in a study by the Technical 
Development Section, Civil Aeronautics .-Administration. While the 
present study of individual differences among experienced pilota 
in the ezeoution ot "spot• landings is preliminary in character, 
it nevertheless indicates an. area of investigation which·oan pro­
duce extremelYpraotical and useful.results in relation to the de­
tel'lllination of Ilight eXBmination standards by the Civil Aero12&utioa 
Administration, 

IISV:rm 

Cordially :,ours, 

1Mlr~ 
Morris S, Viteles, Chairman I 
Committee on S~leotion and 
Training of Aircraft Pilots 
National Research Council 
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EDITORIAL FORl'IJORD 

Every day obai,nation ~ give ri•• to th• ~iet tbat there are wide 
difference■ among - •ldlled pilots 1n the perto~ of uneuTen N-- • 
quired tor the oertifioation ot pilote. l!'.xperillmtal nid- to t.hu' et• 
teat appears 1n a mmber or atudiu oonduotad by tJ:le Coaittee on Seleo­
tion and Training of Aircraft Pilota.l Further 1nd1cat10ZUI to tb1a etteot 
are round 1n an 1.nveatigation conduoted by the Teohnioal Dffeloi-,ent s­
tion, Civil Aeronautioa 4dmin1atration, which prortd• data pointing to 
co1U118tent d1tfereacee 8110ng transport pilots 111th rNpect to th• portiol:t 
or the l'UD11a7 used 1n landing a plane,2 . 

Such observation■ are at the background bt the uperim,911t deaoribed 
1n the attached report involving a study of 1nd1Y1dual d1fterenou among 
experienced pilots in making precieion or "spot" landings under a ftriety 
or conditions. It 1a believed that the ruults from IIUOh uperillent. 
can have inportant practical imp11oat1ona 1n detenn1n1ng the ooad1UoDII 
which should be imposed 1n formulating standard■ for the perf'orunoe ot 
lllllll8UVers in the flight '1Xftm1nation. 

The uperiAent -• exploratory 1n character and inYolved only a r­
aubjeota. For this reason alone the results and the conolua1ona atatad 
in the report 11U11t be newed aa tentative in obaracter. In addition, the 
exp,,rilllental fiighta were made 1n a plane which was aomnhat beaner tbllll 
those to which the pilots (flight instructors with ■ore than one tbou■and 
hours or in11truct1onal experience) were acou11tomed. Th111 inores.11• in 
waight reaulted from the faot that.the criterion plane included aper1• 
mental apparatus not found 1n the plane11 in which the pilots were girtng 

1v1te1ee, MG So, and Thompson, Al;\ s<i Tho ue, or ,tandard fifehts and 
motion phptggraphy in the nnnJ vais of airorart Pilot PHfonwnot, Waabing­
ton, D. C. 1 CAA Dinsion ot Reeearoh, Report No. 15, J.lay 1943, 

Vitelaa, M. S., and Thomp~on, A,_ So Ap IPO]Ylil g[ phgtggmph19 rap• 
ordt of airgraf;t pilot p&rfonnange. l'la11hington, Do Col CAA D1vi11ion or 
Jte11earahff Report.Ro. 31, July 1944. 

Viteles, M. S,, and Baok11trom, O,, Jr, An @M]yaia of graphig rao­
PIPI or Pilot Pltformanoa obt.oinad bY JP@IPI of the R:::S Rid.a Raoordor, Part 
1, \'la11hington, D. C, 1 CAA Division of Research, Report No. 23, November 
1943. 

Backstrom, o., Jr., and Vitelea, II. s. AA analpis 91' immb19 rao­
orda or nllot aorformanca pbt.&fnad bv means of the R-S Ride Recorder, rvt 
ll■ Wuhington, D. c., CAA Din11ion of Reaearcll, Report No,· 55, Januaey 
19460 • 

Mol"arland, R. A., a.'l.d Holwa7, A. FI. The maaeµreg1Qt of fiigh!) rer­
formagop ip rplat1on to piloting.. Progree11 report in the tiles of the 
Committee., llarob 1942. 

216:>reep Ao Lo The correlation of tircra.ft t,ake:ofi and l!Dd1or rber­
agtarlst-iqs with airport eiZe, Washington, D. Cos U. S. Department or 
Co11211erce, CiVil Aeronautics Admin111tre.tion. Technioal. Onlllopment Report 
Ko, 40, April 1944. 
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in11truction from day to day. It is difficult to evaluate the lWtetioDII 
placed upon the findings and oonoluaione from the use of th111 beaner plane. 
It should be noted that t.he 1181111 plane wu used in the IIOIIPBl'ison of two 

• ' 11ata of oondition11 identified u •trick" and "1'o Trick,• under tmioh pre-. 
ciBion landinga were •de. NGVertbeleee, it may be that, in view ot tba 
cl:lange in flight charaotarilltic11 associatad with overloading, the reeulta 
obtained may retlsot individual difterencaa among inatru.ctol'II 1n qw.okl7 
adapting to the overloaded plane 1111 well 1111 difterenoea inherent in tba' 
perfo1'111Bllo8 of a precillion or "spot" landing • 

. In Spite of such 111111tetiona it 18 ot 1nt111'88t to obelll'YII that ittatia• 
ticall,y 111(1l11tioant individual differenoee appeared in the accuracy with 
which preoillion landings Wlll'il executed Ullder the 1110r,e raetrictad est of 
oor:iditioDII ("Ro tricka") while aignifioant in4;Lv1dual diffar111cae in ac­
curacy did not occur undar the less .reatricta.:I conditions ("Trim•) and 
that the- 1Do1denca of overshooting and UDdershooting waa lllal"kedl.7 greater 
during the landings uacuted under the fol'lllar conditions. While llllOh ob­
B8l'ftti•:me cannot be accepted aa r1na.1, th97 are nnarthalass of interest 
1n relation to the rastriotion• actually imposed bJ' the Civil Aeronautic• 
AdmSniatnation 1n defining s.tandards for "spot" landings and 1n pointing 
to the deairabllity or further inves·iigationa in_ this and related araaa. 

l'be 11tud7 waa dHigned by the staff of the Institute of Aviation Par­
obolo1J7, Univlll'llity of TenneSBee, Knaxvilla, Tennessee, in cooperation 
with the staff of the Chai.man, National Reaearoh Council COBlllittea on 
Selaation and Training of Aircraft Pllot1, with the u•istanaa of Dr. P • 
J. Rulon, Hana.rd Omversity, a member of the Executive Subaomiittee • 
The field work wa.a oarried on at the In■titute of Aviation Payaholo17, 
lciversity ot Tenneaaee, under the diraation of R, Y, Walker, The atatia­
tioal anal.711ii11 wa.• made by the staff of the Committae•s Stati•tioal Unit, 
Univlll'llity of Roo~ter, under the direction of s. Wapner, 
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Precision, or • spot" landings, are generally considered to be an 
importapt item of the flight testo An investigation of individual dU­
ferences BIIIOJW experienced pilots in the e:r:eoution or precision 1-nd­
ings oan have important implications in assessing the conditions and 
restrictions imposed upon the pilot in this part of the flight test, 

The present study, ·utilizing on4" five pilots, represents a prelia­
inar:y investigation or individual differences among skilled pilots in 
aak1ng •spot" landings. A series or four experimental fiights, consist­
ing of take-offl'l and precision landings, were made by five experienced 
flight instructors in a specially equipped Piper Cub J-3 p~. ·BIi.oh 
subject made two series of flighte1 the first series 111fithout Tricks," 
during which slipping, "mushing" or other 1118thods or altering the glid­
ing angle of the plane were not allowedJ and the 11&COnd aeries with 
"Tricks Allowed,• during which any prooeckre to increue the acouraq 
of the landing, within the limits or safe flying, ns .allowed except the 
1188 of additional throttle, The "Tricks·Allowed" condition resembles· 
the eitue.tion under whieh precision landings are exeouted in the present 
private flight tests in that intentional slip11 were permitted. 

During these experimental flighta data were gathered on a number of 
11Baaures &Bsociated with flight proficiency, A =ber of these measures, • 
in partioular those obtained from the Ohio State Flight Inventory and 
from 110tion photographs taken of a concealed instrument panel, were rela­
tively objective in neture. •rhe data were analyzed by analysis of vv1-
ance procedures. • 

. " 
The mat important practical i111Plice.tione of this etlldy are BUlllll&-

rized as follows, 

1, The results caet doubt upon the advisability of the restriotiona 
against intentional slip1•ir..g ·cJ.,,,-~,,g precision landings which 
have been in force until recently in the private pilot's flight 
e:m:mination, since under the •No Tricks" condition skilled pi­
lots proved both extremely variable and inaccurate in their 
exeoution or this maneuver. Under the condition or "Tricks 
Allowed" marked decrease in variability or performance and an 
increase in accuracy of the landings .were evident, 

In spite of the emphasis on maintaining the •normal glide" under 
the "No Tricksn condition signifi~illl.t individual differences 
among· instructors were evident in the tarms of Range of A ;l.rspeed 
during the approach glid<1. Significwt· differen~es among in­
structors .were also evident in terma of variability of lean A1(­
speed during the approach gli-ie ove·r the four flights. This 
indicates that the nnormal" gliding speed varied signifi08lltly 
more from flight to flight in the case of oertain instructors 
tbsn in the caee of others. 

! • 
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While this experiment oannot be considered definitive, the :re■ulta 
indioa.te the deairabillt7 of .f\Jrther and more ela~rate .investigation ot 
1nd1vidval ditterencee 111. the i::ertormanae ot pilots. '!'he renlta ot noh 
inreatigatiOD■ would have important praot1aal implications in reference 
to the realistic nature ot apecif'ic llight teat raquirementa .. 

• 
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A STUDY OF IJfDI'llDllAL Dlff'EIIIJICES dlllG .rLIQlll' 
_ IJISTRUCTORS lJl IAIIJG SPOT LAJIDIJIJS 

INTROu,JCTIOJI 

Precision, or "spot" landings, !!.re an illportant part of the night 
evm1nat.ion, The app_Ucant fo~ thA flig'lt instructor's rating is re-

• quired to land the plane wL" , - l. "iec. area 200 feet square, or IIOl'e 
frequently within a spdl:ifie..' 8ecti., •. of the rtm'llll.Y 200 feet in length, 
For the private pilo"i.'11 license the ;!.anding must be 11&de within an area 
300 feet equare. Until recently- the pilot was required to maintain a con­
stant and proper gliding speed throughout the approach anC::. wa11 not allowed 
to slip the plane intentionally in order to increa1111 the accuracy- of his 
lending. Recently-, however, 1n the case of the priV11te pilot fiight test 
the restrictions have been eased and intentional slipping of the plane ill 
e.llowed.l • 

Strictly- interpreted, CAA regu1atione require that a pilot who fails 
l1Dil' maneuver in the flight test b~ given a failing grade for the test as 
a whole, irrespective o~ the excellence of his pe'rformance in other lll&Jleu­
vers, In many cases this limitst'I.C'n hae been most rigidly applied to pra­
cision landings, Becauee of this f,1.et, l'11ld because of the rather stringent 
requirements which hav11 been sl!t up for this maneuver, it might ba expeot"l 
that the perfcrrnancas of skilled and expa.rienced pilots in executing preci­
sion landings woulrl hava becoml! etandardizad. For these reasons a study. of 
individual differences in perf01.-n,1ill;;o .,_:,mng s\cH led pilots in the execution 
of precision landings is of oonsidocable import,uice, • 

The preser,t study, utilizing only 1:lve pilots, represents a prsl1m1n~ 
ary investig!ltion o:f individutl dil'f,,rencea !lmong experienced pilots 1n 
executing precision landings under two con1itionei (1) in which slipping, 
•111Uehing" or othar methods <.f .,,1t.0:,;,i<1.; the !!liding angle 1n order to in• 
crease the !lCOl.ll"acy ,of the l.sr,ding ~,,,,., ·\~t allowed, e.nd (2) in which no 
such restrictions were impoee<l. ,cixc ,; pt cue ~·eq_;d.r&msnts that a three-point 
full stall llUldl:ng be mnde at or Lsyond the deeignated po'l.nt, that the use 
of throttle be pTohibited, and that the limits of safe 11.y-ing should not 

• ba exceeded, The second sat of con:iitiona, outlb:oo. above, resembles the 
restrictions Ullder -.rhl.ch pr aciuion J.,rn:J.ings e.re executed in the present 
private night tef\te in tho.t inhntlon'.11 alJ.ps W8l'a permitted.. • 

, 
I":. is recognized th1tt <.:el'in.U.l"Vo c-:wclua:l.01111 cannot be drawn solel:7 

on the basi, of th0 det&rm:tnatfon of iudbr.l,11,3.l difforsncQs exhibited .in 
terms of the maveral crit,.i'ioi; E·".:-.ff,:r'ls: It i:i:!.gnificant differenoes be,. 
tween pilote aI"e not fo11nd, ,l,:~ •,o tnq c,.,S:ll nUl!lber of cae1es in the pres­
ent study- i"t CA.nnct b,r, C<'tlcluJm:l r,h,,·c. m,ch .ind1itid~.l differences of 

½hese re·~trloi.'.oua ,.,ui-(, l" £',,i c~. ,,,; 1,t!..J ·:.111 .. thi!l ezperim;,nt ns 
deej_gned., 
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neceseity 1IOUl.d not have been eignificant had the nt1111ber of. ca11e1 been 
larger. Furthermore, if 1:l.gnificant differences a.re found the neoeee1ty 
of establlehillg D01'1118 remains. Beverthelesa, the investigation of 1Dd1-
v1dtlal differenoes U!Ong the pilots serving as subjects in this expe1'1111!1nt 
is a necessary btll!liB from which aubsequent procedures and reoOlllllllltldatioml 
can develop. ' 

PROBLEll 

' . The nature of the problem to be examined 1n this exper1.i111mt 1Illl:(J' bit 
stated in the tors of the following null hypothesis, vi11.1 

There are no significant differences in performance of spot lBDd:1:np 
8IIIODg experienoed pilots in terms of criterion -.urea desiped to 
reveal aeeurac;y of ll!Ilding, ·vertical acceleration developed dur:1:ag 

.lsnd:ll'l&, angle of attaok at time "f contact. with ground, 1111gnitude 
and oolllltanay of airspeed, and certain qualitative .upeota ot per-
formance, • 

Data ptbered under the "Without Triok.e" imd the "11th Triok.e" ■itva• 
tion■ were naluated separately in term.a of this hypothesia. 

SUBJ!ID'l'S 

The eubjeats in this investigation were tbs tiTit regular tllght in­
strt10tora lllllployed at the Inatitute of Aviation Ps;ychologJ', University of. 
Tennessee, Xnoz:ville, Tennessee. These aen all held flight instructor 
ratings, and "" all experienced fi:1.ght instruiitors, each subject haY1ng 
logged in excess or 1000 boura inetructional time. 

PLANES 

All flights were aonduoted in one airplane, a Piper J•J Cub, powered 
by a Contin.e11tal 65 horsepower motor. Although the recent inetrootional • 
experience ot the subjeots bed been in J-J Cuba, the plane need in. the 
experiment wu s011ffhat heavier than the J-) Cuba tm.subJecta bed been 
used to fiJing because of the iDCluaion in tbs plane or certain criterion 
apparatu (described below) uaed in collection of data for this stud7. 
The inclusion of this apparatus did not alter the oenter 'ot gn.vitJ' of the 
plane• boweTitr. 

CRIURIOII !'OBIIS AID APPARATUS 
. . ' 

. Oblo state Flight Ipyentoq. The pertormenc. ot the pilot ~bjeots 
wu recol'ded by the oheck pilot on the ebefJta tor •Gliding Turn" and 

- i' t • ' 
) -~--



"I,and1ng• t.akllD troa the Ohio state Plipt Ilrrntor,.2 "8• -'Pl)elld1x , .• ) 

. Ytrt!rrJ tootlmrW• .& Vertioal lccelero•ter .. , .-rted in the 
front inatrlmllDt pa119l ot the plane. '?h111 inll'truant ftll uaad- to deter­
·a1ne the wdm yertical aoceleratiou ruul.ting troll contact nth the 
grotmd 01' J11nd111g, thua turni11hing a aeasure ot the AOOtbneu ot the 
landing. 

Phgtographio !Jpit. The Photographic Unit, which 1'1111 IK>UDted behind 
the rear .seat ot the plane consisted or a ooncealed instrument panel, and 
a motion-picture camera by .ans ot '!h!ch photographic record• ot the. in­
atrmaant II in the panel were taken,3 The camera wa11 oontrolled (turned 
ott and on) by the check pilot, The following instruments were included 
in the panels 

l. Artificial horizon 

2, Ball-bank indicator 

). Rate of turn 

4o Tachometer 

5. Airspeed inu.icator 

6. Sen&itive altimeter 

7, Kolle.,an anglo-of...attack indicat~r (the external appsi•atus for 
this 1nst1:'Ullleilt was. 11.tt,phed to the right wing at the strut toct.J), 

8. Control indicator, in terme of whi~~ the poBition of throttl5, 
elavator, ru~dar; and ail9ron "'~e rep:rnsentoo on a lin11,u- [•:c:e, 

9. Sweap oooond clock ----------------~ ,..._ _ _,_..,, ___ _ 
~he Ohio State Flight Inve1~to:,:y is ccmposad of a series of chec'i:~ 

sheets 1n tel'!lls of wnich the perfor~.ance of a pil~t on given rnanauvera 
oan be rapidl7 and co11vaniently uc::or/100. by- the check pilot. See: Ed~ 
gerton, Harold A., end W!lllp~r • Robert Y. H1t"to;:v ,;.r.d d?J"lop;ant of th@ 
Ohio _state Fligbt l!!YJtntm:r~ Pr.:':;!;_!: ... r-~:Jy_~r ,lons •md be sic rl'!se~rch, 
Washington, D. C,:' CAA Div.tsion or c.0c,,%!U"ch, Report No. 47, Jul,y 1945. 
NRG Co!lllllttee on Selnction ,md Tr1.1in:t1,g of Aircraft Pilots, H:J,etocr 2nd 
daveloQment gLt~_Ohio _2}~1!-~]J.s'..,t_~JE.f>,t_c;r:r_,_J's..1. II: Recent vor1},1.o:n.c 
.IW.9.. c-grent applic,t!on;i. \';'£-_r,1,ir,gt,.,.,, D. G. z CAA Division of Research, 
Report No. 51, November 1945, 

%or d,Jtaile of the ptmto,ir-•,p'·,le inetallr;.tfon, see: Vitelss, Uor·rie 
s., and Thompson, Albc;111; s . .!'L>l!l'l.;.yeir. pf· ,:,hQ!&&r.i.Ehlt; racorde 9t' tl!:· 
..!!fl!f.t ~j,_12§:rfo"·~. l'/n ahiri::;t.,,,,, D. C. : CAA Division' of Resoarch, 
Rsport No, 31, Jul7 19/+4, 
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8WJnY •rker. A dauber wo.e attached to an arm, which was hinged to 
th!! landing gear of the plane, The !U'III wae retractable during te.:x11ng and 
while taking off', but could be loweHd during the approach to lending, The 
dauber, which wae oove,rs,i nth blue chalk, marked the point; on the J"ll?IWll1 
at which the plane landed. ' 

ADMINISTRATION OF EXPSRIMENtAL FLlGJn'S 

11d@f P1ft:ratiy9 Pmq,n&!lf• Experiillental nighte were administered by 
tw check pilote, who operat!ld the photographic unit end recorded the ra­
q>dred data on the Ohio State Flight Inventorr, The specU'ii: dutiee or 
the cheek pilote are outlined 1n Appendix 2, Two .field assistant• meas­
ured the distance bet:nen the point at which the plane landed1 as marked 
by the rmnray marker, and the deeign.'!.tad "spot,.. on the ~ 1n terms 
of' 'l!hicq, the accuracy 111.lldings were to be made, other e.dllinistn.tivo per• 
eonnel included a research aestgt~nt ~ho collected the data sheets, aerv­
ielld the camera, eta., end the men who serviced and Jllll1ntained the expe?"l• 
mental_plane. • 

Procedure. Check flights wgre adn:inietered only under wind velocity­
conditione or leee than 10 m1l9a per hour, and when le11s than 1~ of .crou­

.wind pren.iled, nor.ever, it the wi.'ld velocity na leH than 5 11.p,h. thia 
latter condition 111111 ignored, The eeries of "With Trieka" and "Without 
Tricke• landing•, respectively, ,ere e:ceauted on different days. The 
8lll1l8 administrative pro()edures,were followed in both part.1 of the experi­
ment. The experl11antal fiights conei!lted of take-ofta, followed by J.SOo 
reotengular approa.che11 to precielon landings, In both part.a of the ex­
periment each subject made om, pr11.ctic11 f'llght during which no criterion , 
1188.Slll'tle were taken i'ollOlf&d b,r a ser:1,ee of tour exp,rillle.atal fllcb.t• 
during which ill criterion IHIIIIUZ'ea trere taken.· The two oheclr. pilote., al_. 
nated on auoce11eive flights with each aubjeot, ·1ncJ.uding the praotice 
flight, The l!Ubjeot fin the pl~e :troa the front -t, the cheoll; pilot 
aitting 1n the rear seat. (The subjects were flight instructors who were 
used to f'13i,ng from the front seat.) • • 

1a imicated in the Dlreotiona to the Subject (see Appendix 3), the 
aubjeota were dir&eted, in executing the 180° rectal'l.gular approach, to 
clo•• the throttle dil"eatly oppoait.e the IJJ)Ot, at 800 feet altlt'Ude, They 

-were directed to mke a full etall, tbree•po1nt landing a.t, or aa oloee ae 
poeeible IMryond, the designated' "apot,•. 

Und-er the COildition of "No Tricks" the 11Ubjeot ne instrooted that 
thi, correct gliding speed was to bo maintained, '1lld that the on1,y adj'l1St-
1118nt he would be a.llowed to mke in order to alter M.s point ot la:nding 
was to •p1q the turn," i.e., to increase or dsorea11e t:ia rate of ·turn on 
the lest turn into the .field, other devioes auch as sllppinfh going be­
yond the ,rind line, "fishtailing,• "mushing" or diving weTe not a.llowed. . . 

"'rhe spot ooneiated or 11. 24•inch yellow stl'ip aoro111 the rumni,, 1 at 
right angles to the edges of the runwa;r, 600 feet from the downwind end. 



' ' 

Under the condition of ,. Trick.a· il1"...,d~ t,i,, -•ub! act "i1laJJ .l.:,et:sucte,il 
-:.hat with the exception of iae of add1tional throttle, he oould emplo,· 
any procedure he desired ( w1 thin _the 11m1 ta of safe fiying) to increase 
the aoourac7 of hie ~anding., 

CRITEIUOR t.lEASURES 

The following criterion measures were obtained f'ro11. the aneral 1n• 
sti:W11ents and criterion forlllll, 

1. The "distance...fr.2!!!. the designated "epot" at which a tull•stall 
three-point landing we.s made. Distances measured (1n· feet) on 
the far side of the designated spot were recorded as positive 
qw1.ntitiee. Oietances on the pear side (i,e., 1t' the pilo_t 
landed r short") were recordoo. aa negative quantities. 

I 

2, ru_matiDIUlll V_!!rtic§d_ !i~celera,tiop (in G's) developed during 
the landing" 

3. !!:!&le of _a.tte,cjs at tin1:i of contact w1 th the ground. Thie ;yielded 
a meas"<tre of +,he degrc-~ • to 'llhich the pla,ne wue f'ul.17 stalled at 
:.anding, 

4. Hs.nge. of a:trsneed durin;; that part of the approach beginning at 
the completion of tbe recovery fr':lrn the turn into the crosswind 
leg, anu ~nd1.ng at an e1tl.tude of 100 feet above the ground, 
Range wus defined as t\,e, diffm,encc bPtwoen maximtJlll and minimum 
air ~peeci roe.cl ~l'f,S nDrinis th:i.9 pe,· iocl_. cu, detei·mined from the 
photo6rr.ph1c 'l'ecorc:so 'J.:1L3 variable represented a measure of 
the pilo ,. 0 e at•il.l. ty t0 1,t>.l n·ca1n ~- com,ta;, t airspeed during the 
approoch~ O1i,;, of t'·1J ~·oq;J.1,.",ry:nen-!--,& .f0l" tbP. ingt......-uctor 0 s rating,. 

5" A..Y.'l!:fil'!l...~ll'~J?.Q.".,.q dm-J.:i,; : , , a~ r c'l' l o i° ·;210 approach defined ln !, 
abov,a, Ti:-c,p !!lsi:::;ure Me ,-,h~ai;-ec! fr~:, ,_•eadings of tl,e photo· 
grap}r\ '-!' J. .. s-c ff•5..c, "Lrd,::m; at twv Hocc1nd i.utot"Vals v and indi eated 
l'lhath::it o;:o mt t.L,· r,J.lc't- • e, gl i.01 ng ,sp,e"d v•e.B optimal . 

6.. J;he Oh:l.n S__:s. t.e_ f'.ll._p;l,t_ 11• ,•,x,'~9E:.- m;,~;,10.t12n s.::•Jrll, represented b,Y 
the su1u;ue.tJ .. o,1 c" th- He~: ,--aight-~ a::'. l.tema me.rked by the oliec~ 
pj lo ts .·,,1 + \1e C,'.,F'c c-,haeta J'c,;· '' :.:. J.c lr,:c Turns• and "L..~ndings, n, 

~ 

A "'(':\,•~~cn~r1:1 ?ll'""ht. Jt1 1 ·~~t'U'Jl''/ tiltfl~ri!iLiotl. score, in whioh iterna 
~ --~-·- .,.__~~-- . "-"·"""' ~ - ,., ..... ~ -,~- ---~ ·-- -~~ -- --~~---
dealir:f wl t.'1 r.i-\.;.,e • .., .. 8j,l ·\r, C.f)'f) J fJ'O','flC1 in tte· l!Ullllnationo 
,~oro ~,,.s .: .. rid ··, ,. '\:lo;;; c•·,-· L,:., .'c:.::\ ;,1,.,,-~ 1r. tbe se,;,ond half 
lh':1 ·1A1)Er.l_w .!1-;-, l•;t.c-n.tl-.:,:P.1 :-,J11Jp11.tt; V-•1.B P..llowocl..., 

J .') t~rir.~ (") e 

This 
of 

1n-:1ertor:r if1 .,)-1,.J;i 

e.DC~ :1e .ln.1,ir,-,"l_~ ~d, 

b7 t.he -' c:·.· 

-:.,1,1.:r.~ ~1,:).'_,·.,.~, s/:._:_1":,~7: Yit:J h J.t£m. in t,h0 Ohlo St.ate Flight 
a ,,_1 _1_ t. ,,7A:./'\°t-; ..i w::~ ·.F):·, oi' --J ~-f ~n error in perform"' 
fl. 7,L-.; .,r.t •Y~ -'tr. ~-; ~~,-'.,.:L ::cit tory pBrf'orma...nc~ ie indicated 
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$0 [ill_~r-14J ,'.Q'.o.de fo,:- tr.c CC1lJ••le t~~1vtlr, 1·ep1·c,.; ~·1ting the 
cheok pilot' e t>:eni:traJ. ev".'t.un~,1or. of thE> subJ ec •·•a perfol"lllance 
in tc:rms of the stand;;rc!s uf pe,:forms.nce fo1: U••· instructor 'e 
rating whi.ch Uf•pl;ed. 

9. The degrge of slip @.pd 11kj,d in turnp, 1rnd dui-ati,,n of elip11 or 
ekidso This item repi•ec•m•.ed pri?mrily a. ,cod,rol variable to 
detel'llline whether or not, the 8l'.b,1 ect glipped markedly during 
the turn into the iielcl in 01·der to. lol!'e altitude rapidly, 
thereby correcting for u'le"'Eh~o-';ii,g .. 

10, Tim! to ggmplete final turn into field, 'rhia value ,ras ob-
• tained 1u the course of 'detBI'lllining the pm-oenta&e of the 
final turn during which slipe occurred, &nd was included as 
a criterion variahle· onll because of the insight it might fur­
nish in r"gard to in<lividual differences in performance, • 

Dat4 collected under the "No ·:'·ricks" ana nrricke Allowed" con1-
tione were treated separately by Bn a::alysis of varfonce technique" 
The scores of subjects on all of the ,--ri terion measures are given in 
Appendices 5 and 6, for the "Tricks" and "Ne Tricks" parts of the ex­
periment, respectively, The indiv:Ldual lil.eane and stand.ard deviations. 
of the crite,;-ion me&8ures for aach subject are included in Appendix 7, 
In Table l Bl'B presented the moan sooros in terrua of each criterion 
meuure, and the range of ench criteri~n score aa determined from the 
pooled data from all sutjeots, 

Oomparabilitz of Inetructgra jn Torlll.!I of Variability cf P,rfoi-m~ 
!S!IJ!• The "L" teat? 11,u, ueed ae a meaoUl'e of the homoge,iaity cf va:d-
11nce, i.e., -to determine if the vnrlabillty of performance en the four 
landJ.ngs was ,;,onetant from 1111bjeot to vubJect, or varied from subject 
to aubJeot more than oould be attrib'..ii,ed to chance, The reeul ts of' 
-:;he "L• test are sUIDl!W.ri zec in the. f·irst ·and third ool\111Ils of figuree 
in Tabla 2. 

It will be noted that if o value for "L" of ,491 or lees is ob-
1.ained the hypothesia of comparable var:labili ty (hcllicgen11 ty of var1· 

6The par:t.iaular 1111&].y11is of variamie proced~ea used in this in­
vestigation nre derived by Dr, l>. J. Rulon, narvard Uoivin-sity, a mem­
ber of the Executive Subcommittee of the Committee on Selection l!IIld 
Training of Airoraft Pilots, 'this derivation is presented as Appendix 
4 to this report. 

7see J.ppend1x 4, See al1101 Jackaon, R. W, B., A»t>licatione of 
anal.Tei• of 'ftrlance ll!ld ocmiriance to educational and payoholog-;.oe3: 
refflll'Ch, Toronto Edua.1J.9a..!Yll.!!J.!l..!~~ 19/,0, P• l.0.3, 
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MEANS AND RANGES m· CRITERION MEASURES 

N 2 l'l: ~ !!!sll Iti!IS! 

Criterion ~ 
. 
~ ! Riv, 

Distance from spot "'107,8'• 
. 

-258' to 441' +7.l* -249 1 to 155 1 

Number of G's 2,07 1,6 • 2.8 1,98 1.4 u 3,0 
Angle of attack 28.3 * 25~~ - 29,5 l?o21> 13,5 - 22,0 
Variability in al.repaed 

(m.p,h ; 8,5 5 • 16 11,4 5.0 • 18.0 
Mean airspeed (m.p,h) 62.4 58.0 ~ 64,1 61.6 57,9 • 67,1 
OOFJ uncorrected B~or~ }3 2 -3 - 26 14,2 -1 to 24 
OSFI correet&d score 10,4 -2 • 19 12.9 6 to 19 
Over-all grade 75~0 60 •. 100 83,3 60 - 95 
Secondo to complete turn 18,6 11 - 22 20,4 10 • 32 
Per cent of slipping 

(any dtigree) 60 JS 100 71 14 100 

*The actual means of the measurements of "Distance froa Spot" IIJld 
"Angle of Attack" under the two experimental situations are not directl.J' 
oomparnble since the adjustments of the angle-of-attack indicator and the 
J'UJIW81' 1111rker were not the Bllllle under the two conditions { see page 12 ff.) • 

SIGNUlC.sJJ,~f, OF HlllIVIDU!,L IJ.IFrT.RENCES AM:lNU 
1 Nfl'ii·:UG Tl)i,S :t1' 1'' 'i.h;I>'i, Sc1:'1' LAHDl!IGS 

Criteri.?Jl 

Distance from i,;x, t 
Number of G ' s 
Angle of attE.'lk 
Range of e..lr~;,e~.'. 
Mean "·' :::·:,peed 
OSF1 uncorrac tti11 neure 
OSf~ corrected ~c0r~ 
Over··ali grfacb 
Saoond8 'to cowpl.9 t,<" 1.:uc· c. 

,.,J/,L·. 

.:o~ 
~ -·i1a6 
'" r. '.'.l ~ 
. ')6"; 
,724 
,.S.1.G 
.290 

)., ,)ti·• I', 
:, 5qet 

1'ricke AlloJed 

'.'.k_" T.est "F" Test 

,'Ill 
,451 
.972 
,697 
,727 
.917 
,885 
.596 
0960 

2,24 

2.55 
6032"* 
8.08"* 
2,36 
J.84* 
1.06 
2.25 

•f'I.DeiDota~ '

1 ./1: s:4:,-,~J.i l'i r:e; ,l. ~1 t: :: . .::1fae-::- +.h~n t.hi:'J '!.1· level of oonfiden,;.e .. 

1'Hi--4L 1at·:_1;A~ r:f loon ~\.tru1 ~•~-9.l L1~lcf.t,~ that variance ld thin pilots 
is not ~onatr.ni;., i, e,,r 1--;1;1-t. CU:t'f, .. ,, .. ,i)i,u:' (sti:>~iti,r~an'L at t,he 5% level of' 
conridence) ... -,:;:'• :->,t-r.E•';, i",·:..,_,:,i\.,~ J·.., !'.. ·:-: . .:"' r,f f"'n:i:-J.8.0i1. 1.ty of porforme.nc~ .. 
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considered t::, be 5 or lea~ ,fr,.•usc.-~ '.n :i.,i0 ;;:,,,,·. -""" 11J'fe1·er,ces ii1 vari­
ability, er coru,ietency of f1,;-cf,,1·,0E<:--C<'. ,,mon1s tho five in:,tructore -'IN 
!l.ttributable to chanc,;.. ls.QlltiDAtic:, of Te.ble ?. indicatee that under the 
condition of "No l'rickn" v~JnG~ of larn U,e..n .491 Si'll on-\..&.1.ned for (J \ 
D11~oe . from Spot, (2) 1 A,•e,rliC" fJJ'spo~d, llild (3) Over•all Gratis, UD!Ser 
one condition of "Tricks Allo.,,0d" & v~.lm, of: lesa 1Jw .• 491 ,rae ob':.ained 
for the variable "N1.u11bw of U' e '. H•rtina1. accelct'atic-u) produced by land• 
ing ..• 

It is of intQI'est that :tn terN ,:if the v~ioue criterion· meaeuree 
there was a greater incidence ::,f indiv-1d,1al differences in variability 
of performance under the i·E>Bt.,1ct..e condition of "No Tl'icke" than und111: 
•Trioks Allowed.• It is ,particularly not.iworthy that such iudivid·.al 
differences were evident in tormf of .he meaeure of accuracy of landing1 
probably the most criticf<l ,Jf th~ E<m~urea, ae ·111ell as in wma of- •Over~ 
llll Grade" which we.:s largely e_ f,•,;c+,j m of the· aecuracy of the landing, 
Under the unrestricted condi tbns., "?'r·irkll Allowed,• the only significant 
difference in variability wae in \.er11co of the number of. G 111 developed 
during the landing, Thie might ;,e ,w'.lollll.ted for by the different method!! 
used by the instructors on the varioui, trials to increase the accuracy of 
their landings. 

Eym1 natiop of IndiyiduaJ. L'iff.\lr..Wilft. in !lean Performance Between 
Sy.b.lecta. The "F" teat we.a used in deta-r!Jlin1ng the significance of in­
dividual differences in 11Pan perforrn.n.nc a, each cri 'terion measure being 
treated separately,, 'fhe resu.l ta oi' the "?" test are presented in the 
eeeond and fourth oolWIUlE of fi,guro,il in Table 2 .. 8 EXllllliootion of thin 
t&ble indicates that under the •~.o 'I'ricks" condi tloo significant indivi­
dual differences among instructors -i,,.,-e· evident in terlllS of (l} Range of 
Airepeed, (2) Ohio State F"light lnv,m-;,ory 11ooree, arid (3) "Number of 
seconds required to complete the fii;,.a.i. turn,n 'tilth the er.ception of 
the Ohio State Flight Inventory i::orrected aoore the "F" statistic for 
the1e meaeuree 11u1 aignH'icant e.t leBB than the 1:£ level of confidence, 
indicating that auch individu&l differences as these could be expected 
to occur by chance in comparable aamples leee than 1% of the time, P'or 
the variable "OSFI oorrect!>d score• the "F" statistic was significant 
at the 5% levelo 

Bit 11111 be noted that the "F" statistic is not preeented for the 
variables •Distance from the Spot,• Yean Air11peed, and Over-all Grade 
under the •No Tricke" condition, and for "NW!lber of .G's" under the 
"Tr1cke -Allowed• condition, One of the B.Beumptiona on which uee of the 
"F" test 1■ predicated 18 homogem1 ty of var18llce. The 8 L0 teet, prev­
iouely applied, indicated _that for these criteria this assumption was 
not satisfied, i,e,, in terlll8 of these variables sigrdficant differences 
in variablli ty of performance among inetructor■ existed. Al though ren­
dering the u■e of the "F" teat invalid, the demonstration of significant 
difference• in variability represents a positive finding in itaalr, ae 
imioated nboft o ' 







part o!' the exparaent, the relativel;y iarge relll.aual varienc• for tlle 
Jlqsuri!t "lliat.anoe t'rc>m Spot" Ddght be aooounted for by appa:ratua error, 
However, it ahou.ld be DOted that the reaidual varu.noe •• alao arg!ll' 
f'or the variable •Over-all grade," wlli:oh no to gr<ll'\t, degree a i'unotion 
of the aocurao,- of the landing, and whio!l 1ftlB not ~ect«l b7 apparatue 
e-rror, the grade being aeaigned without k:lo1rle<lge of the objective deter~ 
min&tion of' tile acoUl"ac;r of tha l,md1.ng. • • 

. Xn aizy- event, a ls c .,, "'" .,,. t>: .,,, far as the pr1111ent eiq;ieri~ 
ment ie concermv.1 in no ca ,1 wae Z1<, • i;;:,: ual varience eignifioantly 
greater than the viu•ianca 1>tt.r;lbu-;able w pilote,, It is poiiaibla that 
were the ·nW11par of c:e.ses greater, the J<eai<iual. var1anoe, under the "Tricks. 
Allowed~ condition 1110\.J.~ prove aignifioantly greater than t.~o pilot vari, 
snee for the cri ti&!J. variables "!l1etcnce fro!L. Spotq a.nd "Over<>11ll grade.• 

§l!ppiM and SJs,\@l'\i' gllX':lng Fii".aj, 'l'>rn into Fi,.;.,d, Through anal;r­
s1e of the p!.otographic roeorde a study was madt'l or thn slipping and skid~ 
ding which oeourred tlttri!l8 th" exa,;uti"n of tha firuu turn into tb'l field 
bafore landing. l'he prima:r;r 1iurpose of. thia enal;,ah ne to dot.ermine if 
a marked degr!le of slipping oc,<;u<"r,;tl Ul'ld"r the nNo Tri~.ks" eoi:.dl tion u 
e. cheek on wheth,n- su.bjeet,a TJtif!ht ;.,;.ve 1wed thti, taQllniq'1e to lose alti­
tude ir,tentionally, 10 

Anlil:,eis of the da,,.. itdi,-,Gt<'J th:<t uo sklda voatar th6!1 degree< 1 
(11u.fficie11t to cs;.iae nn ,x,~-...u;:slon ci~ 1l\':'r-~ +,b,n ~ ball di{tJ!later) ooourred 
during any ,:,t' tho fllgbtll, Jt 1<h0v.td be ,,oced, 1n t.hi11 cc,nnection, that 
even 11llght varil!. ti :ml! o! thE' ball 11'3I'(• ~,:,r,~.'.,(i,r"d d<1gres 1,. Si.nae it 
tras ertdent that no e2r!.m\~ t 1kid;.~ 0oci.1.Fr·,:..:~, tio d~t,.t.lled 'tr"'."4tuzent of t-hitt 
11aaeure m.e ir.adEt. It :la or 1;,:n~'-I ;,i•t.,r•.nt. t;; m·,t11, ho-ver, that in tems 
of pooled dat1'. -fn:n, all fll.g:1t,i1 1Jf' nll 1mbj,,C'-'6, elddding oco.urred untl;;r 
oondi.tiom, ot "J,o 'ft<icks" H;~ of' :J .··• t.l o•e ,1 pfln ~ :tn the fina.l tuni11, whereae 
under "Tricke A}.l.r w~• conU:t1on ,;,1~tcklln,-. cco~ ol>tiorvod 4,'C of the t<.-tal 
time spont :ln the tu"C'r,, 

Analyeie of slli:,a 'ilf8.f!, 1i'.:_:>'.1 tr:.1 t, in. '.~rn:ois Qf: tho pool~d C.a.t:.t :f.rovi 
subj ecte and 1'L :;,ht,a, a1 tbm;,:h me.e.ni :r.g,.'<ll cc,mf"d.aona of p,:,rfonm.nr,a 
und(:fX" ths "No Tr.i.cksn ¥J.l ·th p•.1_ ... f',2-·:-mh.:·,1~e ur:dfil." t-::isJ ''"rr1ck8 ll11Gr.edtt are 
difficult to r,;ke d11e to t!le fact i.nat, u·>l,r th;, latter <i,:mdition@ iis­
tentiona1 slipp.bg was 1,JJ.'1,.:,c\,_ H, may b•s no'o~d ln pMa:tng, i'.o.,-eV'•3r, 
that tb.e ms.an degr.,,, of c,ltu was '.?·.?.:5 d"<srei,e d•;ring the "Triolr11 Allow11d" 
trial:i, and L20 degcaee ,'.·,ri,,(,( ·,.h;, "Mr., 1•rinke" ti:'Ws. l,owever, under 
the "No Triolw" condi t1,cn. ,,,p,,rox.1c,at.0ly m,e~tlltrd <'! all slips -i,orc- o±" • 
degree 2 or gre,Rter· .. 

lOr.x~nu:-1>to:1t1 er ·,;h., !Ml-t in -:.hn hill-w.ru;: h,ut.1•1tzl!oc,t were q1.11111t,!fied 
al!I fo1].o"fl'S (cu.litnatl.0;1 mn.,.,.~rn br;Jng d:tJ1-V.T4 or., '.1;te 'C,ubo of the Jna~tn,t)e. 

Degrse l! Jr~ -:,o g,,A ~r.:"~·.1'.ii.;1g, -~· tttl) !it<~tl:i.~ 
Degrian ;; . ?&1:rih ·~k;,t .. t '\Cd t:,ri~·,.;il;i~ .,_';1"t"'J b?\J.1 trldt.h, 
Ce-gr-,e~ ~~ ~ l':o.rll ·-;,_h,J', t ' .. ,;,'.'.J..i ·;:td t!t .i:;. .t--,, ;1-:. t;",(lJ~ 2 1:.•a 1.1 r 1r.;~dtb. 
Dar,•l~ 11: 'l'"l.t' i'Y: ... l.1.2, t""l.d:,;..:, ','_,: ......... -·. 



The proport:1.on of the tu.rn during which slip!! to aey degree nre 
present 1l'llll 5'11, under the "No rrioka" condition and 7(J/, during the 
"Tricks Allowed" flights. As might be expected then, during the "Trieu 
Allowed" flights slipping was mor-e pronounced, Analysis of vari.ence in­
dicated that significant differences existed between pilots in the per- • 
oentage or time during which 3lips occurred in the final. turn. There 
seems- to be little evidence, however, that under the "No Trickll" condi• 
tions slipping was of such a pronounced and prolonged nature as to repre­
sent an intentional effort to "cheat.• 

.PRACTICAL IMPLICATIORS 

In considering the practical implications of the findings of this 
investigation, it is desirable to consider the results for each criter­
ion aeaaure individua,lly. Criterion scores on all variables under both 
experimental conditioru, are.given in A,pendioea. 5 and 6. 

Distance fro; "Spot" at ,rhigh Plane J81 I..pdAd. Under the •No Trieu• 
condition the fact that there waa a demonstrablJ.s~icant difference 
in the variability of the performances of the five pilots indicates that 
as far a.a the accuracy of the landing was concerned certa:1,n pilots tended 
more than others to be inconsi-stent. Furthermore, only one of the pilots 
landed within the specified area on all four landings. Four of the five 
pilots overshotll on one or more of their landings, ar.d two of these men 
overshot 1DOre than 100 feet, 1. e, , landed 1110re than 300 feet beyond the 
"spot.• Three oi' the pilots undershot, two of them landing 110re than 100 
feet short on one of their landings. Three pilots both undershot and over• 
shot. It is significant to note that four oi' the five pilots would have 
been failed on their flight tost beeaMe of lack of &ccuraoy in preciaion 
landings, under the restriation that no slips er other tricks could be 1111ed, 
Granting that thll instructors may not have been fBllliliar with the particu­
lar plnne uaed in this'investigation,12 nevertheleaa theae results caat 
doubt ob the advisability of the restrictions age.inst intentional slipping 
which have been in force until recently. 

Under the conditions or "Tricks Allowad" individual differences be• 
t'!l'een pilots were not evident, either in tams of variability, or in tenu 
of mean performance. Under tbeae conditions·· no pilots overshot, only one 
pilot landing aa much aa 155 feet beyond the designated •spot,• Four pi­
lots undershot, but only two of the e 1ght landings short of the spot were 
110re thaJI appro:x;unately 50 feet 11hort, During the "Tricka Allowed" part 

- ll.rhe ·yellow strip across the nmwa;r l!'hioh constituted the •spot•· 
represented the near boUlldary of the segnient of the rumre.T, 200 feet in 
length, in which the landing 1l'llll to be made. Overshooting therefore is 
defined as landing beyond this segment or the nmuy, or 110re than 200 
feet beyond the d'lsignated "spot,• Undershooting 1■ defined as landing 
anywhere short of the •apot,n 

12rhe instructors • expressed confidence that had t~aining planea been 
used with which they were .familiar, they would ha'\fe "hit the spot• on each 
trial, 

> ,_, 
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of 'the experiment faulty adjustment or the runway marker raaultad in it. 
hanging sneral inchea below the lsvel of the bottom of the wheel■ of the 
plane, Partioularl7, sill,oe -in this part of the experiment th!i pilot■ used 
a fast glide on the landing approaoh; holding the plane just off the 
ground lmtll pest the runway marker, some of these meesuree of undariihoot•, 
ing are SUl!peot. • 

It should be emphaahed thet while the faul t1 adjustment of,_ the run• 
way marker during the "Trioke Allowed" pert of the experilllent rendered 
meesures· showing a small a110unt of wuier11hooting BU11peot, it ie exceed• 

• 1ngl;r improbable that the· total· absenoe of indioatiot111 of overshooting 
(landing IDOre than 200. feet beyond the spot) during thie part of the ex­
periment ollll also be attributed to apparatus error, A lllllding on the ■pot 
or immediatel7 beyond the 11pot -s at timlll! recorded ~ undershooting be­
cause of the fact that the run1r117 marker hung below the wlleel level during 
thi• part of the experilllent. For the 11ame rea110n a landing made imediately 
beyond the point on the runway rE>presenting 200 feet beyond the _epot might 
have bMn ola11sified ae a satisfactory 11pot landing. Howner, onl7 one 
landing ns made ae far as 155 feet beyond the epot, • onl:, t,ro, were made u 
far as 120 feet be;rcnd the spot, and eight of the 12 recorded landing• be­
,-ond the 11pot were less than 50 fl!et beyond (see Applllldix 6). Tbe11e faote_ 
indtoate that the abli,ence of overshooting ftB almost oartainly not due to 
apparatu, error. At vecy least, not more than one landing (the landing 
155 feet fros the spot) oould have actuall7 been overshot and erron90Ulllf 
reoorded as a 11ati11faotor;r landing and ev:en this ie improbable. However, 
in five or· the eight rocorded inetance11 of undershooting, the mark on the , 
runwa:, was 51 feet or less short of t!ie spot, four of thea being 41 feet • 
or 1111111 abort. There is a po11sibility that some of these five landing• 
were actually "on the epot" landingl lllistakenl.y recorded u RUDdenbot" be­
oa1U1e of the faulty adjustment of the runwa:, marker d~ing the "Triolm 
Allowed". pert of the experiment, (The rumray IUlrker n11 properl:, adjw,ted 
during the "!lo Triok11" phase of the experiment.) 

The oonoluaion, therefore, s.aem11 ~u11tified that under the "Triokll 
Allowed" condition the precision landing11 were made with a greater d~ 
of accurao7 than under·the "Ho Tricks" condition, and that mrque■tionabl.7 
greater unifol'lllit7 1n pei:formance of the group of pilots wae evident. 
Su11picion 111 ca11t on the real111tio nature of the restriot.ione en ~-
tion of preoision landinge, inoorporated, lmtll reoently, in the private 
fiight t98t, 11inoe under these re11trioted oondi-tio11s nen the performanoe 
of skilled pilota prqved ao variable and inaccurate. Thia study indioatee 
that the ramo,ial of the restrictions against intentional elip■ 1n the pri­
vate pilot· fiight test represent,, a step in the right direotion. It ahould 
be aipbllaized, however, that e11tablillhment of nonu of psrfol'lllllloe, through 
t'arther expe1•i..,,mtation u111ng largar groupe, appeare to be needed. • • 

Nmpber oi' 0 11 ProdµQf!i bY Landing. The fact that no individual dif• 
ferenoee 1n nuaber of G' • produoed on landing were evident wider the "lo 
Trioka" oondition, while eignificllllt differeqou in variabilit:, oooun-ed 
under the "'l'r1olm Allowed" oondition refleot• the feat that different 
"Trim" 11117 have been uaed b:, certain pilot■ on different landing■• The 

·1-:; 
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•1111 maber of 0 1e produced llllder the "lo Triolce11 and 11Triob Allowed" 
aituat10D9 nre 2.'11 and 1;98, rnpeotin~ . . ln no oue, under either 
condition, wu a vertical acceleration ·or 110re .than 3.00 G'• ncorl!ed, 

tnd, of Attaqk. No indiTidual difhren- &IIODC iutruotore ill 
Angle ot Attack at tm pt landing wen erident under either nt ot n­
perimental conditio1111. The indicated - Angle ot .tttaojc under tbe 
"Bo Tr):cke" oondition waa co~iderabq greater than under the •Tr:1.oa 
Allowed" land:l.nga. Hon'Yer, tbere wu reaacm to bel:l.ne that the adJut­
mnt ot the vane on tbe instroaent wu not COlllpU'&ble tor tligbt■ ude 
under the_ two 1et11 of collditiona, Although ,the leak of individual d:l.t-. 
terenae11 in teN■ ot Allg:).e ot Attaok :le or pa■■ing :l.nternt, thi■ MU­
ure cannot be given 11erioull weight :l.n the con■iderati011 or nperimntal 

· tind:1.nga, 

Rapp gt Airspfed. S:l.pil'icant individual ditterenaea in Range of 
Airspeed were ffident under both "!fo Triclc■" and "Tri.eta Allond" COD4i­
t101lll, • Thie would appear to be an important d4rhlopaent, particular~ 

, in regard to the "No Trieu• tligbta, ill Tin ot the oonaidenble apbe• 
11i11 on tbe maintenance or ,aiNpeed during the approach cl:l.d■, It llhould 
be noted, however, that there were ~ tour -· in which llaJl89 ot Ur­
speed wu greater than 10 11ilea per hour during· the •!fo Triou• tl:l.ghw, 
the wTI- range being 16 11111111 per hour, At leut thil latter!aria­
tiou 11ight have been considered diequalU)ing 'b7 a CAA in■pector, 3 The 
wide Ranp ot Ainpeed lmder the "Trioka Allowed" ·condition undoubtedl7 
retleota the different prooedlire11 used 'b7 the variOUII :l.natruotor■ in 
etteot:l.ng aoouraey· land~•• • 

. Menn Ah-lPU4. IndirlQl d11'ferenoee in lean A:l.r■ peed were nident 
mid.er both oonditiona, Under 11Tricka Allowed" aign11'ioent ditterencu ,be­
tween inetruotora were erldent :l.n tem ot Mean A1r"1)11ed, Aa above, th:l.e 
11197 reneot d11'ferenoee :l.n prooedun11 used in euauting preo:l.eion landing•. 
Under the "!lo Trick■" condition, bc:lwever, 11ign11'ioent ditrerence11 Ul0Jlg 
1netruotore were nident in tel'lla or vai1abll:l.t:, ot llean Ail'speed OV11r 

the rour tl:l.gbta. Beoaun ot the emphaa1I or the "nonial glide" it ma:, 
be noteworthf that the "nol'lll&la gliding epeed, u e11tabliehed b:, the pi­
lots, varied . •ign:l.ti~ 110re from fiight to night in the oue ot oer- . 
tain instructors than in the oaae or other•, The greate■t r8J!i9 in llean 
A1r1peed, over tbs flour fiighta, for urr :l.natruotor wu 6 llilea per hour,' 
fl'OII 58 to 64 11,p,b, Two inatruotor11 wer, ext~ oonaietent OVlll' their 
tour n1ght■ 1 the other three showed greater Tar:l.ation. . The lean Anrage 
A:I.Nlpeed tor all flight■ or the individual :l.netruotore Yaried fl'OII 61 to 
64 llilu per hour. 

l:3Aooording to CAA apeoitication■ tor the private p:l.lot tl:l.ght •­
ination available to the iDYutigatora, Yariat1on■ in ail1p11d of greater 
than 10 miles per hour during the ai,proaoh to precision landiDp are con­
■idered "UD11at1■tactor:,." See lnetrugt.1911• tg filght '"liP1Dt3'I (9£ oon­
ductipg priyate pilot •UJf2Ptt:4m■• Wuhington, D. C,1 Civil Aeronautics 
Authorit:,, April 1 1 1940, page 14, Section 16, A, (1) • 



Ohio State J'H ght lpuntorr Soor:t•• In the 1110 'l'ricun 11 tuation 
1ign:lt1cant indiYidual difterenoea occurred in term or both the ·001'NICl'ted 
and unoornooted ■cores, Under •Meta illo-..d11 sipiticu.t ditterenaea 
betwtten 1:netruotora were evident oJ:lly in • terae ot the o0l'l'8cted. aooru, 

Onr::•U 9rf.de ~ Signll'ioant individual d1tterenoe11 1n the Oftl"-all 
~II assigned to the instructor 811bJects were evident oJ:lly imder the 
condition ot "lo Tricks," 'l'heae ditterll.Mes were evident in tenu, ot 
the variability of grades &l!J8igned to the four llm.dillge IIIMie by each 
instructor, These results are ailllilar to the results of the anal.7eia 
of the criterion "Distance trom Spot." As noted ·previoual:,, thia 1a 
1n line with e:r:peotation, since· the Over-all Orade llllUI int'luenoed· mr­
k~ by the llOC'llraC, with which the lan.ding W&l!J .a., particularl3' Ullder 
the "llo Tr1cka11 condition. Under these restrioted oondit.ione, U ot the 
12 failing grades were •aasociated with oases of either undereboot:l.ng or 
aver■hootitlg, In the case of' the twelfth tailing grade, the Jand1ng WU 
mde 199 feet from the spot, at.id was undoubtedly regarded by the oheolc 
pilot as beitlg beyond the lillit ot 200 feet, Only- OM l!lllbject reoeived 
a passing grade on all four landinge 1111dbr the "lo Triclr.a• • conditioD. 
Two pilots received failing grades on all four landhlg1,, and two pilots 
reoeived failing_ gradee 011 two landings. • 

trnder the condition of "Tricks Allaired" no individual differencea, 
either in tel'IIII of mean grade or variability of grades were wident. 
Under the "'l'ricka Allowed" condition, 5 failing grades were given to toe 
e:moution of precision landings, three out of the five pilot11 :receiving 
tailing grades on one or 111:>re landings. (Two of th11se l!lllbjecta received 
a failitig grade on two landings,) In this part ot the experillent, bow~ 
ever, a failing OVez'•all Qrsde ns given to o'n,i,- four or the eight indi­
cated oaeee or un::lershoot:l.ng. This is probably explained by the tact that 
the 1'Ull'lr81' marker was out of adjustment as noted prevw1111ly, and certain 
indicated cuea of underehoo;ting were tl!ldonbtedl;y c,:,nsidered ae aatiafac­
tarJ" landitlga be,-ond the spot. RQ'HVer, one failing grade wu given to 
an indicated 4nding J9 feet beyond the epot, Whether this 'ftlt due to an 
error or Judgment on the part of the cheek pilot, or waa due to pilot per­
formance not meuured by the otbel" cl"iteria, is uncertain. 

The ccmclusions to be drawn from· study or the Over-all Grades aesigned 
. 1:,::, the cheek pilots are ~esentially the same as the oonclueions dn.1111 tr.oa 
analysis of tbe 111Baaure 11Distanoe from Spot." It should be noted, how­
ever, that in a s_ituation wheN attention we.a toOtllled completely Oil e:x:ecu­
tion of the pr&cision landing, in the opinion of the check pilots t~ 
of the five pilots did not ·meet the requirements f07.' the iruitruotora li­
cense even under the "Tricks All011'ed" situation. 

TU1t to Complete Fine] 'turn. 'll;e f'&ot that signll'icsnt individual 
dif't'erences in mean perfo:rmance were evident, in tel'ID8 or' this variable, 
under the WNo Trie1cs" condition would appear to have few aeaningtul ii!.• 
plio& tiona. Ullder the restricted c0t1di tions the pilot wee allowed to 
select that rate of turn wbioh would best enable hilll to land at the dee-
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ignated l!pot. Thia device •as pres,im.bl7 the onl-, OOl'l'eotion he ns per­
aitted 'to hJ!l.o1. Thu.a, it 111 not surprising that indi"f'idtlal dittereJ1C1N 
iJl tiae to oo-.,lete ·tum were evident 1inder •No Tricks,• bat were not ffi­
dent Ullder 8 Trioka All°"4.• It 111117 alao retleet the tact that certain 
pilots habitually tll!lf the oro11aw1.nd leg or their approach cloaer to, or 
farther fl'OII the field than othere. 

Sl1PR3PS m1 Si1441Pr 4V:1nr Finnl ,Turn iDi9 fitl4• .u noted ~-
viouai,, elipa and skids were not sutticienti, pronounoed to warrant . 
sC'ious consideration. SignU'icant illdi"t'idual ditter811CN ore nident 
Ullder bpth experhantal OOJlditione in te1'■ or the percentap ot the ti• 
apent in the final "tt\rD during whioh allpe or &Jl1' degree ooourred. Bow• 
...-, sinoe intentional allpe were pe:raitted under the "Trioka illONd" 
_oonditio14 interest centera on the practical 11:lgn1ficana. or degree and 
aount ot alipping under tba "lo Tricks" situation. In "f'in ot the taot 
that in on]T tour or the tnnt7 tiaea did alipa ot degne 3 ( repreaeutillg 
8XO\lrllion ot be~ 1 and 2 ball widtha) ooour, it can be ooncluded that 
the inoidanoe or aeriOUB allpa na not graat enough to warrant tlirther 
oonaideration. 

DISCUSSIOI 

On·tbe be.Bia of the pe;formeJlcee of the-pilots 1.n thia-axperimmt, 
partioularlJ' m regard to accuracy or landing, it llight be concluded (l} 
tbat the rt1atrictiona particular:IJ' on •No Tricks" 1$nding,i, nre unrea­
sonabl7 atrinpntJ (2f that the 88111Pl• of flight inatruotora used -in 
this study were 1mll8Uall7 poor pilotsJ ar (3) that tilt pilots' mit~­
iarity with the plane rendered-the fl:4:ht te,t aituation tmrea.lilltic. 
The eoond of theae oonoluaione aeema patentlJ' umrarranted, sinoe. the 
1ubjeot1 nre, in faot, a highlJ' selected group of flight in1t~ra 
iJl tena1 or experience, training, and edw;ation, In regard to tllt·third 
of these conoluaiOD11, it is ·UlldoubtedlJ' true that the pilots' 1J!lfud.li­
arit7 with the plane used in the investigation, and the tact that it wu 
IIOMWbat heavier than the plane11 with which tbe7 were tlll!lilia1', had a 
deleterious effect on their pertonaance. The e:mot degree to which the 
flight teat conditiona were rendered "Ulll'9ali1tic" by this raot 111 :..11-
pouible to detennine. It 111 noteworthy that student pilota in alnen­
taey training regularlJ' nitohed to thia apecial plane for their oheck 
·tlight,, apparenti, without mroaual dittioult7, Jleveriheleae, this fac­
tor of unfamillarit7 with the plane llll18t be taken into account in evalu­
ating the raaults, 

It 1ena doubtful, hoWffer, that the extreme 1naocurac,y in l&ndingll 
Ullder the IIJlo Trick•• condition could be due entirelJ' to the factor or 
untamil1arit.7, Rather, it seems po1111ible that tbeae data SUfgeat con­
firmation of tbe axiom current in some quarters that the moat certain 
WI.J' to pus the acaaraey landing teat, under the restriot:!.ona in force 
until re.o.ant.17, wu to "cheat," 1,e.,. to emplOJ s0111e dffice whioh tilt 
inspectar would not recog,;iise, or W011ld overlook. In sn;r event, the 



increue in accuracy qf landing, and the decreue :ID varubilit:, of 
pertoraance under the leas reatricted condition .of "lo Tricq•. aug-
geat that the ourrent revision of the requirement■ for the priTate pilot 
flight teat b;y which intentional alipa are a11and is a ■tep 1n· tbe ~ 
direction. Further exparimentation 1n which the present re■tri'Otiou • 
are duplicated exaotl:,, would appeeT to be indicated, 

SUMMAR! AND CONCWSIOBS 

In this investigation series of four experimental fiighta consisting 
of take-offs and precision landings were made b;y five experienced flight 
instructors in a spec1all;y equipped Piper Cub J-3 plane. Bach aubjeot 
made two aeries or fl1ght111 the first aeries "Without Tricks," during 
which slipping, "mul!hing,• or other methods of altering the gliding angle 
of the plane were not allowed1 the second aeries with 11Trioka Allond," 
during which an:, procedure to increase the aCClll'&07 of the landing, within 
the limits of sate !lying, was allowed e:.:oept the use or addi\ional. tbl'ot• 
tle. 

Anal;ysis of criterion data collected during these flights indicated 
thats 

1. The performance of individual pilots showed more variabilit:, 
under the restricted condition of "No Triolal" than under 
•Tricks Allowed, n Significant individual ditferenoe11 between 
pilots in terms .of vs.riabllit:, in performance were evident in 
tel'IIII of accuracy of the landing, Over-all grade, and Mean 
Airspeed, Under •Tricks Allowed" significant ditferences 1n 
variability were evident only in tel'ID8 of lllllllber of G1s pro­
duced during the landing. 

2. Individual differences in mean performance were evident in 
terms of Range of Airspeed during approach BIid. OSFJ: corrected 
score under both experimental conditions, In addition, BUCh 
differences were evident under •No Tricks" in terms of OSFI 
corrected score, and the number of seconds required for the 
final turn, Under "Tricks Allowed" individual differences 
were evident also in terms of "Mean Airspeed," 

3. In no case was the residual •Tarianoe signif'icently greater 
than the pilot variance. 

4, Significsnt differences, attributable to which of the two pilots 
did the rating, were evident in the "subjaotive• criterion -­
~s repreaented by the Ohio State flight Inventor:, scores and 
the Over-all grade. In the latter case, signUicant dif'f'erencea 
were evident only under the "No Tricks" condition, 

i 
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The most import;ut pract1oel 11,,,lleation11 of this atw:cy- would MG 
to bes 

l. The result• ~et doubt upon the adviss.bilit:r or the reetrictiom 
lgainet int.entional elipping which have be11n ill force until re• 

• cently, s:Ulce under the "Ko Tricks" condition ■killed pilotlJ 
proved lx>tl. extrelll!ll;y vnriable, nn<l iMcourote, 1n their euou .. 
tion of pl'$ci■ion landings, Under the conditions or 11Tricltl , 
Allowed" marked deoroal!IO in varisbil:i:t;y of perf'ormanoe, and an 
increase 1n acourao,.. of landing were,evident. 

2. In spite of the emphasis on lll&int&ining tba "no:rul. glide" under 
the •No -Trioke" c_ondition, eignif'icant individual ditt'e:renoe■ 
among imtruotore were evident 1n the RaJlgtl of Airspeed readinp 
during the approach glide, and aignifiaant differences 1111011g .1n­
atructore were evident 1n terms or V&riebillt,- or llean Airspeed 
'OTer the four flight.I!. 'Ibis ind'-cmtee tbat tha 11normal"'glidiJag 
speed varied eignifioa.ntly mo:n1 .fro■ flight to night 1n the oa■• 
or. certain instructor■ thrul ·in the case of othera, 

IJhile this e:xperiment o!lDnOt be considered definitive, tha result■ 
• indioate t1- c!i,sirabilit;y of furthflr and IION elaborate investigaticm of 
individual dU'feren()II■ in the pertol'm31;1oe of pilot■• The result■ ct ■uoh 
inveatigations would have il'llportant implicatio!UI 1n reference to the real.­
ietic nature of specific f'Jight test N1quireinenta, 
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CHECK PlIDTS RKCOBD SIIEETS rOJt 
RZOORDING OBSERVATIOJllS OB PJlW. 

APPIIOACH A.ND LA.RDDO 

Pilot~----------------

lia.te _________ The ________ _ 

Wind Veloo1ty _____ Degrees of I•ll'ixld _____ _ 

J..«Dding distl!UICII fl:-om ll!'.'.1"·------------·Feet 

+ or -

L --- -· _,, -· ...... . 

'' 
-"{,! 

• "i' 

c;~ 
.~r,r 
, ~ ~r; 

'\'! ., 

, \W! 



< ,, 
~ .. : 
~,-. ,,1. 

1' 

~~i/::;\:-~:·· ' , . 

• 

CO!jTlWL YSE 

S1mu1 tan90Ull .• •. , , • , 
~:·Uf'•~-J0~~ ':.~f~ 

CJD□ 
Rudder W•l!llllll'1i) I 

Correct Do r-· 
I .L-1 

f¥C1BlON 

Beadingr . 
Rill!ldlng corr,irt 
lncor.tn.:-:: 

.lll.o-pa for drirtl 
Do•s 

111 -
••' I. 1' 

□ 

;; 
,.·, •• ;_. _' · .. ;;,~ 

.,,; ¥' ,- Jtf. '~~ ... ·~, _,.., r; 



•• 

I 
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APPEND!I 2 

DUTI!S OF f.l!ECl PILOT 

The duti•• of the oheok pilot shall be u tollona 

1. ~ appro:ld.Ntel7 one-third of the _,. on the ~ leg, be 
llhalls 

a. Lower the ~ arker. 

b. Inst~ the eubjaot (in the front seat) to reset the Tel't1-
oal accelerometer. 

2. 'lheD on the dowmr!nd leg the plane ls at 800 feet eltltud• 1111d 
opposite the deaigne.ted l!SpOt on the 1'llml'IQ', he llhall in~ 
t'!le subject to close the throttle. 

3. At the oolllpletion of the r11covery froill the turn into the orou­
wing leg he shall instruct the subject to turn on the Clllllllllra 
!lldtoh (which 111 located beaid@ the front seat of the plane). 

4, Beginning with the entry- to the le.st turn, be ahall make the X'S• • 
quired entriee on the OSFI. 

;, At the completion of the b.nding :r.un be ehall instruct the sub­
ject to turn the C!lllll!lra off, sball reoo~ the vertical acoelero­

.meter reading and associated data on the proper form, and Bhall 
Col!lplete hie entries on the OSJl'I. He shall al10 retract the run~ 
way lllllrker, 

' 
6, If the Pubject faile to i'o11ow the p::roceduree in regard to a.lti• 

tude requirelllBTlts, or 1f •cut out" by other traffic, the check 
pilot shall direct the BUl.!f,ct to ~go aroU?ld• end re-enter the 
landing pattern. 

7. After the completion of the la1'ding run, be shall retre,ct the 
l"lll11f8Y' marker end direct the pilot to taxi over to the 861"11'1ee 
~ .... 

C 

,-"';if 

}~'.~t 

l 
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APPEH!ltt 3a 

IIS'l'RUC'rIONS TO PU.OT St!BJECTS toolER 1?<'0 TR!C!S• CONDITIOI 

APPEtIDll 3b 

IRSTRUCTIONS 'l'O Pn.oT SUBJEOT.'.l UNDETt •TRICKS ALL(fflEJ)• COfflll'l'ION 
I 
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APPENPIX. 3a 

INSTRUCTIONS TO PILOT SUBJECTS UNDER "!ID TRICKS• COJDlTIOll 

You are being asked to participate in an exper1111Mlt 01! J•n«Unp. You 
are to do your best to make the type and precision or landing required or 
the applioant tor an instructor 1 a rating, The observer riding with :,ou 
will give you instructions ~s to when to out ·:'-" throttle, eto. The land~ 
ing area starts at the blade at,·:!.p &.oroas :he :"lJJW97 approrlmata~ 600 .tt. 
from the end ct the runway. Ji!eaaurements ;cj 11 te 118de f'r0111 the midpoint 
ct this strip, You are to make a normal three--point powe~orr landing a• 
near to but beyond the black strip ae possible. 

On instructions f'rom the observer taxi. out and take off into the w1J:ld 
on the designated nm.way, Fly the normal rectangular field patten) •. One­
third or the way down the down1'ind side or the field the obeener will ask 
you to reeet the vertical aoceleromatarc When.you have· gained 800 feet 
altitu:ie hold it in pattern imtll you are opposite the 1118l'k ·on the 1'1lD1la;,' 
when the observer rlll ask you to close the throttle and make a precision 
landing, Establish ;-o\ll· gl:lds and ill&ke a st5Ildard 180 degree reotl!.ngular 
pattern prec:lsion lending s.t or beyond the 12~1noh black line across the 
runway,. 

Arrangements have be,m md1;1 with the towel." that you do not have to 
acknowledge the green light.• On re'!overy f:r::om the first turn onto the 
croeewind leg the obsarver will ask :,ou to atert the oamer•. This ill • 
done by closing the indic!lted m,lt.ch,, 1ou ro,,;y "pley" the final turn but 
you my not ci·ose the wind lir.e, slip, 1114Bll, dive, fiehtail or uee any 
other ~tr_1ck" to oorrect for en·or~ o:f -judgment. If for any reason you 
do not have 800 feet opposite the i,pot, ar~ •cut out" by other tratric 
during tha approach, or get a red 1 ight .. y-nu !U'e to open- the throttle 
and go around fo:r. another attempt .. 

• • 
After completion of the 1.audit,·s nm trc, <,h.;9r;-er will ask you to turn 

off th,-; camera, When you l'ID.Ve done <,htr< ,s.xi 1n to the servicing crew. 

You will not be checke1 on tl1,J first of five landings, The first 
lending is to permit you to b~<:,:r:e ·,'atlliar r.ith the wind o<>nditions at 
the time of this teat., • 

Two ohservet's will altarru1:r.o rideo ·.~i•cl, ,·011 4Ilt11 you have had a prac­
tice trial and toUJ' recorded. ~l' iaJ s. Rr,,.,..rob<Jr tba crew s.t the 111:.e are go­
ing to meas~e oft' 11011 f,.r 1ou hsse .l.en,~ad f"ro"' the line; 

~... ":iut th-3 thro.r.,+.~.f-~ "'t• ~ ;·,') J:ir~ct1o., -:·.' +;>,.~ e½er-k pilot Jo wbsn oppo­
ei't-H ·~,h& nr:.r~H,' -~·: t ';>-, ·: r"1t>·~~•r.,l__:,,:--;_ .:1..<;::f ci 

3:. Yo 1 . .'.. r.S.y JCT:_·;; vorn~ r}) ide f\0.t~~ Ly •1 :,J . .a:ri:11E•· the final turn(] .Row-', 
aver, \'DU Pra nd t,0 ,-j i.1:. ,-1.'.f'h, .,'j !htRil, cross tho wind line. 
C'i' , . .i..3'.": ~h~ t-~har· I'· t-.~:·~-(~.l<S 1

' 1_'.;,) rx,r·l"'·~IL;t f"),.-, Et.!'l"(')l"St ("lo{' judgmen·~., 
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INSTRUCTIONS ,c PILOT [HIB,i~c·:, ,; ,:in •'i'f.:::CKS AIJ.Ol'IED" COt<DITIOll 

In the execution of precisiol'.l u.mlings under the condition of "Trioke 
Al.laired" exactfy the same traffic pstte,rn la to be flown aB Ullder the "No 
·Tricks• -condition, a,id an 180° rectar:g,,lar e.pproach is. to be mde as ·bar 
fore. HoweYer, under the •No Tricke" ·rJonditfori you •ill be allowed to uae 
intentional lllipe, or any other device (wit!rln·the limite of eaf'e fiyinjr) 
you wieh to inorean the accuracy of ycur l!lnd.ing exoept the use of eddio 
ti2D■ l th[ottle ~ 

As under the other experimental condition a series of five flights, 
consisting of take-offs and precision landings, will be made. As before, 
two observers will alternate rides with you until you have had a practioe 
trial ai:ld four recorded trials • 

• 

• 
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APPERDll 4 

RATIONALE OF STATISTICAL PROCEDtJRES14 

The analysis or variance procedures outlµied belolr are de■igned 
for the experimental situation ill whioh there are fiTe eubjeote (flight 
inetructore) and two observers, or check pilots. Each obserTer ia to 
ride twice with each pilot during the' exeaution of take-oi'f'.s ·and land· 
ings. Let -the first Fide by one obeel"'!'er with one pilot be called the 
first •trial" and the second ride of the same observer with the -
pilot the second "trial." Of the actual flighte or ~ pilot, the 
first flight will be with one observer and the second flight with 
another, while the third flight will be with the first observer again. 
Thus, one observer will ride with a pilot during hie firet and third 
landings, and the other observer will ride with this 1!18118 pilot during 
this pilot'e second and fourth landinge, 

-
Various reco~ will be made of the characteristics of the landings 

lµld for all of the records which are made upon a continuoua, Tariable, 
and anal;ysie will be the same. Therefore, let one criterion ■eal!lll'fl be 
considered as an example of the analyaie, choosing for t.his eD111ple the 
accelerometer reading. 

. Let Xati be the acoelerometer reading by the J!th observer Qn the 
jjth trial with pilot j.. Then .II will take values l and 2 for the two 
observers, l will take values l and 2 for the t11O trials for each ob­
server with each pilot, and .! will take values 1, 2, 3, 4, 5, f'or the 
five pilots. There will be 2C scores Xsti• 

In the population from which the slllllple data are drawn it may be 
supposed· .that 

(l) 

where q_ is the factor common to aH pilot!l, observers, end trialsJ 6 8 
is the obs~r,er factor1 11' i ia the pilot factori d t ie the factor char• 
acteristic of the pe.rticula.r trial, a factor which Is different fZ'Olll·zero 
if the'pilot's second landing is.systematically better (or worse) than 
his first J end W sti is the individual factor for a particular trial by 
a particular pilot with a particular observer. uJ 8ti is the individual 
factor not characteristic of the pilot, the observer, or the order of' 
the trial, 

It is here assumed that there is no intFraction between pilots 
and observers, It is necessgry to assume this, because the proposal 
for the expe,riment does not plan for the gathering of enough data to, 
study interaction. If it :l,s thought that smne pilots do better with 

~ :',, ~ 
' :,~•; 

¼he derivation presented herein !las developed by Dr·. P, J. Rulon, ~· 
Harvard University. ,'. 
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certain o~ra than with other obeervers aJld it 1a wished to l8ake • 
an illYeatlgation or th1a S'Wlp1oion, the tera 1£,1 nat, be added· to trui . 
·abcmt ezpreuion. Although thia wow4 be an ext.Nlllllly intereating stq, 
thle perticrular iJNest~ation le not concerned with tbat problell and •. 
not enough data lll'l:'e going to be gathered to IUke 11111' good attack on it, 
So let ua _go on, • • 

To establleb individual d1tt!9renoes between pilots u nrgarda 
accelerometer reading on laming . it IIIIUlt be px,m,d that the • pilot tai:s­
tor 81 1n thll population is dlfterent f'rm sero. The null bJpo_thaaie 
is therefore 

The analysia of the data· will be directed to detel'llining whetMr 
tho obeerved ditterenoee between pilote a.re ao great ea to 'irarrldlt re­
jecting the_ null hJl)otheaia, 

The ana.l7ai11 proceed• u tollowea b;y analogy to (l), wrlte for tb_e 
uapla 

' . 
in which A, both B1a, all 1'1Ye C's, and both D's are unknown, bat will· 
be datani1:aed sou to make 

fat112ati. 

a mlll:hna. To detarmµ19 these values, define 

X.2 • iat1(Iet1 • A • Ba - Ct - Dt)
2 

and ditterentiate, tint with :Niapect. to Al 
2 . ' . !~ = -2~at1C~ti • A •Ba• 01 • Dt) 

Bext With reapeot to B1~ 

~ " •2 lt1(I1t1 • 
1

A • <Bl • C1 • Dt) 

(5} 

(6) 

Ditterent!ating with rellJlect to 82,gives a relJlllt 1'11mflar to (6) 
with B2 tor Bl, so it ia po11Bibla to write 1n general 'tpr the ditfel"ll?I• 
t:l.ation with rel!IJ)9ct to B8 

~: "•2it1Ciat~ • A - Ba• Ct - Dt) (7} 

which repreaents two equatiODS• Qne when J eq:uala 1, another when J 
eqww, 2.. . ' 

• ' 



liaxt dll't'erentiating 111th respect 'to C1 givel'I 

(8) 

This (8) represent.a any or five equations, depending on whether .I 
equals 1, 2, 3, 4, or 5, 

(9) 

ll'hiob repre111t:at11 two 1,quatiom.•, one when .!: equals l, another when ! equals 
2. Sinoe (5) is ong equatj.on, t·•:, ia t1Yo, r 8) is five, and (9) is tlro, there 
are apparently ter: expr.ess:l.ons wti'lh can ~ sat equ&l to zero and solTed for • 
the ten unknolffls A, i,1, 82, i;l, C2. G3, Ct, C5, D1, and D2, However, adding 
the two eq,uations (7; wHh respeet to.!! gi·il'as O:;tactly equation (5), end eo 
there are ot1ly two independent eq~tion<J !i."l,1ng the three or ( 5) and ( 71, 
SiJUilarly, adding the five equations (8) t:ith respect to,i gives exa.otl:r 
equation r 5), and so or,ly four of tue five equations ill \8) are independent, 
Likewise· adding +,ha two equations l n , 9; w:i:th r1;1speot to :!: gives exactly 
equation ( 5) , ao only- one. of the two in ( q ·; is independent . These are 
then, t.ot 1 ~ :i: , 5 .- 2 " ,. ~. b;dependent e<;i_uat1one, bu.t only l ' 1 ·, 4 " :. 
c ? , Threu mDl"6 equs.tic-ne invo)vlng tbo un:mol!T!S A, 1!8 , ~i, and Dt are 
needed, Restrietiolls on the unlmowus 'flay t,e made use of to give the NJ­
quired tbree additional equations. flithou~. Impairing the utility of our 
anal;l,ia, it mey be proposed that ci.e Ve i,a JMainired from the mean of the, 
ll's, that the, C's be 111eaem·ed from .the mc.an of the C's, and that the. D's be 
mea111J.N!d from the mear. of thtl, U•a. 't'h:!:, reou'.lt!:! in the following equation111 

i ~.R.,, :. 1} 

~.1: •• ;: 
J .... , 

These i'as·;:..r,to tj ,:,tm, 
pJ.ier, def.:\J1to,; ll 1 

ll!.':f :,o \nt 1:.~;slu<.fY. '9_acll 'A1:tb. J !',ii owr: Lf.!gratte mult1.-

• :-:.., f.!l,i'!:,t .·: ,~- i \\~ * ~3 2t pt 

fJi;c \ ?·an , :i~ i)i)K. ~ 1'1 :f 1183 • A 2 !?. 1°1 
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.!! may 11cw be dt/f~ra1.1tj_t~t~~/ ~.~1.:, "tiSt-•<:-,ct, t:1 9.},l ,;f,tha v--ariables 9.S 
t.1Jcugh all of tne vgr:\r.bl,,a '"'"'" hc.e;·•.•rni,;;nt, this be if'g juatU'ied b;r our 
having taken care of tht1 dap0nc'.e:1~e1· c:,- •1~•111~ of the Lagrer..,,, multipliers, 
Let each derivattve o:i- ~et 0f ,lor,vt•11.ve11 be sJet eQ.U!11 to :sero as we de­
rive 1t1 

d1!.~ -2 :!!: sti (Xst.J. - A .. Bz ,, I," -, . 7lt i ~ v (10) 
,jA ' 

~:: ··2 i.ti {Xsti I\ - ... - ::7 ! ·• 
'i 

iJ (11) 011 > 1 ., ;:: 

Cl • ··u -2 ,t etil11tl. !\, '.Yt.) . ·;..., 0 (12} ~/' 
~ ?~ ·- " \,' ~. -, ·• ,. 

~t= -2 :i .r<Xau -
I 

t, - B~ c .. - )¾) + A:; .. 0 (13) 

Now adding 1;ha twc, eriU&tivnll (2 .:.:, i;, i th r·s~pect to JI and oompar:lng with 
(10) ahows that "'-1 equ>Jle zerc kding the 1'\ve equations (12) with re-
e;,.act to J. snd oo~rl.ng with '.l::. u:.c.-,11 that ll.2 equals sero. Similar:t,,, 
adciing tha 1,wo equationo (1)) ,d t:i r(,q;oct to .1 1md comparing with (10) 
shOWII that A 3 ~ual• aero. :;r•oi,pill:;; th«i -2 ti;iroughout yield11 

Fr0111 (10). 

:i, 11t1(X11t1 •A.•Bs'" (~ 1 •• Dt) " ,J (14) 

From (ll), 

i_ ti (lsti - A - B11 ., Ci •. ri.-) ,:; ,) 
" 

(15) 

Fl'OII (12), 

~11t<1st1 - A ~ 88 r- Ci ' Dtl :, I) (16) 

fro• (13), 

~•i (l11ti - A • Ba •• Ci llt, l ,, U (17) 

Dietrlbuting the Z:ati i.'l (lt) ~ri:i rememboring thllt Z 11B11 :: ~ 1C1 : 

~ tllt : o, giva1 

A '"~ ~sttlsti"' 

s1-11ar11, tro11 (15)., 

811. • le . tilat1 " A 

- ·-
: X.,o - Xe•~ " aay, 

•, say .. 

. ' , 
- }~• i,_~1~.~~:,- ::co.Ir.;;/ ·r.,;;;,;~· 



Fl'OII { 16) , 

• C1 "' ¼ z nXatt ~ A 

And fro• (17), . 

0t; a '!5 Z.Bi1z.t1 • A 

Denoting the value of
2 

X 2 after these value11 of the unknowna have 
been substituted jn it, X a, then 

-" 2 g .?111t1lXsti - x,. .. g x,to g r..,.1 ° 2X,._):Z 
·" a 

degre!~ro;hi~e~~m
8 s=~~~!!0

~bf~~~ ~~t~~=d=-~~.1!:9m::~~ion 
show• that the computational formula is 

Xi;: i11tix.!t1 'F., is\''itiXeMi
2 ~ ~ it(2e1Xsti)

2 

~ 1~1\ 1 11tX11t1) 2 • -l 'IZ- 8 t,Xat1I 2 
I; j.(, 

'!'he compute,_. may wish the follo\iing 1rn.;gestions the first term above 
111 to be obtain"d by- equaring each of the a<lcelerometer readings l!Ild then 
adding al.l "20 i,quare~" The second tEJrm is 0bt.alnl!ld by adding the 10 read~ 
ing11 for each o1:menar, equaring the sum, adding the two such SWIU!I for the 
two obeerver11, and dividing b-; 10, The othe!' terlll5· are to be read in the 
1181118 lilllDDBr o 

The number r.? dd71"des cf fre.,uc:" ji; J __ ,., il.ll ~an be ehown from the fol~ 
lowing conetde:-atiom1; tho nuu,t.er nf df'g:res:.~ of .rr-oodom in X.ft 111 always 
equal to the nmcber CJf inde:pemlent obBrn'V'Btfons, diminished b)' the dif­
fertlllce between the munl::er of voriablisi1 fitted by differentiation and the 
number of re11td.ctione 11!lpos~·i upcn tl1,J varlllblea. The number <:,f obaer­
vation11 was 20, 1'he nu:libar of vlir-\nb11o11 Nt\B lf,:i A, B1, ·Bz, C1, C2, C:3, 
C 4 9 

1~5i £:1 1 8J'( V":! ~ 1:'hr1 n.mib,sr oi' 1·ei'!t..:·lct11')ne lf&s threie1 

110 

The purpo~e .':.n d!'t,,;n::lninp; -;.!J .,,l·~ t,, '1H"l it in the l"•tent, calculating 

~ ~ ,° ~,~ 

F 
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, So fc.r th.a for:m,1..lo. t.'o:e K i; hr::; ,:,. .:, _ ,_:~ ;.r.~·l,,·,::l) !L~c1, rum 1 t ·•~RS been 
deT,erm.ined that f;_c "h1ch go>!!c., n: "'.;;l: I. t !.a 1'.:_.. ~ Tba deJJC'tll1U'lt.or of the F 
ie then taken care of Fo:r t.te r;,.t.,<J,·"' ::r ,\'.. f an.:i :t'J are needed, Th• 
X.~ ia deterained by re,;ritfr,;; ,1-. ·r•,J:" c,he hypothe:il~ that /Ti • Os 
rhen 

By analog)' writ-a ta thr. 8m0 p~ c 

Xati -:, ,t • Ba ., Dt ., i<sti 

&nd again determine A, B8 , an<l Dt so ·'3 "t-8 rr.ako ~atiZ~ti a nrlnimwa. Pro• 
oeeding ..aa before, 

{20) 

'-1.::1 find that the val-w,s c,f A, Bs, rn.·\ l>t lfhich make the minimum are the 
ss:ne values as derived above for th,, ,)ther minimum. Substituting them bllok 
into (20) !!lld calling the resulting m;nifll.llll a .o,laj;!Tt minimum, gives 

This is not convenient for compu'l:,:i.tior'c::CL purposes, so a little algebraic 
juggling indicates thet 

)(.~ = ~ at1:Z::t1 - ~ ~ s(i !,:'.. X~t.tl
2 

~ rl Z, t( ~e1'at1)
2 

• ~ {~ st.i-\iti/· {21) 

In (19) ).~ - X! are iping to k m,eded and no't ·,\ ~ :!'tc;elt, so '.18) 
m,iy be subtracted !1'0ID (21 i • getting 

; 

X.~ ~ ., 2• : 1. ~ 1 ( -f stl.s,;i )2 •• o·, 
.J\. 4 .:-.~ 

(22) 

The number of degreeo of frt1oclol!l ·1:mo.ciatad with this is the humber 
of independent atatementa in the null r.:ypothaeis being tested, The null 
hypothesis was 

~i : C, 1 :: 1, 2, 3, L,, 5, 

However, the ~is m1ceaeitated setting :l.n the ~l'-' i 1C1 : o, 
whioh leaves ~ !t independent etatan-ents 1n the expression C1 : O. It 
1n the population 11 ,is mea81lred from the mean or the d'•s, as the C •a 1n. 
the s19111ple were measured, then the.re f re onl7 four independent statelllflntll 
in the bfpotbe■ia H1 d 1 ■ O, eo that. :r2 "' 4o The F-test is now coaplete 
&II follow111 

r = ~; 
13 

-:,: ., 



I -

i:i «ut~n ~ 'r· - ') :( ;_i,: ":,t, 'l.J& )al{'.!"11.,LS-C.~U L.J. I, :J. \ ct: ,u:i _'\ ,'~ i f"'um _a: A,,.t 
-UISU&.L'I the ree\.4-lti.~g f 1i.1i :.a.;i.ke:i 11p ,~ ..:.a~de,,o.t:' 1B tati-.1.,9~ &rv:1. --.,~ .it axeetth.l~, 

·,;,,, 'It Jh)int -,,t.,, ~c-'tb,.et• ,,, , "' J ma., ba "":""t"'a anJ ,,bot pr.oeano" of 
"'ign!.:'L:ant individua:.. ,ttf'fer.anoe11 GOil!,' i:tlt,t!I ,._9 rep;"··~• t,h.e!.~ 11-"'eler­
,,aeter !"eadiD.gir irill be, tndioat.ed ., 

rbe following remarla! mar be ot illt.ere1n,:1 

1. An estimate of the variance 8llong pilot& aa regards 11coelero119ter 
readinga on landings 18 given by the numerator of ( 23), :namely ! ( ){ ~ . J'. i )._ 

2" An estlJDate of the- vari1U1oe (among acoelerolD9ter re11dinga1 not 
accounted for by the identit1 of the pilot or of the obser.-er or~of the num­
ber of the trial, is given by the denominator of {23), namei, Jle, . 

13 :i 
J, If it io desirac to ~st TJ!,ethe1' the:-e is any difference between 

the two observ,,rs, the i-tes'c 1u,y l·e usr,d '?!1th the B81De denominator as in 
(231 bu.t wjth nume1·ator ;;!·rnn t.y 

with one dag:.·e" uf i';•t;etlo~ 
in ( lJ and dete,.-,'1.iuing ..(,. 

~o!.1mu out 
0 by setting the hypothesis (.;JJ 

8 
$ 0 

J.., Jf it iB dssi:r,,d -t<:, \.~·st whei,b.,r , ll<Bre is 6.llY 1:Uf:ferenqe between 
trial 1 and trh1 ;;> ty a glv'3ll µ1Jnt .<L:,i ,.1aerv,;r, the F-test-may,be uaed 
with the denond1Jat0r •~.;•.101 -~o the 0.1,r,cr,ih;o."tv!' of (23·; and with nlllllerator 
equal to 

rl Zt,~s·t ;-;dti'
2 

• -,t l~it_\~,1.;' 

with one degre-, ,,f ,-,.,.,,Jar,, 

5, 'i'ha i" -~-~~ ;, 'O:roi·oee~ IT\ ;•1L-n ;,·,._,lhB _?. and 4 above wj_ll naturall;r 
lead to the sems .e~nlt,i u· e···,:,:c,_,,:~,i-: ,·}.e t.••t;es·t in the same situation., 

6, The r'~d,'i::.t;r .-1:' ~-t,, ~~n·i11::• ,~rru.;,JyPl::J d.&pends 1:pon two assumptions~ 
,ai that (OJ stj in (l) -Js .r,,,. a,.c', t n01-e,dl:r distrjbuted in the population 
from which the .... 8W1p-_,,.!,. .i·:e~s '.7';.;t..u 1.-,d ~ 'J:.: -,C!-t -rJ16 .-.a?'"i0n•:e of Woti is 
equal for e.11 vduce ,):'. .'· . '. 11 ,'c,.,1~1··,'·c -t-o ts;Bt."h"ther in the BSlllple 
the v,rri..auc+, of :!~t~. ,:4rfe--~ ; 0

, ~: ... <. i"~ .:·~f·.:'sc:;"11',t ~ as to ca~t suspicion 
ou the equ1.1lit.y r-;~ t:n~, ,_~3.:~~•j_;•::::•:~ h-, 1 ; 11'' ·uls:t·10!': rhis can be tested 
all follo-~:,,; 

'-; 



r"i~d log100:J.,· ,::il,rlb.rJ., r"'-1: .' 1 ,c,,• 
-rietermine :0-g L fr•JrJ~ t:1.':' ~q11.u G ~c ,~ 

6lld from the log obtainHd f~v·. ,:, ,,,. 0 , _,;, ,,.,, ~\e nntilog, 
th6 L is l.!!J tt..&Jl ,,491, •,l:-2 \---r'r,"'-::.Moc"I_!;. ~.l~J.t 1 (.-3 ~r.r·1 ~Tit'~ 

;!;&me fm· all 1 must b~ ""J~:t .. ,J 1,, ;•,, "'.'. '.-<c,eL 

cretting L. 
of l' \sti ii! 

?i, l~owever, if 1- i-u;"1);', ~u:. J .:;:.-, t,\.s, "i.Pl, [tlj ~~~~ri~ental.finding 
ill reprei<snted~ witho,.!t. _,,,:,.,;\;IE frc, q;·,,,l:n,L l'lhicl, Jo,qds to (23), · 

, 
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INDIVIDUAL DD'FERENGLS 1N Ll.t'.DL'IG 
MASTER DATA SHE:~r 
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APPENDIX 5 

INDIVIDUAL DIFFERENCES IN LANDING 
MASTER DATA SHEET 

"No Trioks" 

;i & J !t !2 2 7_ 8 ';! lQ ll ~ l2 lit 15 lfl 17 
INV &il!'l'O.RI DATA SPECIAL FORMS CAMERA DATA 

D!!!:li!UID! .!!mg Slips in Turn Sk!d8 in TJIDl . 
l"eet from II ind Drift<. Var. in Mean Max. 1, of liex, % of 

~- mi.. Mn] Qyer-n]J .Qg! ~ !!.'.:I Spot ( .. or -) v.,1, (R or L) A,A. Airspeed Airapeecj .12li, .§lJJI m, ~ 
l 100 26 2.0 0 ,. 57 8 15, 16.2 8.5 64,1 1· 57 0 A 2 95 22 2.0 0 '} 36 7 5 20 0 0 5.0 60,3 1 25 1 l 

B l 95 18 2,2 0 '} 93 10 10 16.5 6.5 64,l J. 50 0 
2 95 16 1.8 0 .. 52 10 15 24.0 5,5 60.4 2 67 1 

' 
A l 90 22 2,8 0 ... us 12 5 27.5 7,5 6o,3 3 J;;. 0 

2 95 20 1.6 0 .. 167 5 15- 29,0 10.0 60v4 ~ 30 2 ~ ... 
.1 65 -3 1,8 0 65 10 15 27,5 s·.::; 64.2 3 53 

, 
B - ~ 

2 65 5 106 0 + 223 8 5 29.0 8.5 58.0 2 ;1 l 

A 1 65 16 1.7 0 + 213 5 15 28,5 5.0 64.1 2 100 0 

3 2 65 22 ,2.2 0 • 199 10 10 28.0 'Jrc5 61.9 2 88 0 
B l "60 7 1.8 0 - 258 10 • 15 29.5 6.0 61.2 2 100 0 

2 60 9 2.4 1 - 44 10 15 28.5 7.0 60.8 3 95 0 

A 1 65 8 -1.6 0 ", 404 8 10 29,0 13.0 63.8 2 74 l 

4 2 95 16 208 0 .. 34 8 5 28,0 12,0 63.8 2 50 0 
B l ?O 1 2.6 0 0 5 10 25,5 16,0 63.6 2 18 1 

2 65 5 2.6 0 ~ 224 5 0 28.5 11.0 6J,4 3 63 l 

1 (,' 16 1.6 0 - 103 8 10 28,5 8.0 63,6 2 59 l A • 
5 2 . 65 17 1.6 O • 381 3 5 28,5 6,0 63,2 2 66 1 

1 65 8 2.6 _ 2 - - 16 0 0 (28.5) 6.o 64.0 -2 86 0 B 2 60 13 2.0 0 • 441 10 15 28,5 9.5 62,4 2 45 1 

~- "-· _,..,_ '~ •_~: _•,,<"-' ·,;. c,~,-,~.,._ ~ ,',.,.-•.;- • .1. ··.,:,,1:.,Ql•,;~'..; ,;,(-c·,;,. 1• .,, •• ·~ -,,,,.1 •• ?i'"- ;,._,-~( \ .J°:: - , 'J -v,· •- ... ,,...~(,~-',:,~ - I:: /;, '.":_.;: ;;.,_(• ..:~• 

D 
1;1 

0 
ll1 

(1 
'/:::• 
4'' 
~ 

' 
29 

0 
0 
0 
0 

10 
0 

27 
6 

28 
11 

0 
1-0 

; ",\ , .~c~,,I 

., 
i• 

-\ 1, 

·-·~ 

_;.?, 
...;~, ~-,;~~·;·, -...... ~: 

J 

' 

,. 
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APPENDIX 6 ,'c,:~~f~-
,,--

INDIVIDUAL DIFFERENCES IN LANDING ' ' -'.~; 
MASTER DATA SHEET 

--· ."Trick8 Allowed" ,,-;,-' 

--'=---• - - :;__- .• ....L. 4 5 6 7 8 9 10 ll 12 13 14 15 16 :f} -
lllVl!Jl'l'ORI DATA SPECIAL FORMS GAl!ER!l. DATA 

Distanoe !li!!g Slips in 'i'm·l} S~ddll ::~, ''-"r,:> 
Feet from !!ind Drif'i ~ V s.r, ir, 'de:!l.ll Ma:;: ~~' 0~ ~-' 

. ,. 
' ~--·- .... •>~- -r-.,1,1 Oyez::::all OSP'I ~ ~ S,pot ( t or -) Vel, (R or L, :, ,J, 5irs~<;l 1.~rfil&~ ~:~ 51::.-:~ '~~ .5,1-£~::;.,f !-''1:Y. 

~-"<;.),.;;;-

1 90 20 2.0 0 ~ 155 8 0 I6.o 5,0 64~2 1 17 . ··• 
'- ,·_1 { . e, 

2 95 20 3,0 0 33 5 }5 18,5 <;; " (:,J.,1 so [i ,, 
" 

,, . ,:, -'l- . ' 1 95 12 1.s 26 2D 10 15o0 7,,5 64. 5 ~ •-0 0 ".;(' :, 0 ., 
J 

2 95 9 1,8 0, •} ·18 10 10 19.o 10.0 67.l ,. 4t 
1 65 18 2.0 0 = 249 10 lC 1'7 ,.0 l~ ... :J 59,,4 ~O~l -· ,! J.. -<'} 

2 90 18 2.4 0 1+9 l£J (; 19.5 '}, 5 , ~ . 
2 :-.::; n. .. -• o..., O '1 

!' l 90 11 1,8 '() ., ?O lo '.) J.G ... O :2 .. ~\ 57.9 .. t:~ (! cl 
2 65 5 2.0 0 ' 2'7 10 15 1(,., ll ::.i_:1.,0 60 9 4 ' (\~ f~ :) 

l 90 24 1,6 0 -, 103 7 _5 18.0 5.5 65,5 l ..:;,~. I~. (. i! ,V 

2 95 18 1.8 D ..1 " 45 16,5 7-5 62,? l \.CO 0 -> ., = 
l 6<; 13 1,8 0 • )9 '4 20 16.0 12.5 6lcc6 , _co r ..,,, ' ti 
2 65 9 1,6 0 :,1 6 10 19,0 s.o 62.8 , . .:,o r-,. 
l 95 18 1.,. 0 41 5 25 18,U n.o 60.8 J 21 " ~ c' ! 2 80 24 2c4 l 35 i,, 5 lS,5 12 ·1 b2-,.l 1 -,1-: {'< fj 1 ''- - I u !, 
l 90 1.3 206 0 ~ )2Q l 15 22,0 12,5 60, 3 4 ,;,6 l . ., / 

/:J 2 6o 11 1,9' 0 " 12b 5 10 18,5 10,0 ,.61.0 4 79 C (, l) 
,., 

1 70 12 2;0 0 3b 5 10 17,0 16,0 54.6. 4 100 ·'J ,, "' ' ~ 
1ft B 2 85 22 1,8 0 35 10 10 13,5 14,0 60,4 4 100 0 ~ -- - ,'( ~ ., ; 

l 95 7 1.8 0 38 10 5 14.5 17 .o 59,5 4 78 0 C 
',:~ e . 

·!., 2- 90 -1 2,0 D -, 45 8 15 16.0 15.0 58,,;?. 4 87 0 G -y 

" 

"" ' 

' '.;:)~:;":.. ,P ', .. ,, ,. ,. ,,,.A,:,,.:,;;,/;;,~;i,;i,;,; ;,), ---~/J,;,-i,J: '".,,-;, 
• :, -' ,, -~ .,H ,, ,_:,v'.\,-,fu..:,•,,;.,. "';$,<,,~;: ''·'- '<iii"'-;. .. ,. ir-·,,' .-,,,-1:,i, ";r. ,:,;;;.,,.r,,, .!;.(,_'.,~jftl 
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APPENDIX 7 

--~- Jl&,\BS AHD STANDA~ IEVIATI0;NS Ill TERMS OF :uir•IV1DUAL PILOTS 

INDIVIDUAL MEANS"'AND SIGMAS 

N2 Trick1 TrleJ.~ 
PILOl' 1 2 ~ 4 . l 2 3 ~ 

< ,._-"L,_,__, __ 

Uiatu-::e fro. 11p0t S9o50 ll0.75 27,50 165,50 175.,75 58,00 -3-.,25 12,50 ,3_ 00 2":J,: 
20.84 108.C6 193094 162,0l • t'.38.20 56.25 5~.95 62,.62 sn .. v:~ ~7!,-~.~ 

, 
IP ■ 2,00 lo95 2,0'3 2.40 1,95 2.15 • 2:o05 l,?8 .? t\(!: , ,U : .,•·) 

0.14 0.50 0.29 0.47 o.u 0,50 0.22 •J, 10 {),,J:I :1: .."..;.-, 

.lnglat of Attack 19,18 28,25 28,62 '1.7.75 • 28,50 17,13 ),7 t,!3 ::7_?,6 .19"25 :r;:;;} 
3.16 0.75 0.,55 lo35 o.o-J l~67 l._,/4J l 19 lJ,C 1 -::.I;, 

- -- ·' 

Airspedd variation 6,38 8.,61 6,88 13,00 7,38 3,,,CtJ 3..3., 15 8~&3 Lc,,35 1.:., ?(1 --,< 

1.34 o.89 1.67 1.87 1 47 1..,97 3-~09 2-~56 (I~ 
r'• • /..:t' 

,_ 
- " 

• Average airspeed . 62.23 60.73 62,00 63,65 63 30 t;4,:;"8 h0,~3 f, ~ _ 15 .,, .;:;: 
1.88 2,22 - l,;27. 0,.'.7 0 ·'-0 1,,2.:,. 2 .. 22 .L.,t...:,. ,; .,_, ' -

·osFI uncorrected 20,50 11.00 13.50 7,50 13,,50 J, 25 13-,(,0 16_-:r '', .(,;_ 

.3,84 10.l,2 5,94 5,50 .3,50 4/17 5. ~3 5.::.:1 

(JSl'l corrected 14,50 8.00 10,.50 8,_50 lG.50 12~75 'J_!), 50 ilt,,50 ;"' _< ~~J :i_-.~]. ·:: 

2.96 6.67 3,64 3,20 ' 3 .. 20 ~ ·ci L;:;,!..•._. ,?, • 87 -~-~9 ::_ ·><'7 ' _, 
...:. - '-'.t" 

Over-all grade 96.25 78,75 62,50 73.75 63,75 '13,75 7'7, 50 78.75 /.j,.,25 ?5. Q·J 
2,17 1.3.86 2, 50 12e44 2.,17 2 

,,, 12., 50 1.5,,86 :~#;" itl. () ~5 ,~ 

r 1,me to 00111pl~~111 26.25 15,63 19.88 14"13 :i.7,00 1.6,,00 :.!!.~00 23.c,o 20/>0C .".j.,', -,\.< I 

tUNl 4,81 1,51 2,,07 3,85 2,52 5,10 7.6$ 7 ;63 'l .,C"' ·'; -.. ,. 

% slipping of a:rq 49,75 39,00 95. 75 51,25 1:,4.00 /45,. 7:, 91,25 o/7" 50 ;~ ,.(K'; ._i '.) ~ 
. .,._, ·-

ttegree 15.51 9 . .35 44.92 20,99 14,78 17.55 8,9, 21.65 ~6_2t~ Ci ':l. - • - ' #, ~ 

~upper figure is the mean . Lower figure 111 the standard deviation .. 

• 

, \, 
.. -"'~ "-of,:-, 1-,j, -~ - ' ~?"- '1 1- :-,..: ·~' ;·•~, '';, ., -~ .• ,-~~i,,;t.:~-) .l"·:~;•. i~--~r~---i· :.,e,.~,.1/:~ <'1!,1-1,,, < ~,: 

~· ',~· -
i-,.t.~,;~ .. 7;,~\:.'2f'• 
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APPFJWIX 7_ 

WA.NS AND STANDAJUl DEVIATIONS lll TERMS 
OJI' lNDIVIDOAL PILOTS 
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