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:r..,."T.:ES 00' 'l'l!II.NSHI'l'TAJ.. 

IrATIOllAL BIISIA1JJll Cow«Jn. 

2101 Oonatitution ATellWI, W-ab1ngton, D, O, 
Di Tieion ot Anthropology and Plqohology 

Ccaaittee an Art&tion PBToholOQ 

Dr, I>w,n B. Brimhall 
Asaiat&nt to th• M111n1atrator 

tor Beeearoh 
CiTil A,erqiautioa A4111nilltnt1on 
Bocc 5217, c-ro1 :Buil41Ils 
Waahi:agton 25, D. C , 

Dear Dr, BriDhall: 

' Attached ii a report entitled. An ~t1sa,tiop of the .Ba~-
tionship :&.tne.r.1 Vla-.J. Apillty and ntpt o,-nce, wba1.tte4 7 
the c-ittN on ATiation PB7ohol067 with the reo, n!etion that it 
be inoluded. ·in the Blril9B of T.«ihnioal. .Baport.. ot the P1,Tia1on ot 
Banaroh, CiTil Aaronaut101 Ac1111n11tration, •· 

'nl1 at~ daaaribad. 1n th11 report repraaenta a piouerinS 
Iffert to obtain, through rigoroua field axparSMDtation, obJaotift 
aTidance pertinent to thl establ1Bl!ant ot Tiaual atanlar4a in tha 
11can1fng ot pilots. ot particular intereat ia the tact that the 
inftBt:lgation raprnanta tha coordinated attort ot P1170hologit1te, 
opltthalJDologiata, *11olQS1sta, and. ot other■ 'llho o011b:Ln84 tbeir 
ao1ent1fio ra1ouro1a tor the :!aps.rt1&1 am obJect1Tit 1111&:b-aill ot 
thf.1 aapaot of r,riT&te pilot l1cena:1Ils prooed.urea. 

JISTuw. 

Cor41al:cy 7oura, 

~ 
llorria S. V1 tales, Cbaf.rmn 
Caaf.ttu on .\T1&t1on PQ-ohology 
lllt1cnal B1a1aroh Oouao11 
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The inveetigatir,n d-secribnll tn this repc,rt vae oollducted um.er 
the iirectioo of tho National Reeearch Colll)'.:il Collllitteo on Selection 
mu!. Training of Airoz,aft Pilots inov the CO?S1ttae on A'f"illtion P!,ycholCJ87) 
as a coopel"ati ve effort. Jt ill uot ~h" work of IU\Y 11ingle 1nl1 Ti,\ual. 
The atwcy waa inittattid at the l'l'}queat of: Dr, D.R. Brimhall, 111111iatant 
to the Adminietmtor f'or Boeee.rch, CJ:rll Aero11Butics Adm1ciati,i.tioo, fol­
lowing inquiries as to the J)Oeaibilitiea of such an inTesttsation t'rolll 
tho CiT1l Aoronautica :See.rd. The study ,r1111 c2esigned b;y a Ccaaittee on 
the Visual Study of the Cc:aa1ttN on Selection and 'l'ra1n:lng of Ail'o:ratt 
Pilota, iDCludiD,t Dr. w. :8. Mile3, ohai:n.n, Dr F, c. )l']aMgan, Dz.-. 
~ J'r!in&en, Dr . Peter Xroni'eld, and Dr. Ji!. S. Vi telee . :Dr , Peter 
ltront'el.d and Dr. W. o. J'mm, representing National Beeearoh Council 0011-
iirtttee on Mediael. Problau of Civil ATiation, am Lt. Col, Jolm L. Ma.ttlJe-..··e, 
!'rca the Aero Medical Aeeociat1an, helped in defining the l.ilD.ita tor the 
visual groups and :!.n pltmning tbs v 10ual tests and the ophthalllolcsioal 
e.raaine.t1on. Dr. P. J. Rulon, a 11111mber or the ll:ocutiTit SuboCl!llli ttee ot 
tM ·Caamittee on 8eli,ct1on and Tra1n1ng of Aircraft Pilots, am Dr. Bl;r­
mond Franzen acted aa epec:lal consultants on tee statistical aapocte of 
the etudJ". The inveetiSB,tion 1'l>8 com.ucted at the School of ArtatiOll, 
Ohio state thiverei ey, under the general superrtaion of Ill-. n07d C, 
Dockera,y, With t.he assistance of Dr. G. Gorham lane and Nr, IlaVill Bakan. 
'l'he dotaile of the ophtbalmoloaica) 1tTI11D1nation wore fonnulAted by Dr. 
Peter Xrontel.4, ani tha adm1niatrat1on of tho Tiaual teats wan euper-
Tiaed b;y Dr. Glenn A. rr,, Ohio State University, Brisad.1.or o.nora1 E. 
G, Bleinartr., AU School of Aviati~ Medicine, cooperated in aaking aTll.11-
able the serrtcea of a etef:f' OJ)hthalmoloe;ist, Col. M. J. Reeh. 'l!:.a eta- • 
tiotical analysis' was ooollucted by Mr. -1L Bakan: Tho fleport w.e written, 
ill tho main, by Dr. M. S. V'itelee, Mr. E. 6. l!lwart, and Mr. D. :Bakan. In 
13eneral, the eturl.y was 1n enry eenae a cooperative effort, 1nYolT1.Jlg the 
oollttbore.t1on of' peyohologiete, :Ph;ra1olog18ts, ophthalmolagi,;,•i:LJ, and medi­
cal proctitionens, uaing f'Uoia provided thrOll{lh the D1V1sian of ~h, 
CiVil Aeronaut1ce Administration. 
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11:DITOlUAL FOlmlORD 

Th• inn11tigation descr1bo4 in thia Nport, undertaken b;y the Cama.ittee 
an AViation l'll;ychologyl at th• reque111t of the CiTil Aorone.utic11 Ad111n1r,tra­
tion, w.a d.911ignttd to detel2.in• the relationabip betveen T111ual -urn 
am fllebt pertomanc•. 

Both th• CiTil Aerooautice :BOCIJ."d and the Civil Aeronautic11 Mainiatra.­
tion ban taken the position that private or non-cClll!lllrcial flJ'ine ehoul4 
be Dlld.e 1101'8 euil;y aff.1lable to the itdividual. A crucial probl.U!. in this 
connection is that ot setting atandarll.a tor the CGl-titication of pilots at 
a point which 11111 permit the CGrti.f'icatiD!l of all tbos• vho can leam to 
fly am are able to uet the ordinarz, tl-nde ot eafe tl;ying following 
tlisbt inetruction. 

Such a poiµt cannot be eetablishad vi th ocmplete aatiatactiD!l tor an;y 
pb;r■ica.l -eure without u:per1-ntat!.on. The RB:: CClllllittn on Aviation 
Pll;ycholc,gy 11'11.11 asked b;y the CiVil Ael-one.utic11 Mm1o1etration to undertake 
the mcHaar,y reeearch for reasons which Bre ■tated. 1n correapondrmoe 1'ra!I 
the Civil .Aeromuticu Board to the Civil AerODl!lutice Administration whieh 
led to th• denlopment of the present experilllant. 

"We have noted with great 1nteN11t the etridea which have 
been made by your DiTieion am your contnwtor, the ?ia~ional 
Research Council, 1n fo;,1nu1Ating obJectl.ve standards for de­
tlll'D.1ning tbe requirements tor pilot1ng a plane. We Are 
::,nrticul.Arl;y 1.m.preased with the Mtboao vhioh have been ll.e­
voloped tor im.prortns the obJecl.171:cy of. inatructors' and. 
1.nspectora' Judements of tlltudsnt pilot performance &Jlld in 
proTiding photographic and other object!Tfl devic•s tor 
IIIMBUr:f.Jls pilot performance. 

"It occurs to us that the availab1l1t;r or auch obJ.ati ft 
imioea ot pilot pertomanc.i places you in an uoellant 
po.1ition to explore further, under cCilltzoolled ocaditione, 
the rel.atianllhip between physical 11tanlarda and pertormanco 
in l1te.m1nS to :rJ.;y durin8 flight. In particul.ai-, ,,. are 
int•rel!lted in bA Tins you do a co.ret'ul.1,Y d1111:tsned 11tt1d¥ of 
the relat1onsh1pa between visual •ten4ar<\e and tlisht !)llr­
tomance vith reaPll(lt to the oert:Ltication ot oiv111an pilots, 
'bearin8 1n lll1nd an;,- justifiable diftal"fillCel!I in atandard111 be- • 
tvNn priff.te and ccaaeroie.l pilots. 

"You can be a.soured ot our full coopsration 1n such ezperi­
mmtal work it it 1a acceptable to ;you find to ;your contrac­
tor." 

Prior to tbe research described in thie roport, D. R. :Br1Jahall !IIld R. 
J'ranzen, ot the C1T11 Aeronautioe Adm1u1•tration, had oonduoted a atu!;r in-

1:ro:merl;y the Canmi ttee on Selection and Trainira of A1ro~t Pilota, 
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YOlVi.Dg an -,..•1netion ot the conailltenc;y of TiBUAl measure• and tll•11' 
a:ten1ticanoe 1n relAtioo. to aocidenta. Ulder the direct auapioea of the 
Cc:auttea an ATiation Ps;yoholos:,, there had bean two studies ot the rela­
tionship betwan Tiaual aaeUNs au1 prosrea11 1n ,Mm1ng to nz on the 
part ot Mr cadets, who rece1Tild t:J"ll.1D1ng 1D th1a oountl'J' 4ur1:ns World 
War II, vhioh pointed to the abMno• of an;y 111gn1floant relatianahi:p be­
tween ntabllslled. Tiinal at.am.arda and flight pertoranoe. lleltlwr ot 
theaa stu41ea, hOlrllflr, y1el.4e4 results direotl;r pertinent to the p:t"Obla 
of eatabUsbant of ataDdarda for cin-t1f1oat1on ot prt,ate pilots. 

1'h• reaulta of the present 1n'ftst1pt1on prOTided ertdenoe ot a rela­
tianahlp between rtaual etticieney am proficieno;r 1n l.Ml'n1DS to tq a 
liSht ail"Cni.ft. It also ahowe4 clMU'q, howenr, that 11any 1n41Tiduala Vith 
ll&l'bd detects in rtaion Y9N able to learn to fq aufficie?Itl;r wU to be 
granted UCUUIH as prift.te pilots. At the - tiM the 1Dftllt1gation g&ft 
in1Ucatiana of 11pec1f1c area.a in which Tiaualq deficient student pil,ota 
uperienoe difflculey and auese11ted the dn1rab1Uey of reaNl'Oh 1n the de-. 
nloi;aant at 11111truct1cnal prooed11N11, particularq 111th respect to l&D41l:lp, 
adapted to the tratn1Dg ot rtsualq bandicapped atudenta, 

l'l'cm the tindiro, and 1111111;r111111 preaented 1n tllia report the C<mm1 ttN 
00 ATiation Pa;ycholcs;r hall :reocaamed that 1Il41Tid•la 111th T11nal detects 
characteri11tio of Bub~ts in the experiaental Sl'OIIPIII llho &re HlkSne; i;rain­
ine; at their own up8l]Be, be accepted a.a 11t114ent pilots tor tile pri Yate 
flight certificate umer two oOD41t1ana1 

L t.bat tha;y be 1nt'onied that the probabilley of obt«1D11J6 a 
Ucenae is lover than for penona With better rtnal eff1-
oilfll07 • 

2. that 1n flight testing auch applicants for certification u 
priw.te pilota, particular emphasis be e:iffn to perf6nllmoe 
OD l&D41nga • 

It 1a alao reownded. that consideration be e:1Ten to the dnolopm,ant 
of 11paoial11:ed training Pl'00edllNII, directed at thoae areaa 1n which rte1&l 
defectiTH appM1'8cl sip1f'io&ntl;r leae prolf'1c1ent. 

M. 8. '91telee, ~­
Caaittee OD Aviation E'll7ohol087 
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The purp(IN of tb1e 1DYest1gation all to determine the relationahip 
between -SUNa of new. ettioienoy and flight perf~J that 1a, to 
d.l!ltermiDe whether there 11!1 lllJ7 demoM+.rable relatiClll!lbip betw9en the '11.a\Sl 
et1'1oien117 of IIIUb,feotl (covering a ~ 1'Bllge of visual abilitiea) and their 
proi'ioi41D117 1n J.eandDg to CJ.7 light aircraft, as -sured by a nnnbezo of 
criteria of fllght perfonanoe, 

The IIIUbjeots empl.o,'9d 1n the iDv'el!ltiDltion nre dran tram the student 
bCJd1' at 'l'be Ob1o state llnvvsity and haa tbe lloJ.iJII0081 Ohio, area. Ozie 
tnuh-..d ninet;r-fO'Dl' IIIUb,feota were selected 1'ron 843 l\8)]1oen+.'1, All IIIUbjects 
nre al.ea, betnen 17 and 29 ,eera of age, 1nol:us1ve, 

SUb,feots were assigned to four Tlsml group■• Group•.& ooneisted of 8Ub­
,fects wboae nl!lion wu •II01'IIB1• without g]A11sea1 Group B, of subjects whoH 
Tiaion was eeaential.lT •II01'IIB1• prar1.ding correcting glaan11 vere fflll'llJ Group 
0, of IIIUb.1 eots w1 th considerable v18UEll. dei'ioienoy not neoe11811rilT 001 I-tible 
to ll02'lllll. evan with gla11ee11J and Group D, of etfeotiveJ¥ IIIOZIOCUlar, or one-, 
eyed, ind1"'1du&Js, All 111Ubjeot11 e210ept those 1n Group A. wore gla1111911 during 
training, There ffllNI 80 IIUbjects 1n Group A, 38 wbjects 1n Group B, 40 l!lul>­
Jeots 1n Group 0 1 and 36 eubjecta 1n Group D, . 

Subjects were given f]J.ght tra1n1Dg 1n accordance with the requirements 
of a controlled course of prl.JDaey tllght 1.nstraaticm appxoved by the CiTU 
Aeronaut!ol!I Administration, the experiment being cooductod during llix $0&deido 
quarters at The Ohio State Univereity, Flight prof'ici.enoy during, and at the 
completion of, the train1:ug course as useesed by means of a number of cri .. 
tericn -eurea, covering both gmieraJ. and IIJ)Cl(lii'io upeots of flight perfon­
ance, :&ach l!Ubject also was adm1n1stered the private pilot f'llght teat by a 
CAA Flight Inspeotor or Flight. Enu•d ner • 

'l'be Nlllul.ta of the imestigat.t.on provlded ffid811C8 of a ral.Aticmabip 
betwem Tiaual efflciemy and pro.fioi41D117 1n learning to i'l,y ~ alrorai't. 
This RS 1niHcat.ed by the a1gn1i'1.oant.l greater lnoldence of tallure 1n flight 
tT'81D1Dg 111110ng subjects 1n Groups O and D, than among subjects 1n Groupe A and 
B, as well as by eign1ficantly poorer perfol'IIIBDOe of tbe marked viinal defec .. 
tivea 1n terlll8 of six of the thirtffn epeoli'io -sures of .f'light pro.f:l.oienoy, 

The stu:ly also sholfed olearl.T, howe,er, that 1111zq- 1ndivid1:iala 'Lrl.th 
IIBl'ked defeot11 1n vision were able to 19Bl'n to ~ sufi'icientl,y well to be 
granted 11.cen!lfls as printe pilots, and that a number of the subjects 1n 
Groups C and D uhibited flight proficiency equal or rmper1or to the average 
of IIUbJeots 1n Group A, 1n terms of 11p11C1f'io criterion 1'18asure11. Aml,yllis of 
data i'rom subjects who pa88ed the ceurse 1nd1oat4d that when orll;r these aub­
jeots who nNI licensed were considered, the m-ber of IIJ)80.lf'ic criterion 
measures in terms of which differentiation of vi8UEll. groups was evident ns 
reduced to two. These two measures pertained to laD<l1:ng perfornance. Addi­
tional analyses weN1 JIBde to determine speo1f1o aspects of flight performance. 
1n which vieual.ly def'ioient subjects might be inferior. 

., 

., 

., 

J 



.z.11 

1rca the findinga am aua}¥ai• presented. 1n this report the c~ ttee 
on AViAtion l'BJvhology has reccaNDled that inUYiduala With viBIIAl def'eote 
oharacteriat1c ot 1JW>Jects iu the ~ntal groupa vbo are llffk1J)6 tra1n-
1ne; at their <Ml exp61lae, be aacepted as student pilots tor th• pri'tate 
fl18ht certU'icate wld.er tvo con41t101111: 

l. that th97 be 1ntomecl tut the probability of' ol>ta1n1ng l'I. 

license 1• lC'ftr than tar peraon.a ¥1th better nnal •ffl­
cienc:,. 

2. that- 1n tllgbt testillg IUCh- &PJlicanta tar cert1t1cat1cm u 
prt•te pilots, partieular empluuiie 'be·giftn'to pertoz DO't 
QD 1An41D88. -

, . It 1• also nnc:-merd"4 that cona14erat1ao be si'Nll to the 4.eftloi-nt 
<"" ot apeoiallzeG. tre.imns proceduru, 41Ncted at thoH aNU 1n 11h1ch Yie11&l 

deteoti•ea anea,re4 aignU'1cantl,y leN protioient . 

• 
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J\1i IIIVIS'.rllll\TION OJ' '.rJm Rll:LATJON5HIP B.B:l'lfBD 
TISOU. ABILn'T JUfD J'.LIOlU Pl:RP'OBHA?ro:r 

IlffRODWlIO:R 

'rile purpoae of th111 1nYUt18e,tion 'IIU to de'tenine the Nlationah1,p 
between-~• ot rtaual ettioieney ani flisht pertol'IIIU10eJ that ia, 
to detemine llhether there 1• an;,- d-,iwtrable Nlationaldp betnen the 
Visual etticieney <,f aubjecta (co-rering,. Wicle range ot vialal. abilltiae) 
and their prof'icienoy in lMl'lliug to f'1y lisht ·a1roratt, u -11~ by a 
mabar of criteria of fl!eht performa.nca. 

Thia st~ vu und11rW:en in accordance with the poaition of both 
the CiTiJ. AerOD&utilla Bo!U'd and tba CiTil Aeronautics 11c1a,n111tration that. 
priftte or noi;i-...Oilllli6ro1al fl,yins ehould be !Zde more ee.aily a.'Jllilaba 'l;o 
tho 1n41TiduaL ODe crucial J;roblra in th111 cOIU]lt()tion 1• that of 11ett1.ne: 
■tandards tor tl!e certification of pilota at a pQint Yhioh ViU perait the 
offt1ficat1on of all thou wo can learn to f'1y and are able to Met i;he 
ordinar,r l'leenda of safe tl;rillg following rught inatruotion. SUoh a point 
cannot be eata.bllshed Yi:l;h c<111plet«t aati11f!\ct1011 for erq phyaioal. IIAIAIIUN 
Without uperilum.tation.l • 

'llhile the orts:l.nal rsqueet toi· reaeal'Ch, f'rall the Cirll Aerooautic11 
·Ad•1njAtrat1on, applied to rcyaical "taniltP-,E in general, the present 
studJ,- is lilll1ted to an iwestlgaticn ot the relationship between viaual 
meaaures am _,,U!'O!II ot t'lisht pert'm."Dlnce. SubJectra for the invuttsa­
tton (all -1,111, bet.'li'Oe,1 17 and 29 years o:r •~") ffltN aol~tod on tho 
be.at■ of four categories of visual a::tioiency prenOU11ly eatabllahed, . 
with partioulAr retorcno11 tc, \riaUAl Muity. Esaent1all,r, Group A coruiia-c 
ted of.11ubJ90te Y:lth nonzl rtaion; G,:,oup B, of aubJect11 Y:l.th unccrrected: 
Tiaiai aaaewhat. leoa than normal but col'Tltlltib le to ncmaal.J Oro~ C, or 
subjects 9%h1bit1ng greater ref'rllctiva orror·tban Group B; an1 Group D, 
oonsi11t1as ot ellbjeots Yho 1>-ere affectiTill;r monocular. 

' 
An ettim.te of the ~idence, in the general population, of s.ubJaota 

fall1ng in, end between, thl!I four visual groups eatablished tar tide u-

½his 1■ ;pa.rt:l.oul:u-'.cy true With respect to -a:,ure■ of yisual otff'.t· 
c1et1c;;•, Although llf>Ter,~1 in~e11t!gatf.o.na have ·oaei. conducted. Yhich ·t.hrOII' 
s~ l1'Jh,t an th" q1testi0Jl of tho ra).ationship botween Tieual e.billty ll!ld 
:fligh·t 1'>E'rfon11snoe,· lit~le er,;,ermental work h!III bven oord1X1t&d, and auch 
pl'f.lTiOUl'l work ae has b~n don., m:.rui.:i·c; be consideroo. cou,::lw,ln. 11\\rther­
mora, oonaidemble "1'olll,:,re:" lias devi,lo~ regarding the affect of rtelll!l.l 
det10i1mcy on .flight pert='&ll~o. 

2Ae noted 11ub1!18qU«ntly (see pase 4) a. diacontinuolll!I, rather than a 
conti.nuoua distribution in terms of Tieual officiency 1f&II co:ne14ered IIIQllt 
IIU!table to the purposi,& ol the o:qier1maut. 
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EAftl.IE.R 5'."lJDJE3 ON oo; REcb.TE•!/SHlP &:TI/E'J,;N VlSUP.L 
CHARAC'l'ERIS'fl,JS AtJl n.::GI-"'£ PERJi·Jrnwicl!; 

A s'.>.."'Vey -::if the literatur.e reve!lls little that may b~ taken ae con~ 
clusi 7e concerning the t·.elationehl.o bet11e1,n vie ion "l!ld flight pe:-formance" 
EeBt1ntially, two llll!thods of in•rnst,:l.!!ation have been used, One mathod has 
be.en to classify tbe subjects c,n· the baa:l.s of their vieual charaoUirletice 
e.nd to 0Olllpare ava:I lable flight performance records. The other method hae 
been to classify the subjects on the ·~is of flight perfor,118Ilce and to 
compare them on the basis of tl'.eir vision, 

One of the !llajor ["{lnson., _t'or tha inconclusive nature of -these iilvss':;i~ 
· gations is that,, in every instMce, theM hue b~en eo,ne pre~seJeotion of 

p,IJ ots on the 1:-ssie of their vision, thereby el tmineting individuals from 
·th1'1 low :end oi' the vieual cor,tinuum, Such r:>re~solection wc,ud tend to 
b'.ae the outcon,a of ~-he~e investigat i,1ne .. 

Following l.11 a brief SWDDla.ry of son;e of ,~t.-e more important :lnvestige~ 
tions b~aring on the relationuhip ~tween vieue.1· ability and flight per-
formance •. A selected bibliograp!o' 1• presanUld 1D Appern:lix 2 0 • 

In 1929, Icketadt 1, 2) l'ound t,bat the percent.age of faili;rea smong 
L,86 Navy student11 in fli.gt,t tri;.ining d:l.d not lncrease e.11 the degree of 
vbual defect incl'eesed. Jc!rntadt Rlso 1nvestit,rated the visual charactei.•­
iltti-:,11 of ·69 outstanding successes and 202 failures, 'll\d could find no 
signti'icant tendency for either group to be superior on any of the visual 
meE1.suree used, with the µosaible exception of typerplh>r1a. In thb in~ 
.sti•nc3, he found that 71% r,f his euc1,1esees 5 aa oo,upared with onl.7 58.3% 
or his failures, did not hf.ve hyperphoria,~ 

l!lcFarlarid, Greyb1t4l~ Liljencrantz, and 'l'uttlu (6) O:JfSJllinetl 200 civil 
a: rli.ne pilots, having an &Verage of 5659 flying hours ,md ranging in ~ 
frc-m 20 to 47. These pilote were fomd to have vi.i:l.on well within ·the 
lltar.dards eet up ror pilot!! in 1939. The fact that. the meur,a of theee 
p:l.loto 1101-.i well ab<we milnDIUIII etenderde may not ll'!Ceesar:lly be 1:.a~n 6B 

indicative of a :relat.!.cc.ship bet'lleen visual abiUt:r ar,d :1'light perf01'1118hce • 
,because of the probab:.e opert•.tio::i of pre•eeleotl.on es a b:.asing factor" 

·-------------------------------------~ 
3'rhie estimate wee made by D.r, Pete:r c. Kr-~tf'eld,. a member of the 

subcommittee on the Visual Study, established b;r toe Comm:l.ti;&e o~ Selection 
and '!'raining of Aircrai't Pilate (now t.he Committee on Aviet:..on Payelx,logy). 
Dr. Walter- R. Mileto waa tbe Chuirman of this 11Ubcommil:.teeu 

"rhis difference ie significant ll.t the 10,, level of confidence, 
(!ck8tadt does not h:l.maelf I~port .an7 statistical test of the signif:l.cance 
of this difference.) 

}~;}i~;:·iaS: '•• 

_,,:.,.,~' 
, •", ,,"'----



Padden {3; reviewed d~_1;e on ?)C ·iele 'pl lo;:te t>nd found conaidersble 
vsris.bllity in depth peroe>:>"tion nMJi~y. I1hase p'lote all had unbl.eidshed 
flight reoords,. Ile does not repor ~ 1.;1e , i;cidem.~ o.<:' defect, 

·arimhe.11. 1L.1d Fr!!.nzen :,1) e:.ca,,lr:Prl t.he roedical ,·ecorde er 750 Royal • 
Air Force oadet3 w1'o wero oo-tng t:rained :1,,, the United States, The vieual 
requirements for the !1oy&l Atr f'o.-c-e oadete Wl!lre lo-.rar than the ~rican 
standarde, Ne r<llationship could be found ~tween flight perforunoe aJl(i 
the degree to whj.oh pilot11 m-!lt the American rtaual etsndards. One or the 
weakneaaee of th.'.s ~.nvest1gation was that medical records were laold.Dg for . 
enbjects who wero e11minnt.ecl early in training, • 

A a1milar invoet1ga't1on {9) followed -~h~ former one, in which s011& or 
the shortcomingia of this BATlie;• investigation were corrected, In thie 
study, medical records .-ere available for all cadets entering training, 
Again the results did not indic~te rny relationship between viaual obaraoter­
ietios and meastu-es of flight perfonnanr.E< o However~ tbe incidence of serious_ 
defeot11 in the sample stndled 'l!'l!!.S oxtrer.cely slight. 

In 1944, Mol'arlend ar.d Franze.n ( 5) reported an 1nv"at1gation on 1002 
Naval cadets and officers at Pen11aoola who had pae■-4 10 houre or prelill­
l l'.'.!U"J flight training, Tl:0 relat ionehip oot.'f'etln eucce11a snd failure 1D 
flight tz·aining and three visna} te1rta dev0lc•ped by the Dartmouth Eye 
Institute for measuring space perception, as 1'!ell as measures on dark 
ad&ptaticp and eye fixations r.ere st•1died. No eignificant relationships 
bE tween vis Lllil meas1:ire~ arid flight perform.mu, msasures 11ere found. 

Peckham ( i,) dii"eoted the ex8Jl)J.nation of 2~2 ;,f the Naval cadets at 
Pensacola, Whether the results he rauoTts are for the same eupjeote e 
those reported bJ' JlcFarland and F'rro1z~n {5) could not be 4•~ f'1'a 
Peckham6 a report" He repcrte rasulte ewmcwhl.l.t contradictory to those re0

• 

ported by McFarland and Franzen, V'~.tti ,me cf 1.toe Dartmouth ~ate, the 
eikouometer, no .s1.cniftcail~ differ,,r, ·-, .. ,_,,,.s f, ,ID,! ootw.,en thir:t,Y"-t,),_J""8 
failures and fifty=veven euccessee,. Ho,rnve:c, .. 1th t"o kinda o;.· Rp!)Bl'atua 
meae·•iring apace perneption ( thu le..C room ar.d tbe frontal plane), he fOUllO 
a di.fferen".le aigntfl cant at the z,!, ceve1 of Mn:'i·.ieilOf1, fie concludes that· 
the results incic!'ltB t.nat eniseikonta doe!! impair fl igbt perfol"118lloe to & 

statisiitelly tslfo.1,].e degree, on t.!;e condH:on that poor e-pace pe:i:-oet,tion 
be considered b t;_,:-u,· mea ,ur~ o:: gniuaik,:,ni~ ,-

Somewhat 1',;i,,it, ,1 to th:ls a'C"e -r,h,3 ,peeti<lm1 aa to 111!1ether b1.nooular miea 
' ara essential for apace perceptid11, !l:·ul. "het:-,,,,, ail•c1•B.f't can be suoceeefull;r 

flown b;p- mcmoc,ulBr pilots., J,,,rman Di admjm.11te1·ed a. depth perr.eption t,;s' .. _ 
-:;o monoculm- pile ts 1tnom to be !1u<iessfal ,. 'fo found a. few were auooee!rl'ul 
in passing 1.h.a t!:lst, H~ obl!er~l"d ·chst a B1tb;rt~. mt.e for b:l.nocula;.• :parallaz 
uae found b;,• ahiftir<g -.;:,: neitd ~E1~i,t ly ii,_ ordor to u.1e one eye from two 
posi ti one t,:, obk tr, U,~ ,-1, r11D f.Ct'..,_, engle._. 

An hwlistigr,t-i,.,, on ,_.t.e ~d s"l: L-,,rnhl~ ')""l,we,,:o vic.1~al cha:,:,aoterist.ics 
a!ld fl ',!'ht pe-rfor11m!{.e 1~ rer,,rte<I In t·ie proer;Gdi..r,c' of' th!! 15th Annual 
Meet1m/, ,r t;l1-) Ar ,;,or-iaton \:c1rord U ,,,, ·.n ~-~:.·:ti -n• M,1d1 CB 1 lteael\l'Ch of tbs 

. , 
,, 
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1'11!.tion!tl F.tee!U'ch {],y,,nci.l vf '.'.e.nad,. :he T\',l,11:::.ioll!!i'i:b, 't,<,+_~·.•,'a ·,• t,mal 
charar,ter-lst.i~s ru.1d $ 11cceaa l_fl ·!.,rnj-cii1:," fo:r l~~f5 pilot t.<t·~~;;.~3,e ~c.e ln·~ 
vsat1gated, It I'll& f0und teat low vi,•0:,; iscti-;1.,, h~r,er:r,hvd<!>., ,.,,,.,-,e::'ge;:;,19 
inefficiency, ,mcl raft"&<:tive erro:.· w~r.~ ·•igni::':u·~fa,l;J :-s1lst;-J. t,,, f:dri'orl!I· 
ance in f.bght "creintng. • 

ln -v·iew cf tlie c:>nti•at'iet~,ry na-.:1ir·,: d t,rH;i,,, fb•lii:.ga ~. c,i.,rw'ully 
.controlled exf-sriment.1l ati..Jy c,f t.he n, 1 <i:Cionl'lhip b~',;w.,•.m ·rl »nal efficiency 
~ night perf-0rl!ll"rie11 eeemed to have part1.cw ~1· ,;l.gniti<,an•~e, r:1is aee!llod 
e11peoially true einoe pri:vioua wcrk h~.s '10t l:eell conce ,·ned U,-ectly Titll 
the establiebement of visual ,tandardF w·\th r.,f,r•,,r,ce co pr Lvt.te, civili,m 
flying~ 

EST.4liLls;1MENT OF' \1ISUAL GE.)1JJ>S 

One of thi! first questiona whicb sroae in designing the experiment, wae 
whether to use (a) eu?jecte glving a eont1nuoue cietribution of visual £f­
ficiency. from no defect to seriotw o&faete, th1'0ugiwt1t the entire range 
of vcµwµ ilCuity1 Of •'.h) g!''lUp11 al' :mbjeets, ee.e,t, with a defined range of 
vli,11111 aouit.7, rep~s 3nt1ng J.evelB of vi '!UB l eft'ieie1;07 ,. 

The aecond alternative e,J~med best aulte(! i'::.r this invEistigaticm and 
it •as decided to uae groups o!' eubj<:cte, rep:rescnt!ng leveliJ of rleual 
efficiency suitable for revealing such differencaa in ~light performance as 
may be aeeociated with visual deficier.cy.5 Thesr! incl11tled a control group 
with "nontal.11 uncorrected vision and tbr-ee exper~JLental groe.1pe with varying 
da~s of v:l,sual defect, The detailec req_uin1~•mt11 for subjecte in the 
aevera;L visµl!l groups are p:reaented in Tabls 2. 

Candidatec in Group A did not wear glaaeea during the p<1riod of flight 
training, wbereae subjeote :\.n othor groups wore glaaeee ae ,,re13cribed by 
the ophtballllologist, 

5-rbe 11000t'ld elteMifi.tiv .. seemed best becaue& on~ of the req_uir6me1rt.a for 
the groups oan be eo formulatod ae 'Cc provfde dif'feren4; degrooe of visual 
defect for col'.!parieon in tel'!II$ of flight performfJllce while, at the ae.me time, 
relative econolll7 in the nwnbe.~ of subjects required can be achieved, In ad­
dition, an attempt to 11eloot 311bjes,ts co,rer1ng t1 continuous range or vie1.U11 
acuity is complicate~ b7 the .ract that ever;i though a cont:l.nu·am :.n te1-ns or 
acuit,- might be set up, t!Jol;"a would atill be no ),u1su.ranco that a continuU111 
existed in terma of defe~t.11 23,;;ociated with less of aC'11it7, Le., that a 

.continuum in term8 of visual -3fficien:y existed, 

6i--or purpo8es or the v1311al teatir.g rou•0in<', C:!c,up D l!as d~vijsd lnto 
3 sub-groups, ~, D2, nnd D·,,, HofleYer, ao fe:r a~ th£ ana.ly~ia of data ia 
concerned• tbeso sub~1:roup11 oona·t:lt,ut~ the sini;h ·z1F.2<eif'ic1,tion, Gr,mr, t. 
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l!ET::l!A'l'JID PROPOR'I'IOfl OF TGrAL POl'iJU:l'ION FALLING 
INTO .&\CE TIStL'JL C:.IDlll' 

G,:-oup A 
B&tveon A and~ 

Group B 
Between B and C 

Gl'OUP C 
Betveen C and D 

Oro~ D 

TABLE 2 

DB'.\'t.IIZD Ii:t9,UIREJIF.!U'S !'OR S'JBJJHJTS } ,, 
l!'.A1)!-l. OF 'i.:iE VISTJll- i'lROUJS 

Q.rgup A1 Uneided l'ieJ.on r:,f Zf.J/20 o~ l;ettoT in 1mcb ,eye., 11itb high 
acuity of etore,:i~ie W'.ld n refraotiv@ o!lttul' uttd,sr ayoloplegia or :leee 
than O, 5-J D . of myopia. ir, All)" Di>ridian, L '.iO U, of ~ropi!I :l.n !lll:f 
ll!llridian Gd ) ,00 ll, d: El!lUglllati;i;,, 

!;:I.Qt:ll. !)I, U-1nided viaion ,,i' 2Cf.50 ')!' "or13e in eaoh eye oon,sot,Jd 
'11th :!'O!'l'IIU'd glat1oon t,,, :-C'f\/20 tH' 't~ttor in ars.oh B'TG,, 11:l.':.h "- hiai>, em1ity 
of ete.-eopslll c~z-~,~-c::-,c (3 Qlll, at ,[, :33t;s:i-a) .md a 1·etrai,t:1.ve error tmdor 
.1ycloplegie ot lelll~ ci.,,,J.J :,_e,-c:, .P, fr any t11t1,-.ldian, lo!'le; then 2,00 D, ,:ii' 

eatipatiel!I a;;id J.(llM tt:1an 2 ,,Ci•~· 'J ., ,.,: dl;'f'0l'-a.rn$ b<~tween any parall@:i -
iu1ridian~ in 1.t~ t.wo ''')I ei!c, 

g~ __ mt..9J U111;hi.d9+l ~ i. a.ion t..•f ;..u,,. 'ioo 1'l.T "<'.Ol'lh1 in ~~oil tt!ye:t~ '01'7.l' ~"1'.-rJ i-t.~ 
'111 th f'orwar.d gla.!l!lflll '-'-' ?..0/50 .:,r wct,0:r- in .;11oh ey.i, uitl! 11 ~orr<!.Bp,.;00° 
lng ,1ui,.it1 of' trtru.•eopillll (10 3;i,_ t'\' 6 ill'-'tc/Jl'il} .a,id e. r0:t'raotlvG error 
11.1:,dcr 07cloplagL, flxce,m:-.ug 4 C,( i, tn, ,my ",ertdial!o, 

j.,royp OJ.i :Jsi~ <;JJ-9 ,.,,,z'.c~.!tlbk t., 20/20 w:l:th 11 ·M:l'n,ctlvt11 91•ro.­
l.eH than 3 oOO r: , iii a.oy ll!ttridi<'!Jl &Uc! ).tills than 2 .-00 D, of aatie_1u,t:lBll! J 
thfl o·tbor e;re uncorreut0,X 7.0/JfJO 01' worr,ie n.c-"(, tll,)l'l'.>Otiblfl to 20/50, o:r 
lla'l-:lng oeeo ramcvc:i at lm,nt 5 yca1'l.' \'i':':.c r >,0 app11il:it1on tor fl:i.gllf. 
t1·"'.in:uig, • 

q;roUR.Jl~; " 11:l;i. c.•r· .F:.1.1te,' 
of vor'Giilal 1;.{';.,p:.,, !Ull.l llith 6l\•Jl1 
t'rac·;;he orror l,,~a th:1,;i :o <:;fl ., 

of u'Gl.giS1:i.tir,~'"' 

'.io, illm1t..,J. tro1,'.:.a 111 tli 1""£ til,m lo'-' 
~Y"> c,,,'.0 .:iilt1b1e to :W/20 with a r<11a 

--.,, an: 1l~c'1d1.,m ~lid }sse than ;;-;"oc, D. 



' 

'l'.b.e subJecte omployed in tbs 11:~f)9d.m<!'::n YOl"ll ii.ram f'ralll the student 
body at t'l:!io State Univ-eraitJ are from the Colua11Ul'I, (11~.<>,· ar.f!a. All eub~ 
Jecta wrt. males, betmntn 17 anll 29 y,;i;rs of' 1168, ino1ua1TII, Mlltl11s:lon tc 
the experilt!ent ar:d a11a~nt to 'I":! sunJ. groups vare 1n b(ICO!:WIMe Yi 1:JI the 

: procedun,11 outlined 11ub11equent:i.,. None of t.b.11 s11b,1eOta had prertoua tligllt 
t:ro.ining. 

~1IDURKB 

V1eual Teata. 'Die teate and T1eual taat;\.na :prooed1ll'9a •pla.,114 ve 
preeented tn detail 1n Appelld u: 3 of this report,. "Mt.nu.9.l or TI.11ual 'l:'eata." 
In •1:11111111.17, the T111ue.l teete 'Wltd imluded -.aun11 of centl'ISl -.cu1t.i-, 
phortu alli n:rgenc■11, nteroopaia, teete !'or plrll~ic aotor cU1turba.noea, 
c_entml color vi11on, n:lli!,ht naion, and l'll1leO ot Mocancdation. 'lb• q_ph~ 
th&llaOl0610Al ...,.....,.,,.+.,Wl, !IJVll.'ttistel'ed to eubj&cts puaiDg the .110~ 
t-este, 1Mluded determination ot ob,jectiu l'l!lt'rll.ot:loo uni.er cyoloplesta; 
a PO!ilt cyoloplegic teet1 det&minll,tiou of llr'•SOrlpt1.on f'or the illllindual, 
if a.l\ri an appr&.18f1.l of L'Q' dillet\1111; and t:i.nil.11,y, e, d1a(snoeie. 

Pqeholom.cal Teets. Ea.oh aubjeet in the inY&ut~tion '11118 g1V8?1 a 
oatt1'r,1 of ptQ"CbologiOAl teeta. '!he yurpoae of adln!n1stel'ing these teat■ 
was to BUpply a baei11 t'or det.ft'lldning llhethet· the groups dU'fered. 11ignit1-
<:l!lntly in cbaracteri11tica, i:Jther tbau na1on, which lllight l:'9 related to 
fl.18ht perto:rlllllllCe. 'lhe ps;yohologtclll te11t11 lldmini11t•red w•re 1 • 

1. Me.ahburn Serie,l RIMlction Test 
2. 'l'wo-811.nd Coor1Unat100 'l'el!lt 
3 , llo11ire to F1Jr :rnventor;r 
4, 13:1 O@:l:'!l.ph1Ct1,l Inventory 
5. 0t111 Teet of Mtnt&l Ab111~ 

6. -I • 
8. 
9. 

10, 

Teet of Arte.-tioo Inf'Ol'lllllt1on 
Test of Nl!chan;'cal Omprehflntd011 
lane Teat 7 
Gre<me '!eat7 

8 Doobl'l!cy' Teet 

In a.Mi ticn, the Ohio 3tate Pl!lyeholcgieal lb:and.m.t1an 11811 &d!llinietered 
and 110 a_pplicaat 1Rt.8 aec•J;rt;ed unleH his 11'0"-l:'lt on th111 te•t '1111.11 lt.t or- aboTII 
the fifteenth pero11ntile {baslld on ent,ering collttge treehmsn ). 

• &!§1pmt of SUbJ!ct.!_. ao.-111:os teata wre ~niatered to all aub· 
Jecta at the Vl111on Te11t1:llg Center. Applicant.II puoins the aoreening te•ta 
wre then referred to au ophthalaolo,siat :err e:n••-t1on. Applioan.ta paaa­
!ng the ophtballlological lmlllination 'il'el'e l"ltferred back to the V1lr1,3t\ '!'eat­
ing c.nter i'or .■.1_111u1 etl'&ti,:m of the camplete . b&tt,P' or -r.t.11ual testa, tol-

·-------------------------7stw1111a 1~ pilot l!Clleotioni ra1111, G. Gorball. I, :l!!.11 precU.ct1on of 
IIUCCNIII in learning to tl,Y light aircN,ft, <1Nene, P.anald F, II. '.I!lle 
abillt,- to peroe1TII and -o·I; 41ft'eNmtia~ to ccmt'igure.tl..onal cbl!u3sea aa 
rel4ted to the Pi!oting of lJ.tht w.:ro?'llf't, ='!]oh.ologi~l Moncppha, Vol. 
61, lfo, 5, Wb,ole Jlo. 286, 1947. 

81. ocn;i,lete description ot thta teat :to b•inS pre:pved ill a report on 
the Stud:, of' Qilpni zed llehartor, done 1lll4er. the auspices ot the C<Bli tt•• 
on Selection. and Tre-1:nii,g of Aircraft Pilot• (now Caitte., an A'l'i&tion 
hyohology), llatiooal Rueardh Couru:11. 

l' ·•u;\ji)~_ -,i: • /i · :':, 



lOWing vhtch tho b&tttr17 of pe;rc~olc,g:1.::al teate vaa a4min111te:Nd, .All per-· 
t-inent data WN then re'f1'"'9d b7 the Visual St\ll!J' C<imittee on Mal•IJ1C1111 
vho au18M4 aubJeota to tho ~oua "rtsual groupl'I. • 

~(·J.}j~i:::--; :· ·;· ~;•,_, ,' .:-:l.1';'.:~/':I. '11, t]i~ 1_,,,,3j_~ '.-..r : j1~ ,':'H,H.ndr,;_•de previrJ1.l8~;-: .i~·­
~c ti":_,ed_. r::·•"J~, , ... t.? ,·rpJ~,-:':l.r:it.CJ to~" f11r':·t --:,~•vi.1-1·ng· .. Of ::.~,e latter 510 v~11r,; 
,;_J~q-J.tUlflA::-1 Ci ~.:...-.h(ly,~,-.,., \ 11,Til3; pr.-{tl :"i'l\.r,;::,;,:,r ::'(t"eP.n:i.ng n:.;tivitias7 f(~1; 

~-e~.so11s E:11)0,tu. ~;,;. T~~,~i:' ·3. Ar...o"':.be.:_• '7'? wl-ttl11rc=-~ durin,e: t•1e period bctl-'H~t:-H.i 

-~he comp)etio:i! cf the sc:.'2entr::r J:•!·0c(': h::.r,ss ar.d th-a !"lr~ ·~ 0.~y 0f !light. 
traininP.'e 1.~ ... ,.:::-c•r,~ fr1r the.32 wi·::.i:~ora'<-":"R.1S e . ..L~-:! 1.•r·ee-ented :in Tabla i .9 ,, 

The <lnii:;r, of i;lv: ncpodir.ent ,,,,n.:,·1 f'o:· a total cf 200 subj,cts. HO 
in (i1 c.ip l., end 40, ra:Jf e :· ch,,, ly; ii, Sroups F,. • C , and 11 . ( Twice M "J..8/!"J 

i,ubjects w .. re in~:>.uie,J in Group A ss ,.n w.y or,her sing::., grr.,up in ordf1t' 
tbat the most stable {t'lefas~,.:-~:i mie-flt.. h~ o0tsir,'1ri en the '1uo~Nsl" visu& .. 1 . 
,;roup.) Bot·s.use of th,:, wi thd1·aw~l:, noted above. tr.e t(,tal :nu,:ber of ~ub­
Ject □ e:iven flight train'.r:: for p-.,rpo,;es of the exper1,r.ent rias actuaJl7 
194, :i.ncludit1i;. 80 in G,•0111: J, .38 in CJroup fl; 40 in Groq, '..:, and 36 in •lroup 
I•» Tbe0e, U1i,n, were the subjec;ts at t.ha oxporimenL 

Fl;tgt,t 'l'~j.Jrtng, :,ul\jectB were eiven r:.,ght traiuing in accordllllce 
r;J th the requ1reme:r.~ cf P co1r~rolled course of primary flight inetruetion 
approved b;, the CA~ T_he ezper'.ment \'ia3 conuncted over a perioci of ~Le 
,rnede.'!li'-l cyarters, -,;h., s,1i,j<cet s trained duriq; eacb ciua1•t,er bejng de:dgnatod 
a "clasJ." b:ad, of the aix succ .. ,..s1,rc clasae,i, ranging in eize ft<0m 25 to 
:39 autject~, included sutj,3cts -~n e~.cn visua'.;. group (A, il, C, and D) roi..ghly 
in the ratto of 2:1:1:1, raspectively, 'these wete dii,tributed as equ:tY.abl;r 
ea poeeible among tt.e Inetructcrs within the limitatl.one 1:npoeed b.r the 
avail;zble number of instr,.-.ctors and ?,~haduling problerall, 

,·;,; 
[he number of fli~bt in,n,ructn:•E, employod fer each clae~ varied be twt•·,n_ ,- • ,ti 

6 and 7. 'JI':crinall:· it 1,:c a planned to employ th,; same ~oup of inst.rcctor:f • -,-,. 
tt.roughc,ut. the .progrE'.m, '!'his, howe·r ,,,, pra·n1d impossible since som<> turncver •. :_.J-
was unavoiJah::.€', .~Jtr.oug'1 with one tl.·.::,·;,tJ o·,·. "'10,7 au:ijtic.t w11a ,,G .:.,;.r~,: ,, • .-.: ,., 
,;~rele 'netruc1dr fer the ern:ir<, CO\FCJe of primacy flight trllinillg.fo Simi- ,;it 
1,ul,·, -t ~aa c'~<1ircd t:,'l.t eacr, iu,t,·u..:tor be, aoeipned subjects in oach vi:m1ll. ,i";I 
t,;l'l•IJ.t',,, :--ou.ghl:>,,. Ln t'l~ r'a1,~0 .c,f 2:1:'.~~:i. t'u:r- G;•oupe h~ E. C~ and Ll~ -'-""espect.1ve1;,r:;i ~."-(t 

• C 

,lgain, i1om111e;:-. 'c'iis p~t tern of assl :tits<>r.t:< ::,ntld not altogethAr he .r,rnlized, } 

•;~:s~!:~r~~~t~~J;t~~c~~~·;,e~·.:~ p;~~::~~~~~xrr:r;:~7.~ ~J: ttlrn18 of v1.sut~J g1·~1up~1 , •,it 

C, 
• In add.1 t i.m,t a toi..f:. ~- .-:,f 1 ~ mlb~ ccts 'r1 i ttdrc w aft~ r trainin,r hed a t.!u-,te,-i, 

but 1,i thin sb<,rt or·ough r,,ri ~:i tl&~.9 tha.1 )O hours;, to perml t substituV.one 
,·,f entirel;r nF1t st1bJ-::ct~ 11i!.hout in~, . .::~rrsrL1g with the 6.esign of the experiment-, 
S1x ·Jf th<:BC,: sub,lef~te .,., 't Tli ... t:.:e¥;! due :·r:. 1 tCk of timer,i :2 were di"afted, 2 werf:; 
nabjt>ct. to ,s.ir£lct:n<:as, :: "llfl emotionalJ,r • .. m~"table, snd 1 proved pbysicallJ' 
Jrnnd,I capJ-'3d., Seven d tm,,,u zuo;ed,i t,.J 1 ill Group A, 2 ir. Group 2, 2 in G1·,~·~p 
1:, and 1 i:l G·rn,p 11 

1'\n one '1,;stm.we, an inst nict,P ( c:eraf 1 ul) left th0 program before com­
e '.,,tir,g t.h€ acP.derdc quar 1.,,r, 'rl,e t-,.alnJ ne of his at.\id,rnts was completed by 
anothE•:- i1istMJetor :n1_J 1.)., The cmnt~rlat~on WT,5 t~e~t.ed itJ the uoalJ.!lrS a::! 
,_, ,.L11Pl2 'in1~'-'Gct·,,,·" (S,,):"r.'Lf"ini-llill). 

.- ,,r--

. ::, ,ti 
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TABU 5 

DIS'!'RIBUTION OF SUBJECTS BY VIS1JAL GROUPS., CUSSES" AND lNS'l'RUCTOI!S 

V!m11J Group A Hm••1 (k(>ue E 

Fall Wint, Spr, SUlll., Fall Wint,. Fall Wint_. Spro Sum. FaJl :fj_T_-''; 
.i,:5 4, 46 46 46 47 45 Ip 46 46 J,,(; 

!,~!·.!'~ ~ .UL _ _w_ .J.n .l.iil ....Lil .J.fil... 1otD1 .Q..~ il.L __ {].L _Jl}, _v.,l ii'~ • .. , 6 i 
• ..1,.._,._ ,- __ 

Si~~le 2 l J 
_,. - - 6 C: " Ci ,. 

}'c,:rl.i~ ~ 2 1 ~ 2 ~ 11 1 l C, ). _, ;) 

S·~s,t0 lin3 2 2· l 0 - - ,; 1 1 i) 1 ~ -Re,f':~sc 3 Cl" 2 - ~ - 5 l 1 ., -o Cl'l'af'l.n.1. -1-J :i .Ll l ~ -· ., - 1 .1 

llcQri~f 1 2 J 2 = " e :2 1 " ,, ~ 

'-Will! , 
2 3 2 2 2 J2 ' . .!. 

. ). 1 ~ 
~ 

Ei.ll 2 ) 2 ~ - , • ~ A , . 
2on111 2 3 2 7 - '• ,., 
lnderaon = ~ 

~ 

"' J - ., 
.) 

Shatw - ~· 2 ~ 4 ,. 
1, i!lll!<el'l!l~ ~ ~ - 2 2 z. 
Buh6l' ~ 0 - 0 1 1 
Hench 0 - ·• ~ 2 4 "' Sbialar ~ -· 2 2 

TOTAL 1,3 11 lo 14 lJ 1.3 80 '7 5 I {:, 
'·· , 

Total A = so Totll.1 .$ .. ~"~ 

*A daah ind:loatei;, that the inlltruotor was not 1n the progrlllll at the time" ,,, 

·.J A zero ind:!.oat.,11 tlvo.t tba instMWtor wae in the pro~am but did not ·have ,subjecti; ill th.:; vieuu grolll)., . ' 
'· ,. 

\1,: ' , .,;. J_, -,: ;.-..~ - ','ij.. -~-,,-: ,.,,;,, ' - ' !,',.,.•~--~ '·~ . ,,·JJ,',:.-;-.' .'.!l'.," ,.,- - ""; ,:.,,, 
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TABLE 5 (Continued) 

DISTF.!SiY:'XO~ OF rn?.JF-CTS BI ,r1sv .. ~J. t;Rf;UP89 el,l!S~89 A;~ T1':!~t{'f.JT0f~S 

'7:\_p11 a, Groirr.i C 
~---~_,_~~-~ . .,,....,._,,. ---~ l~.18-~.f\.," ~~,u.n }i 

;: ...11 ~:lntv Spr~ SUJi. .. F'&.11 ii int~ . Fall u::..n-i;.{. S}'X" o Sm~ fill ~Hu't. o 

, " .';6- J,6 ¢, 46 . 47 45 1..6 JI, ef, i:,D i;i 'yJ 

l kr. fil..i&li .w..... _jzL '.il .JiJ, .121· .i!u.... '1:9tral filju fil. (2) .J.il .J.iJ. _ill '6' .iltt~h Ml!. . ...\ ~ 

.5,,.~~i ~ 1 -, 1)11- - - - 2 1 (\ l s 

?onti·:2..a 1 0 2 0 2 ~ 5 l 1 l 1 0 - ,, 
ti'?~:- .1), 1-..-::_ .- ,: .! ., - - ';\ 

~ 2 0 l - - - -:: 
t.Qf1"A~ , 1 u ~ : ~ 2 ;, 0 l ~ 

5:Uhi-ti~..l..L f~_-:..! }. - - - ~ 1 .• - - " 
~:;:,:_}'"iff - n ,, ,_ 1 - 4 

., ,_ l u } .. i,. 
~ .i- ~,.., )i ~: 0 - ' l l (., ;( J.. - -, c, ' ,, _,_.,1,._;_ ... _ ,_ .. ., ,. , _ 

E1.U ~ 0 1 J. - C 
,, 

' 0 J. .. -
'1~ri•5_;j - - -'- 1 2 4 < ~ l ·c; 
-!'t.rtr.ter:ac-r.:. .. .. () - C G ~ ::I a '; 2 -· ' ~:;~)"'~e," - ,, 

1 ,. J C ,, 

Ziv~~~~ - ·• - ~ 0 2 l - - C -
Bti .. °:~"r' - .. - - , 1 -• ~ - - - ., 
.S'?!'..~L - 2 ] ;, - c• l .. , 

r, ' .:: ,: ,;_,~:';....,,:.~ - - 2 2 = - - - ' ., 

·}~~--?.!'..t " ;:; e. 4 
~ 

" !.n tO ,. 
I: t 

, 
_.,,':, ,, ., ,o 

Tot.!•] !! J;.0 Tctd )J ,c ,30 

• :., .::.::...::.:.. i~~::..cnter- tr.1<...i, 'the i:ast111~tcr -~~a.:!l not in the p:rogI<l:Ol at tht'l t~ ~ 
!, ccse;-~ J:>.oi;!o.t-""' <Nie, -the Jr~t,'11;:,to-r P.as 1n tht1 progi•a,u but :Ud not !Jave aul;,Jo,oi:.a in the "l'isllal lil'O'c1p., 



.·~-~••,1 "" l. .,, ~-' 
1'•,,;c-'""•',' • t~'.~~l~i~ 

·,r ,. ·?;z. 

Subjects rE'l<lt<i~ed 11 ~inimum of 3~ houro of flight training Md t. JllllXi~ 
mum of ;o, thoee, failing the flight, e:xmrlne,t1on for the priv11,te pilot license, 
given .rt.er )5 houra of training, bE,ing giv,;,n ri,ddi-r,ional inatl!Ulltion up to 
the 111uimum numoer of rumrs l:f' ne<:eaaary. 

The :f'H.fht ini.tru·~":ors !lnt1 check pilota: W!ll'!1 selectelf aooording to 
rigorous staru:iai,"da and were all oallege graduates, with a lllinimum or 1,000 
hours instructional experience,, llany of thea·were also "resea:rciti fflindM," 
having prev1olll!ly been £1lllJ)loynd et the Institute of Aviation.Psyor.ologrf 
University of '.i'ennesaoo, 1"cnoxville, 'fenneaaes. 

None of the instnotore 1IU informed as to the villWll gr<mp clua1f'ioa,:., 
tion or their subjects. There can he no question, holreve. that the i'light: 
inetruotors, as well aa the check pilots, flight examiners, and inepeotora :­
had conaiderable knowledge as to which of.the subjects were vi11Uall;r 4efi~ • 
cient, All subjeot11in Group D were requir11d, by regulation, to be 11.dlllinis­
tered a special "l&!dioal J'light Teatn by a CAA inspaotor. Even 1n the oue 
of subjects in Groupe C and Bother ·cues as to visual <letieiency, suob u 
the wee.ring o£ thick lenses, were evident, 

Ai, f'ar u could ha determined, , however; there was no biu , again et the 
visual deficients in so far as tbe instructors and check pilots were eon- , 

1 ·,' 

• .. '--} 
; ~:~~ 

'}; 

";, 
; ,, 

"!1• 

'. ~ --:; 

earned, several of the ir.atructors opining, privately, tba.t there obould \le , ~ :·;, 
no reason why visual def'icienta could not learn to fly if' proper]¥ trained. • , , ,j, 
If any bias exietedt lt may well have been in favor of the visually 'defieiento ··,·•.~, 

-· ': 

With l'eference to the check pilot», flight exam1ner11, and inspectars. 
determination of biae could ·not be made, It might be noted, ho,wever, that 
several of the check pilots and flight aXal'iners we:r-e formerly employed &t 
the Institute of' Aviatior Psychology,, and~ being •research minded,• appe,ren~ 
made a real ef~ort to be object17e, • 

• 
Cbe9k: Flights and Flight. E,m,~,,Q!l, 1':aeh subjee~ in th1c experj.inent 

111:111 adminbtGI'ed a check flight by a check pilot after the seventh, f'ifteienth, 
twenty-fifth, and thirty•i'ifth hcur of flight training, Following th&' 35 
hour obeok flight, every subjaot was administered the private pilot flight 
examination by a CJ\A inspe~tor, er 3?l approved flight examiner.ll Subjeote 
fAiling the pri~ate pilot examination at this point were given addition&l 
inetruction, until their flight instructor oonaidered th8111 ready for another 
test, At this point they were given a check fliitht by a check pilot, fol­
lOlled by a resdministretion of the priv11te pilot flight examination by eithe;-.. , 

11rn gener"1, aubjects in Groups ti, n, and C were aominiatered this test 
by '!. fl:lght, exand1,e1·. s,,bjects in Group u, however, were tested by an in­
spector. who also t·,d1111n1etered the r;ipecial "Medical Flight Test, 8 required 
t'or all appl!oants for tl,e private 1:lcense exhibiting visual defioienoy to 
the 1egree of imbjccts in Group r,. 



11 flight eJ;lll·,: Mr or. a Cl,,A ioapsctc,·.. 11" th~.s 1;eet WEIS tan.,f!,. nd<:\5.tfonal 
t:roining, an:'- additione.:i. check fligbt~ and f11,g11t tuts W81'~1 giv;,n, up to • 
a ma:dmi.1m of • O bours of flic,;ht, t.rnj , •• ~.I', .. 12 • . • 

The lilall'.l· ,vers included in ·the· c\1r.clr flighta nd:mi11hterad by tho check 
pilote are p~.,sented in Table 6. During execuH::m of these maneuvers a 
large nulllber ,f detailed maaeuro~ <.n the r,erform,u:iee of eaoh subject was 
obtained. T,, airplanes and two check pilota 'l!er':i employed, Both th<i 
planes and tt ., check pilot a irere t·ounterbalanc1,d with respe1,-t to visual 
groups in ord•Jr to avoid any biae whkb might Nault frOlll plane or cheel< 
pilot differ~uoes. Since each subject received four ~heck flighte, the 
check pilote "ere a.l.tt.rnsted in the check flii;htl! 110 that one ohack pilot 
would have t!:,:, first and third check flights, and the othe,· cheek pilot 
11ould have t,,,, 11.eeond and fourth check flights, Thus. if o:r11, chook i;ilot 
ia deeignate<J P and the othet- check pilot Q, tho sequ,inoe of' check flights 
would be PQPtJ f(lr half the subjects in each visual group, and QPQP for the 
~rh~. • 

C3ITE£10N MEASllRES 

Prins;\Ri'• Criterion lr!eaayres. Th!i) principal <1riterion •asures on 
which the eva:i_:iat1on of the flight perfonance of subjects in the experiment 
was based &l'e :;,resented in Table 7. It 11111 be noted that in general these 
criterion 111e~.,un,s are based on eve.luatio1111 or obserytitlone of performance 
made by the flight ini,truetor or cy the check pilot, :, . 

fp9:t!;1m,;pbig Reqordp. Photographic reoord3 were also to.ken or a ilon­
oealed :£netruir,Wl.t panel duriJls the execution of tour maneuv@rs in eaoh check 
flight: Tak1JJ~off, Steep Turns, Straight and Le,rel Fl'.i.ght,.. and Landings. 
Theae IIUllleuv,ws were aelecte1 as reprtallentative on the bas!e of a priori 
conaideraticrcw; Take-off tllld T..andinga repreeenting relatively diff1 oult 
maneUVl!l'l!I in ,ihiob vieual of'fici~c7 111ght be considered ill.portent Steep 
Turn1 repree•mting a relatively difficult maneuYer 1n which visual ef'fi~ 

. oiency might :1ot be 1mportar,t, ane Straight and Level a relatively eaBT 
maneuver poas~bl;J not calling for ir.arked visual effioieno1, 

A 0000,,11100 photogl'.aphic installation :!.na:iluded ii:. both criterion planes 
ie Shown in .figure l. It should be noted that one of' the principal advan­
tages of the type of criterion measure11 obtained is their objeotivit;y. and 

12In adc:1-tion. aubjecta 11bo failed to 11010 follcming 30 hours of trd.n~ 
ing were elir::inated when, in the opinion of thelr flir:ht ina·truotor and the 
check pilota,. the prospects for their completing the -:onree with:lri 50 hOlll"s 
•ere poor, 

l3nTtme to Solon might be oousidered an ex.:1:eption to thi!! generslization, 
o.lthough thin l!lllasure ie actually based on a Judgment by the inetructor ae to 
the eubject1 , ree.dineee to take-off, circle the field, and land without the 
inetructor'a ,aeietance or the moral support or bis preeenoe. 



Rode of Climb Sui'ij&et No. Altlainer 

Figure l 

CAMERA FIELD - - PHCYrCXJ-RAPHIC INSTALLATION 

(Model employed represented an adaptation of this basic panel) 
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:ih1,d.ng eit.oh rlual f'Hght the lnetruotc-r 
hlll ign..-1 :i .\V'udl' on tha bae1e ot his 
judg11e11t of th,i. ,ne:1'~6.ll pert'oi,iiir,.ce 

'J:o eMh m:infi·~•"'X- p,,rfol'll&C! by tho subJot;t 
the oheok pilot assigned a grade on the 
baeiis of hh; jtldglll.ent. ·rhHe wers 
l\VBl'to.ge6. for .inot ch&<:k flight o 

During c11ch ch111i1r flight th11 oheok r,1:J.\i:t 
uc1sl.;;ned ~- gr11,de '>n tha basis ot hiis 

. :udgaont e,f ·tt11i ._;-vs:i,·-~1::,1 perfo:nrug,no;, .. 

l)uri.!'.lg !!!HOil choo'.t !lil_;h-!:. the oheok :dl!,i; 
filloo out the Onio Stet~ Flight !nv~nto~y 
on the baairl of bia obBe1.,,.:i,.tiom1 ~f ,:;he 
~ubje,t < L'! perforai:moc,, A .. ttu'l :',ar~"l1l't 
po11sible r>rror ecors that the 11abje~•,; 
oould hav•, Th:l.11 is a(Jtuall.Y the !l'!'X'or 
11core for e.U iteme that were not Oilitted 
by'the oheWt piloto 1 : th~ eubj~at"11 
total error s<iore 0 

During enoh eual flight tb,;, in111troot,,r 
aae1gned a grade to eauh lllalleuve~ on tho 
buiu of' his judgment" These were 
averaged for each leeaone 

A11 2, ebov~, but bued onl7 on '.;hill 1,).flt 
ahook fli11:bt , 

_;,, '3, 1<ho'?e,. but bauoo. ouly en the li18t 
oheok flllil,hto 

Ai, 4, aboH1, but baae~. m:ily ~.n lab@ L.l;llt 
nheok. flight.-, 

S11111 of i tt:DJ 1Hl0l''-1fl on 
S<J/lJ.1:1·. As eooJ-e, th~ 
t,hs poor$<' ',;!le pJJ,,:,t ,, 
Ji:.1rtl"1.1etor l'.t the end 

'l;CII Pm-due Rati~ 
h:.ghe:i- the ::,core., 
F'ill'.10 out bv t.h•, 

•:;f t,be train:L~u ' 

j ,J,~ 

·~~~~{\~~ 
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TABLE 7 (Continued i 

PRDiC IPAL CRITERION MY,l3'~ 

Qriteri2n !:\t;m&l::!l 

Time to Solo {logarithm) 

lfo1ght,9il Ln,;r;iuz ifoneu:,o·k Gr·;~ .. , 
(CP) 

Weight1»d Mo&L l,bn€!1,'!'!!>r· GN••'" r>n 
PTii.-Jt1c~ :'.1snrJit'lfi,: ~loatt"v> 

Too; loglll'i tlm of the m\lllber ot lllll!llt&it 
of dual Gruin1.ni prior to the first aol~ 
f'ligbto It i11 u11umad that thio IIO!il!lU'II • 
111 a good index ot the inatr!Aot.or" e judg,,, 
ment Qf the pilot' 11 OOlll)iltenoea The lo­
a:r1th:n:. ~a used inetead ,,r the number ot 
iii1nute11 because or the ,kevne11a at thi, • 

distribution. Uaing th3 logaritbw:tenda 
to ll8ke the data more nol:'lU.l. Tbe 
logeritmi aloo ha& greater a pr!gr~ 
validity th1111 tba m:aber iteelf lxioa",$ 
it givee greater ¥.eight to ssall,ditf,rr~ 
~noeo at ~he ~v and of the acale and 
lel!ll3 weight to l!llil8ll dif.f'or1111cas at tba 
bigh end of the eoa1e, rr the uubj~" 
;raa oevor pel'lllitted to isolo, the point 
waa ai:-biirlU'ily e11t at forty hoUl'!l, • ,:,:· 
2J;OO lllllli.lM>!l ., 

A!I indioat.lld und11,' 2, J.>1,il'&,, thil ch.,,li'c 
.,,il<Jtri al!loignod g:t"~CiilJ to e11.ob mru1em~l.', 
'ln~e~ &re the srade~ on ·th~ llllld1ne-5, 

-~;,,."·c•l' :w;;:i.'e ou tru. osr: •.ar<i!ng -
,he!lt _ Recordoc\ by the cbeok pilot 
d>ll'in/; the ob.eek f'ligb.tco 

G.r,;.de b1,11ed on 1111Jtruc•,c,r' ,s judgg:.ont 
,:,,' ctudent '1c1 peri"oI'llalltr• ot lr,.nuJnge 
du~ing the dw,1 fltghte .. 



',,. 

. Grade gl.ven by the i'ligh·~ 
private pilot flight test 
of "pass• or rrfail •). 

E.)(3;!Diner o-;, Inspector OI) the • 
(generall7 eJcpressed ia terms 

0
;~{ 2, 11.ee.aures of perforG!lll<:e aa indica bed by spec_if'iC' i telllS 
;;,." on the Ohio State Fllp;ht Inventory, pe1·tain:!.ng to tfg 

"" '~--, ,, maneuver "Lending,• taken on the last check flight. 
lfj,::__._:_·_.•"_•._.: • A srunple page from the Ohio State Flight lnventory is 

~, pre~ented in Exhibit 1.17 • 

~:.1i(?,; ---;•-• _. ___ _...;....,. _____ ,-- ----T-•---------------------
, ... ,4';. • 4rhe deYelopment of the photogro.phic criteriE> az,d the photographic 
,)t\ , installation, of whicll the instal.latian employed in tbia study Wlj.S an • 
.'if( ,,,idaptution, is presented in1 VitP.los, Morris S., & Thompson, Albert S, 
J;;;/:,, '!ll.cAll!lJ:rsh of photographic records of sj.rcraft uilot performanoe. 1 

"i~\ ··wi.shini,ton, I'. c.: CAA Division of Research, Re~rt No, JI, July 1944, 
··t~""' The specific procedures employed in ri.ading the records from this· inves-

""~~;,\ tigation are included in the, files of tha Visunl Study, 
!;;t/.';.' ,·. 15 · • 

'·'¼,·. :":: It ~as .also planned t:i include a •Taxi-obstacle course, 11 a colll'se 
,--/f':'

0

•oonte1.nlng sin:.ulated ob8tructions th1'ough which the subject would bP. re-
• '';;y._'·/;Uired to t11:id ti.a pl11ne_, llecause o:t' pr9-'1tical <lifficulties, howevor, 
,>1,t<Jl·::_ . uee of this "t'sxi-obstacle courm," ·,ras abandoned. 

JI.~, ,T ' 

... ~ ... '--; ' 16 , ' 
, -'H' , 1'he Oi1io Stat<? Flight InYentory consist.a of a serios of cl.eek 
\b:(,; -_- •. eheet a, each p~e of th<? invent,,:ry, Le., each check sheet, being dev'lted 
~:!f' .to a singlf' ,nRDeuver. On each •m5.11euver sl1eet" tho critical elements of'. 

~:. • t..lie n,ane\I'rer 111 question !U'e indic&.ted, and space.s are provided -whe;reby 
--c'-.;f, . :the check pilot, viho arl!l'lin_isters the flight test, records the -subject' s 
~\,,-,· performam:e on eech ci-itical element. The inventory 1s filled out by ·-~~- ' ' 

Y ,;'.;.','. the c-heck p:Dct, l"hile in flight, duri'lg the actual execution of the 
'liJ;,~-. ,-maneuvers 1.n ~ueetion, For a full discussion of tr.is inventory and i te 

·-,~~"- 'ue.velopment see: F,dgerton, Ho A., & Walker, R. Yo H1eto:q and devel.2n-
"it;';, !!!W. •~f the Oh;lo St11te i'light Iuven~ Part I; Earl;, versions ~ 

, {!{;_,.~ basic J'OSEt§!:d. Waahington, D.C., CAA. Div~.sion of Ra11ear.ch, Report No, 
.)~:"·.-•., 47, J07 1945,, Also: NRC Colll!llitte~ :m Selection and Training of M.i--
~-~'I;' . ,?:craft Pilots' Histoix ana d!preloume;J!,.JJf -!-.he Ohio State Fligh:t:; l;iventory. 
;,a;;:~' . !:'~rt..1I.LM£'ll•t v11re1Qn,ii and cyrrept applicationi. We.ahington, D,C. r 
,,.~j';:· 'CAA Di•risiop of Reseui-ch, Report No, 51, Nov8'.'1ber J.945. • . 

if!J[. . 171.11 individuals charged w;th obtaining ci-iteri-0n raea.surea were 
'"#.~ 1·,. • thoroughly trained in the procedures to be emplo7ed in collecting 11110b 
. ~'$./ . -data.. Training proeedUNII and 111anual11 eaplo;J9d in suob ~oct:rination 

~°'ii· !11'8 in _tbe i':l,lea or the Caaittee on Aviation PeycholoG'~ 

~~_;,·._._,_\_-,;_~,;.•~--,' ,- • ' • ,__ • -,. , ,.. l,:; .: : ::?'Fi,f ., "" 
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W.,Dhti!lff of C£1ter1on Meuurea. .llet'erence to '!'able 7 YiU in1l1oate 
that certain criterion -.uree are dea1gaated u "weighted,• 'Dleae --­
urea were baeltll. on a c011b1nati011 of' acorea fr<II. 1nd1Y14ual J1111L811N• OTer 
the tint four checlc f'l.18hta or onr the entire couree. l'or each of' euch 
lleU1D'fl weighted aftr88n were oca;pute4. J'or the check: f'Usht MaBUrea 
the "i8ht• l, 2, 3, 11114 , were aee1gne4 to the aoorea deriT911 trca the 
first, seo<mi, third, an4 fourth check f'llghta, respeotiveiy; and the 
total (the em of' the weighted acoree) awrepd.. r.n the caae of' grudea 
aeaigned b;r the :lnatruotor dur1.ng each flight leaaon throushout the oourae, 
the night of' l vaa aaaiened to sre,An Si.Yell during the 1'1nt quarter of' the 
couree, tha weight of' 2 to sre,dee aea18Ded dur1.ng the second quarter, the 
weight of' 3 to third quarter gradn, and the night of' 5 to fourth quarter 
grades, A,sa1n, a a1.ngle score in tenu of' eaoh euoh ~ '118.8 obtaimd., 
repreae~QS the anrase of' the weighted totals for -.ch qw.rter of the 
course. . . 

RllSUL1'8 01 Tlm Ill Y.l!iS:CmATIOlf 

Althoush aml,yaia of Tlll'iance w.e the prinoipal ata·ciatioal tool emplo'¥ed:. 
in this 1n-natf.gation, a ft.l'iet,- of other t,-pea of ana]J"sis aleo was employed. 
Initiall;r, datel'miDation was made of' the oorrelatione 8IIIOD6 Hleotion teats 
and 81110DS Criteria, and between selection teats end criteria, In the &llllJ.TBff 
of criterion -8\11'11■ certain of' the maaaurea 'INJN treated by ohi-aquared., 
rather than throueh the uee of aml,yaia ot -,ariance, In addition, for the 
anal;raia of' data in tame of the Pase-Fail criterion, a partial correlation 
technique, b;y lll8IIJl8 of Yhich the attaot of the aalaotion teats oou.l.4 be hel4 
oanatant, we.a uaad in the e1'B.luat1on of' the Paea-Fail data, ae well ae an 
anal;yaie 1m-olv1ng interaction chi-squared. Moreowr, for a number at-■-
urea laam1.ng curvee vere dl'e.wn, as an 1n4ioat1on of' the peri'Ol'll&DCe of aub­
Jeota in the various rtaue.1 groups throaghout the course; and c1111UlatiTe 
CllrffB were prepared b7 means of which the proportion of euhJecte 1n each 
visual group eurpe.ae1.ng any given degree of proticienc;y can be datal1111.ned, 

-',·..,...., 
• ~;;: 
c.i:-;."" 

Daatgn of Anaq!lia of Varimlce. Idee.11,y, for se.ch of tbs meaeurea ~ted. '"'.ii 
b;y anai;aie of -,ariance, the ana'.ljaie llhoUld han been oonduoted b;y a three- ' • 
va;y olaeaitication deetsn aa ahovn 1n· F.l.sure 2. In euoh an anal;y11i11 the three· ··I; 
-.artablaa: Tlaual Ch-oupa, Instructors, and Cl.aaaea would all be controlled ?~ 
a:lmultaneouel,y. Bovenr, Ulllitationa in the data prevented uaa of thia t;rpa : 
or anal,ya1a, Since the upariment was conducted owr a period of au aoadeio ·,;~ 
claa88.11, there wre aanral inatanoea in which inatructore reatsnad and were ' 
rep]Acad prior to the b9Sinning of the next cl.aae. 'Dlua, 1n 11uch a three-va;y 
olaa11if'1oation daatsn there voUld be lllllllJ' •P~ celle, llali:1.ng anal;raie inad.-
rtsable. • 

Ae an expedient UDd•r thaae circumatancaa tvo anaJ..1He were 111114e tor 
each criterion measure. In the one, presented diagramaticall;y in 11suN 
3 the -.ariablea Visual Groupe and Cl.aasea 1111re controlled; and 1n the other 
the 'YIU'iablea Visual Groups and Inatruoto:ra were controlled (aae J'iSUN 4), 

l&rheae particular veighte vere aestsnad on the baaia of' eat1.lllatea aa 
to the relatin importance of meaaurae taken earl,y, and later, in the oouraa 
of flight tre.iniqJ. 

. __ ,,.. ,.' 

- I 1-

'',{ ·, 
.-· ,, I 
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<he of the aaJor l.11111tat10118 oi' the dellign eaploJe4 U that the teate 
of a:18i11f1cance are :Nd.uoed 1n powerl9 m the n.ua.1 Oro\1119 b7 Cluaea 
-~•1• becaua• the error tem conta1De the n.r1at1on due to lraatruotora, 
and 1n the Vleual Groupa b;y :rnetnotan ana~eie ~un 'the error term 
oontaSne the "1U'iat1on due to C!Jee,.,e. An 1111han'ta69 ot tits «:.ellign a;ploJN 
1■, howeTer, tbat it e1gn1t1oant dii'f'erencee ap:pear u a result oi' the 
-~-, the tind!.nga haft greater s-raJ.1 t.7 than 1t the 8lTOr tem he4 
the variation due to both Inetruotore anl Cl&asff raefflld. lllua, tor u:­
ample, a e1gn1.t1oant 1 i'or the TI.eual ~• 1n the TI.IIUll.l Qroupa b;y Cluff• 
am]Ta1e (:r : T$r1anee due to Tiwal groups/error ftl'1Ance) na,r pimait au, 
to sen-11111• to the population ot 1n.Btructore. • 

In each analysis the lltllllS of squares and degrees of freedom wore divided·· 
into four components1 Visual Groups, Classes or Instructors (depending on 
the analysis), I-n~raction, and Residual. The residual, or 1rithin-cell11 . 
variance, was used as the error term in the computation of each F. In pre­
senting the results of the· analyses ~f variance later in this report, it 
will bs noted that the reported p-values are given ae ngreater than .20,n 
"less than ,20 and greater than ,05,• etc, 

Results: Correlationa A,nlong Selection Teat11 and Among Criteriol} 
Mfilisµres, and Between SelectiQ.!L.Test§ ~nd Criterign Mfasures 

Correlations Amgng Selection Testg, The question may be raised as to 
whether the selection tests are measuring one or many factors. Table 8 
gives the matrix of corr·elations of the selection tests, Inepection of 
this table indicates tlll'lt there is little reason to suppose that there is 
any general factor, such a11 aptitude for flight performance, which it! being 
measured by these tests, Aside from ,, fe,1 relatively high correlations euah 
as those between the Mashburn and the T-wo-Hond, the Otis nnd the Ohio State 
Psychological Examination, and th" Bfogra.phical In-ventory and the Test of 
Aviation Information, the. correlat1oc1 coeffic-J onts are rather low. 

~ Among Criterion Measure;;,. A similar question may be raised 
in conneci;ion with the criterion measures which were developed; Is there 
reason to suppose that they are measuring roughly the e.~me thing, eomet.hing 
which may be called general flight proficiency? Some notion ae to the answer· 
to this question may be obtained by inspection of the matrix of correlation 
coefficients among the criterion measures. This matrix is presented in Table 
9. It will be noted, first, that none of the coefficients are negative. 
Second, the order of !Ila[nit.ude of the coefficients is generally quite high" 
Therefore, there is gooc r~aeon to believe that the criterion measures have 
considerable in common., 

Correlations Am2n~_componllll1§ of ~eighted Criterion Measures. Of the 
thirteen criterion massure~, five are general measures referring to no 
specific mane~,ver, and consist of duplicated components, i.e., of scores on 
individual criterion measures a~signed at succee8ive periods during the 
courBe of flight traj_ning c,i ther by the check pilot on each check flight or 

l9?owel." J s def l.iwu 8 i ·ch., p~ot.a';,1. 'J ty of rejecting ·snt null hyputhe,iis 
'":Jhcn 1 t -'_; _fe ·i 1¥ 



TABLX 8 

CORRl'.LATIOJB AM~'.G S~Oif T.l'STS* 

1 i 
tr 

i s. 
IZI ., t ii 8 .. , 

:: ts ti:. ~ t-: f;j lg 
◄ 0 ,4 A -

lliuhb!lrn • 52 -.03 ,17 • 3,4 .14 041 ,26 .2.3 - -11 - 03 

Two-!iand -.15 .1, .47 - .4]. .60 .39 .3() -.15 ,23 

11.R.' .12 - .17 -.27 -Jll -.13 .09 .21 -.13 

Bl - . :,4 . ~3 .25 ,11 .04 .14 ,17 

Otis • 38 .~8 .6:., , 33 .03 .:.:2 

AI .38 . Yl .19 -.03 .23 

JiO .:;b ,01 -.16 .03 

OSP! . 52 .09 .13 

ll!Ul• , 14 ,02 

Grnne - .10 

Docken., 

B • 129 r.05 ~ .26 r.01 = .31i 

·•\'lnore-..er neoona.r7, the correlation ooeffi,:iient11 have been reflected., 
Podtive ooefficiente ill:l!cnte positive relationnhipe 1>otween proti~ 
oienci••• 
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CORRSLATTON COEFFICIBRTS Al!O!(G T'dE THIRTEEN C!U'l'ERIOB ~0$5• 

t ...... 
" H 

-~i,"O'l 
~ 

-~ -- s, ti.. I).. <.:r H 
t.) ~ .u ~ 

~ - -"I ~ i. i~ J 
,... -- ... 

~ 
C>.. 

i·f f 1] C>.. ';I ~ u 
t.) H u ,_ 
~ r ·~ ,. I 

j ... ... l i .UJ )! • ~ ii 3 - ~ +> .. 0 0 0 ... ... i 0 .. 0 C) 

~ '.S ,a :s = ·l. l • If.I s 1l i~ ... I:: s: JI!:: ... • . IS 

.,\8 .1,2. :60 .91 .19 .13 .ll .56 .,;a .40 .42 .84 
I_ C . 

Wtd. Over-.U ( I} 

Wtd, 1111G {CP) . n.~.p.U.~.~r~.~.ff.~.K 

iltd, Over-all (CP) 

Wtd, OSFI 

'fi'td, IOI:, (I) 

IOIG (:l.aet ohe!lk) 

Lallt Over-all (CP) 

Laet OSF'I {CP'1 

Purdue SIS 

TTS (log) 

Wtd, LIIJ)d1Jlg MG (GP) 

Wtd , LBilding OSFI Soors 

Wtd. Landing IG on 
Praotlce I.endinge (r) 

If: 129 

·"-~-~-~---60.6].~.ff-~ 
' .,.s ,55 .50 .;8 .68 .71 ,73 .70 .60 

,15 .08 .12 .5() ,40 .27 .35 .74 

,89 .?5 -~ ,49 ,47 ./IJ ;21 

. 'l5 . 4'! . 49 . 55 . 4] .15 

. 38 . IJ) • :34 . 2i ! ,. 

,62 .52 .51.54 

.64 .56 .60 

.7,4 .,48 

.43 

r. 05 a ,26 

-iaierever J1eCeesar,y, the correlation poeff1c1enta haTit been :re:rlected. 
PoeitiTe coefficients indicate positive relat10D11hiJl8 between pro:r1c1enoioe. 

,,r,, 

:t 

< 
'·ti 

/4 
·"'· . .. 

,· 



on 1oiiv:1dual criterion meaauree &eeigned IP.~ auoceeein period• durin6 
the couree or f'l.18ht tndning' (either by the check pilot on NOh check 
f'Ught or b7 the inatructor on 9lloh dlllll 1:oatruotio1:111l f'l1ght). Tb.en 
are: 

. l. Over-e. 11 <h'IP.dee (I )20 
2. MIian Maneuver Oredea (CP)20 

3. OYer-aU Grad.ea (CP) 
4. OSrI (CP) 
5, MNn Muieuvwr G.redes (I) 

'!he correlation coett1c1enta llll0D8 the :rour ccaponents of' MCh of' 
theee criterion mN811N8 1191'11 CClilPUted in order to detenitne the eta.b111t,-
ot the IIIH,IRINB during fiight tl'llining,21 . 

'lheee intercorrelatime are preaented 1n 'l'ablee lO to 14, 1nclue1'9'9, 
lnainstton of' theae tlP.blea 1n!101P.tee tm.t: 

. 1, With tvo except10D8 (the conelat1on betnen check f'11ghte 2 and 
3 :ror the Cl3J'I acON and for the over-e.U Sftde gi'fm b7 the- check pilot), 
CP.11 of the coeffioienta in these tlP.lllea are eignifioant at the 5 per ce11t 
level ot c Dll1'1d.enoe. 

2. lor the illetructor over-all grades, the ooeff1c1ente are un1to~ 
high, the lanet being .65 between the firet e.nd :rourth quarters. It 111 
1ntereatille; to note ttat the higher coeff1o1enta ap:PMI' between ccntiguoue 
quu-tera. 

3. Mod.ere.tel,- strong coefficienta Appear for the mnn maneunr grades 
(CP). It Will be recalled that the first mid third check flighta were a4-
ain1atered bJ one check Jlilot, mid the eecood and fourth check fiiglrte wre 
ad■1n1~tered by the other check pilot. 

4. For the over-all grade given b7 the check pilot, although all but 
OM ot the correlation coetf1c.i■nte are a1gn1f1oant, the7 are not aarlted~ 
high. 

5. For the csrr ecore, the correlation between the firat and third 
checlc n18ht• and the second and fourth check n18hte are hisher than all 
the others. "rhis 1e to be upeoted on the buie of the ~t or cheolc 
flights and cbacll: p1lote. 

20(!) denot.ee that the meuure was taken b;y the Inetruotor, (CP) by 
the check pilot. 

21.nie nmber or caaeli on vhioh theee correlat1Cll8 are based ie 129. 
Theae correlations were ccaputed prior to the cmplet1on of the etud.7, and 
hence, are baaed on a -ller number of callH than the total BQ!Ple. for 
129 oaeea, a ~Jation coettictent or .18 111 ~'111Nd•in ordet-:tobe 
ajgnificant at the 5 per cent leffl of confide~. 

• 



Qtr,.1 

Q·tr ,2 

Qt.r,3 

Qf,I-o ( 

TABLE 10 

CORRBIATI0NS AMOOG 
IETRU:TOH CVEB-ALL GRAV.KS 

Qtl- 91 ~ Qk..J ~ 

,87 ,76 ,65 

. .91 .79 

aFl9 

TABLE l2 

C0RRELATIOIIS AkOllG 
OVER-ALL GRADE-CHEC! PILOT 

Q..!_,J ShLZ 9....LJ Q,,!.lt 

.;O 

TABLB 11 

CORRILATIOOS AMOlD 
IF.AN IWIEUVER GRADIS ~ Cl-lr,C K P !l-O'l'S 

c.r,1 

C,F,2 

tJ,,F,/3 

C,Fc4 

TABLE 14 

052 ,78 -

,47 

TABLE 13 

C ORRILAi'IONS AM010 
(1 - I/A) 0011 sr:ORE 

02:I 

,41 

.58 

C • J! ,..!. 9..aL.tl f':.al.J • .fu.Lk 

.18 .,5'7 

,ll 

C ORREIA'l'l ars AMCJJG 
llltA:'1 i!M1£UVE'R GIU,.VJI S ~ INSTRU:: TOR 

Q',r"l Q";r.,2 Qtr.~ Qt?"d- . 
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6,. The cottelati(Jll,J for the, meon maneuver g-r~.de >1!1&is,1vi;;J 't,y 'c.!ie inu 
11tructora• are uniformly '1igh. 

In general,· tho correlat1a.i coef::'icienta ub~a;ned from t,he '!'.etructor 
grades are higher than those obtained tor the. ct,ec~ fligh·u gredoe" Thare 
ere probably two fact0111 wb!ch allcount for. this. First, a eingle instruc~ 
tor gave all tho inatrm1t,or sco'!'eB to each student. Second, the inatructor 
g:ra1le"' f,;r which correlatiorm 11ere co11;,utcd are probably ,11<.,1·e reliable tt•en 
the check flight 1core11 blca.ui,e of the ave1·agillj: oothod used :In ·the compi;;ta· 
tio!l of the inatruotOl' quarte1• ec:,:,:oe,s. Averaging removes I!< ,:;ons'cderable 
1111.'0Ullt of chance ve.r1ation, aince the etanua.d .-rrc•r of a single eocre ie. 
larger than that for a m"an ..,r Beveral aoor.es, 

Jn general, the implication11 of thie anely3J.s 62'8 that thes:e criterion 
IIIIEill!Ul"c>II sho'IIEld eufficient eta.bility to wa':"l·ent their use e.s mea.l!u.1'es of 
flight proficiency. 

Corremiopg Betpe9n Sel§Oti9ll Tegta and Crl,j;~ril" Ae hllB been indi­
cated,, the purpose of administe.i:-ing selection tests at tb<l outaet of the 
experiment 1ru to deteru;ine the exten~ to 11hinh the vi.Bual groupr. :M.y ne:n, 
differed in characte,:-iet1oa pertinent to flight performan~e. lt seemed de• 
airable to determine the C0%'!'8lations bet1Jeen oeleotlon tests 8lld the ~ri~ 
teria,, in part to determine whethe:- the use of e.nalysie of covariance, wtioh 
originally had been considered, would be Justified. The ·~O?Telatioue ·ootween 
the selection teats and tbe thirteen principal ariterion meaei,ree were oom-­
p~ted, based on all subjects in the firet four claeaee on which complete data 
~r• available (N = 129). In addition, bberial correlation11 with th& Pase• 
P'i:11 cJ:"iterion alao were computed. Paeeer9 wer'! :rttpreaented by those aub-• 
jE'ota who pa■eed the flight test for the privnte pl.lot's licerll!e, Gonver,rnly, 
feilers were represented by those wh;:i r~.iled to receive the privets pjlot'e 
lioenae. These coefficients 111'8 presented in Tabl~ 15. 

With the exqeption of the correlation wi~h the P~ee-Fail crite~ion it 
is evident that the ooetf'iciente !l-""8~ in general, lo;r, only 6 of the 14.:, 
coefficients being significant at the l per cent laveJ of confidence. There 
ie 1Ddicated little reason to believe that these criterion int:aau.-ee WGre af­
fect~d by traits meaeUMld through the aelection 'I.eats, at least in sufficient 
d€>gree to warrant t,he additional labor in'1olved in the emplo:;>ment of analy11i11 
of covariance rather than ane.lyaie of variance. With reference to the Pas11•· 
fLil criterion, nowever, the correlations betwe~n certain teats and this 
oriterion were suf'f1cientfy high22 to lJ&l'rsnt en nnalyeis in terms of ~hioh 
the significance of the rel.4t1oiu,hip between visual efficien~· (as re:pr,,1;.•:·,tet . 
by the Visual Group to which the respective ~ubjeuta belonged) ~:nd Oi.ght pr·o~, 
ftciency (u repreHnted bf pusing or failing the colll'ee) could be deteru:dno<'l, 
w~th the effect of the matoh1ng or 11election tests t.eld conetant ( Le,, 
partialed out.) The re11u;lt11 ot thia analysis will bo desorih<ld fn .,. later 
.section or tbb report. 

i • 22-rbe rel.4t1vely high oorrelatione 1rith the Pass•Fail criterion ~• in-
dicate that thtt element of flight profioieney llleasured bf l'Bss-Fa1l ar~ net 
the 11ame el-nta u ere meunzred bf the other criteria, Alternatively. it 
could be auggeated that the correlations between teats and criteria otaer· tt:an 
Pa1J11•Feil are attenuated by the unreliability of t,hese cr1ter~.e.. M1Utat4'6 
ase,1nat th1a poaaib1lltf 18 the tact that t.he l>Ma•l'll.il orit,.,rion, 'lll tho 
baaie or B'llllatantiAl eTidence, bas been oonaid.eNd q'Uite Wlrllliable. 
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TABU 15 

CORRELATIOIIS BErl/ED TD SKI.m:TIQlf 
TIS'l'S ABD TBE CRillBIOlf MF.flSURIS-II 

i ~ tr ·\ 

-"~;, .. ~ J ! i _,-~-

" l .... .., ~ 

L h .2.. 
,-, !ii @ 0 • "' 

A £:!.. ..!:.. A •\I' - - -
Wtd, Over~a.11 ( I) .,)6 .o; ,OJ .27 .02 .2J . J.6 .liJ ·-0~ .44 • .1.2 

Wt.cl, DO (CP) .10 .2,3 -.05 .ZS .11 3b .35 .21 -02 .cs .lJ. " 
-'\~ 

Wtdo Over all (CP.) . .01 .;:1 -.o~ .19 .06 • 3.3 ,,. 
•~.I. .. u .os .09 ",J.'.3 

Wtd, OSll'I .08 .20 -.0;3 .n .08 .:n . • 'Z] .19 .oo .20 .12 

Wtd, DG ( I; .05 ,J..2 -.•J6 .:n 0., . ., 
,. 

.. 25 .08 .1.3 -.08 .36 .24 
.? 

llli!G (Leet uhe,okJ .,Je .l',' -.08 .(i) .22 .j.6 -11 .12 -.02 -.10 .24 ., 
'• 

'{-": 

La&t 0vt>l'-11JJ. (CP) - .oe. .J7 .O.\ .07 
> 

.07 .16 .07 -.02 -.04 -.10 " . ... ,. 
1nt Ofil'1 (OP) :15 .. 09 -.l,'. ,HJ .. 2,17 • .33 .14 .11 - .01 •. 14 . 28 

.Purduti Sum . 28 . •;4 . ~Li LU-' 
• ~;i . 25 .19 .:n . .15 . 0-7 ,19 .1:3 

'',,: 

TTS (log) ,06 oO.t,, .');.; .,;.E, .00 .2..-... .2<l - .04 - . J.1, .o:t J.,,, ' ' 

l'itd, Landing iiG (CPJ .. , M~ .04 .,(:, , ·. ... :u, . :,:i .;,U .02 . ol:i . l!: . .(16 

'!ltd, Lending OOll' I •. Oi, ,02 -.o ... ro ~-, . n:, _()'J .ll .09 .02 -.02 
.·)~ .. , u,_ • "· .. 

;' -~ 

lltd, l..anding JIG on 
pre.otice landing11 (I; .o:_i . ·,''"Ji:~ - . a~. '-I • J,' • .1., .30 .13 ). , • ,I -<l:l .34 ':i2 

Paea-Fail <1o1a l .19 .31 .31 .16 .o6 -25 •. 33 - • 15 .10 .40 .21 

6rii1a .10 ,09 .09 .10 .er, .09 .09 ,10 .12 .11 .12 

*Wherever neceesar,r, the correlation coetficienta ban been re.fleeted. 
Pbeitive coetticiente indicate posittv, relAt1onah1pa between prof1-
cienciea. The N for all coefficients 18 129. Per all ~opt the 
bieerial coe:rt1c~ente {1nvo1Ting Pa.es-Fail) r.£15 = .26; r.€1 = .34. 
The standard errore for the 1nd1 vidual biller1a coefficten are g1 ven. f 

;I!-" 



lti th retereooe to detcrruJ.ning ' .. nt, ,·ele.tionehip bet11oeo teet!! end 
flight proficj.ency it was consid.,rad cleehable to d.etermine the extent 
to which visual groupe differed in teI'lllB of ecoree on the sevel'al selection 
test11 • in addition to the determination of the correlations between tee ta 
and flight oriteria.. Suoh an analysis wee -carried out e•ren though the 
corrE'lationa ~tween tes1,a and orite:!'l.a were i.ow, 

The type of ~alyeie employed hae bee~ outlined·previously, and wee 
identical to_tbat employed in the analysis of criterion measures, -to be 
dilouHed subeequently, i ,t'lo, two analyses were run; 1n one viaua:. groups 
and cluses were controlled, in the other visual groups 11.lld inirtructore 
were controlled, The residual variance was used as the error term for the 
compi.1tation of each F. The results of the analyeee are presented in Table 
16, in which ere shown the p-valuea obtained in the evaluation of each F 
and the meena of the grouµe on eao-h test. 

EX11111ination of this tat,le i!ldioates thut in the Visual Groupe-by•Claasea 
analysis significant variation attribnt~.b.1.A i·,o 'lisu&l Groups was ·evident in 
scoree on the following teote: 

lo Desire to Fly Inventory 
• 2, Otis Teat of Mental AbilitY" 
3, Test of Aviation Information 
4, Test of Mechanical Comprehenaion"" 
5, Ohio State Peychological Examination" 
6. Greene Test* 

The test.a follawed by the aeteriske were also foi.md to be sign1f'ioent 
in the Visual Groupa-b!-Inetru~tore analyaes, 

In addition, the following points a.re noteworthyz 

l, With but one exception, naroely, the Greene Teet, the selection 
tests in which there -s significant ·q-ariation in the means, show the B 
and C groups to be superior to tne A and D groups, 

2, For the Otis Teet of l&en"tal Ability, and the Ohio State Psychological 
ElC11111inat1on, bot~_of which pre~umably meaaure illtellj.gence, the confidence 
level at which the variation in the meene is sign1f'icant, is le»e than l per 
cent in both analyees, 

3, Significant variation in the means of the claeeee occur for four out 
of the eleven 1eleetion teets. 

4. Signifioe.n-:; V1eu.a"l Groups~by-Classee interactio!lB axe found for two 
of the eelection tes"tso • 

5. In no instancees are thero 111gn1fioent variances for either the in­
etruotors or the Visual Groups•by-lne.truotors interaotiono 
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SUWfRT (I' RESIJLTS OF AJAT.JSE.S 07 VARlillCE FOR SEIECTIOII TESTS1 P•VALUES FOR F-'l'ESTS 

JIIWfS FOR SELECTI~ TESTS, FOR VISUAL GROUPS 

•1atth.u-u 

.20-.05 

.20-.05 
;,.20 , 

295.l~ 
270,7} 

• 290.3'.c 
300,li. 

.20~.05 
> .20 
/ .20 

295,13 
270.7'1. 
290.32 
300.L; 

Two-Rand 

.20-.05 
;,.20 

.20-.05 

323,4:=, 
355,3 -
345,Z: 
322,3'.• 

.20-,05 
>- .20 
>,20 

323,43 
355.3:t 
345.22 
322.3,. 

DJ:Q 
. 

• 05-.0l 
.20=.05 
,20-.05 

67,l:-
68,4:,. 
68,4:,. 
65.l,, 

.~.05 
"7020 
>,20 

67.13 
68~.5 
68..4105 
65,11, 

i!nntJ Groupa--m:-c1ntu1 

B111Ia ~ LL. M1JC11 

.20-.05 ~001 ,05-.0l ,05•.0l 

.20p.05 .05-,01 ,05°.0l >,20 
;>,20 ;,o-20 ,05=,0l ,05-,01 

9 .4'.c 47.~- 114 0
,. 

D ,; 53.4:' · 
10.3:. 5,2.2;: 120.9:, 57 .o:. 
9,,.3: 53,07. 121,5, 55.l.Z 
9,04 46,S~ 105.6~ 52,3.' 

V!1J11] Gro!!Ji!1•m:-Inatru!Stol"1! 

.20-.05 
;;:,.20 
;,.20 

9,1,J. 
10.3J 

9~3'.i 
9.0.:, 

.,01~,001 
> .20 
;, .20 

47,5) 
52.2< 
53.01 
"6.81, 

o20o-o05 
> .20 
:;;,.20 

114,9:, 
120.92 
121.5: 
10506·, 

o0S-o0l 
_;;, .20 
,.>.20 

53.33 
'llaOl 
55.IZ 
52.3! 

o .. s1 P1E1 ~ 

(,001 ;>.20 
;,,.20 ') .20 
>,20 )'.20 

57.4i. 58.9:' 
81.7:: 58,,2 
75.0-: 61,l 
5805':- 57,8 .. 

( .001 .> "20 
)' ,20 • ,,20- .05 
,.>.20 ;,.20 

57.64 58,9., 
81.71 58,z: 
75.62 61.l!.. 
58,53 57 os·j, 

y,, -~,! 
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' 
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For jeaoh analfsia 1n which a a1gnitioant P' WU tOUDd, indicating •1g­
nit1can't variation in the .._ ot the viaual groupa, the ditterencea be• 
tween .pairs or man11 were teated tor aign:lt'ioanoe bf use ot the t-teet. Tbe 
re1ulte ot tho1e te1te are presented 1n Table 17. It will be noted tbat al• 
tho'1gh a :number ot the d:lt'tarencea between v1aual groups :l . .; atatiati~ 
aignificent, there 1a no.apparent direct or linear relationahip between soore1 
on the teats and degree or v11ual handicap. For th111 reason, and 1n rtn ot 
the gener~ low correlat10D1 between te1t1 and criterion meulll'OI, 1J1aqail 
of variance, rather than analyai11 of oovar1anoe1 wu ,;ionaidered juatitied 1n 
the cue of· all criterion measures except Pau•Fail.2:, 

The taot ot the relative]¥ high oorrelatioDII between certain teats and 
the criterion Pua-Fail wu not oon11idered juati.fioation tor 111e of covari• 
anlle 1n the analTaia or all criterion 111uurea. ll01fever, u noted prev1oua4r, 
1n the anai,.1a involving the l'B.11-ll'all criterion the ligniticence ot dit• 
fere11Cn 1n pueing and tailing, among ■ubjeota with hiih IJld low te■t soon■, 
reapaotivaq, wu determined through the uaa ot 1.trteraeticn chl•equar~. Par-
tial correlation teohn1qua al.Bo was aplo,ad. • 

RefP1te1 Dlap>fit19P p[ Qe:01 

•ntion bu previoual;y been llllde ot witbdrawal11 troa tile oourn, and 
betora proceeding to a diaouel!lion of' result■ 1n teraa ot individual criterion 
aeuura■ it ia de1irable to prennt data bearing on ditterence11 between v1■ual 
sroup■ 1n tel'llll ot the diepoaition or ouae. These data are prennted 1n 
Table 18. . 

!UMr:,al•1 A• 1■ evident f'ro111 illepeotion ot Table JS, oni,- 14 JlU' 
cent or tha aubject■ 1n Group A withdrew, whereas of' the B, c, Md D sroupa. 
-r■apactivaq, 33, 33, IJld "J7 per cant withdrew. Tbe variation 1n th■N per­
o■ntapa 1- ■1anit1cant at the 1 per oent l■vel or oontidenae. Whan Groupe 
A and B were pooled and compared with the pooling ot Groupe C and D, 21.1 
par cent or th■ for1119r combinat.1on ot ll'OUP■ ntbdrew aa coapared to 35,2 
~r. oent or the latter. Thi■ dittarenoe in peroentage ii al.lo 1ign1fioant 
at th■ l per oent level or cont1denoe. 

The■e tigure■ sugge■t the bypothe11.■ that 11tudent11 w:l.th detective 
viaual aouit)' IU'III loas motivated to f'1T than ere thoee witt, un1mpa1r9d or 
■ligbtl.J' illpa1red visual aouit;r. On the other hand, on the ballia or intol'llal 
interviews with aubjeota, there 111 alao cona1derable just1f'ioat1on tar the 
additional eypoth■eia that 1nd1viduale in Groupe C and D nre eubjeoted to 

2'1t 1a of 11~ inter■■t that 1n general the teats llhowing ~ largnt 
IIWllber ot oorrelat1ons with the criteria whiob approached or ezcaeded the 
level of ■tat1at1oal eigniticanoe er■ al.lo tho■e for whiob 1ignitioant 
veriatM>l:18 1n group 11811D11, Rttributable to Visual Group, were evident~ 

_.,•, 
a" 
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TABLE 17 

RESULTS OJ! t-'!'ESTS ON PJ\L"5 OJ? lllEANS FGR 'IRO~:; i!.i..U.YSES O? ':'t,7'.: 
GL:ZCTION TESTS IN mrrcs ? WAS FOUND TO BE SIONIJl'ICAl,7 ,\"Z p.; LEVEL OF ·cm,:-·1n;-_;:-,,'.1,; 

\, 

A&,ulya~ lIL:;i 

1' - B 
'ciautl ' n 

~ .., 
t ·r·oup, by -"- D 

Clru,1J11<i 3 - C 
2, -· !} 

C ~ D 

A n ,, 
rim.Isl A - C 

Grcup ey ii - l; 
1n Jtrueto'.\"$ ,.; ,. 

D ,.., !J 
:::: "". n 

n~~i:r~ -~o 
_ Flz 

-.30>F>o20 
,3'.)) \0">.2\J 
,,10> P :> ,05 

P;, ,90 
,02"' P _., .01 
,02 '· P ·, ,(!l 

Q~ 

.01.) P :, ,01 
f ( .oo:.: 

80 ~- P "~ ,.,70 
.·,o: P > .60 
,01:, P ., ,oa:i. 
. 01 > P _, ,001. 

.Ol:;,, P )- ,001 

.01) P ;,,.OOll. 

.70>?-., .,60 
,.?O;, 'f > ,6u 
oGl;, P -;,,.001 
,01) P;;, ,OOl . 

s~" 

,. 

Av:latic-~ 
rnromi10~ 

"20:;:? ~. nl0 
,2u> F ·-,10 
20) P > .10 

p .. ,90 
:;.o.'-' r ; ... 01 
,Ol>F ~ .OJ.;. 

1'":._~ -1bat:.·•_0 ~, :_ 

Cyw1,t·~t1.b~~~ ion 
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~ ',h , .-' - ;, . V~ 

.:.~: :;. p ~;?i.J 

,5)-,_, ~ ;,-. .. ,~' 

, .:iv, .. >•?..;;,~ 20 
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.:2~ - :? ~- ::o 

,c:: ··,? : ... Ol 
.,JJ > r :r .,~~:J 
"("0, 1? > _. ~D 
.-.JO.~ ? ':, .. ~·;.J 
,C:7;; P 7 .,C :_ 
~20 -;-,, l" ;.· ,:_i:.:; 
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TABI.Rl8 

DISPOSITIOff 01' ALL CASES IIIVOLVBD IN VISUi\L S'rUDY 

I ! 
.l',ppl1ll1Jltl! 

I 

l 843 j 
·-

I 1 A-pt.ed 
On Band I for 

at end of Training 
Progrllll A. - 101 

B - 60J 50 C ~ 6;3 
l D · 59 

.L 

! Disqualified l 
i ~"'-·· 1 I ,1.0 

I __ 
-~· l -, 

' -~--

-""'-· ".J 

lariat1011 1n percent­
ape ot withdrawal• 
aign1!1oant at 3$ lm-el 
of contidenoe o ilao 

• 11lgnifioant at 1% level 
of confidence where A'• 
-~ B'e pooled, Nid c•e 
and D'a pooled. 

Withdrew be-:-\ 
fore 'begin-
ning training . 
A ,. l4 (13.%) ~ 
B " 20 (33,% f 
C ~ 21 (33.%) } 
D • 22 (YT,3,l) 

Variation in peroenta~•e of waeh­
outa significant at 1' level of 
oonf1denoe. .Alao a1gn1fioent at 
lj level of oonf1denoe where A'a 
and B• II pooled, and C 'II !llld D0 l!J 
pooled. 

Bege.n 
Tr&ining 

2lol% A~ 8.7 
Ts - JI) 

,'.35.2% C ~ 42 
D ~ 37 

.__--~-
I 

Witbdr8" --i ROQeived 
ef'tsr begin~ 

1

, Training 

L
ninf :r~ing 

A ~ 80 

B ~ 2 I E ~ 313 
C g 2 C - 40 
D , l D ~ 36 

i 

I ! 
Waehed I Lia1111 

out 
Ji. - 12 ( 5)*(15,o:&) }16,9%, ... . 
B ,. 8 (3)*(21"]$} a r 

r. < l2 (l)*{.30,°") } :;e .2% C J 

U ., 17 (4)*(47 .~l n -- I -

;;-7 
' 

68 ! 
30 \ 
:w I 

19 _I 
"'Tl;,.ze Vf·.luue are th~ ll'IJ\\bar er cubj:,r,-.:a who wa~·a,,,1. ,mt ~o.·e t,.,;i;<;.np 

'c,)lt, ,wt,. tttll }'ilr, t ' :. """"''' ,,,.t l r,h. 
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more c0111ant11 than were those in Groupe A and B, to the effect that they 
were endangering them11elves 1n undertaking flight trainingo However,, it 
llleY be recalled that significant variation in means of the visual groups 
•as found for the Doeire to Fly Inventory-. oven llllOng those subject11 who 
did not Yitbdraw, 1:he D'11 showed less de11ire to fly than all other groups, 
The 11ubject11 showing the greatest desire to fly 1n tel'IIII! of acore11 on this 
test were the B 111 and C' 11, w1 th the A' s intermediary. Twelve indi viduale 
Yitbdrn after training began, The number of witbdrawale in the f'our 
vi■ual groups is, however, too emall to permit atatistical evaluationo 

L1oen,1pg,, or the individuals who continued training, 1:5 per cont of 
tha A'•• 21 per oent of the B'11, 30 per cent of the C'e, and 47 per oent of 
the D1 • failed to reeeive licensea, The variation in percentageis of wash• 
out11 in the villual groups is eignU'icant at the l per oent level of confi­
dence, although the difference in proportione of waahouts when adjacent 
groupll are OOlllpal'Bd, ioe,, Group A YB. a, B VS, C; and C VI, D are not sig­
nificant except with reapect to the wt oomparieon, a significantly greater 
proportion (at. the ,01 level of confideno11) of Group D than Group C 11ubjects 
having been elillinated before completing training. It is intereeting to note, 
however, that the differeno~ in percentages of' washouts between the A 1111d B 
group■ is 11maller than that between any other two group■, Furthermor■, when 
the individuale of Groupe A and B, on the one hand, and of Groupe C and D, 
on the other, nre pooled, the percentage of wuhoute in the former two groups 
1■ only 17 per eent as compared with 38 per cont in the latter two group■• 
Thi■ difference ia siguifioant at the l per oent level of confidence. 

It appear■ evidsnt that considering all subjB'Jt■ in each Visual group~ 
thoH with 1118l'ked Vi!!Ual defect exh~bitod a significantly g:reat■r incidence 
of witbdraYal.s from the oouree, and a llignifioant!y greater failure rate. 

R1sµlt11. ~nu.pg cuu,o 
Learning curve■ were drawn, U11ing average11 o! the Visual group11, for the 

five duplicated criterion measu:ree li11ted on pas, ,!4. In view of the 11pecial 
importance of landings in this investigation, the learning ourve■ for too cri­
terion measure■ of landing performance were &1110 dra'l!D. 

TheH learning curves serve two purpoees, First, they pe::-mit •1i11ual com,, 
pari■on of the learning ratee of the four vi81.!al groups, Second, thoy permit 
v1■ual comparison of the performance of the vi11ual group■ at various stages 
of tPa1n1ng, 

Figures 5 to 12 present thees learning cur•,es. Exuins.tion of tbese­
curve11 11bo1r■ that there is a distinct tendency for the A and B group■ to be 
■uperior to the C and D groups, Thill ■uperiority is more marked in the final 
than in the earl:,- ■tagea, Thue. it is intere■ting to note that for th■ 
various criterion 1118asu:re■ administered by the cheek pllot11 (Figures 5, 6, 
7, ll, end 12) on the 11econd check flight the mean perf'ormance o! Group C 
aubjecta 11 equal or l!!Uperinr to the mean performance of either Group A o:r 
Group B ■ubjeot■, or ae 11 indicated in Figures 6 and 7, superior to both, 
This euperiority is not evident, however, by the time of thel fourth check 
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Fmw.E: 9 
I&Rl.ffi:G CUR1YES r'OH '\'!SUJ, G."tOOPS 
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• rugn,;- ·,~t 1ihtt1~~.f~ :,e !;ry;:;.At\ .. ~,ht•.'4 - :. ,~,, ·~e& -~? t.'1.1:: grad.ea a.dmin1Rter,d 
by th·-5 b1nt;:-uctc r~. t-l~ ,•l"•.~. }~""! .-~ri 1; rf: \-. .' ·-~ f' n,_;}0 }) f~1'.1Ul)S .. fl nm:!nte.1nM 
:,'l!'OU,y:',O\lt, 

;i, ht..e ;;ieen ~"°g,'lri;,;c. .~hove, ·;h,3 cheek n.tr,ht grad-,ll rlt"f, undoubtedly 
lP.SS ,t'lifible than th;ia<J wlii~h rq':.t'A.~nt r.ht; B'ferage of dllt<l flleht grades 
~,dminiritered ~r a i"ill quaTter of t:ra.lni.ng, In ar.y cat1e, there is little 
'.{ne:s t 1..:,n of the super lorl ty of the A o.n,d Jl f\l"Oupe 1n the fourth check ntgl)t. 
1~, sh,i,llti be not.e,d finally that even 1D the late:r- stages of tre1lling, there 
13 somu ambiguity iu <Jeve:rul of the criterion meiwurea a.a to relative rank 

, t\,t' Gr:iup9 A and ~ mrl •lloo ,;,f Groupri C and !lo Tl!.eae x-eauli11 are in general 
,:;,~eo,ent with ,the f'u~lings ill terv,3 of diar,osition cf ~sea. 

R&p\A t131 ,)MlY;i,\a .!?! Y,p,rl.&,ce or t II, Th;l,rt,on Grit§'rigp 

~~-,,-, " ~fil£!!A. for "\.L~~ ttajned 

~~_.'.. ,, 
,-

1 ,­
f> 
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-+-. 
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'i, 

''" -\.'i •-_''i-. C ~ s :-: ' 

t'he thirteen crltr.rt.-,,1 all6eurea liat.ed 1n Tabl.6 7 'lier>! anal~ by the 
r•tcsthodn of analysis ot' 'l'c>rlance, in ~.el"!JIS of the detign outlined previouelyo 
,,,1 r:,.Jtcd, two 8.I>aly:i11s ""'.!"" '°"'n en ~a<Jh et"iterlon roeasure1 one 1.n which 
J'canal Croups !Qd CJ.ans:,s w,,i:e ccn·i;:-olled, ttnd ona in which Visual Gro:ips 
.u,d Lwtnictors 11er"' (lo,ltrollad. As a preliminary to the analyses of vari­
·::.nce, Ilart.lett•e t,ost f,)r ho;r,OJ€lleitr of variance 1'11111 ~e.""- Tbs l'91JUJ.te of 
':,his t.ast indiooted thee the assumption of homogeneity of vnrience W&B jueti• 
fi.ed, This 1n itself r3presents a positive f1n<.\1llg thJ:'Ough the 1nd1cation 
t,he.t the variability- in flight perf01."lll!lJlC11 of groupe o±' au)>jects, diffcr­
entLited all ·these ero'lpe N•."\'8 in terns of vi'.JU!ll efficl,enc;y, is comparable, 

Te.ble 19 [rives t.,'le r•r;:nltcJ ob+,aine<l ~ori these analfses of variance. 
hie t,;. ble ahows th& \J-V/U.u,:,s obt'l.in-:id for each F. Th11 table also presents 
': ·.1e ictH ne for the vis1:ial gz-aitr,s O!.l ea.::h <n1,, terion -5\U'e. It aho,lld be 
, :,rn f,r,,, out toot th.,r,~ ,,ere SlilV"f'e.l insto.nce11 1n 'lfhioh an instructor did 
not have atl!dents in ,~ell visu,;,l group. In those inst..ncee, the data of 
t,hose l.ns'!.ru<,tors were, not include<l Lu the ViSllll.l Gro,.ipi;-by-Instructora 
nwlysea. The table Mw;:-ef<:>re pr-eciants tho IUEla!lB of t;ie visual groups 
repar,,1,,ely for each tw ,Of anru.yr;l.'l,, 'f!,l1'1ever, fJ'Vory lllaflB ):,ad studonta 
:,n eu~I, vieual grour,. ::i It ahocld ~ noted that ;;,herOfla the means based 
,_1n tb,;i Vieual Grc.ups-1,y ... :lasllev ha·:~ the ac\vantfle;; of '1Je1ng baeed on ·-e­
"hnt -nore cases, +,he ,oo,.\:..:,a b!loed on ·the Visual r.nupe-by-Instructors will 
,,rl'I. c,~ntain ~ bJ.a.-i dua to tllfl fact tbi.t the in•trootora L~ not be dlatri-
b,,i~ oqm.tably 800I1G too viBUf.11 groupo, , 

24'r.he aaaumption of,hanogeneiti of 'ftl.l"il!lllCe 1a baa1c to tha applica­
tion of the procedure of enal,ysie of Yarlance. ',he reaul.~ at the teat 
:/'or bomogenei ty of variance ere proei:mted in Ap:p,,nd1x l. 

2°:Jin the second claae, the data on the Purdue Sum were Tflr7 incompleto. 
':,'his -w.a the only instance in llhich a. claea had ·t;0 be 4ropped, 
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TABLE 19 

,,,, ~ 
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-/,",' 
.. ,f' 1-,fi, 
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SlH4Af!Y O"I RESUrJl'S 0"1 Al'IALYSES OF VJ\RIANCE; P- •Al.UES ,ll'OR F-TiiSJ:'S, 
MEA1'S OF CRI'l'IRIO!f SCORES FOR VISTIAI. G..'<OOPS 

,'1'\ 
¼ 

Vi~ _GroupB-by-ClAsatm 

Wtd. WtcL Wtd. Wtd. , Wtd. NIG La.at. I.oat Purdue 'l'TS Wtd Wtd . ; 
.,,, ,.~- ' 

Ov-All HtG Ov-All OSFI NG Last Ov-All OSEI Bum (I.cg) L<tndiog Lan111ng .l.&1l1J • ·- f" 

{Jl --1£!:L (CP) _JE_lj__ _j_U_ CF'CP' -=:.t _(CPL _(CP) _ JJ;__, -~- M; {CP) ~FT~S:,2': '."-1 

-20-,05 ,05-.01 ,20-.05 ;20-,05 > ,20 .20-.05 ,20-.05 :> ,;20 ;, 20 > ,20 .,~'-o0l f.C:.Jl- ,:: ,-_ ~ ' ... , 

~-001 .20-.05 .20-.05 (_ .001 <. .001 > .:;,o ;> ,20 (.001 :;, , 20 ,,,~ ~2C , .-:,c~ •, 05 ''0- IY:;: . 
_;1 

\' :, ,20 ;:, .20 )' .20 ;;,20 ::,. 20 > .20 .05-.01 ::: , 20 ::, .20 .05· .Gl .0;L-.001 _-,. "2(} : ' ~ ~~ ,:.t 

49.93 ,, 67 .85 .~ 59-111 66,29 . 52 ,56 . 73 .35; 69.0, 71 O 207, 9. 2~8112 ,62 ,77 1 ~ 0.J. 
. ' , ; 

48.86;:: 67 .89 l 57 .85; 65.8J ~• 51,02;:, 73.72· 58.2·, 70 'i • 216.e, 2.802~ 62.6.5, .1.5 2:·. i::-(, :~ I'_; 

46.54i: 65 . 70 ~ 56 55 j 6'3. 96 .° 49, 92 3 7L 01 l· 65,2 ~ 6", :; 2],6.6,;• 2,826, 59.29,, 15 ·?3 • ~~ -:~4 
47-14:' 65.314 5lf,.60" 62,35" 49.68t 71-90,'i 65,8:'l 67 .!+ }, 21<4,0), .2,'5?3!, 5,3,9,;_M l'":' .99 < • ;._), , ', 

Visual Groupe -b:; ~ Jnatn(.;t,;i·.,, "l: 

.20-.05 .05-.'0l .05-,0l .05-.0l :> ;20 ·.20-.05 .20·,05 .2r,-.05 )' ,20' ::, . 20 ;fl..: (.)(_/;. < 00 __ 
<.001 ✓ -20 .20-, 05 < .001 (.001 ,20-.05 :20- 05 20-.05 )- .20 .05--,0l ,(Y:'·-,01 ,<0-.]5 

> .20 ► ,20 .20-.05 -05· .01 > .20 ;,.20 :, .20 .20-,05 > •20 . 0)- .01 -05~ 0°".. ~20-. L, .n-''• ,., 
·, 

- -~f.' 

50,261 68.33 l 59,78 l 66.82: 52,951. 73.85 l 69,7) 72,0'. 209.4," 2.810? 6J .42 • 14. 60' 57 -~B), . , il 
48.852 67.922 57.982 65.882 51.102 73,762 oB.52 70. '( 2 21, 1 ~ 2 8Q2, 6r 78" 'l'5 ()') ·, ss6 ',' i,,. ·" "" .I,..~ - r..·. • :_ ~ • :· - • - , • .:,,, ., - ~ -~ .... ' ~. 
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11Rumbera in red indicate re.nlt order of mae.na of Visual groupa 1.n terms of' prcficiency of pert'ttnllatlce, 
' ;,t, ',.~, 
-,~,, 

-, 
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1rca this table it a:, be saen that: 

l, In the Vlsual Grou:pe-by-<:J.aases ana]J'aes, the tollovi!JB criterion 
lHMures llhow a18nificant -rariat1an in the aeana e.t the 5 per oent leYel 
of ooofi}'l.ence: 

a. Welshted Mean ManeaYer Grade (Cl') - ra:olt ol'l\er: BACD 
b. Weighted IAndillg Maneu,-.r arada (Cl'} - l'8lllc order: Al!CD 
0. We1sJlted landinS can: Score (CP) - • z,mk order I AUC 

bv91natian ot the di:tferenoea MIOllS the~ ahon that the A'a IUld. 
B's differed. on'.cy elight)J', am that the C's aol D's differed wJ.¥ sUghtJ.¥. 
The largeet dU'ferences pre..-ail bet,reen the A-B pair and the C·P pair. 

2. In the Visual Oroup!!l·b;r-Instructora anaJ.¥aea; the toUOYUJ8 cri­
torim -.urea show e1gnificant. 'YIU'iat.ion in the ..ans at the 5 per oont 
l11Ye l of c anfidenc e ~ 

a. Wa18hted HN.n MlneuYer G.Nlde (CP) - rank order: ABCD 
b. Weighted Ovm:--all G-rad.e (CP) - ~ order: ABCD 
c. We18hted OOJ'I Score (CP) - rank order: AIICD 
d. Weiehted IL\Dd:lllg Jim11UTer Grade (CP) - rar.k order: Al!CD 
•· Weishted I.anUJl8 cen Score (CP) - rank order: ~D 
f. lieipted ~:IJlg ilaneuTer Ore.de ( I ) - rank order: ABCD 

In thNe ana]J-aas the ~ orden are c<msietent, wt th A shoving the 
beat perfoniance, B next, C nell:t, and D last , 

3. In eTer;y instance, 1r1 th the exception ot the Purdue Sum 1n the 
Visual Groupa-b;r-ClA!lfloa ana.fys1e, the A's IUld B'e ahow better pertomaooe 
than the C's am the D's. • 

·4, Sign:l.ficant clJ>,tls 1'8.riaooea, e.t the .l per cent level of confi-
dence, are found 1n 5 out ot the 13 ariterion meaaurae, • 

5. 6:lenificant instructor Tarianoes, at the 5 per o-t lel'el of canfi ~ 
dODDe, are fouxr:I. in 6 out ot the 13 criterion -■u.s:-es. Four of thee11 are 
significant at the ,1 per cent level o:r ccntidance. 

6. S:lenifionnt Vtaual Group11-'t>;y-Cl.as1111e in:tenotion, at the 5 per cent 
leYel of ocof'idence, are founa. :In 3 out of the l3 criterion measures, • 

7. S~ificant Vieue.l Groupe-b;y-Inetructora interactiono, 111snifioant 
at the 5 per cent leYel of confidence, are fown in Ii O\lt of 13 criterion 
1111asurse. 

The r-tosts in Table 19 indicate whether the fll.r!ation 1n the means 
of the Y111ual groups 1e aigllifioant, hilt do not ahow between which specific 
groups the differen::o~ lll"'I a1gllit1ce.nt_ 'l'herefor,,, in each illBtanoe, in 



1rb1Alh the F •• .t'Olllld to bt s~t, t.teats be'l:l:leell f!IMlh pair or 111rna 
!H2le -· The Nlllllt8 ot the• test.s !IN 1lobt:il:n:I tn Tabla 20, It f/113 be NG 
tllata • 

1. Fat: _. t.&t involTlog thll A alld thia J) IJl'OUPII, tbt ~ £a 
~t. 

2. EJ!Gept for thll _ditter:rou 1:>.,t,:u,m i. &lld B, Uld the~ be­
t.veen C and D, •~t d1tt-,,cee are fomll befaozea -• of each pab­
ot groups in at least - ~•• 

3. For tbe Weighted tand1ng osr:r (CP), au. di.ft-•• ll1'Cl ~, 
-pt tbo11e bewl!len A and B, and 'betl7een o Qd D. 

It i• evidltllt that the ~• or 'l8l"ianoe OI\ data f'r<llll all ll\lh1ecta 
1Jvl;lcetfid that •~ 'flU'ieMe in €l1'0\III -s enated in tel'IU of a 
mm>ier of ol'itenon 111ea811N1'. It 1• alllo of int&reet to l10te that tl:7o land-
1118 -• p.elded s~t variation tn both the ~ controlling 
V1-1 Groupe AM ClA111ee and Visual Groupe llJ2d lmitm:itora • 'i'he t-teat ital"' 
:,e:l.e indicates that t.114 lea,rt. sig:n:l.fioant dU'ferences are :bi. fP)nll:ra1 beW-Hll 
Grcmpa A 11.Zld B, and betnen Groups C and D. 

BuJlHt OWmlet!D 0amt@ 

'f!MJ reeulte of tbe IUlal,yses eo rar di~ ahoi:, a definite Nlat1cm­
eh:l.p between visua.l eti"ic:l.eney- and oerla:l.n crlteria of f'light pertOl'llf>IIOe. 
Bcmw.r, tbe reeults o&.IIDOt be int.rpreted aa ~ that all l!Ubjeets tlith 
rteual. det'ects chuaoter:l.stic of 01'0tlpe C al:ld D failed to &tte.in aooopte.ble 
fllsht prof1o161lCT• tven when fsUere e.re 1naluded tl':l.tb. r,aasen, e.e 1a ~ 
OAOO in the data disouessd up w this po1Jlt, ~ are on &l.1 13 or:l:terion 
IIIMllUNS subJoote in Groups C and D ll'bo l:¥lde SOOS'GS be'tte:I: thon the ll'\'0rQ,_11) 
of thoel) atta:l.m,d by subjects in Group A. 

1'h1s fact is broueht out grapb!:c111J1 tn FilJIINS 13 to 18. In thene 
:figures are preseu.ted .:,'UIIIIJ.ative eurve11 tibicb :h1dioate the propol'tion Qf 
NOh vitm!ll g:N:!Up -~ varioqs 11eores on each· of' the six: cl'it.arion 
-aur\)B yiel1Ung 111gnificant Ft 9 1Jl the V:l.ll1.llll Groups-b,r-Iristrllotol'G -i .. 
7eia .26 For e::m,mple • Viaus.l. groupe repn111mt a nig:n:l.i'S.oant IIOUl'OO of' Wll'i .. 
at.i011, 11t tho 5 per llffllt level of oon:fideme, 1n parf'~ as noo.ourod bf 

26rbese curves can b4I rood in t.uo t10.7111 

l. By ehoosing e0111e PQtnt on t.be horl.sontaJ. u:l.s, one can ~ on 
the Tertieal u:le the peroentaeos of' subjects in 88tlh rteUAl. aroup uho lll4de 
a llCON at or beloli tb& oho.-en ooore. Thus, for G:IIW:lple, tor t.ho l:/ei,zhted 
!Jean f'lluie'clv'er Gl'8£le ( Cl') (Figure 13) 1 approxima.te]¥ 25 or SO pet.' oent of' the 
rmbjeote in the A and II groupe have 1S0ore11 of 65 and belort, alXl a~tel;r 
45 w 50 pll1' cent of' the PUb;!SQte 1n th!! O s.lJd D ei-oux,e have !!Cores ot 65 om 
beli», WioatitlG dJ.IJtinct euperi{>rity of tll$ A and Il i;iroupt1. 
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~ • •• • ·•► • ~~r1,~~I~t 
the Weighted Mean Maneuver Grade (Check Pilot}o Bevertholea•, .u 111 evideii'tc)::gt· 
from Figure 13, ?-2 per cent of the lltlbjects 1n Group c, and 27 per cent of. ,',Jf:ir 
the 11ubject11 1n Group D, respectively, attainod 11core11 at or above the aver,,,_-;f\,'ll 
age or mubJect■ 1n Group A. A 111m1Jer 11ituaticn is apparent in term11 of th•.1\;o·"• 
Weighted Landing OSFI Soore (Chook Pilot), Although sl.gnli'icant variatioJuJ -~t~ 
1n group mean11, attributable to Visual Group, were evident 1n terms ~ this ;"v,.'01. 
meuura, refar~noe to Figura l4 indicntae that 32 per cent ot the subjecw-- • ,,",.::".,f 
in Group c, and 22 per cent ot the aubjecta in Group D make 11core11 equal 'M st?:,~;t{ 
or batter than the average ot subject11 in Group A, Similar _interpratatione _ • <(i 
can be made trom the· remainder ot these figurei, o ;" 

,_'.~. 

The11e tigurae are 1n agreement with the reeulte of' other types -of anal•.'. Jj' 
yaea which indicate that the C and D group■• are 1n geI1oral, eomffhat inferioi"t.e>~ 
to the A and B groups. Nevertheloes the graphic presentation of the amount ',f:,j( 
of overlap between groups, 1111 represented in theae figure&1, oannot be over-_ ',.Jf",~. 
looked, It was f~ this roaaon that a a~parate analysia was made of 11ub-, ,_ .,~,i;-

, Joete 1n all Visual Groups who received their l10en11e11. • ••• ·::;'" 
, _-j_, 

AnAlvsea of VgiBllop of the Th1rteep Criterion 

',- ~:,~ ~ 
•; 

'.,:y;'t 

Mouurei, tor Lioenaed Sub3eota Onlv , >~~ls 
,f~.' .?';~ 
~ -,.:_- •:r--

Fro• the relllllt11 repcrted in the preceding section, it,111q b■ oonoluded:'.,>'? 
that there 18 a definite ralatioD11hip batwe'en vieual ability and tllgbt perm ; <1~ 
fol'lll&lloe. The que■tion now arises as to whether there ie any relationship ' ., -.,, 
between viaual ability and night performance aJDOng thoae aubjects who ••re ,;il-
O0D11iderod euf'fioiently competent 'to roooiVB private pilot's licenaeao In • • • "t. 
order to 11D111N1r thia question, the analyaes were repeated, ·uaing only tho ,.,~ 

-data on aubjtJot ■ who ware liaenaed, 'file analyaes have important practical ,-,, 
■ignitioanoa. From a atatistical point of view, it 1w, been demonstrated • ';;, 
tbat a relati0JU1h1p preTaila. Howo·V"er, since tbore were aoma aubjecte in .·•-,fl 
the D group who abowed au:P£riority to soma 11ubject11 in the A group, tho ~- "-(~' 

fu::!~:C:!::o~pe.!o: ~~c:!:!~e;i~~:.,11:: 11'~ ability ia related to '. f,! 
Tho llllllNr to thill inquiry 1111 noted above liee, 1n an analJl!ill of data >.)f;, 

from only thoae eubJeota who paeaed the flight eX111111liation, Thie anal7"i11 ' -✓ ''·­

wa11 carried out 1n exactly the ee.me fashion as were the pravioue analyeea, ·/t 
axoept that only aubject11 passing the flight "rem1nation were inoludedo The • __ .· ___ . .,_-_•.,_-,_·_:,l~'-.•._i_ , •• _~. 
results of theae analyses are presented in Table 21,27 , '.:..., 

26 (Continued) 
2. By chooainr: aome point on the vortical ans, one oan l"Bad', 

on the horizontal ex1s the corre11ponding score at or b9lo~ which the ohoaan 
percentage of th'3 groupi, fal].p. For example, in Figure 1.3, whereu 50 per 
oent or the A and B group~ hava sooree appro:rlmatoly 68· or below, 50 per 
cent of the C and D groups have aoores approximately 65 and belowo 

27Applioation or Bartlett toet 1ndioated that the usumption of homo-­
geneity of varian<Jo was justified, See A;>!)@ndix lo 
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'· ·.: J~ld SUIIIARY or R8SULTS OF AHALYggs OF VARIANCE FOR SUBJECTS WHO WERE LlCEJISED1 P-VALUES FOR P-TESTS 

trnJnM 

Viaual Groupe 
Claana 
VxC 

Ileana of 
Visual Groups" 

.l 
B 
C 
D 

Anelu1o 
Viaual Groupe 
lnetruoton 
V :it I 

Ileana ot 
YirneJ 9fouPI 

A 
B 
e 
D 

MF.ANS OF CRITERION SCOIIBS FOR VISUAL GROUPS , • '-,~ 
_)'~'.!~ 

ll'td. 
Ov•all 
ill 

ltd • 
111G 
.(Qtl 

ltd. 
OY-All 

(CP) 

)' ,20 ;, ,20 > .20 
< .001 .20,..05 -~5-.01 
,>,20 >•20 .).20 

v~,uoJ Groups- ~11..c1a,;,ee 

ll'td o , f,' tc.1, 0 

OSFI iimJ 
~ (I) 

;;,.,20 
< ,001 
.>,20 

;,-.20 
(.001 
>•?.O 

lllkl 
Last 

CF{C?) 

Lut 
OY--4ll 

(CP) 

) .20 >,20 
> .20 .20- .05 
> .20 ;:, .20 

51.262 68i)32 60,241 67.393 53.84" 730823 69082 
49.893 69.lOJ. 59,462 68.171 5le793 74c~ 69,03 
4)!,.1,64 67./,134 59.123 67.982. 50.764 73.264 68074 
51,,381 67.~3 58,864 66.844 54.l4l 74,651 70.81 
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(CP~ 

>·20 
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> ,,20 

Purcl.a 
Sllll 
ill 
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(Log) Lafflt1ff Landizig L~ric ·:;,;~ 
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'\fl 
7lo6~ l87,l4 2,7('4,<: 6'.3.982 l4 ,3_3;.: 58 ,'16"' ,f,,:.t ' " ,- ,_ ... 

.• .. , 
72.1) 177011 2o750j 64.,031 
73,2. l80c,5.3 2,774! 61,47!; 
72,ol. 174,6l 2. 7710 63,24;.' 

li. 1,;~ ·--16,41 
15.,97:; 

5'.:J ;:.~ 
5:;aJ:. 
,~n elO• 

;f~ 
'" ,-.I: ., 
:.t 

v1;:me1 0roµpa-b:y'."'Inntructor1 -:,<~,7~ 
' - " ,_;:i..r 

) .20 
< .001 
> .20 

,,2('~ ,05 
;, .20 
)' .20 

52.07;) 69.472 
52 .261 69 ./i81 
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52,132 68.213 

> .20 ).20 
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710811 172,11 2.7321 65.481 
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72,33 184,83 2.7143 630683 
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Test.1.Dg tor the eignit'icance of dii'terences between mMns ot Vieaal 
Groups b7 the t-test 1ndioa1,Gs that ditferenoee 1D peri'ormnoe betveen 
Or0up11 A and c, and A and D, wre most s13D11'1cant ffhereas difi'el'8DlleD be- ::;;-;'.~;:_ 
ween Groupe B and C, and B and D, were lese significant, Groups A and B . : , ~-:.f. 
and Groups C and D did not difi'or e1gn1.ficantly :\n terms ot these -SUNe. t, ;,::~, 

=~:;;.--;;::";;,;;;.. "":;~ =--~:·.=::-}i~ 
IIBri:~ tenr criterion mee.eures than \111B the case \'!hen data from o.ll oub­
jects were anal.JZed, Honever, it sllould be pointed out that Iii.Dae these 
aneJ.,yses ware based on fewer cases the pager or the tests of s1gn1.fic3Dce 
me reduced, Therefore some reduction 1D the llWi>er of criterion ceaeuree 
fielc!i.ne signii'ioant results ll!ight be upeoted. 

It is also DOW/lo~ that 1n spite or the fact that ~ lloeneed 
subjects lfflre considered 1n these analyses, and despite the reduction 1n 
the. J)Cll'18l' of' the tests of s1gnli'1cance, signif'ioant Vl:ll'1nncee and sign1£1• 
co.nt d1f1'0J"ences between group meo.ne are wident for t,;zo· of' ~ lsncUpg 
raeallUreS,. the Group C and D subjects exhibiting less profioient porfortl!UICe 
1n tel'm8 ot these criteria. 

llBStJLre OF t-TESr 'JN PAIRS OF lUAliS OF CRl'l'ERIOll OOCilES FOB 'l!lloo.& AllALYs.illS 
Ill Wll.ICI! F llAS 1'0U?fD 'l'O B.!t SIGJ/Ill'ICAJIT Nr 51 I.lNEL OF CCliJT:)ERC.i!: 

(PASSXRS ONLY) 

Vi8U6l Group 
b7 

Inetruotora 

Pe.ire 

A~B 
A-C. 
A-D 
B-C 
B-D 
c-o 

\7e1ghted IervUng 
.<ml SCOOE 

(cp) 

.90,- P;, .so 

.01;;,, P,. .001 
,05;?P7.02 
.02-,. l' ,- , 01 
.10 > p;o .05 
,?0> l',. ,60 
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-~'-'.~. , I 'j,/: , In view or thla evidence that t~ viuua.lly dsflciGnt subjects ttere less 
'i',, proficient 1n landing,. e.nal.ysee 11ere made in tOl'lllll of individusl items on ~f,. 1he Ohio State Flight Inventor, which pertained to land.ill() per!orm&nCe. 

f~{'.. Reeultu n_atallfd Amlyrla of Jtemn on !tP'l1°rs 
"V' ' ' ln the Ohio State Flight Inv!,tjtol'Y 

lf:.~ , v1~ ;!:So!j~rr:\!';!~h;~=l'~~ ~:/:!o~i::~\!,he 

'
:r'~ ; ; _ t;ere liceneed e.ro considered, it tiaB decided to ,llllllke e. detailed stntiotioal 
t nnalyeie or the laDiin£l errors by the BUbjeote 1n each vimnl croup. A 

ft'",·: -· further reason tor me.king sueh a detailed study 1D tho a pri?Ii izlportalJl:le i~\ , , of coed le.ndilia perfomanoe tor aaf'e ny1ng. 

_,., ·, - Tho detailed a.naJ,,vees of tho items uore ooeed on the data from the 
,;;;,1i_ fourth check night only. During the fourth oheok ru~t, ooch subject ma.de. 

three landiJ)Ce, To analyze these data, a 2 z 4 table tlllS oonst1'll0ted for 
eacJ-i land1ng, ehOlm in Figure 19. The appropriate trequenaye ~re entered 
tn the cells e.nd a chi-l!lquc.red teat of oontingenoy uas run, , 

,l&',•: 
>--, -

"':f,,:, -
.' . 
·1:1--
l', ,_,,_ 

A B C D 

Satisf'act~cy 1-f--.--.....1---11 
Unea tisi'aotocy 7 .._ __________ ,.__ __ __. 

FIGUBE 19 

After a sep:ire:te l\llll,lyeie had been r.ade tor an 1 tam on. oach of the 
thrn landings, the data from the three landineD uera pooled in a single 
table, t.\lld chi-squared mis computod, Also, the ohi-squared~ues and de­
crees of :f,'roodom for each or the three landincs t1ere udded. 

;rot.al ~ple. The results for the total eaople (as apposed to 'licensed 
:.,ubjeota onJ.y are given in Table 23, The table al.so civee the percentaees 
in each visual group 17ho shooed satisfactory performance on the item. Eam­
imtion or the to.ble shous thats 

1, Itece 1n uhieh thero ia e. relationship bettroon visual group and per-, 
centcqe or aatisfnctory porformnces ( p-values or 5 par cent or less) aret 

~his test is mathematically equivulent to a test of the aignli'icance 
of the variation in percentages, • 

29aoth of these tests are probe.bly biaNd ainoe' the requirement of 1ne 
dopendenoe is essential to es.ob, The tests 'mire l!l&de to cut an over-all 
"f'ii,;; of the reoultl!I. 

",--



TABU ~3 

RlsSUUS OF CHl •SQ.lJA.Rl!D -n,V1f, ,,r t:-Jfl'.rli'!GIDCY Oil ;;'l'l!;\15 (ll!i R'lRll.L i\.fPRC•ACHl 
Am, 1.JLl'll;WG I:-1 OSF): FDR 1"j(l'rJ! LXOENSED MID ll"AS&l),-v1JT SllBitl!:!Yl'S 

~~:ixnr.tti :in 

,;ur~ 
App:ro(!;l\h 

"!ling ,,;,,9l 
:1'.l3'il'.li 

Appr(l@."'b 

Dire-:.t ion 
dur-l.ng 
Roll 

'iU.ns Level 
during 
Roll 

Stal.la 

Stall.II 

Conti'~;,u;,;, 
◊r 

VQ.l'iac 

Oonlltr;n'; 
or 

V<1r!~11 

Conat,,nt 
Ol' 

Varie~ 

Corustant 
0l"1-

Varie!I 

Smootb•y 
or 

Ab:rvptl;r 

Did 
or 

Did Rot 

ConetllJ'lt 
i:'.''I" 

VJU":!.S;; 

/''JltdilJ.J, 

l 
;,! 
3 

Pa~l~d 
l,:"?-,3 

1 
2 
~ 

PonJ.erl 
11'.'.;-1) 

i. 
? 
3 

. Pooled 
J~2~3 

1 
2 
:3 

Pool~d 
b2~3 

l 
2 
~ 
•' 

Pooled 
]-,2·t'3 

1 
2 
3 

Pooled 
1,2~3 

1 
,,. 
;J 

Poollld 
l ,.2 .. ;3 

!:E!L,~9.;:~j Chi •Squar~ ·~ 
A !! C Q ' 

:37 :,o :ii .34, 0.842 3 
41 35 36 25 2.516 J 
fl, 2!'l :32 39 4,572 ;l 
41 31 '.33 :33 ,.222 " ·' 7,9:30 9 

40 43 :38 41 0.198 :3 
;4 :38 l;l 34 4.91.4 :3 
56 42 42 I;! :3.008 3 
50 •" ..... 4'l 41 4,61.J+ 3 

8.120 9 

l,? 65 4t tJ 5,:315 :I 
.49 49 :39 ;ll 3,542 ,;; 
56 ':fl :32 52 6.178 ' 51 'Tl :38 1¢. 10,/.21 :3 

l5,0:35 9 

Tl S9 76 77 2.830 :; 
79 81 62 72 ' 4-735 :3 
'frl 8(, 68 81 7,058 :3 
81 >35 68 76 10,959 :; 

14,623 9 

66 82 '58 65 :3,782 ;l 
63 72 55 83 3,399 3 
72 69 70 69 o.106 3 
67 74 61 7l J.325 3 

7.287 9 

72 78 68 60 2.884 .'3 
66 78 54 .u 11.,916 3 
73 78 5.3 55 8.735 3 
70 78 58 52 '}J).'117 3 

2:,.535 9 
' 

75 83 66 ?4 2.'100 :; 
79 80 75 87 1.566 :3 
80 S'J 80 81 0.170 ~ 

✓ 

78 Q2 ?4 Sl 2,477 .:, 
4,436 9 



ie .,, 

TABLE 23 ( O<mt inueu J 

RESULTS 01 CRI-SQUARKD 9:n'S OI C<mll&ENC1· ON IT.DIS 00 J'llL\L APPBOACR 
AMI) LAIIDil& II oon J'<l1:l Balli LICDS.m J\liD WASlllJ>•Our SU8Jil:TS 

' . G-OrrMt:.ou 
tor 

Drift 

l,e?e111 off at 
Appra prii.t.t 

Height 

ffolght A bov,i 
Ground at 

SteJ l 

. l111.i!o,l11f.'ao~ 
• to-r7 r .• •,w:ling 

!l!ob0!r91Y 

flid !lot 
or 

Did 

Gonete.nt 
or 

Variee 

Did 
O!' 

Did !lot. 

llici 
or 

Did Not. 

Cor1·001, 
or 

Inoar.-e-,'t 

Sa t.i 11f !<lltnry 
-,r 

1,e:r.q:tng 

Pooled 

1 
2 
;3 

i'ool11d 
1,2~3 

l. 
:2 
3 

!'rmleJ. 
:.t-~:z'lJ.J 

1 
<' 
3 

Popl,sc 
:t >•2• ;I 

1 
2 
3 

h:i,,l11d 
1~2•t?, 

J 
2 
3 

t.nn. ti -,r act~,._, Pool~(, 

Doea•ll'!' 
De,,." !ilot 
Coi·r·eot 

lt'.~l_l 

1. 
~ 

~-., 
·' 

h.,0Jec' 

30 ·,1, 
i~5 42 
46 36 
I. ') .,.,. J3 

56 t,""8 
f,2 55 
?O 59 
6? 63 

62 57 
5, 67 
61 ,9 
59 61 

61 70 
,:, 76 
6' <, 

L•~._. 

~}1 f. ,, ,, 

5~' e·-:; 
I. 

u. '13 
w 
' .L 'fc) 

(,5 72 

J~O '{0 
5g 50 
6"/ !~ 
I" ,,.' :, ~'I 

Chi-Squared Ii 
I 

J 

'37 :32 0,1~ .3 .99-.98 
~ :,fJ l,,419 3 .,80- ,70 
IS ,41' 1,521 3 ,70-.~ 
41 43 0,8?,2 3 .90-- ,80 

3.112 9 .98-,.95 

4~, t;,,, .... 4,IP7 3 .30-,20 
:;.s LO 4,224 .3 ,.30-,20 
41 61 .'3,364 1 :20-.10 
,41 '.l2 9<62.') ' ,05- .oz--

1.3.,G'94 9 ,W-,JO 

If, 43 4,~2 :; .30-,20 
45 34 7.758 '3 .10-.05 
41 33 9,.346 3 ,05~.w 
!,/4 YI. 1a,,71.4 3 ( .00J«· 

~L5'.36 9 ,02~ ,01" 

I,;,. JJ-5 8,,380 3 ,o~-.o~ 
r, 
_, I 

.,,. ,~ 14.542 3 ,Ol-,CiOl• 
42 5.i 5,245 3 _20r.10 
l,i.1 /i5 ;;,.4,, 769 ~ -:. ,001~ .. 

':il,167 9 ' .00:i ~ 

J.(; 58 5.665 '.l .20•·. 10 
3'i ~4 1.7,.-9:;6 J < .001<> 
.it, 55 ?,822 J .05-,Q21> 

','"'.:r\ .,._. ,,9 26,3'J5 3 • .. ,001 .. 
)l.3V. ':ii : 110()1¼ 

4" ., :n 3,869 .3 .,;}O°" ~20 
~· . "' '!,7 O,Ztl .3 ,98-,95 
3:, 64 I: ,920 

., ,20~ .. rn ., 
45 5i 1.402 3 .Bv~,70 

~;< 
J •"~J.(1 9 .. 000 9 , 50- ,:,0 

~-~-~:--
•.'_11,:_( *S lgui fit!ruit at ti:..., 5% 
, •• 1jlc><{:,1:U l":r&CJ.'<,H?cl'l'1.1"9 wer--,, 

J.e-Vf: 1 of ,:.-m.t~ <lti'l1-e-e,., 

t,oo s'l!>01 to :J<1:r1>11'r. a,tip:'.r,·,.t,i, lUl.al)'St;.il :f'or e"llh .umd:ing. 

1 



b" flhetrre,r tr.& wing l•~ol dtu:5.I!f roll is cone:tant or yaried, 

c, 'Jhethar the aub.;leot did or did not stall the airpl4ne 1n 
land:l.n6' 

d,. l'lhethor the subject did or did .not ao?"X'ftOt for drif't, 

e, \7betber the subjeot did or did not level off at th& appropr1at. 
heiglrt, 

• 
f, \'lhether tlle • !ioight_ abov'e the ground at wtall 1'7&8 correct or 

inoorroot, 

IThiltbar t}w landing IJII.S satisfactory or unsatisfactory. 

Liceneed §ub1ecta 0n1.y. The dat& on the 1w1ngs '1781"8 reamlJ'Zed using 
only eubjeots VJho bad reeei~ their licensee. The results of theee analyses 
are presented in To.ble 24, F,io,.1111nation of thie table aho:l'e thats 

b, \'Jhethcr t.he subject did o:.• did not correct f'or drift. 

o, \"lhot.h,!'· the height above i;round at stall mi.a oon'eOt or 
1ncorreot, 

d, l'ibether the landinc uas a11tiefactory or unaatiefaotory. 

2, Again, 1n oaeh instance 1n uhich the variation in peroentaeee nas 
found to be significant, the parcantl!.t;e of aatiei'actory performances for 
the A and B groups ie higher thrul the poroentaee of eatiefaotory porform,, 
ancea far the C and D groups. 

The results of these analyses cannot be held to indicate that all 
rteur:,.lly handicapped pilots are w,wior in Jana1ne- to pilote uith ao--called 
llnol'lll&l.11 or 11noor no:nnal.11 vieion, Ha:;aver, the results do 1Ildicate that 
8Tilll &D10Dg pilots paeeing the flight smm1 oot.f.on, v1suaJ.l¥ handicapped pilote 
such as those subjects in Groupa C an.-i D are as a group SO!llft'hat leea pro- • 
ficient :ln mmouting landings than ars pllota trl.th IIIOr8 "normal" or Rnear 
norml" vision~ na represented by pilots in Groupe A and B. 

30nich of these nae also significant for the toto.l S!IDp].e given, 



TABLE 24 

RmULTS OJ' CBI-SQ'!WUII) '11':STS (II' CDNTINGE!iCY Oll ITE:t'.3 O,-! 1INAL APPROACa 
AND LANDilfGS IN OSF! F'OR L!Clil!SED SliBJl.:JTS Om.! 

D19bo!9QC' 

Constant 
or 

Variea 

Conetant· 
or . 

Variea 

Co11,11tet 
or 

Variea 

Conatant 
or 

Varias 

Sraoothl:, 
or 

Ahruptls 

lt1esl~S1 

l 
2 
3 

Pooled 
1+2;!"3 

1 
2 
3 

Pooled 
1+2+3 

1 
2 
3 

Pooled 
l.•2+:3 

l 
2. 
3 

"noled 
:!.->2-1-J 

l. 
2 
3 

Pooled 
l;.2+) 

1 
2 
3 

fil£~!mtrun, !l9IOU!il 
A • 11 i ' .R 

41 JO 41, 
1.4 J.J) 39 J"/ 
50 30 32 50 
45 3J ri 43 

4:3 47 39 47 
55 47 ill 47 
55 45 50 61 
51 46 45 52 

48 71 IJ:l 56 
50 55 50 I;;. 
57 60 44 65 
52 64 IJ3 54 

82 93 85 94 
s:, 83 71 84 
88 93 79 89 
84. 90 78 89 

65 12 63 69 
64 75 56 100 
71 76 65 88 
67 7? 62 S2 

75 77 '70 76 
fA. 80 57 1,2. 
74 s, 6l 50 

Chl~uved ~ :u 
1.21,8 J .ao-, 70 
o.381 3 .95•,90 
;.085 3 .20-.10 
/,.4).S 3 .30-.20 
6.714 9 . 70..50 

0,449 3- .9!j..90 
1,056 3 .80-.70 
1.502 :; .70-.50 
J...363 3 ,80-.70 
J.007 9 .98-.95 

7~608 J .l<l•~05 
o.784 3 .90-.80 
2,205 3 .'70-.50 
5,434 3 .20--.10 

10,595 9 .S0..30 

3,287 3 0 5()-,. JO 
L960 .. ,70-v50 , 
2.919 3 .50-.30 
5,162 3 .20-.10 
8,166 9 , 70- ,.5() 

2.JJ3 3 »'r0 ... ~5'-0 
5,143 3 ,;t(l•,10 
1,609 ;J .70-.50 
6,192 3 .20·· ,10 
9,055 9 ,50-,,0 

o.,,:31 3 ,95•,.90 
8,.659 3 ,05•, 021-· 
7,733 3 ,10-.05 

Did 
or 

Did lfot :Pooled 7'J 00 63 56 12.156 3 .01- "001• 

I '• a 

-
0

r••r ••,' .! C ,r 0 ' 

Conatant 
or 

Varies 

l <•21-3 

l 
2 
3 

Fooled 
l,>2+.3 

7 4 82 613 
79 79 80 
80 86 81) 

78 &.2 ?6 

16,823 9 .10-,05 

68 1.'725 3 .7C-"50. 
89 1,166 3 ,8()...70 
79 0.515 3 .95- ,90 
79 l"O~ 3 _.80-.,"tO 

3,.t.06 9 ,95-,90 ' 



'?ABU 24 (Contlnued) 

.R.IBULTS OF CXI-BQU\Rl!JI Tl!STS 01 COitt.LIIGU:::Y ON n'lllMS Cir J'IIII\L APPBOACll 
A1ID LAIDilll8 Ill osn rOR LICDB!D sua.rrrs CJfLY 

11.u 
Ob8erver 
A11ai11ted 1n 
LandillgH 

Speed 

Correction 
tor 

Dritt 

Level11 off at 
Appropri11.te 

·Height 

Height Aban 
Ground at 

Stell 

Lftndi.llg 

Did Not 
or 
Did 

Conl!ltant 
or 

Varie11 

Did 
or 

Did :bt 

Did 
or 

Did Not 

Correct 
o:r 

Sati11fa.i l;ory 
or 

Pooled 

l 

3 
Pooled 
1+,2+3 

1 
i 
3 

Pooled 
v,2 .. 3 

1 
2 
3 

l'oolad 
1,;,..:,·3 

i 
2 
3 

Pool.ad 
h.2+:3 

:l 
·2 

3 
UneathfactorT Pooled 

h2',3 

• 1 
tlul!lati■tao~- Does or 2 
tory Landing Doea Not J 

(O:Z-l'0Clt f•ooled 
h'.2',3 

reroentruro Qorz:og Ii 
! J} Q ~ 

95 9.~ 93 96 

62 93 J.,7 67 
70 64 47 55 
76 b2 38 64 
70 73 43 61 

68 5'i' 52 56 
57 69 54 47 
65 67 44 47 
63 64 50 % 

. 05 6? 
5:3 Ob 
6t, '!G 
6'i. ••' 

6:i 70 
6(:1 ?'I 
'/3 71 
fl} 74 

~ 6? 
'10 57 
70 ,0 
6/, 59 

50 '/9 
f/4 47 
54 50 
5') 59 

54 50 
{:// ?0 
,;l,t 67 
:,1 65 

-ll8ignif1otm1. at th~ 5::; le·t"el o.~ confldeuoo .. 

'7.11.4 
;, 0604 
7,4]2 

11,496 
1?"160 

2,763 
3,64:l 
4,':dl 

12.J.!31 
15.9:.13 

4,712 
Boi+l:1 
6.tn.3· 

13,796 
.2000.32 

Oo940 
0,431 
7,308 
1,m 
8,6'/9 

3 
3 
3 
3 
9 

3 
.3 
3 
3 
9 

3 
3 
3 
' ,' 

ii 

3 
3 
3 
3 
9 

3 
3 
3 
3 
9 

;;flCell tr11quenoie11 werr, t,;,o BVJa!l tci permit 11ei1a1"1t~ ru1"1ynes .ror ·eub landing, 0 

• 

cf 
...._ -,-

, ,:. _,;~{;~ 
.•;.~•-,r ""~:.~a 



1~1 adtU tion to the • analyai11 of cr1 terion , ical!ll.INf! prenenwd thus far, 
da t-cc froI'I the photographic records uere also an~J.,yaed. AB noted previoUBly, 
photoc;rupido records ll'ero to.ken durillt, Ul!l foll<Y..rina manHNOrllt (1) 
stru1gbt nnd Level, (2) 7200 Stee:p Tm-no, (3) Ta.k6-otf's, and (4) L:md1n:is, 
The films ,;iere run of'£ 1n slO'II motion project.ion, 111:ld deta.Ued reoo:rde or 
V'.l.ri<:1us '.lspecte of the aubject1s perf'r,l"!llru'lCe t78l'li rode on epecial check 
oh1rnta developed i'or thia purpose. 

On the_ basis of the ini'orai.tion reoOl"ded on the cheek sheets, several 
r:100,i1rrfl<l 1 ·uhich 11111 hereaf't()r l)\" referred to ae "items" riore calculated. 
~·or fflCh item, the record nap ooored 1 1t •corroot,n l!I.Ild O if "inco1Teet." 
An 1 tea nae cone:l.dered 0oorroot• or "incorrect• ot1 the 'be.e:!.s of'; (1) ! 
prtor1 consid1tra.tion11, or (2) the position ot the :l.t(im u:l.th respect to the 
median of the distribution of the items for 11. rando111 118.nplo of Group A 
recortle, The items and the cri~ria for :11eoring are (;iven 1n Table 25. . . 

Durini e&ell cbeok ntcht, three Straight and Levels, four Tuma, three 
T~ke-oi'fa nnd three Landi.nee were photograplled. 

For e:.ch of theoo OE.111<2:uversf a ooore conoil!t'ill,g of' the number of Cfl?'• 
N'-'t lt-.,; di"fided by the total numbel' 0£ iu.ms awilable 11aa computed. . 

Tbe follo111Dcr steps uere ta.ken 1n obtainine sooroe for each subject, 

1, ,or each =uver ( :l.nc:ludine duplicatiOlle of a oaneuv&r in a cheek 
fliGht) in ee.ch check flight, the number of 111 s 11 riai:: divided by the slll'II of 
"1 1 s" 9.lld "O'a" givine, in offect, the porcenta{le of correct itf;ms for that 
!8!tllCI.N!!r, Thus, for emmple, the Str;;.iflht a.!ld Level acore mieht oe 8/12, 

. or 67.Jl uhere 8 1a the llU!!lber of correct items out of a possible l2 on 
t-hree p€rfol"l!la.llCea of Straight and Level'. 

2. The peroentac:;es for the four IIIUle'l.'M!r!l 'tl'ere o.ve~cred to cive a 
Total Photoi,-nph1c score. 

3. The \'leigbted avera11e for each o1' these five aooreo a<&II determined 
by a:,si!!llit'.1/.l the we1{lhte 1, 2, 3, and 5 to the first, second, third, and 
fourth ctwrk flights, respectively. 

These f'iff weighted aeoree vere then a.nai,-zltd b;r th~ llethoda ~ anal,t­
eis or Til.l'iance in the 9Mll'J tashian ae the other oriter:too ,1111Uuree. Thus, 
tor each score tvo anal;yees were run. In ane, Tieual group,, and clAsaee wef 
cantrolled, and in the other Visual groupe and in&truoton vare controlled. 

311or oonveniencre tlll.Oh of th••• 'ffll1111e 11M 11ultiplied b::, 100, 

32Aaa1n, the qllltation oon(!ernillg the a1gn1t1canoe of the "RIZ'iaticn 1n 
• d1apereiOll8 J1111 be aeked With re&peet to the N1JUlt11 ou. the photc,sral,lh1o rec­

ords. :&rtlett • a teat of' homogenei tT of ~anc• 'RB U11ed to obtatn an ll.llllYtlr 
to thia queetion. Table 32 in Appendu: l abova the NIJUlta ot the hcaopnatty 
teats tor both the total sample e.m the licensed. eubJeetll, d tor the V1aual 
Groupa~b,--Cla1111ea mil V'111ual Oroupe-by-!.nstructora IIJ:lllll;rBia. In'.no illlltanoe 
ia there eufticient Na1rnn to reject the b1pothe11111 O!" h0111ogenei ty. 



\ ' 

' 

Straight and l,evel 

'l'urn 

• • 

TABLE 25 

D:Y USl:D FOR SCORL'lG P'.HOTOQPJ1PRJC RECORDS 

Air:;peecl range 

AJ ti'eude xnnge 

/1.1r1,~:,r;..'!,.J '15 i·r.;si::,r· .. 
<ln,-~ ... J JJ~· , .} :L.JcL 

f~.J--:'~:y'}..:t'l .i.'G,.Ti;_,,'; _t~:;,, 
t;.i (.(,f) 

IJ-,l'l't1.3~ 'I.\J:tPj;.,,)ti{: ~_.!,. 

: ',1·1)L1f?L'' r'"f l~•·t.:1•.:.:..;~ 

£:.2J:.~1: 

'15• 85 ,,ph ( che<l!, oh:c p i) 
80°90 mph (check slitp 2) 

Peroei:.tage of 10 aeoolld inter" 
-vel11 in vhicb w1Dg11 '"'re low1 
leee thnn, or equal to 34'1:. 

.f. 
j-·) 
-,.,..,,..,.. 

0-·13 mph ;: :{f 
c;,• l'or,Dept.age of 3 iec,:md int.tr•. '/0'4, 

vale :ln whii:b nose poe1tion •e ; ".i 
nat 8 or 9 ( artif1ci8l horl.aon ' 0

•,- ,:}II 
bi,.e 16 cor1.zontal marksj: les:i .' :i 
sban o:. oqual to Al'/, ,. J 
Dev~ uthn of. 't.hl'I llftl l in ball 
bl'U',1 tcmeI'l eido of l1l1)1 wing:. 
:, ei~ than 2 degrMc; 

:.1®i;•iat1.o·n t:.,f 1."'lall 1:, 1 .. i ~} \·~ 

to.,a,·d i,1.dt1 of low .-J.1,.,F 1<!>8il. 
tl1a11 2 ".1:,1:~aos, 

S0,· 7U 11,r,;i ( ohs<Jk ah) 1, 1) 
'.;.5,65 u,p;, '. o\-rl!ck nh h <) 

I,~vJ.~t.ton !')f the hull tn J--,Hil 
r,w towa~•d either eJde: l'l&i 
, h &r, ;: a.,, g1·ee o • 

'$J ·~ 

.. ,, .•_e;·J\i'" 
" ., ' .,,.~'-..: ""7 



,-:_ ~i<?i}~\ 
~G.~~ '· . 

~i~~,,~~-{~.~ ~t·~)\~{-

:'\ll!l~8...2[~1MC!_ t•>r Total su,v1 tt >'able 26 pr.soimte t.ll.e reaulte 
ol th,, an.:.1yaea for tJle tota·~ 1iampl6. Out of t~~ ton «11AlJ'll111!1 11h1ob 'lfflro 
run, ,,nly ,:,ne sboYII signltlcant mrlatlon in the mee.zw of th• viaual groups. 
'l'hfo algnlrtcant ~al:lle was tlle We.\ghtod Turr, Score in tho V11mal Gr,:rupa­
by-inetnwtore a.oa1yBi>L Again, the A am. B groups ll:t'8 &upericr to the C 
~Dg~~ • 

·!'able '27 11hove tM ro11ulta of' t-teate of the dlt'f'"nnce11 batveen pairs 
of means. The di:l't'orenceo > - C Md :a •· C are 111gn1fiCNit at the 5 per ·cent 
level of' cont'idenc". Chly the differences A - B end C - D aro not s1sa1f'1 ~ 
cant at the 10 per c"nt leTal of' oOllfidence. 

Signitioant cl.aaa variances are found tor tha weighted Take-o1'1' Score, 
the Weighted Lr!Dd1ng Score, and the Welgllted Tot.al ScoN. A algni:t'icant 
interaction ot vtaual groups mid clns11ee. ie found tor the We18ht&d 'l'u.rn SooN, 
1n:l.1cating that the ralatlonahipa among the vieual group,, change trolll clue 
to C lallB. 

~)1.:11111 ot Tari!ctlce t:'!! L.tc~.z!'cl Sub_.Jectll Cnlz. As vu provtoua1y done 
t'or the ether c_rite:r-1.xl llisasure11, the 1W0.1yeea ot-theeo f'il'e aoorea on the 
photograf,hio records were repeated ll!liQS onI,y the data on the atlbjeetll who 
w11r11 l1c11naed. The romilte of thoae e.m.l,ysoe are preHnted in Table 28. 

, Jone of the ana]J'aee 11hOW11 sign.tf'ioant • Ttaual SJ"01lll Tariimcee. SigJlificant 
cle.1111 YIU'iAnOH appear tor Woigllted 'rum Score, Wsisht&d Tue-ott Score, and 
We1e;hted Total Score. A eigni:!'inant interaction or Tieual group• and inetruc­
tors appoare tor tho Weighted Turn Score. 

J:!!11ulta: • .Ana],raie of V'ariance tor othsr lnd1Tidual .Ml!lneuTers 

The ro1111lts ot ana]J'aos !'Oportod 110 far indicate that 1'111ual]J' deficient 
aubjccta, aa olle.r8ctor1zod b1 mcebara of Groupe C and. D, exhibited a<aeVhlLt 
poorer 1'118ht perfo=ance pert.1ou1Ar1y 1n tel'IIII of criteria ueooiated With 
leandiJ18B, -Thoe f''.nd.inge rni110 tho <;,~et1on of whether aienifiaant d:U'ter­
encoa 1n perf'orllllllOOs would alao be eT1dant 1n te111111 or· other maneuTel'!I. 
Theret'ore, ana]J'11u of varitu11Ca were run in terma of criterion _.uree te.kJ,n., 
:l.~ t~l~ t":-,llvt:.-j.!'tC, ~1111.TW~\Vf"N, ~ 

1- Straisht end Level 
2 . Stra1gh t Climb 
3 . 720° Power Turn 
4, Stall 
5 . Tab -oft 

As 1n the caa" of other criterion measures two eypee of ana]J'aee Vltre 
run, Tiz: ana]J'eeri ln which v1eual gro1'1 .aud cle.aeee were controlled; and 
!llla1ysee in which Tieual g:r-oupe and instructors wore controlled. '1!1111 re­
eulta of these ana]J'see are :presented. 1n Table 29, e:r;m1ne.tioa ot Table 29 
1Dll.1cauis that 1n tenui ot both imalyoee b1 clueea and b7 inetruotors aig-• 
n1t1cant Tariation attributable to Ti~ual grouJlll vae ortdent for cr1tericn 
measures taken during the atl-uight clillb, In ten1111 of these criterion -­
urea the pertoniancll of subjeOte 1n c;.roupa C and D vaa poorer than w.e the 
pertannnnoe of eubjeots 1n Groupa A and B. -rurtheaoro, in tame of' the 
wia]J'eee 1n vhich T111ml src,ups a.ni tnstrw:tora -re controlled 111sn1ticant 

-:"l-~:: 
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TABLE 27 

THI VISW. OROUPS-BY-lJIS'l.'HlX:'ruRS AIAL!SIS JOR WEIGBTID 
'?UBI SCOl!B ('rarAL SAMPLE) 

Pa1ra 

A-B 
A-C 
A-D 
B-C 
B-D 
C·D 

..L 
.90)P;,.80 
.O,>P>,02 
,10) P > ·°' 
.0,> p > .a:! 
.10:,P».O, 
.8o>P:,.70 

variation attributable to T18llll.l sroupa 0

Ya1 eTident tor ODe ot the criterion 
aeaeurea taJcen dur.1.116 the •tall (wighted maneuffr grade 81 ftn b7 the iMtrua­
tor) and 1n tenu ot one of the two cr11;er1cm. meaauna taken during the tab­
otf (alao ve1ghted -u.T&r grade). Asain, the pertormance ot aubjecta in 
Groups c and D· '1111.8 inhrior to the pertmw.noe ot aujeote in Groupe A and B, 

Reaulta diecuand 911l"lier in the report illdioated tb&t aubJect■ in 
Groupe C and D exhibited acmm'llbat poorer per:to"8nlle 1n criterion MUUN1I 
a1t1ociated with 1.aodfnge. Theae f1nd11J81 ausgeat that such acaevhat inter­
ior perto:mance ~ aleo be eTident in te:nna ot the 11tra1ght olilllb, .and 
poaBibly in tel'!IIB ot element, ot perta:nnance uaooiatt!d v1th the stall and 
tbe tak:e-o!f, HO'll'en:-, the evtdence ot eignificant 'ftl.rianae attributable to 
in11tructora, aa indicated in ~ble 29, indicates the 1D.portanoe ot cona1der-
1ng the inetructor 'fll.l'iablb in e,·aluat1ng these findines, 

RelUlta I Analzaea ot Variance ot Cr1ter1cm Msaeurea 
talcen on le.at Check J'l1E!ht 

'l'he findinge reported up to this point susgeat 1nfertor1t, ot subJeot■ 
in Groups C an4 D in terms ot certain criterion IH!l.lllll"IB aaaoc1atN vith 
tl..ight :gertormance, in particular in COilllect1on with pert01Wmoe cm the -­
neuver "landing." HOW!lver, 1 t ahoul.d be noted tbll.t Yi th three exceptiona, 
the remainins 10 at the '13 criterion iuaaurea vere baaed an tligllt pertont~ 
anoe aver the t1rat 35 houra ot the training course. Althollf!h st.atiatica~ 
aigrl11'1cant difference in Tarlanoe, attributable to T1aual Qroups, nre en­
dent tor 6 ot tbll l3 measures, euch a1sn1t1cant di!'ferenoes were not 1ndj.cat9d 
tor the thrff lle&eurea frcu the la.at chsck 1'l1ght, Yiz: M■an Ml!lneuTIJr Grade, 
Lut Over-all Grade, and Last can aoore (all 81 wn by the cheok pilot). !he 
question oan well be raiaed aa to vb.ether l'isu,&lly de:r.1cient 1ri41vtdual.a, as 
represented b7 aubJeote in Oroupa C a:od D, while learnins more slowly mq not 
enntually prove ~ proticient aa aubjeet11 Vith l!llight deticienc;r or no d•­
t1c111ncy at all, although perhaps takin8 lol'.ISer to reach this degree of pro­
rtctenc7. 

In order to check on thia poaa1b1l:1t,, e.naqoes of &4d1t101lfa;l Criterion 
~s vere run in te1,iia or data 1'r<B the f1DILl. check tl:lght onl7, 1rre~ 
l!lpective ot the hour of trainiD6 at which thia check f1.iaht occurred.. Thus, 
11' a eubJect failed. to pe.11a the pri-ni.te pilot tl1ght tagt until attar. 45 houra 

't 
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TABLE 28 

,,:1r&l.'l.1 ;:rt RESm:rs OF ANALY~S OF VARIAHC:E: O? PHOTOGRAPHIC D.\T! FOR SUBJECTS llBO 11!1'!! LICENSED; F-VALUES 

• ' 1 ·• .~_r;;1r"!,& 

G"~.~1 .. .-11 Groupo 
-~:.f.l..f1~0f!I 

.:~.m~ of 
~ ~rJ~1_:_,?j__i~?"QUp~ 

,;\ 

"" 
i~~ 

D 

:~-~lnj& 

·/ :t,n:.i"jl Gro'l..i.p;r,i 
~,:struct<>r11 
¥ 7 I 

. ~ 

~ ,1sn·ie 01. 

-~~ ~--;~;~_ G~Jt~--1 

~; 
G 
D 

FOR F-TESTS, MEANS OF CRITERION SCORES FOO' VISUAL GROUPS 

ViePP1 croupe-bf-CJrnaea 
Wtd, Wtd, Wtd, ' Wtd. 

Straight & Laval Turn Take-of'! Landing 
~"~ Score ---· __ _§£.qu_ _Soore Scor:e 

',-20 }a~O ;i,o20 ) ,20 > .::o ,05> P > .0l <--001 ) 020 

> 020 ;:..,.20 ' .> .. 20 > .20 

,1 .. 10·~, ,; 7J. '7: 66001,. '39.73 
J..~... ,. 
",) I '~• 69<l5.~ 69.52 44,4l 
5?,,/4: 69,9;: 66,23 ,40,82 
54 .02. ,; 68 ,9c, 72,fil 38,9.:;. 

~iaµal Groµpg-by-IP@tryotprs 

!-i·~d, iltd .. lftd, Wtd. 
Str~ight, & La-11el Tl!l":l Take-of'f Landing 

Sccro ____ Score Score Seore 

) ~20 ),20 .) .20 ).20 
,;,,,20 ),.20 > ,20 ;, .20 

;_, .,:20 ,05) P > ,Ol .> .20 .,. .20 

~. ~· • f,i,=:, '7: 65 9:- 39 ·: ;;-
;, I . N; '.J :i. ~,l. '"" • ·~ ~.,, ... 
:'7 .. -~..:. 08,,;t; 65,8;, :5S.,2-': 
53 .2', . 67ol!JI • 67,11 ~ . .;. 

wt.do 
Total 
Scor, 

),20 

,05> P > ,01 
) ,20 

• 
5?,7') 
60 ~-' . 
'!ll .. 6,, 
58 

,., .. 
,, :;;,, 

\ltd, 
Total 

_Score_ 

::, .20 
>·20 
>"20 

58; 0.-:' 
(,G. 5_. 
= ~-:,., f' .,I.':" 

56,84 

,, :, • ·,_, . ~~ tn ?'ell l;Mi~ rm:~, qf JWlalllS -~ ti•~ 
• ~~~~t{i~.:;:~.~,~-)!~~ • ¥.~·~-i~;··J~~: ·_,,~ii;,~- I.h½: .:,:k·•,, J~-~~\~-j: ~t-~-~),-~i{r.: .. ~:,.~~1,.~~1•:~:~~P~ '1 _;_t (~ 

JOUP• 111. ,!! , \ll:;C!f ~~~!II'.: 1!f pe.rto.~. ,. _ 
,~JJ.i·J~..,,-~?,/r.rJc' ~? -h:Jrf:t..·~:;~YJ t:·{t./•'~-'.-i\

1

'·i'i: 1~~ .. :-~'fislt.'ii;;,: ~,,j,•'._.f•:,;,a" 

. ' •"<., 

: ' 
·:~. 

&- ,.·. t1 ,:J,,; 

. a. 

. '.-1!! 
'~ .)~j~& 
• i:; 
-·[1~ : ·'F,i 

'·:~~k 
,.,;.-,,.. 
'~t. 

. ~·.,,-;~ 
-~f:: 

·-,:-;:~ 
\ :J~--'l,JI 

·, t'..---:S-<i' 
' •• 'r;;: 

._.;;,1 
s:-~ ..... , ~· , . 
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Annlvalw 
Visual Groups 
Clasael! 
VxC 

Means or 
!ilDJBl lj[O!,!~/a" 

A 
B 
C 
D 

ApeJuis 

Viaaal Groups 
Instructors 
V x I 

Meam, of 
!isual Gruupe 

A 
B 
C 
0 

TABLE 29 

:iUM"r!Atti ,-;, ;~su~i:·s Q_f -~~ALY,{t• .. '-:> or~ VAfi.~n:;;c-G or; MPJ~EUJT,f<31 P=1--A-:WiJI~ POI-i. F-71£.STS. 
MEANS OF CRI1'ERION SCORES FOR VISUAL· GROUPS 

Vie11e I Groups-by-Classes 

Wtd. Wtd, l'itd. Wtdo l'ltd. Wtd, l'itd. fitd, \'ltd, 

Strt. & lvL strt. & lvl. Climb Climb Turn Turn Stall Stall Take-off 

.,, 

MG 

.20-.05 
<.,001 
> ,20 

74,5?. 
75,4: 
7J.l~. 
73, 9 :, 

:, ,20 
.01-.001 

;> .20 

74,9-;:, 
75,4J. 
73,14 
73,9 3 

0SFI 

;-, .20 
>·20 

,20- .05 

55, 7J 
59. 7 ,, 
59 .2~i 
58,J:2 

7.20 
_>.20 

.05".0l 

54,6;. 
60.2,; 
58,6J 
58,3:: 

. MG 0SFI 1,1g 0SFI 

,05- .01 .01-.001 > ,;.o > ·20 
<. .001 )c ,20 _>,20 (.,001 
-:, .20 .2~.05 ,20-.,05 .. 20--.05 

74,2::. 44,4} 70,'.P- ~ 96.4 
74,3-:_ 47 ,o:' 70,5: 96,8:, 
7L2/,, 56,1/, '10.32-5 96,7:0. 

72,4:: 54,95 6'{.4L 101.,7 -· 

Visual Gro:ims-by-In~truc~o:!:l! 

,05-,01 
< .001 

.20-.05 

74,61 
74,42 
71,84 
72.43 

.01-.001 
> .20 
> .20 

43.4-
47,12 
55,8;. 
54,9} 

7 .20 
.> .20 

• .20-- .05 

'10 .6 , 
70,42";; 
70,J4~-::; 
69.4,.,. 

> .20 
< .001 
> .20 

96,21 
'J'l .4;) 
97,12 

101.7 ,. 

MG 

.20·,05 
,20-,05 

"> ,20 

66.,:r 
63,5: 
63,l) 
63.o:> 

P ·=,05 
.os-.01 

> .20 

0SFI __ )!g__ 

) .20 
<. .OOl 
) .,20 

10-7'. 
llu3·. 
11,3:C 
12 "· -0.c;, 

.20-.05 
,:. .001 
) .20 

,20-.05 
< ,001 

,20-,05 

72,1' 
72,3 
69.8 
69,8 -

,05- ,01 
(. 0001 

.os~.01 

66,9:;_ .· 10.5, _ 72.6, 
64.0;~ 11,?.:') 72 ,5:_ 
63,6) 11,J.2 70,3 .' 
63.04 12.0.t. 69.8 

i<. , •t.umbers in red indicate rank order of m~ans of v11111al groups in tel"IIS or proficie.-icy or perrorruin,~e,. 
;_ 

'• ~ .. 

~·":}:,,. 

.::i,.1V'~ 
::}'\,,. 

\'i"td, 
Take~off 

QSFI 

,2C.·.0:', 
,01• ,OCJ 
-05-,(J.' 

69.:.. 
Gs,? 
?7 <)·:--- ' 

HC-.6 _ 

.20-,05 
,,05-.01 
.01~ .001 

-~r 
':\-~ 
.-:}·t 
'~;~~~ 
.tt 
"•fTr, 

-:~;:/~ 
' .. :1/~ 

-~~~t ,,, '-_;<:,-

<~~ . ;~ 
~. ,,T . , 
·'l 

It, 

',..;-1 

-,:\ 

."1,5,. 
,a,¼: 
-.. ~--~:'"( 

- -~_ ;_·:x~ 
~· -~t1~ h 

; '~~ 
67 8 ;.,: .:, 
t:19:42 ~·"}{ 
77~0 :t. ... ,: 
,>n L i "/\1 
0-\...ol..".,_. ·.~:.t,•· 



Repult11 Ane]ypp of Pase:'111 Criter19P, rith ContrAl-&1 
Tprmo gf Seleotiop Tgt Data ' 

Beoauae of the nature or the oorrelatione between selection teete and 
Paee•Fail, it wu con1idered deeirable to determine whether the ditteranoea , 
1D 1noidanoa of puaing ( or f'ailins), evident aDIOlli aubJecta 1n Tarioua rl!Nal. . • ,i, 
sroupa could be attributed to factora repreHJ1ted i,- the: te•t acore11, 'ther.. ~~' 
fora two t1]>11a of' anslyae11 of theee data were made,. one :lll'fOlving computation .L,,;,;'/' 

;tar!~ 1::~~~!n c~~~:!to and the other imolv1q ~ .computation ot • f ~: .. ·:.!~. 
In the computation of the interaction chi~equared, the aubJeota Hre . ., 

divided into t110 group• in tenu ot their aooree on eaoh nlecticn teet, Tizt ·~~ 
one group coaprieinir 11ubJecta falling above the udian in the tut 1n quea- f 
tion, the other group 0011prie1q aubjeote •ho•• teet aoorea fell below tbll '1-'e 
1118d1an, On the buie or th11 oataeorization an ~1• le!ld1nc to the eoa- ''\' 
putat!in of the interaction ohi•aquared 1188 run, 1n t.al'III ot eaoh 11eleot:lon i'.,;t 

-ta-•t_. _____________ • ___________________ ; ,<~.: 
33on the check flight conducted following 35 houri ot tra1o1nc, aubJecte 

weN nqu1red to execute an approach and Jarn11ng 11t an untaa1liar airport. 

f ·; JI< 
'i!;, 

The criterion ID8uures in tel'lllll of which performanoa on thia 11a1111UVer wu re-- ;: ,, 
corded were an oTer~all maneuver grade g:I.Ten by the aheok pilot and acore on . ~'. 
a 11paoia11T da11trnad cheek sheet included in the Ohio State Flicbt Invento17, r,,,· 

~~?~ 

34rh1s analyeie prooeeded u followes Chi~aquared aoafyna, oategorical , }:t 
bJ .Pua-Fail and Viaual Groupe, were run aaparatal;y tor aubjeote scoring aboV&._:,: :;;;., 
and below the 118d1an, respectively, 1n each test. The ch:l..-aquared tbua de- f',\,t, 
terminad were 8Ullllllated )'ielding a •total chi•aquarad" with an uaoo:lated nua- • '" •0,,"; 
bar of degraae or freedom equal to the aua of the nuabar ot the dagreea of ,1ci'i 
fNadom tor tbe individual chia-■quared. A Rpooled oh1-aquared• wae also 
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. •''""'j\"l!' " .-\~:.:,}t, 

-SUIIIIARY OF BY-SUI,TS OF-ANALYSES or VARIAJEE FOR ALL SUB.DCTS. P-VALUES fOR F-TESTS. 
~ _Of' CllITERlOJ ~ FOO_ VISUAL GROUPS OI ~• CBEC!t P'LIGIIT 

iJ, •'J:. 
• ' ""ill, _;;: ·\'·\ffl_ 

"f ~I 
l,~..,. 

Analnia 

Vieual.Groupe 
Claeaea 
TT ::i: C 

Ileane Qt 
v1miaJ Groupitt 

A 
B 
C 
D 

AM2n1t. 

visual Groupa 
11'.18trUCtora 
'l :ii: l 

Ileana ot 
Vi§llll -\irwmn 

a 
D 
C 
D 

•· _.',L 

' 

. 

'" 

• ' 

teat· 
J.-x•d1g· . ,, yg ' • 

r- tr • 

) ,20 
" .,20-.05 

,01-.001 

I 

. ~ 
207.01 

' 20l.U 

.. 

,, p '. 196."i.3 , 

, 
' 

197.11, 

.20-.0; 

.20-.05 

.20-.05 

209.41 
201,9; 
199cZJ 
19?.U. 

-., 

~ 

V ipp•J Grogpe• m:""".)53 ■ as 

Last 
Ld1iug 

osn Sogrg 

.20-.05 

.05-,0L 
) .20 

'39 .1,2 
38.71 
49.44 
J.2_.6, 

• 

-,- '~ 

... 
; 

.. 

Laat 6tl'enp ', 
_ Fie]4- ~ ,.....,~J'I ' ' 

-- :; 

), .20 
.01-.001 
.01-.001 

t. , 

' ' 

.54.42. 
!16.ll 

' :i;J;.0.4 
, ,3.fB 

. r 

VipJJirJ Grouptbz:-TPUrnet.cc:.~ t.;· - ,, 

-~.05 
• .20-.05 

> .20 

:38 _22 
71.hl 
J,S. 3,1. 

. J.2.9] 

... •-- ~ ~ 

1,., 

,. 

I ~ _.20 

~i/~ _,v~ 

5;_5;,: 
'56_.0l 
47.24 
53,S:J 

:· ,_'.\l!lhe1"e- in red irnliCBte ram: ord&r o! means Qt vaual gr-Cltlpe 
in teru ot pratioUZIIC1 Qt perforauoe. 
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>~20 
.20-.05 
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22,4-> 
1s.r: 

) .20 
.., ,20 
>-20 

19.6) 
-18.11 -
22.34 
18, 7?. 
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~ rJ" " - . "~-- - :: ;!/f:F ;tiyJf.,. 
The reeulte of this. analy11i11 are preeentad ,in Tabla J]., • Inapection of •· :. ?f~:-

thia table 1Ddicate11 that, with the exception of the "Delira to Plf" teet : . S. :i,~ 
(D•F) none of the interaction chia-Bquared i11 statistically signitioant at · '{t1··-': 
the .05 level of confidence, ln the case of the •Deaira to 11'11" te1t :t,h1 ~;<t 
intar&ction • chi~squa:red 1a significant at between the ,02 end ,05 level ot •' 0 • 

confidence, In tarme of these findings, rlth the exception of th& •Desire. .:_f~:;.~ 
to Fly" test, there 111 no erldence suggesting aignliioant illferenc·ee in .:.:: ·.:/,,_,,_. 
incidence of failurs emong man, 1n the four Yieual groups, who have bi&h ,u. 
test 1coree, and low test scores, respectively, 

One criti01B111 of this type of analysie 18 ths,t each teet • ill acll91dered 
individually, Therefore, another approach wu made to the problem t)irough 
computation of the partial correlation coeffiQient· betweeii 0 Visual Erfiaienc:,• 
and "Flight Proficiency,• pertialling out the effecte of selection oi match-, 
1ng tests which, on th& bai,ill of their correi.tions with the criterion and, 
among the11U1alve1; appeared to represent th& best bettacy of tests for pr1a 
dieting succe151 in learning to _fly.. The three teeta employed in the batter, _ 
were the Two-Haltd c9grd1nation teat, the Greene teet, and the .Meobenical _ 
Co11prehen1ion teat. In 'tema of "r'light Proficiency• a acore of 0, wae a■• 
sisned Bl5 repreHntative of the fligh1; perfonianca of 11ubj11ct• who failed 
the oour11e,

1
a score of l being assigned to Paesere. In ter1111 ot Visual Ef­

ficiency a score of O was assigned to member■ of Group1 C and DJ a ■core ot 
1 to 11ember11 of Groupe J, and B, In the determination of the partial cor­
relation (betwun Vieual Eff'icienc.y and Flight Proficiency, with the affect11 
of test ■core, held constant) product~moment co,c"fficiant11 were empl..oyed • .,,n 
though two of the variables were dichotomoua, as indicated above, 

The :aero~order coefficient thue computed betw&en "Vieual Ei'ficianay" 
and •Flight Proficiency-" was .-22, which may be coneidered 11igniticant at the 
,01 level of confidence. However, when the effects attributable to the 
matching teats are held constant, the partial coefficient ia reduced to ,05o 
Thus the reeulte of this anal7eis by partial correlation teohniqua do not 
indicate the exietence of a relationship between Pase-Fail.and visual effi­
ciency ,core■ of O and l (where O and l have the meaning, indicated above) 
when the efrecte of the selection taste are partialled out, 

The reeulte of thaeu t'l\'o typee of analyaie (interaction cbi~eque.red and 
partial correlation, reepe~tively} appear auperficially to be contre.dictoryo 

34 {Continued)eomputad, repl"lilsented by' the di1tribut1one of all eubjecta, 
categori-0al b7 Pasa~Fail and Vieual Groups. To obtain the interaction chi• 
1quared the pooled chi-squared was subtracted frOIII the total chi-squared, 
the number of degreee of freudo■ for the interaction cbi~equared being equal 
to the difference betw&en the number of degrees of freedom for the "total" 
and for the •pooled~ chis•equared, respectively. The i~teraction chi•eqUBl'ed 
indiaatee whether, among aubjeats above the median in test score, the inci• 
dence of failure in the various visual groupe is e1gn1f1cantl;y different f'rom 
that 11110ng subjects beloir the median in teat acore. Saa; Snedeoor, George w. 
Statipt1cel methods, (Fourth Edition) ., Ames, Iowas The Iowa State College 
Presa, 1946, pp. 191~192, 

35,-be decieion to employ a three teat battery was purely arbitrar;y, but 
was dictated by the coneidaration that th& correlations between the other 
teats and the criterion were so low that inclusion of more than three teat, 
would have added little to the predictiv1 efficiency of the battery, '· ~· } ~ _,o}" 
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TABLE 31 

RESULTS OF THE CHI-SQU!RED ANAI;rs:r8. <:. 'l'BI B\SS..J'AII, O!U'f'ii:rll!Wf 
TAKil«l J.CCOUN'l' OF THE SELECTION TEST OOORES 

Seleotion T~~ 

Mjtllhblll' I! Twp=~ Rs.!... 
Gl'Oup B,j:J.o• fiichoto~ Poill~ .. o~. :. ~ .. ·, -_,<>Ol "20 '> p > . ~o ,05 > p o., ,02 
G::-oup Aoo,e Dfouo'..ol!IY f'oill-: 7G ,;,- p :;, . 59 .02 ;;, p -,. ,Ol . :Il :, p ;, .. 001 
1'0,ta;. ,01 >·i:; :, .001 ,.92 ;> p > .,01 p,;; .001 
Pooled ,,)1 r p :, .001 ,01 ;, p > ,001 ,Ol > p :;, ,001 
intora<Jt:\.011 "20 > p -; .10 ,50;, p :,. ,30 -05 > p- ;, ,02 

L tr, ~-!! !ill !'.!lB!l ~ ~· I'pil 

ll. J~ ,a,11 6 ~ (7$) 10 32 (7l$,) 11 
B ,, ( ;\iii) 5 7 (5$) 5 11. (88%) 2 

{f~••· .• -..tp ;-J,a~.Oli' Diuhutcrmy ?i::ttn., G .u, (?mi 
,., 

12 ( 57%} 9 9 l~) 9 ' 
\) ? ( :5$) 1:3 1P ( 50%) 10 9 l,53'.'' 8 

l'o""--11\ 0 .. :i:;~'):,'' , . ~ ~ J]. 61 (&.$} J .. ,~ .. ,58%) 30 

·' ~ (s1i1 '' :\4 (92$) 34 (911,) 2 , 

-~ -~· .~.....t, t -· ' > 2<' i85%} 3 ".6 (73') 6 
i.;.ru-'ltJ Ab:J1te Ui~hotoay Pa:!J1t )2 (7:\1,l ,:: 16 (8/~) 3 19 {ll:,$) 3 ' 

D ,,, '75%' ~ 9 (561,) " 10 (53%) .~ 
.J_,...,_ \ t 

7,-,,-,:,~ 7~ t&r:P 19 8). {S.:d, 1 J,6 79 {80$~ 20 

' o-, {8)%\ -... 66 {8/$i• 13 6o (8.(£) 13 ,. ~--
" 

,,_ •~l ~·J ;. ~ 8 ;0,9 (78%) 8 :30 (79,C) e 
-r'ooie-d 

_, 
ZS (10%) 12 ;>8 (701,) 12 28 (70J) 12 V 

)j l<;i I 5>%\ .'.'7 19 ( 53%) l'l 19 ( ~"'' • 17 
T ·'· " '.wl!O 1~ ·$,I 01.,~ ,,,, ... " 50 14,< i?f$) 50 .li,3 (7/$) 50 

~ 
j 
! 
~. 

• .. 20 ;>'P > .,io _ .J 
.al;, p ;;,, )JOl 
.01 > p -, .,oo:. 
,01 > p ;- ,001 
.20 ;, p 7 .IO 

:'§118 7-El-

2? (75%) 9 
13 (81$} :, 
9 ( 5.3%) 8 

lo2 { 57'.£) 9 

61 (6$! 29 

38 (9(11;} 4 
l? (7?.f;) ' 19 (83%1 .. 

'1 {47',£) C 

8J (~·%, r.;., 

~ (SJ.') 13 
J'.) (79%) 8 
28 (70',t;) 12· 
19 (53') 1'7 

la (71$,) 50 

,···.··. _ti; 

I 

_;.,L .,,~ 
.,. ~ 

i 

i,: 

;,, 
'·:1 ·\ 
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TABLB 31 (Cont .. ) 

RBSULTS OP THE CHI~SQUARm A~IS CF :i:'lE llSS•i.:TilL CRl'.lfflIC8 
TillllG .lCCOUI'? OF THE SEUm:tCII TEST &:ORES 

Selection Teete 

0t111 Lt.: .Lf.:.. 

Group Below Dicbo~,0ay Point r , .. vol '.05;,p;,.02 .05 ;:, p:;, -02 
Group Abo'1-"'e IJiohot.ollly' Point 9U > ;:, > ,80 .50.>P,>-30 .2() > p > 10 
Total 01 > p > . 001 ' .10 ;:, p > , 05 ,05 > p ,, ,.02 
Poo.t.d 01 :, !J > 00). ,Ol;:, p;, .001 "Ol > p -,. . 001 
!11teraction 30_;,r,> 20 .99;, p,. .98 ,99;;,, p;;, .98 

L&,, ~ .tall h!,t till flu roll 

A 38 ( r: ""'<, :, 8 34 cm~ 9 34 {77$) 10 
B 13 (3·~) 3 ll ((l(JJ 5 12 (?,,;) 4 

•Jroup below l!iohotoa;y Point C 9 l6vM 6 ll (6a) 7 12 (6~) 7 
J) 8 (:;'t,%) ~ 9 (~) L'? 9 {43%) 12 

'rot.al 68 tc·,·• '' J 31 65 (66j;i :33 67 (6?,t) .J3 . 

A 28 (85%) 5 ' 32 (~) 4· - 32 ,1a) 3 
B 17 Cm> 5 •19 (~) ' 18 ( :d,) 4 ., 

Ciroup AboTe Dillhotoay Point C l9 (761,) 6 17· (??J) 5 16 (~) 5 
D 11 (79,C 3 10 (71$) 4 10 (67%) 5 

To~~ 75 (~) 19 • 78 (8.3%) 16 76 (SZ) 17 

A 66 (St$) 13 
. 

68 (81$,) 13 66 (8/$) 13 
B 30 (~) 8 30 ('/9%) .. 8 30 (ml 8 

Pooled C 28 (", .:i;) 12 28 (70$) 12 28 {?OJ) 12 
D 19 ( ~- M 17 19 ( 5/$) 16 19 (5.3%) 17 

Tota:L 14.3 (?;j) . 50 143 (?I.it, .49, •' w (7/$) 50 

Q.d."J' "1L 

05 .> p ,. 002 
,20, p > -10 
,05> p > ,02 
.. 01 > p ,. ,001 
,,80 ~ p ;]' -70 

f.Alll .ta.ll 

4, l~l 6 
;'; (89.') l 

n (69'.') 5 
D (581,) 8 

' 75 ('l<JI,) :w 

20 (7'11,) 6-
21 (?5%} 7 
11 c1a) 7 

7 (47.') .8 

65 (71$) 2$ 

65 (8.:%) 12 
29 (?$) 8 
28 {?at) 12 
18 ( 5.%) 16 

1.40 (7/$) 48 

'~ 

I ,I i-t; ' 

-;'/-

,, 
' ' 
" 0 C {.' 

T,''fi:; 
- -•_, ,'q1 

:,,p 
-, ~i:l'. 
·_:,j'J 

~, ,_f.!ef!',..--," 

. ofpl 
s•;t.;,_ 1~-

f,'.--s 
-,-,,, ·-::i:i 
' ¥:1 

}~: 
,·,o',, 

1,-1,':1,, 

-,.,>-,( /} 

%}~~-i~~is·,~~:1 ,'f.,, "" ••"' \-•,,~;;,,:.,,"'"};:.c,,:,:1~;:.'./i •~ \.1'. ;1'; i};J:,' •~:«£$;¼:;:. c ~.,',i~:/i>lli,i(,.:1;'.;;f :i, 
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TABIX :31 (Cont.) 

RESULTS OF· THE CHI•SQllARED t.TTALY$IS Ol'"ffl&" ~D, -OI!l'!'l!'JlI(l 
Til!NG ACCOUJl'I' 0? THE SELECT"T.OK 'l'EST SCORES 

Group Below Diobotom;y Point 
Group Above Dicbo~ Point 
Total 
Pooled 
interaotian 

Group Below Dichotomy Point 

Group Above Diohotoll7 Poillt 

Pooled 

'{ ,_G. 

A 
B 
C 
D 

TotaJ. 

A 
B 
C 
l} 

'l'~~ 

! 
B 
C 
D 

Total 

~ 

,05 /:;::, > ,02; 
,10 ;> p > ,05 
,.05 > p ;;, ,02 • 
.01:, p > .001 
,,5();, p .... ,jp 

~ ~-

23 (88%) 3 
8 (80%) 2 
8 (62.') ' 4 ( /JS) 5 ·,': 

43 (74',) 15 

23 (&¥) ), 
l2 (7%) 4 
3 (43',l',j 4 
9 (~) 4 

47 (7~} 15 

46 (8~) 6 
20 (77',t) 6 
11 ( 5%) 9 
l,3 (59%) 9 

90 (75%) 30 

Seleotlop Tei:t,p 

G?'Bene 

'.01 "7P "7,001 
• 20 -;, p ;;,, • lQ. 
,01 > p > ,Qvl 

. p ,1.. .001 ,, 
.95 7 P 7 ,90 

!'.!~!' ~ 

:w (87%} ~ -11 {8'-') 2 
9 i60%) 6 
6 (40:tJ 9 

46·(7~) 20 

30. tSS,,) 4 
_ 11 85%) 2 
' 3 (so,i) ~ 

:; 
7 (~) 3. 

5l (8)$) 12 

50 (~) 7 
:c2 (85%) 4 
12 ( 57',1:) 9 
13 (52%) 12 

-97 (75%) .32 

' 
. .. 

DoOJce.J:!I 

,01? p :;, -001 
.. 20 / p .7 .10 
.01;, p '7 .001 

p .:._ ~001 
,70;, p;, ,50 

Pass Frd,1 

22 (92',t) 2 
9 (?'Ji) 3 
J ( 38% '; '\ 

6 ( 4.,"'%) $ 

40 {WI,) lt: 

23 (se,;} 3 
U ~9.2%) l 
9 6'1i,,J 4 
7 (6/$) 4 

50 {8~i 12 

45 (9(1%) ~ ,, 

20 (83%) 4 
12 (57%) 9 
13 ( 5.2%) 12 

90 (75%, 30 

, .•. ,;,,~,,: ,r 

,~"-:;-, :}} 

i 
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~' ~?'' 
Reterri.ng to the interaction ohicaq~•d analyll11, tile h1potbes!1 that there ·:.:;,,. 
1• no ditterenoe 1n inoi<!enoo or ta:llare allOlli h:lgb ain lo, tut •corer• oan- .\l~ 
not be reJ~ted1 referr:lnc to the partW. correlation ~la;. the ~t!P '>.>} 
e1ie that there 1a no relat1onab1p botwMn "'11111\1Al Ettia~ and 8Flifllt • ~: 
Pertoruno•• (wben the etteote auocieted with hat aoore are held o011Btant) - ·i,, 

cannot be reJeot.ed.,.36 llOHwr, eil;lce while a null_ eypoth1u1"8. cc be nJe~ed, • :, 
but can, 1n general, oot be proved, tbe .results or_ t1itoi!e, tllio llll!U.1N• ar,e not. j' 
neoeaaaril7 oontra41otoey, Rather, both Ni:;el1 ~ inoo~lll~ive,; _,4 • _ '? 

' ,. ' . • ,· .• ,.. 
These t1nd1nglli do not permit a det!nit,;1.ve etate,ient -Z'H~ the.nla~ • 1 ';\. 

tive illportanoe ot tactora ·uaooiated 11ith·"Viaua'.l Uf'iouno," and ntli,'M'•at - '.'!, 
Scores• in oonnect:lon wit,b paeaing 01' failµ:ig. t)ie i',llght, t.ralnilla i,ouru, - . ,'1 
lle1tiier the hypotblleie that there 1, µo dit!erenOfo in inoidenoe ot railrira • "_~I 
11110D& "high• and •low• te■t ooorea 1n the four vlaual g?'OUJ>91 DOr the ~b.-,, . '), 
eaia that the:'• ia no "1ation1hip between J~ Uti,oa~7 and Pan-P'ail • • "; 
whe!l taotora ~eoo:lated 111tb teat 1oore are ~~al.led ~ o.an_ UDec\uiYO!" • •.'1 
oall.J' be r.Jeoted, The evidence with Nterenoe to~- oi-itvion •~ • ' 
1nd1oated clittmuit1at1oa, ,attributable to ,Vuual Orou,p,, 111 th, o.u• ~~r- '')~ 
tain ~r1ter1a. It cannot oonti<!enU, be rta.'ted." that £~. ~ Pua•l.aU ~1• ·1 
ter1on th1a_ oonclu,1011 11bould be altered., 1!~·• that ill ~- cue __ clitt~• ·.,,, 
1111n~iden~ ot failure <:a11 be attributed ~- tao~•. a■8N~ Jri~ ~ · • ' ffe 
SooN1, rather 'tban Iii th V'ilual Eft:l.oie11071 J»f -~ ~~"1°l be,o111111•, o{;tM - . __ :_":_~-~ .. --. __ -_ 
1noonoluain nature ot the re1ult1 ot thl two anal.Jae!'., .~'RJ.Y1:DI.. reap,p.:. -.. , _ 
tivei,, interaction oh1•14uared and partW ~~tion tltlmiquea~~~ :"_,_)_ 
ellOea in incideuoe or failure cannot ooiifident:!,y be attr'~blattd .to ...... -t-, . j 
protio1eno;r, indepell.dent ct telt •core. It aq nll be vJiat ditt'9~,1Jl • :.:· 
illoidenee ot failure, amona 111111bera or thl tour v:laual gro,q,a, can be atW• >,:1 
~d both to rtaual d11f'1c1enoy and tci relat,d taotora aaaooiated 111th .t~ _ 
t.at .con," 

suiDIARY Of FI!IDl1'<18 
T~ -.,er t1nd111i• of tb:la 1nveatigat1oii ii.q be ~1"4 ~ t~• 

- - . /)" 

l, Then 1 ■ aigri1tioiillt ~riat.1~ ~. f.pe
0

~ ,ot ~~~eo~ 1-J 
the var10'18 ,roupa (oharaoterizad bt auterace in visual eff1c1DOJ) ••· 
tailed to ~1ve l1oena~•-. _ ot the aubi•o~ ill.Group., ~i.!"r •m ftllbed 
out1 ot ~ .°"?l'P .B. ~j•ota, +l per 0•11t.J ~ ~ Or~,C,. ;v JIU' oentJ-.aM 
or the Qroiip_ D,.'47' per oent1 Ot the. Or<>Wl A,,~ 13-•W?J~~ oQlltbS~td, ~,9 
par cent 11u11ect out, ·u o~e<! w 38~2,per,.oe11:tgf Ula~ g aDCl O,Ql>­
JeDt• ooabintd, thil dU'fe~oe in proport10111 ~: •~~,1.oalJ.T •~l­
eant at beJ,ow tba ,Ol l.evel.at oontid~ae,. l'be 4,1.tte~,a pz,e>portiQQI 

','! -,. 

36rbe latter inte~retation cannot,_ ~"';,~be '•i~~"'Od oOlllp].ei.J.T ~j 
ut111quiv0oal, ~oaun ct the_ d1ohot0110ua 111ti11re:~ ,WI?,~ ~ Tarle.blea-., .- J,f 
tbe ooett1o1eat or ,22 mq .110t repreaeJ1t-.the.,11 t.rue• oori'e~t1on between , ,, " 
•Viinw ffl1o1eno7" 111d "Flight Prat1o1e119,'I ~-M,,it NT be~ ..•. ·;_i{ 
realiat1o to perUa1 out the. etteot of te1t •o~.lr'CIIII ~' v&l'ieble "V,.._, • , ' 
ffl1cienoy," ein'Cl,i there 11 110118 indication that "Teat Soor," ud "Vi&W. • . r\L 
Efticieno,8 ..,- be inherent]¥ ri,lated0 ,,. ,,-1 

,, 
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,'.{ 

-1:~ -~~~~•idi 
. ~' ,-



' • 

<_ >'(- - '-
c' - c ~- • • 

, .. 
~ 
i ,--

·.; "~. 
,~,, ~ 

"'/.,-'"\ ;-_ 

:~""-', ' 
·:-~' ,,,_ ' 



_..,,_ 

, 6. 4Q IIJl&ltsi• ~ -maa. of ■peoUio .iWM on tbB Ohio ~~te Flicht . 
Ill\\8ll:to17 perta1n1ng to l1nd1na, to detel'lline th■ ■peaU.io a,peota or per. 
fcn'IIIIDllle 1n tAi■ IIID9u-,e?' in tern of •htoh lll8Jlber■ ot .the Tarioua vinal 
l1'0UPB differed. The re■ult■ 1.nd:!.oate tJat etat1■t1aalll_•ip1t~t clit-: 
tereDOBa are evident with NBJ)IICt to 110Yen or the fourtND 1te• whBD data· 
tr011 the entire group an considered, and tor four ot the fourteen itellll 
when onl7 11\lbjec'!,■ who 9ftlltuall.7 were Uoeiaeed. are eonaidered, the per­
torunoe ot 11ubject11 in Groups A and B being auperior to the perl'ornanoe ot 
aubjeota 1n. Groupe c am D, In the cue or a,µ aa~jecta, .and licenaed 11Ub­
jeot8 ~, .eigQificant dUtere~• ,lf81'9 evide!Jt in Wl'JI! ot. ~lie item ra­
turing to the pllot1 11 j\ld,pl!Dt M to ti. 11pt1.r.otcirr' or ~unaatiataotor," 
nat\JN- ot tbe,l1,i1d,f,ns:, • 

. - \. . ' . . .. ,' '. - ; ~ . 
7, 'ti-eatlllnt ~-aD41_111i,1 ot,varian~ 9f data~ five IIMSU1'81 ot 

tll1bt Jl!ll'f~ce d~ir~ ~ the photograpldi, recorde • 't!lbn. durins the 
cheo\: W1bt, s,qdi11ate11 tliat, in tbe c~• ot, .. ~ mtas~, •~oat.1ve ot per-
.tormanee dmiy Tul'Da,. J!,.~i'1&Dt Yall'iaU,.~_iD,i1111an:_ ■corea l01: 'risual · 
go~a 1e -enli•'1t,. Th:l,11 fJDlfi"C,,•however, ~ed ~ t-9 ~-V~ Groupa­
b7--In1t~J'll·.~l'llea !.Ji :"9, treat'98nt or .data trOll, ~ mbjao:te. llben • 
0111T aubjecta ·lfbo av~~,,WltN" lic~naed ,µ-e or;,~'4ere6, ~~ 1a no evir 
claDce ot •llnU'~oqt var1,a.t,ioa ln.. visual greup :,ellll8~ iD t~,of the p~o,­
s:raphio data~ i • . • . . , • , . , • . 

S. Analy1■11 of 10 criterion ll)eaaurea of performance· 1o: other individ;. 
ual aaneuver1 indicated that significant varial:loe, attributable to viaual 
grwpa, -.. .. eyi4Bnt for four -.a,,uree ( two ~• ot ~fc:nianoe in the­
atraigbt cJJ,a~, ODIi 119asure _psrt_alllUli to nst,µ1s,11. apd one meal\Jl'e per-- : 
+.e1nSng 'to 11'l'au-otr•) in the Vinal Groupe-~•In■truo~ a.n~•• and 
tor the two .atall aeaeures i1,1 the V~aw Groupa-.by-Clasee1 analyae1, In 
i.1e llaJl8UYera the performanot pf IUbjeota 1n GrOUJl'I C and J) wae interior 
to the pertol'IIBZl98 of 1M1bjec~• 1n Groups J. Md, B, 

9, Analya!,a of 4a-ta from the~ cheok tllgbt~ imepective of the • 
bov. at whio):I 1 t occurred, yiel~ i» eTidenoe of atatiatic~ lisnifiOllllt 
varu.t1on, tor tbe ~! o£ t~ f(IUl' vilual- si:'Qupa,: ui t.9f111,.ot .toµr meas• , 
UN■ ot flight ~~fJ pertf.:lning to.Land.inp, and in, teni■ of the) 
major oritei-ion v~ie,Qle,,- wWch v~ baNd qia per.tani,noe, ~i1n&, the lllat 
obeck tllpt. 'l'be-or_iteriQD l!lfla■urJIB availeble- foi-- t,h11 ~. beins: 
buecl on a aingle check flight, are leaa reliable than tho1e lllfl&IJUl'88 
baaed OJI perfonaance throughout tbs cour1e, end tbe finclins: cannot be con-
11dered ~•tflT ~~ lie1Jever, t~ p:>11a:i,'!>ll'-t:r,~. be re­
jeated t11at ,the ~ql'IRIUJ.cs .of•TI,t1uall7 def'io~ ,■11bJecta, JtAiinn arqt. 
ficient_ ~g, was :reJ.$tinq eosparable;to,the m-fOl'IIIIIIIO• of v111Ual . 
"IIOl'll8le" Pl' "~ non;aala.11 . , • , • ·:· "' , , ,, _._ 

10. 1"'9-tJPe• of,:~• ot,tbe P~a-r.i.J. or1~r1on 4~ wji" 11114• -
in an ettort to, dete~ whetllei" diffennou, 1n 1,ncJ6le_noe~ of st&µQre, . 
1111011g the tour yie~_ . .fJ'O\lP8, migbt be attriJ,ilted w.t~-lt, u11oct.aW 
.with thtl mat.ohi.Jls: -~Bt.s. rat~,t~, Qr ~ 11$1d;f.t,ion to, \i,~ ,ttioilmc7 
PRE fl• The NIUlt1 .of tbeae ~l.,yse11, involving, ~pectiv,i:J,, 'QINI ot 
the inter•cUon Clb!•sq_lllll',8c1, ~· a partial, correlation t,obniqlJII; were 1n,,; 
aonolJJ11i~1., In o:tper-WCIPdil, ~t _cquld r.ot ~ satd.thll.t fe.ctca-s·$BQOCiated \Jitb 

s,';_,-

·-.._;.~ 
. ·~ ,. ·, 



[, , \ }'. f - , 1 '..;r_::, -:~••-

W""IJB ... l(JIIS,_,, ·m RUlOlllillPA'rIOIB " • • , • · ' · 

Thi■ tme1t;~~t1on'a!"~•·~~:~ ~ ~1~:,;.tal,.111 ~ _;~ 
t1o1en07 UIC1 ~01e!I07 h leai'li1ng w· n:, ·• '-lfibl~a1rmilt., -In tel'II■ r4' 
a 111111ber·' ct mter1on aeuare• • ~ ~ tllll'nli» :~ ot proti~ 
dwinc flight t2'&in1ng, particular~ 1n relation t.o peitdt Xk¾' 1'n landi:Dtl 
tbe plane, nbjeot■. •1th vi~ det1cie1107 a■ ■,••i:e u that chlraoteri■tia 
ot Groupe <l ad ~ pro,114 111i'•l/'ior to ·a _1tatl■tleallt ■ipit10ant,·4egree to 
BUbjeotts u GIO\lf)8 A trld B, repileaentbig ~ ilitli lioiul vhloa 1a bath • : • 
•111•, ar 111th r,Ut1nli-•liglit ·defeote cdn'eoted ~ llm'llll:l;lil Wtb 11111••' 
Such ■tat1at1o~'•1~oan\ lnfer1~1t;r·IIU mdent-111. teru ot-two • 
ile&9U1'e8 pe:rt.a,'ldnil: to' lindinl'-eha wban 6DJ.t' 11iilijecta iwbo, l\bred tbe t~ 
inc OCIUl'N 1NIN ~one1d~d. ~lloreoftr, 'a elpiflciaJ1tJt pieater-~t.lOD Gt 
subj eot■ 'l'1 tiF itorul -rti-1ol!:, '~ 'Iii th alipt' deteota· ooJ'reOted· to· 1l01'Ml 1a • 
both .,.. (llilb!ffte 1n Qio\tapjj :AI9Jid 'B-) 'ooaplet.d' ii.· IIOUl'M ant• M0819ecl. 't?W 
private pilot' ■ 11oeDN than•• the cue tor me 1n Group■ C IJlll D, ~ 
■enting nbjeotal with relat1nl}' NTere Yinal detect.a (e.g., unoorreoted • 
aou1ty WOl'N than 20/50) o · ., · , • · • •. .' • ' ' ' . ', 

• ' ;- l . : ' ~ 

Interpreted'~ 1 tbeli• \findliig■ · ~at that a 111D :feprellllltat1fl 
ot the aubject■ 1D tb1a etudy a#d- 11'1tb.v1a\lal_4et .. t■ a■ .arke4 u tb:>ee •. 
cheraotenliill nbje'Cta of Qroups O ·&Id o· baa· OJU7 about ~ awo■■· ~ lO • ot 
auooeallf'ul~ cQIIPleting a oourH lD tn,n1ng·fot tbe priftte -pilot eertiti• 
cate (at least with reteNDCe to 'the ii-.ral t,i,tt of plera emplOJ'ltl 1a W• 
■t~). A man with noru1 nnal .nie~ bu-approxhat.~8.5· cli■noea 
1a 10 ot cOIIPleting auob a ~11n1ng course witlrln a period ot ,0 b0ura ot 
tlight traih1ng. When a Yilllial ~•otive enrolla tor a ru~ t"9:\n1.qr 
oouree be 1■ .•Jd:oc an imeetmerrt: \ilider aoldit1Gn■ when the: pro!lialillitiea 
tor a Ntuna asoe• lmoh leu ··tblat· aft tho• •~·to tbl ti!tdirl4ual with 
nonaal, or mar ,nor'illal, v1e1on, V1wal uf~l1'1i• wllo do1 JIOt ,-J1:a1rwt. 
thuHlna-b7 lack ot ilrtereett '«' f~ o11iei' ,..._., appeu- to llaft a 
"good chanoe" fl. be:1Jlg al41dnated beoaun ·.'Of fillut'e to --t· protioieilq 
■tandarda. 

lfow .. er1 tJle fact tbitt aazi,,of tbe mad Yinal ffteottfl■.Wh d• 
fio1ently profioieat to 'be pnted ucen .... i~e., tbat 1en thim·bali' ot· 
th• Group D aubjffta, and len tban .~ c1·· tllit Qroap Q.. ■ub1e0t■; ao­
tualll tailed the oom-N, eboald not be overlooked, 'lt 1■ al1<1 e1&n1f'ioaat 
1n thi■ regard that 1n teru ot the nr1ou■ Criterion aaauru app-eciable 
prop01tLlll■ of nbject. in the,Q 1111d D•groap• utseeded tlW a"9rqe petors­
ance ot IIU'bjfft■' 1n Oroupa A- an& BJ ~ thn t1011e of ttw ■elll!er. ol Group D 
taue·•tb& -4ldlll tllgM tea,· aditiniatered., in ao~-with c.u ea1:11• 
iatratl••· poll,or tblln Clll'Nnt. to all eppliOllllt■ bavina ~; f.egrn at. viaual 
detect ohaz-aawrutfo. fit th11 group. ot edd1UOllll1 illportatlille :i:., ~ taat 
that tliere IJM!e ;ao accldent■ in 8Jl7 ot • ti. fallli' T11111ali grollp■ dm'!1IC night 

• ·.t:-atnina 11tiicb' totalled onr S,000 boUl'■ tor thl entii'e ~· P1'01P'Bo 
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Furthermore, on a lllllllber of' •asuroa, peri'ormanoe ot sob~eata ,w1th 
llffked visu,al detecte (111embera of Groups C and D) on the ] net 291915 flight 
(irrespeQtive ot when it OOO\llTed) was not ■1gn1f'1oentl7 poOl"e1' than the 
pertonaanoe ot 11ub.faote 1n Groupe A and B nth normal or near normal vision, 
Thi■ finding, which auggesta that visual -'.ef'eotivea event~ attain a de• 
aree of' prof'iciena,- _comparable to visual normal.a, canno'.I; however, 'bt! com• 
pared direotlJ" with the 1'1M1nga previoue]Jr diac;uued, .since the last cbeok 
fligbt measurea ere hued oii pe:rtonianc~ during a siJlgl.s cheolt flight, • and 
therefore awit be considered leas reliable. It may well be that the issue 
concerning individual, civilillJl tllght tre1n1ng f'or student pllota with 
Tisual detects of' the types represented in Groups C and D cannot be settled 
det1n1t1vely.w1tbout a f'oJ.1ow..up to detemine the flight pertonaance of' the 
aub~!H!ta in eacb visual group over a period _of' yeare subeeqqeJlt to licem;,• 
1n1.:,--, . 

The re■ulte of this stud7 also hav, imP.,lloatioDII tor f'liabt training 
research. The :l.ndicat1ona of' epec1f'ic arees in whiab the via~ deficient 
experiei11Ct1 d1fi'1culty (e.g., nth. respect to particular upecta of' the lllJld• 
ing perf'armance, a■ well ae possibly with olllllbe, take-off'■, IIJld at.al.la) 
1111ggeat the deeirabilit;y of' reaearch in the development of' iDlltructional 
prooedUNa particularly adapted to the training of' viaual.q handicapped 
■tudenta. 

Thia study wai directed primarily at the problem o1' individual o1vilD 
ian 1'11glit training. The reeulta, however, also have implications for 
probleu asaooi.ated with the mass-training o1' large numbers of pilot■ at 
government expense. The detini te relatioruihip evident tor the group u a 
whole, between viaual ef'f'icieno7 and performance during the f'llgbt tn1n1ng 
cour■e, suggests the importance of viaual. e1'f'1o1ency aa a f'actor to be con­
■idered in aeleoting pilots for A: large-neale mna flight tu1P1PP Pl'Oftll•~ 
It should be empha1ized, however, that these analyaee have little bearing 
on the apecif'io point ·at which el1minations ehould be made 1n terms of' 
viaual etticienc7, It 111 of pa:rtioular importance that nothing in this 
study would support the rejection of all l!UbJecta with leas than noI'llal 
viaion, It will be remembered that tar no criterion measure were the some­
what villually deficient aubjects oharacteristio of' Group B, 111gnif'10antly 
poorer in te:rma of flight perf'onaanoe than were Group A subjects. 

37suoh a f'ollow~up has been initiated, under the auepioes of' the Com­
mittee on Aviation P1170bolog;y. Although in8Uf'fio1ent time has elapt>ed to 
warrant detinitin conclus1o1111 to b9 drawn, prellminar;y reault11 indfcate, 
f'or example, a higher percentage of licensed pilot11 in Groupe C and Das 
not taving had :t'l.ight experience eubaequent to llcen11ing than is found f'or 
aubJ111ct■ in Oro1,tp11 A and B. 

38rt llbould .be noted tl)at. the reeults of this 11tlld7 do not neoesaariq 
negate tba 1'.1.ndillg■ or earlier atudie■ (pe, f'or example, (Z) and (9)) i1h1oh 
indicated no 11ijplificqt relationahipa between measures of Wght pt"of'ici111107 
and vi■ual ef'ticiency. The apparent di11agre8118nt 11117 be explained b;y the 
tact that in the present investigation the range of visual ef'1'icieno7 waa 
largeJ in IIIIIJl7 of' the previous studies the range of rleual ef'ti~ieney of' eub­
Jeoto treated has been msrkedl;y reetr1oted. 

T, 

·• 



From the finclinge and analJ'ail presented: in "thiil report it 1111- poa-
11ible to -d that persona with 11uoh viaual defeot11 a11 obaracterise 
.ubjeots in Group11 C and D9 aeeldng training at th91r own expenae, be ao-, 
oepted as student pilots for the private flight certificate ~ two oon-­
ditionss 

l. That they be informed that the probability ot obtaini~ a 
lloenae 11 lower than for per11ona with better l'ieual effioieD07. 

2, That 1il fiigbt testing 11Uah applioante for certification a■ 
private pilot11, particular empha1i1 be giTiin to pertOl'IIIIDOII on 
l.andulga. Conaideration. sight well be given to dewloDinlr an 
improTed teat for a4Di:ai■trat1on to rl■ual defeotive11,'9 -

The rec-Ddation al■o appear■ warranted that con■ideration be given 
to the developlent of apeoialiNd training procedures, dir9Cled at thou 
area■ in which l'iirual defectiTI111 appeared signitioantl.7 'l••• proficient. 

391teu from tbe Ohio State Flight Iln'entDl'J" llliprt -11 _,.,PIT a IOUllll 
buia tor the dffelopunt ot auoh a te■t.. In ita a4ain1■tntion the ten 
1hould be repeated ■everal tiua in o:rder ~ a irt.abla ■-ple ot the 1111'b­
jeot • 11 JencUng pertormnoe oould be obtaimd. 
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?ilOl'll: Oll l!ONOODEI'l'l 01 • VARIA~I 

In JIWlh ot tbl. ~l1l'iD the -.uie ot the ViaUll-1 srwpa haft b-.n 
the nbJect of ata.t1trt1ccl anal.1111• . It 1111,J •uo ba &akecl. vbether the 
IX'OUP8 w.riad •isnlf'iolUl.tl.1 in thatr d1apeni~. • In order to obt..in 
an 8IMJW1' to th111 q~tion, '!,be 44r.ta ~ the.t!lirt.en.~r1te;r1011 _. 
nre teetod. tor hcaogene1.~ ot ff.l"tanoa. ~l•tt •a40 teat. of ruiaosDD-
11-cy ot Tarlanoe •• uaed tor th1e p~. 

TIie teeta of' hc:aosenaiey ot 'fflrianae vero run to!U' ttmea tor each 
CritffiOD -.ure, ... tollcn,e; 

1. Jor tbt Viaual l60llpa-b;y-CJAaees nm.l;re1a for the tot..l group. 

2. 1or the V1sml Qroupa·by-lnatrvotore aml,ysie tc)'r the total ,voup. 

3. l'or the VtaU&l. Gro\l.J19•'o7--01Aa"e 11.Daqmia tar .. hoee aubJeeta who 
'Wero ltcenaed.. 

4. ror the V'laual Orou.pa•by-lnetl'Uctora anal,yais f::.r thoee subJeOta 
vbo nre licensed.. 

The nature ot the t1at11 11b1ch V9re run can be 111114a cloar b7 re.terri!IS 
to ngurae 3 Ol' 4. 'Die .,_ at aquare11 and dl6N9a ot !Ned.Oil, Ylthin calla; 
nro ccaputod, and a.dded tor each column. The column -n.riances 110 calQ)Utecl . 
were teated tor hom.ogcn:1111 ty of varia.nce b;v Bartlett' a teat. In affect, 1 t 
is the &TI>re.go Yitb1n calla variance for a col.umn that ill touted for haao-
goneit;y. -

Ttwae tosta he.vo tvo purpoeee, ··:rat, !>'108 h<Go6ffi81t.Y of V!'\t-1anc" 
1a a prereq11,is1te fw tho val.1d1t.7 of tM &DAl,yaes of w..r-ianoa praYiousl.J' 

41 l,lnllel1ted, tJia, 'Ifill iDllcato whether thill proroquieita bu bean tult1lla4° 
Secom, the question of wt!.ather the viaual grol.ll,JB differ aignifioantl,y 111 
their dispersions is of interest in i teolf. 

'l'able 32 ;pNaonte tha :resulta of the t"ets r4 hClii08-1t7 for the -nar-
10119 en&~aas 'Which baTII bnn run on the th1rt4'Nl criterion -.iurea. The 
upper portion of th• table ahova th.ct p·•Yalua■ obtained tor all caan tor 
vhich t!J9 uai,su of variance ... ro run, for both the V111U1Ll Oroupa-by­
Inatnotore anai,- and the Visual Groupe•by-ClA11"• &nal;rMa. The l01r■r 
portion ot the table ehovs the rea11.lta of corraapondill8 aml,yee11 tor onl3 

40snodocor, G. W, Statistical 11111thode (4th &l1t100). Aaois, low.: 
low. State Collese PreBB, 1946, pp. §119.252, 

4l'It vil.l bo noted that thia lllllthod of teet1118 tor hCD08@M11;,7 of -nar­
iama aaeuaa tha.t there 1B hC8<l88Dllit)' of Tariance 8IIOD8 the cal.la lfith1n 
a column, 
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tboae ca,ea who received Ueensea. E::taml~tioo of this table ehove that in 
evecy 1n,i:te.nce there t~ 1ni!uffic!•mt rae.eon to reJ.tct thi, b,y!)othHia of 
eq•.ial variances am01ig th& via~! group11 . 

81111.1 .i.B.rl1, with· refeNnOe t ~ 1th&·0uta f'rccl·• tM ~ottlgrat,hfo· reeo:rda 
which 'IRl?'f!I et11:i~e4' to IUl!lqaia 'of variance, 't.he 'b1'po-tlifli'• ot 'equal vari-
11bi l1 t7 betmlltn ·~ ccmld: ll!Yt"IMI r,,Jeoted. The n11u:ito· !It the appl1011.­
tion of Bart.lett•e'f,iet·'bn·tnllfJuta. both ~or alt··iiuY,),e\ifi and tor 
licensE><l SllbjeCtJI &,Jy;. a:r-e pi'l!hientM: tn Mh, 33.; ' - • 

·'1- ." 
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Cor-::--0~ponding 
ta l;palye1L 

V ieuel Grou:,15 
by !11Btrw:,tcrs 

Vie'<1.e.l Grotpti 
by Claeso11 

TABLE 32 

Rr.;siJtTS OP ·nsTS OF !',~!TI' rJF VARLWCE OF VIS1J.t.:L GF.Ct!P8 ~ CRl':':',RIOB li!ElSr.T.ES 

l"td,. 
O,,~A11 

I° T"'\ 

~+---

IVtd . 
.ll!ilG 

(CP)_ 

F-'->..,. ::f t,:,i . 
'-·'. 

Ov-All l)SF'\ 

$ GP~- ... Ji.I:L 

,•-.;,d,1 l,IJU; I.ast 
WO :c.asi Ov...t.ll 

_J.IL en~ ,J,9.f) 

Wal S@llpla 
' 

' ~ ·"3es ?:l.t"CUL~ T?S ;Je!;,oe f'td i'l'td . 
JSFl S.wi \ log) Landing Landing Land1:J,;; 
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AfPWJU J 

lWftlA1 0.1' lliSUA.L I'ESTS fCR QUALI11CATION AllD CUSSI1ICATION 
OF CA.1IDIDA'l't5 Jl'OR Tl:IE VISUAL STUD! 

sv:TI OIi I ~ 1 lfl'RODi£T Iotl 

Tbe teata arf> d>1111gn&d t() ■eleot. and olu11!7 a:I.Jr: t,vpea of and' date• 
rttt~:rr•d 'I!;:, u A, 8 0 C, Dl' D-,;:, .s'""t D.3 t7cA1 wile bave Mrtain lp!l'31tio Md 
pne:al viaU&l q'11J.!: fi11at'lona . 

Sp~1fi~ ,iual!fiaat10llll of ~llli A» B, C, Du Dif. and D3 t1P9a 

GrQUL A, Unaict&d '/'iaion of 20/20 or bti'i.t!U' in each 117• with hijh 
a11uit7 of etenopsie and II r■traotive ffror under ~le,.,, 
pl•g:.a ot le■■ than Oo50 Do ot ~111 in 8Jl1' -.ridian0 

Group Be 

1,50 D, of IJ7p,srop1a in IUl1' 1119I'idun 1111d 1.00 De ot ut,ig• 
•th■,. 

Unaided vieion of 20/50 1>r worse in each e-r, oorreoted with 
torward glue•• to 20/2JJ or better in each -,e, with a hi&h 
awit7 of atareopeie corrected ( 3 o■ o 11t, 6 Mtere) azid a 
ref':raetive wrror under 070loplegia ot lea, than 3,00 D, in 
any llleridiBll, leH than 2 0 00 Do of astigmati■11 and leu 
thaL 2o00 D, ot ditferenoe betflen all1' parallel meridiana 
in the two e;raa, 

~_Sk Unaided vision eyf 20/100 o~ worn ill eaob e7e, oorreJtcd 
rl th fc;nrard gla11cse11 to 20/ 50 QT' better in each e,e9 with 
11 oorNi1ponding aouity- of atereopaie {10 0110 at 6 met-tral 
and a ?>efraili;ive 'ltl!TO".' n1lder 'l:;"'l'loplegia exceedin£: L )11) D,:, 

ir. (l;.l;f ;:i;,:r1d1.an,, 

vl"O\),[) ..:, • U,a ~y .. (l'Jt'....,Ot1bl11t tv zo/20 Wlth ,1. ,:efra?t1Ye en-or lNII 
~ ... - ... ~.~-=.:.__, 

than 3 .00 il. it1 iSll;' mertdian alXI lase than 2,00 D, of 
a1.n,ii11atin, the otbtlr ay,1 w:11Jorre@t<1d 20/100 or wor•• 
.:1rct <1orre,1t1 ble t:J :'f:/5,0, <l:r having l>Mn NIICl'tld at leut 
5 years prior t~ a?p11oat1o~ for tlight training, 

Ore.up~ G Same as D1 c.xa•pt that the !i8Ild11ata 11UBt al110 be 11 
squ:.nte:r 

A 10° ~r g:re.._,i.._,. horhc;ntel t.rop1a with ltiH thali, 10° etf 
~,11,.1;;.na.1 trop:l.a and with ea .. b •78 oorr~tible to 20/20 ,ri th 
" t'tifia~t1v11 i,tT,ir la1111 than :3o00 D, 1n BI17 Mridian IIJ:ld 
1.,.,~ tlwl 2,,00 il, Qt a.it1£Satillm, 

,'::\ 
• r1. 
L-. '< 

C •• 
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Oertral Yir,J fflru:U:uepta f'pr tnu le B, mO 9 

l. Pboriu at 6 NWI not uoeed1ng 7 pr1nl diopter• ot e•opbor1a, 
7 Film d1optere ot e:mpbor1a9 and 1.5 J:8'1UI diopter• of l:ijpez,­
pilor1a. 

2o Pr1n diverpnoe at 6 meters equ•ll 1ng or exoeeding tbe ex1at111c 
IIIOUllt ot eaopbol'iao 

3. Phoriae at 33 oentiMter•, not uoeed1Dg 7 pri•• d1optera of 
Nopbllria, 14 pr1• diopter• or empboria, and 1.5 prism d1opten 
ot hJperpllol'J.ao 

4. l'r1nl divergence at 33 outaetar■ or at lea■t 14 pt-1.ml diopter■, 

5o Pl'i■m OOllTel'pnoe at 33 01111tinter11 equallng or 11::EOeediJ3a the 
exiat1ng ezopboria. 

6. A.baenoe of arr, paralytio 110tor di■turbanoe in the 111.x oardiDal 
pot11t1ona or Pffo 

7o Tb■ abUit;r to N■4 nuent'.1.7 at 50 oentS..ter■, without ■4d1t1onal 
l■uea, t;n>e reprennt1Jli 20/40 ot tbe Snellen -,.tem, 

8. Satiataotory int.rpntation (not ■oN than 3 llietaltee) or ii. 
.Aaer:1.01111 Optioal C::OllpaJl71 • oompilation or pnwl.o-hoobrollat1o 
plata1 "(abridged ed1tion, 19 plate•). (In oaae of !allure, re,,, 
•nrdne with SAll Color Threshold Lantern.) (A BOON or 35 ie 
l'>ltquiNd.) 

9, ~1.o,:- or eati•taoto,:oy night visual 11ttloi11U07 u teated with ti. 
A"7 Sabool ot Aviation llediow Portable Bight Viaion Taetera and 
Aero lledioal Laboratcey Jligbt Vision Tc,ster. 

10. ,!butre of r,zq ocular diee111111, aotive or llke'.1.7 to be &'3ti'l'&ted or 
to beoOM progree•iva dur1q the period of tlight tra1n1ng. 

llo .tbnnoe ot 1ignif'ioant (greater than 15 degree• of aro) oontraotion 
ot the iaoptar for a 3/'300 wb1 te terpt. 

12. AblenOe ot 111/.7 patholog1o •ooto■a wi tbin 25° ot tbe point ot nxa~ 
tion, and of az,.y eootoaa greater than 10° (in 81J1 direetion) aDd 
.i»ohite for 3/300 whit• tarpt whioh 11 situated outlide the 25° 
oirole. 

General Villllal Requir-nt• for Tzpa I>, and P.i 

Applioanta 111 Group Di 11'9 requil'\id to -t onlT 6, 7 • 8, 9iol0, 11~ 
and 12. Requin-u 6, U 0 end 12 appI,- onlT to the good _,., appliee 
to both 11W•1 and 7~ 8, and 9 are ad-1.D11tend without oocnxl1llg one 9111 
althoup tbe parfor■anoe 11 deplllldent on one ~• 



Cean1al Viaial a.,~ta tor Tne J>J 
Appl1cantll 1n Oroup .1>3 11N NQ.Ull"td to 110et OlllQ" 6, 7, 8, 9, 10, ll, 

allll ]2. Beqw.raenta 6, .1.0, 11, and l.2 e.pplJ" to -h qe; 7, 8, IUld. 9 
are a4ain1eW without ooollldine om qe althollsh the :pe~fo. Me ii 
depend.mt on one .,. , 1. e,, either qe, '11111ohen1r b&ppena to lie ff..q.Jlg 
at the 11ocent. • 

OrpI11iat1on ot T,tst1M fr:oo!'!IU'e ,. 
The teeta are orp.nir.ad into tour eeparate 1-tterie• referr,ect to aa : 

l. Prel.1Jll1m.r,r Cludfication 1' .. ts. 

2. Opbthal:aoloe;ioal J1ram11111tion. 

3. 

4. 

Vieual Acu1t7 Tut. 

Spe<)lal Qualli'lcatiQII 'l'e&te. 
- ·'. 1 - ',~;' • ' 

The tNta hay• been~ 80- tbilt .. .,,....-Odl;l U'A P«l"iJOP d.et1nit.11J' 
f'atle to qualU')' tor "1e ot tru,· tour 9&jor gr,;,upe,. he ie. 4,1llll1nod, ~t 1.n 
eYor, oaae the notice of d18111ua.l l■ ~Ta l:i1 the Direotor ot the n.ttdlt 
'l'rll1n.!D8 Pro.,.ct, e.i:ld the peraoi:u.• cMdbbt!tJit the test"11 111-PJJ whla1t .re~ 
to tlw Director. • !~ , -~r,··i ~ 

Th• Beferral for·-t)!,M!,H-,"'¥7., '?~-. :· • 
. . ,.., ,_ .. ~,,..... ; . ' 

• The Director dr the night 'l'l'a~~~t a'lltl!Ol"lr.N 11 ··si-ren •=~' 
C&Dt ... ned7 for the Yl&ual teete, -~· . • • bi.a to the l)OrsdD in C • 

~ • I 1, f ' 

ot the Prellm1Dlll7 'l'eata. lie NCOI'd<l-:{>l) lo!.-~: l the - 6f the i,;,ylioant 
and tbe 48.t• on Vhteb 11e· rof'enrMJi' f'tl~-tlla'pte11lll1nar7 'l'&ata, , He retains 
1o:ra I 1n hi11 of'f'lr.e. lt' it 1e obrtou. ta the l>1r.ator ~t ~ appli~t­
haa onlJ' orut e7e, he lla1" queatioo ~ aPJ)liCGt aa to tbe'date of rdO.,.l, 
and if' tlre period 1111!:lce' rao-,.1 ta 1ar't1111ii Nv• TMr19, -h• aq dt!Rliaa 
tho applicant -,,tthout auba1tt1Il8 hill to ~ actual tffta, 

Sll!CTIOJ'i H 

The tests aro to be conducted b7 -$ti uallltant Ullder' D;r, h7 •• sui,er­
'1111100 1n Rocm 202; Mend.tlliall ::_.bora't'Ot7 ,· 

U the pereoo oODducttng tu teate ffiacovere that OD<!I e,J'e-ia .c!IIO'te4, • • 
before Mkin8 GD,7" toate he muat detoraine 'tf • the e,e wae reaoffd IIIOJ'e tbazl. 
tin 1eera l)J'1or to t1HI date ot tho teat. 1f' the one qe l:lae been raevod 
l.aa thl,.n f'1Ye rears, the applicant 1a laned:l.atel1 referred kcll: to tho 



a:• a.r .. 
~m••• 

SQtrm.18 

Direotor 

l'rell•1M%'1 Teets _________________________ _ 

Ophthis.lmolog!iu'~S&i;..___,c;__;.;...._ • ..;..,..;;.;.. _________ _ 

V1iniil Acttlty.'.:_,_·_· __ ·_•._ .. _, ___ - ___________ , ___ _ 

; . 
Special '?estl'.I __________________ . _____ _ 

l'oHible A 

" 

It.~'l!ll1,1'1ed, 1ndioaw bJ n•:mp1J16 _.)l•re .the vord 
"41aq•U f1,a4." 

Daw ______ _ 
Director 

8e ii aou tar 411111,-.llticat.100, 



Director, a.nd th<> tindi~ ie nwo:rd<id on ~o= II whlch ia eignad 11.IJl. sent 
to tho Directo;•, H one '-'f<t }J.e.s been ramoved m01'11 thCill llve ;years, this 
tact ie r&eCl!'d«'- on ll'orm. II &ld ho goes 11.beail. with the meacuremont of un­
a1d8C!. vision in the gooi 1'Y'" 'ilic eu.minor should obtain wh&tavoi:- eubstiw.­
t1at1ng evid.enc" that he oan ·LlvJ.t th" e;yo 1nU! ;\'emovec! more than t'i't'o ;yea.re 
:previoua ,;o the application. 

A prelilllinl.t',f clJ:Lesti'ication teet which is~ meaeuro ot unaidod vision 
is Ila.de with th11 apparatus dosc:ribed. 11' Att,ncbmsnt l on oech eye or on th~ 
good e;ye it one h,m been removed moro than t'i vs ;yec,;re. First. t:bo right ;i;r~ 

1e toetod foJ:" tUJ5.1dcd vieion nth the loft eye occluded Wld a eim.1Ar :Pro­
cedure 1e fol::.owoo ror th" le.ft "yo. Tho :..·oeu.lte are record6d en Form II.. 

It 1 t 1..i r,ot obnoua 't,y Cll.flual obeerv:aticn tlmt one o;i,c has bo.,:, removed 
and if tho firnt indicat1.:m that, Ol!O ~e hit.ti been removed tll that tho acuity 
in coo o;yo cannot be measured, the p.lnion in chargo ot thfl teat must det5r­
l!lino by direct questioning 11' am vhen th" one e:,e 1IWI rimond and this 1n­
forrae.t1on 1SUBt lm record&'l on Form IL 

Ii' h5 fizldo that the 01K't e,yo r.e.o b~n romoved lHs thc.n :i'ivo .roi:.rn, ho 
stops tJic, teat ,vxJ. NCorda thia fact on FoI1ll II and :r.,,,fera the •~llJ1licant 
b4Clt to th• Director and. au.:,:mJ_1Je 5'0:n11 II to tho Director. :<r h$ f'ima that 
the one eytt lm<I . ."llm◊;'<!.d prior to :five, yo.~c'El 011fore the test, ho proooede 
"1th the ,._aur«.ent of Ulll!lid .e. rl.aton in thi, goc,iJ. e70 if this !,as .not al­
.-..ad-7 b oen c ~ l""°'L 

A ttiet o!' '-"J.ut.-,t, 1s ai'i'en "-Iii\ if' a cy_,i:JJ.t ia found, the objective angle 
)f sgaint, ie -uro!l The reat,1-ts aro rs,cr,1,!~ ,m Fo~ '.::J -

'l'hq can.Ho.ate l.e tho;:i r~fe1-rad back t,c -tho Directo,; ,,f" tho, Flight 'ITa:l.n­
iog Project., t0 l:!K(l!I L'om II is alao au'6m:l. t i;Qd. 

i;,l'J',.Ll;\<i.'1'10:."1 OJ! 'i.J.'c'i:A OB'l'AlmID Ili T-iffi PR'[".,JMI!lf.Jr! 
CIAf'.,.31FlCA'I'T(/fl Al!D QJALli'l']l1TIOJ! 'J'Jil;'TS 

It ono eye llao bo<'n rruitovcr.:. lee;; tl;;e J':i.v~ J Mrs y,iol:'· to tho dat.o r-f. 
a,ve.luat1on, tho Diroctoi- of' the ~-light Trs.5.niog l'rcJeo<; 1.lllli'"'1l-9.te>J.y d.ia­
qua11tioe tho c,;.c,"\idat1t, l'I.Od re,,oriie this i"1.wt =•i the :.-eM,on for 1,:. on 
ll'nm I. lfo· a::.oo n•:>tiriea th,; <:>t,ndida ;,;., . 

lf ti1e ap~2..:l~a...,.; nna t~ IWXcl.i"~EJt sq.u.ir.d.:. '-'1 l(e G!' u~·uJ"::,' 111 hm:1.r.ontal 
dirvot1on and lM,s ;;11&1 Hf' tn ,he '"':,,U,,tcl f..Ll"~t.ton, h~ ii!! claar;,ifiod. 
,.lthor as e pc1rn5blo T;c ot·" i:,os,1il;l-, D2 ty!)(I .. lf -r,ha tliiJ.u'..nt 1e leaa thal'.1 
J.00 in ':>o!;h dl,l",sCt.ioM~ ho ;f' clru(>ifl~. ,,~ ,-., poi<;eiblit U2 1-~'J!<i <nly, 

rt !;ho cars· 1.~ate 19 ..1.1<,'( ~. ~(~J~:ir .. tor,1 the DJ.:r•a~-,tor e1,_...,_.1~~z.,!Hl l.hB tm.nirj&;;_ 

'f1a:ton de.ta. and ~';:,"taail'!en th:; -:; . .:.mtl.id3.t~ 0:~ t~J.e,r a-c d.i.at~H.:~l:(:f':!e-d. or ~.a a 

, 



fUgllt ____ , _____ . __ - .~.ef1;_ -·--·-·· u,.t,e _________ . _., __ 

S1.ibstantfa.t111;3 ~ ldence of date ot >."El!:rtOTil l ___ ,..,_ .. 
I 

Miiinisfut".lr oTI~ 



r -. ,., ·"' >-. "'> ~-·1 ,-. 
I '. l ' : I -, ' - • 

poeeible <:andl.,la1.(; for one or :uos•EJ ,st the groups ·to ~l, ueed°':li1-~h~,'p1"6Ject. 
He records tho, re&ulte of' hie ana:;,ysHi on Fol'1!1 ;r by u.eiog cb~k-lllB.rka to 
indicate the rerJ L'U'J pcBaible class1:Hcat1one 11' to" column marked "Unaided 
V1 e1on." 

The cle.eelf:ica.tion may bo :nai.l" on the fellowing b..'laill: 

The candidate 10 
better than 20/50 s.nd 

disqualified if hin uw.ldf!ld vision for one eye ie 
tlle re.tine! for the cth"r ll.ee 'b01;-i;&'3Il 20/20 and 20/100. 

The cll.lldidat" 1a a i)Oseible A type if he shows an unaided vision of 
20/20 or better ln each eya. 

Tho candidate ie a possible B ty:;>0 if he geta 20/50 or vorae in each 
eye. 

Ra !a a posiJ.lb!e C: type if hi, gota 20/100 or voree :in eaoh eye. 

Ho ie a posaibl"J ri1 type if he gete 20/100 or worse in one eye or baa 
on~ eye romoved regardless of what he gets in the other. 

These claeeificationa are ill.uatrated 
lilay be ueed for 111£<king the claeaification. 
ocorao imlnediate~v determineo the possible 

graphlcallJ' in Figure 1 which 
The j_)01nt repreeentlng the 

c laee~f1cation .. 

If the candidate lo a squinter, ths wmidod. rtsion test ee.nnot die­
(lU8l1fy any candid.II.to for the D3 si·ou:;i, but l:e ljlll.at meet the requirements 
i'or Vision uncorrected for ths D1 grou::, to bf• classified ae a possible Il2 
type. 

I'OSSillLE ·POSSIBLE POSSIBLE 

O.D. 

D1 
100 

56 

~'~ ~ 
\. 

"" -

20 

20 

FJ.;UR]! 1 

I 

50 

o.s, 

B OR D1 

POSSIBLE 
B 

B, C, OR D1 ,c 

PCBSIBLE 
B OR D1 

100 

PFELIMINARY 1:J.ASSIF:i:CATIOI" OF NOO'-SQUIN'l'ERS BAfml ON VISUAL 
ACUITY ~OR::IBC'l.'Fll. THE Nl.NBEHS REPRESENT THE 

DEII0."1INA'l'0RS JF THE SNI::LI.El'I FW>.CTION. 
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The, D1~~ •'-tait~ii~ ·th.a olllldid&te 1t he 18 a non-aqutnter and ia 
41aquallfte4 en ~a bd11i ot unaided "fia1on Uld 1nd1oatea the 418111aaal 
and the reuon tor it on the bottaa ot F<>l'a I. 

'l'he Director alao 41111111aaea the oan41date it he 1a a aquinter ot leas 
than 100 1n a vertical or a horizontal direction and it he .tails to JMet 
the unaided vision specit1cat101111 tor Group ~-

It the c!Ul4idate on the b&aia ot the tests tor squint and unaided 
V181on can be cl,aasitied as a usable type tor the·projeot, the Director 
raters h11a tor the ophtbal,molcsical ~xam1nation and records on Form I the 
date on which the referral. ia 118de. He alao writes the preUminar,y claa­
aitication 1n the bm: in the upper ·r1ght hand corner ot lol'lll III and send.a 
For,a III to the olilthallloloSiat, 

~TIOff IV 

OPRrBAIHOLOOICAL EXAMINATION 

Thie exaa1m.t1on 1e to be conducted by an ophthallaoloe;iat tor the pur­
pose ot: 

1. Detent1.n1ns the unaided Tisual aouit, ot each e:,-e of the 
applicant. 

2. Meaaur1ng the retract1Ye error in each eye under o;ycloplegia. 
The o,cloplegia should be induced by at least two installations 
ot 4 per cent homatropine ~drobromidet, 10 minutets apart. 

3. Detenainins, by cyoloplegic and poat-c;ycloplegic teat, the cor­
recting forward lenses tor applicants whoa• unaided v1s1o:n 1s 
loaa than 20/20 in one or eaoh eye and vho have worn correctill8 
lenaea tor at least six monthll prior to application for flight 
training. 

4. ApproY!ng, 1n the caee of such applicants, the glasses worn by 
them or prescribing new ones, if a chanBe seems indicated and 
the difference betwellJI the two Rx is not tr:" ·great. 

5. Dete:m1n1ng, with a set-up to be decided by the Camaittee (see 
Attachment III), the visual acuity of each eye obtained through the 
the new and old corrections. 

6. Determining the presence or absence of the followiDS: 

a. Oaular dieeaae, act1Ye or likely to be activated or to 
become progresai Ye during the period of flight training. 

b. Paralytic motor di11turbance. 

~..,. l. •, ,' ;, • lo ~ 
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Date: 
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c .. Contraction, greater than 15° or arc or tho isOl)ter, tor 
a 3/330 11hite target. • . 

d. A patholasioal eootoa YithiD 25° of the point of fixation 
am ~ scotaiia sree,ter than 1o<> 1n an;y direction and abaoluto 
for a 3/330 white target e!tuatod outside the 25° (ra4.ius) 
circle. • 

It is i;iroposod that an ophthalDolC]6ist do the testiDS 1:1t MondenhAll 
Laboratory. A booth Will be assigned for this pu;rposo. There ¥111 bo 
a'l'llilablo praotioally aey t,TPB of slriasoopa, also pract1call,y aey type of 
he.nd ophthalaoecope, a :e &: L :Binocular ophtbal.mosco,a, a han,d slip lamp, 
a hrree-Buld Por:lllletor, and o. :e & L tangt,nt screen and a proJeotor. 

It is proposed that the ophthalmologist see each cuididate tVice .. The 
llk1ascope test and exl3M1nat1on of the fund1w under c;ycloplegi& are made on 
tho firet dq. The o;ycloplog1& should bo induoed b,- at least tvo 1nstalla­
t1one of' 4 per cont haaatrop1no eydrobromido 10 minuter; apart, A poet o;rclo~ 
plegic oxea1na+-1on can be me.de on the second day for errors of rof'raction a:o4 
a final deteJ111!.DAtion of the new corroot1on, and .moasurema»te of' tho acuity 
for tho separate e;ros ¥1th no correction and Yith tho DW and old oorrectiorui. 
The n1111111in1ne tests and obeervationa m;y be mede on either of tho tvo ~s 
at tho conTenienca and d1110retion of' thtJ ophthalmologist. 

Candidates in Clase A do not need to be submit'Ged to tl1t1 poet c;rclo­
plesic examination, and one Visit to tho ophthalm.ologiet anoul.d suffice. 

The test for paral;ytic motor d~stu.rbaooo should be conducted 1n the 
folloving manner: 

The a:raw1»o.- ie eoatod. ono meter f'rolll o. screen on Yhich suitabls :t'iDl.­
ti011 target& hallTe boon placed in the si:I: cardinal poe1t1one of' ga::o, 50 
cont1-tora Gecentrical.]y, By means of a chin-rost, the oxaminM"'s head ls 
:raod 1n a stre.ight position, opposlto ths center of the sor88Il, Whil.o ti. 
BDP1n- looks intently first at the C8ntor o:r the acreon and then at the 
eccentric targets ( ooe after the other) the examiner observes and nsut.ral­
izea vlth a roto.r;y priBII the recon17 DIOTBIIIOnt which occurs upon removal 
o:r a suitable oooluder hsld first onr tho right and then tho left o;ro. 
RoooT017 1110vaente oxcooding sign1:t'1ca.ntl,y the phoriaa or their pbysiolog­
ical T&riatione Yithin tho field of' :ti.D.tion are to bo conoidored as ort­
denoe ot a paralytic motor dieturbancs. 

The procedure for moaaurins: Tisua.l acuit;y is described 1n A.ttacbment I. 

!'om Ill (a supply o:r vhich ID!IJ" bo kept on hand b;y tha ophthlllmolog1et) 
~ be used :ro:r record.iDS the ophthAlmological. tindiCSS, Perillletric and 
eootanetric gni.phe aro prov1ded on the back aide of' this form :ror rooord1D8 
and ana.lyziD8 the poriJaotric euld. scot0111Btrio daui.. 

In rooordins tho skii,.scopo f'ind1nga, the plus cylinder :rora of" ephero­
c;rllnder should be used to facilitate the subeequsnt anaJ.;yoia ot tho data. 
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If' th,, ,;u I« i., aatiefackry, a orotemsnt to ·ihw o:!'fec1; msiy bo 
written in tile apace pro,tc1.ed. f'or t'1" ne'!I R.r. 

If the old R:t •1i:.a n-)t worn f..:-r r,iz_ monthe prior to tbs eze.m.iMtioI\ 
or if' ta" chal'iett in the Rx requtri,d is laz-go, tbs o:phthalmologiet ml!,)' at 
hiv own discretion d:'-sqllll.lH'y the cand:l:date llnd iruUcate thls f'act in the 
appropriate acpw.1°e ~t. the bottom of i'Ol"III III. The reverse appUee to A 
type ap11licanta If suci'I -epp11cn:rt;s have bem~ vearin£ gle.Bi,ee during 
the cix uooths :;erioc. prior to tha exalll1ru,.t.1o-i, the ophthallnologiet ma_v 
at Ma O\ril disc?ation dlsqual1fy the c.~tdate. 

If and as 1rnon as the ophthalmologist diaccrvere ocular disease, active 
or llkely to ba act1V1!1.tad or becOIIIS progre0eive durlns the period of' flight 
tra1nlng, he ce;"t:!.flee this fact by pl.Acing a ~heck mark in the appropriate 
square or equarel! • in thfl m.um!lll.ry of' find:i.DBB at the bottom of page l of 
Forl!I III !llld <'.i0ponsea w:I th the rll8t of' the exe.ndne.tt ou. Form III iE< signed 
and sent to the D1rector of Flight Training Project, and the candidate is 
r&ferred baclr to th11 Dtractor of the P'ligh~ T:ffl.inlng Project for further in­
struc'don. 

If the •l,1J,thalluolc-3iHt d1ac overs no evidence of p!!.thology which ie ac -
ti~•e or :.1k-,lJ· t,o b" acti"8.ted or becooi.e· p.~'.J(,-reesive during the period of 
flight t1'8.lDiDB, he fr,li-~·fe th1'0u,3h With t!le complet.- enu41nation e.m. 1-e­
cords ~h,i f1nd1~s ,m ~•o:rm III Y.'.lich .ii'-> &igne ani eubmite to the:1 Director 
of' tile FHght 'l'raL,lng Project. He also refers the candid.ate be.c.k to tho 
Directo:,- of the Flight Training Project fc,r :rurth&r inatruction. 

He also wrltes rulll eigna the preecrl.ption on Form IV which he_ eublllits 
to tr.ll DirectOl' a;.ong with Fo.nn III. If +,t.e old glaseee aro satil!factory, 
he writes a etateiuent '<;o this effect in the apace provided f'or the old Ric 
on J.l'orm IV. If the exB.ll!Inee ahova 20/20 or bet-ter in ea.ch e;,e without 
glae.~0B (A mid some D3 c'.,mcl.idattie), the ophthalmologist writea "Gl4saee not 
to be uaad" 1n -the Bpacn provided for th-, illr a'1. 1"ol'lll IV. The amne applies 
to D1 and P2 ce.ndidates ii' v1Bton cannot be lllproved Li the poor .eye vi th 
gl.Aesea, or if th-, one eye ie blind or remo..-ed. 

S3'.:TION V 

E7ALUA.T!ON OF THE OPJn'HALMO!..OOICA!. DATA 

Form l is used ':ly tbe Director of tile Flight '!'reining Prognm in evahl­
at111h the ophthaJ.mol,:,gical data. 

Figure 2 lllllY be ·-1aed in ens lyzir.,g th" ekiaecopic findings for the right 
am left eye,s, 1,'be f1ndtng ·for &a.Ch eye will be rec'JX'ded ae a CCl!lbino.tion 
of' a plus or e, minua .spher·e ,me. a ?l.U11 cyl:inder. Reno~-, th3 :r1ndinge' for 
each eye can le plotted on t,1e graph. T'.ie graph~ be ueed, therefore, to 
determlnei tbu degi~,\ (I, 1'.J, t!I, or IV) of refractive error in each eye . 

' 



TlU 0}!"10 STATZ: UJIV'l:l:RSI'l? 

~!Bw.:L 'l'E'J'l'ltG CEt!TP.il FO}') FLIGl?r TRAD!IID 

-· .. _,, ... ________ 

Sphere C;t 11:lxl ,1tr .\xia -
-

o. a. I --FOB DIS'l.'JIJ'«:E VJ:SIOO ONLY 

Ophtlwlmo log119t 

'l'hia ict is net. to be :fillod until t,h-, candidate is 
oer·cithd below !I.S .e.pp:«'.lved tor flighi: t::'ain1ng, 

This Ri:: 1111!,Y bo filled L'l !UlJ'" auitabl" :f'?'llllle c!' mounting 
a.t tho OOtJ Qptfoal Diep,,:noa:cy or b3 e:n:r di0JJE,naillg 
optioian but 11UUtt. o, checked a;,:,'.l. apl)l"o~ b;r i:ho 0317 
Optical D1.1:<:!)enati,1:7, If tho old. ,a is ).lttm>unced Mtis­
:f'aotor;r b;y the o.i;hthe.lmologiet, the ;fL!Ulaes do not ha.111!1 
to b4'1 chooked and e.pprowd b;r t!le CSU Optical Diepen;;a:cy·. 

APPROVAL OF CANDIDAl'E: 

The above lllllmld ca.no.id.ate 
has been approved for 
:f'light trainirig, 

Direotor of' Flight 
Training 

Af'~OVAL OF GlJl..SS.&S: 

The glaaeoc eulmiitted 
b;y tho sbbve :aamd 
can•i1da t& c:onton11 to 
the above 101: and are 
proper)J' dusignoo., con., 
atru.cted Md adJustecL 

~-Optical Ilispon~ 
aary 

':chis to= le to be kopt b7 tM ow.d.idate 6.nd allmm ou deilll!Wd M 1111'1.d,;noe 
that ho 1a :ftl.lf:tlllng the req.uJ.l"!ll.\lents :'<'l~tive to th& :Ntarill8 t,f gl.rulael!l. 
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The desree of ra:!'ractive error under cycloplos1a ie recorded 1n the epaoe" 
provided on FOl'!ll III. " 

Cne ce.n tha."'1 detezinine the i;oaeible claee1:f'icatione for each candid.ate 
from the graph in Figure 3 or the ona 1n Ji'iglll"e Ji. 

The poso1bil1 ty of a B olaoui:!'i~a.t ion ilf eHminatecl. 1:!' there ie ts 

greater than 2.00 D. dit'ference between the refractive ~n-ors in wi;y par~ 
allel pe.1r of mar!diww 1n the two eye~. 

The possible claea1f1Ga.t1ona arrived at on tho baeia of the cycloplegic 
findinge are indio..tad on Fo:rm I in the column marked "BkiF,ecope." 

The car.d1dute IIr3J' be disqualified not only on tho be.ale of the r<ltino­
BtJopic findl.ngs, but also if he faile to qualify consistently ae a g1 van 
type on the baoia of both tha ekiascope f1nd1ngl3 and the unaided vieion. 

<kl the ba:ile of the other ophthalmologtcal de.~, the .1and.idate ~ ·lie 
disqualified for IUJJ" of the following reaeone: 

1. Preeence of disease in eit~er eye. 

2. Contre.ction of field or ecotama in eitha1· eye if' A, B, C, or D3 
type; or in better eye, if in Clase n1 or Cl.uae D2 . 

3. Glaea-.,a vorn during tha period prior to teate da not con:!'onn to 
re<1uiremeo.ta. 

4. Paraly'dc mo';or dieturbanci:,. 

lf the candicl.e.te ha.a to be dio,,ualified m1 the baeis of the CJ:::>htheJ.mo~ 
loe1cal data, the candidate is not lfied to thlu eff:,ct. The vord "Diaq;;aJ.J • 
fied~ ia ma.rked in the appropriate fJpa.::e ~m F:,rm I and the resean fer cl:a 
d1eqlIB11ficat1cn is 1niioeted at the bctt001 of lo= I, 

IT the candidate remains qualified fm• ona of the usablo grou:pa, and 
if the ophthnlm.ologist hes proscribed that gl.aasou 111USt be worn for tho 
fliaht traini1ig, lrn is referred for the D-::,uble B!:"oken Ring ViBuel Acuity 
Toot which is to be taken with cho prascr1bed le11a11s. The date of ref&rral 
1e recordod in Fo:na J. 

In th, meN1t:lme, Fonn IV ie sont to the p,,reon in cha.rge of th-:, e.cui ty 
teat, Fenn V is also eent along, and the p1•el1mina:cy cl.nesificatlon iH 
noted in the d_)ru:e p:l'aVided. at the ll_ppar right hand corner. 

If the ophthal.mo.logiat haa pr,;scribed that glaeeee ara not to be worn 
during the flight trainine, it lu not neeeesary for the visual .acuity t,) be 
retested and tho deta obtained Without a Rx e.re usod as a substitute toe 
e.culty data with R,:. 
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Pa3SIBLI POeSIBLI D-taLIJ'IID PO:ISDLI 

Di D1 C 

P0SSIBU PCSSIBLI D~tllLDIID DIS'ltlW:J'IJa> 

l'.ll • D1 

Pa3SIBLI PCSSIBLI Pt.eS.tm..1; 

Dl _B <II D1 Dl 

Pa3SIBLI PCSSIBU: 
A OB D1 

»1 D1 

-
I II In 

DmBII or RD'BACTIVI BRROR D LU'? m 

JIGtlU 3 

POB8mLI 

D1 

P088I8LI 

Di 

ClASSD'lCA1'IOI fH llO!f-8.IUIIC&IS Jll !BB BASIS C1I DE 
Cl'Cl.Ol'I.mIC JIIDI!UI 
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DOtlBU BROKD RI1ll T.&s'l' :B'OR VISUAl, ACUlTY W!TH Rx 

The llx is copied i'rcn l'orm IV to l.l'orm V.. ~ol'.'3 IV vill bav• been sent 
to the examiner bJ' the Diroctor ot the Flight 'inin1ng Project. The tost 
is carried out 1n a dark room with the apparatus describM 1r. Attacblllent I. 

Tho old habitual4" uaed glasses are worn it these aro approved b7 the 
ophtbalaologist tor B, c, Di, D2, D3 t;rpoa. When a new RI: bas been pre­
scribed, trial lenses are used. 

The reeultll are recorded on roni V vh1ch, 1th•n camploted, is aigned 
and eont to the Director ot the Flight Tra1n1ng Project. Tho candidate 
1s alllo eent to the Director tor further instructions. ll'om IV is alao 
returned to the Director ot the Flight Training Project. 

811:TIO!f VII 

.IVALUl.'l'IOH O'/!' DATA OBTAil'IEO Ill TlB DOUBLE BROKEN RDG TEST 
'/!'OR VlSUAL ACUITY 1'I'l'H Rx41 

!'1gure 5 shove the basio tor clA8sit1cat1on 1n tho case of' non­
squintera. 

1. The candidate 1B disqualified it h1e acuity lfith the Rx is voreo 
than 20/50 1n either e:,e or baa had either o,e r11111offd, and 1f' 
the acu1 t:, vi th the Rx in tho other is vorso than 20/20. 

2. Be 1a a poasible DJ. t:,pe it bis acu1t7 corroctod 1e wore11 thlm 
20/50 in either ere {or is blind 1n on• ,qe or haa either eye 
raoYed) and it the acu1t:, 1s 20/20 or better in th1t other. 

3. He 1s a possible C t:,pe it hie acuit:, corrected ie 20/50 or b8ttor 
1n each e:,11, 

4. Ho ia a possible A, B, or C typo it h1a acuity 1a 20/20 or better 
in each 11111 . 

Figure 6 ahova tho basis tor cl.Aesttication ot squinter. 

1. The candidate is a possible n3 type it he obt&ine 20/20 Yith lu 
in oaoh eye . . • 

41"V1sual acuitJ corrected" repreBenta the acuity obta1ned With the 
glaaeoa which are to be worn during tllght ti-aining or the oquivalent 1n 
the toni. ot trial leneee. In the caae o1' A, Di, ~. and D3 type candidatee 
llho are not requirod to vear glaaeee, "Tieu.al aouit;J' corroc,ted" litorall:, 
ll8llll8 Tiaual acutt;r wtthout glaaeea. 

i 
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2, 'l'he candid.at() io a possible D2 typis if his acu1 ty corrected 1a 
worse than 20/50 in either oyA, ,_,_nd if the ac111ty corrected 1s 
20/20 or better !n the other eye. 

3. Otherwise, he ie disqualified. 

The D!rector of the Flight Training Project refers to Form 1 and re­
cords the cl.asaification in the colUlllll :marked "Acuity With Rx," 

He may be disqualifii,d on tha basis of the "Acuity with RE" score 
alone or 1f he fails to claaa1:f'y coneiatently as a given type on the basis 
of acuity corrected, acut ty uncorrected, and the skiaEcope :f'1nd108S. 

Ee may classify as a D1 type, but st:1.ll ma.y be d1aqual1f1ed if he does 
not have the foll<>Ying ccmibinationa of' characteriatice for the good and the 
poor eye. The good eye which is corroctible ···.o 20/20, must hav11 a refrac­
tive error less than 3.00 in aey l!lllridian, and lees than 2.00 of' ast1gDatiam. 
The other eye oost b11 removw or show 20/100 or worse uncorrooted and 11111st 
not be correctible to 20/50. 

If the Director has ·to d:lsqu.ali:f'y the c8lld1date, he marked the word 
"Disqualified" in the apace provtded on Form I and, aleo, he checks the 
reason for the diequ.alif'ication at the bottom of Form I. 

If the oe.nd1date reina:\.ne qualified for one of' the uae.ble groups, be 
lo referred for the special q1ml1fying te,9ta.. The date of referral 1e 
recorded on Form I. In the meantime, Fenn IV 1B eent to the pereon in 
charge and Form VI ia also sent along with the final cl.aea.if'1cat1on noted 
in the space provided et tho upper right he.r..d oorner. 

S~TION VIII 

BAT'l'EIU' or SPFI:IAL QUALIFICATION Tl!STS 

Thie battory includes a number of special "pe.ee or f'eil" qualifying 
teete lihich a~pl.y alike to all groups, am a teat for etereopais in which 
the standards differ for the diN'£>rent 6I'Oups. Theee teate include the 
following: 

1. Night vision 

2. Lateral Phoria at Distance 

3. Vertical Phoria at D111tanoe 

4. Prism Divergence at Distance 

5. !Ateral t'horia at N8'-'l:' 



FORM VI 

BATTERY OF SP.X:LU. V1Sll\L QU\LI.FYJJIG 'l'ES'l'S 

_________________ , ____ Date _________ _ 

Rx:: 0. D, _________ _ 

L 

" ... 
J• 
4. 

2· 
6. 

8. 

9. 

10. 

o. s. ----------
Candidate f'or ______ t;vpa 

Evalua.tion 
Pass - V 

Ocore Fall - X 

1'1~t Vision 

IAteral Phone. at 6 !l.et9rs 

Vertical Hloria at 6 J-~tera 

Pr11111. Di versence at 6 Meters l 
Lateral Phoria at J3 Cm. 1 

Vertical,. Hloria at 33 Cm. 

Priem Convergence at 33 Cm. 

I • 

, I I 
l =-1 Pr18111 Divergence at 33 Cm. I ---·------1---------i 

Neer Point l,cuit,y _____ _j_____ -------1 

Central Color I A r, Co. PlAtee . I I 
Vision ~or 'rhreshol<l, Testa l i 

=1~1~-..... s~te=re_o_p~e~i.e:..... ____________ __j__~ __ _j_ ____ _, 
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6. Vertic6.l l"boria ,n Near 

7. Prism Convergence i'\t N<,ar 

8. :?rlEllD Divergence at Near 

9. Near Point Acuity 

10. Color Blindness 

11. Stereope1e 

The Rx ie co:p1ed fran Form IV to F,,rm TI. Form IV vill have been sent 
to the examiner b;y the Director of the Flight Training Project. 

The teote are carried' out ae deecribed below b;y e.n aee1ete.nt un:ler Dr. 
Fry'e direction. The results are recorded on Form TI, which when completed 
ie a1gned and eent alons with Fona IV to th" Director of the Flight Training 
Project. The candidate ie alao sent to the Director for :rtirther 1netruct1one. 

In each teat the old babituall.J, ueed glasses are to be wom it they have 
been approved as eat1afe.ctory by the ophthalmologist for B, C, D1, ~, and D3 
types. 

mien a new Rx has been prescribed, trial lenses are used, 

No glAaeae at all !I.re worn if the oandidate is in the A classification 
and ll!ly not be ne¢eseary 1n the D1, :02., and D3 c1Aee1t1cat1ona it this 111 
Judgod to be the caBA by ·bhe ophthall!lologia~. 

Di, 02, and D3 type candidatoa are not ·req_uired to take the spacial t88ta 
fl-an 2 through 8, and are not required. to take the et.area teat. 

{l) Night Vision 

The teat ie made With the Rad.11.1111 Plaque Night Vision Teeter in a totally 
de.rk room. 

The e:t&lll1nee lllUBt be dark adapted bef'ore ta.kins the teat. 'l'b.111 -,- be 
acc0111pl1shed either by having h1m sit in oanplete darkness or wear red goggles 
for thirt:,- minutes. A ehort d,iacussion of the nature of night Vision e.nd an 
e:1tplanation at aoannin8 and other techniquee ot seeing 11.t night should be g1Ten 
before the test. The neceeett:,- of look1ng "otf center,• i.e., either aboYe, 
below or to tho eidee 1n order to eee at night IIIU8t be empha.ebed oYer and oYer. 
Allow eO?llo practice in these methods before the actual test begins. 

Th" to,et ie given at five, e<nen, nine, am eleyen feet, respectively. 
T'noec dietancee are conveniontcy measured 't)y a cord looped a.t one end to go 
arourn the eltSlllineo'e neck !!.tn knotted a.t appropriate distances. 
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A presentation consists of 8XJ)OlllllS the plaque to the subject ¥1th 
the break 1n the circle 1n one of tour poait101111 (left, r16ht, up or down) 
for no longer than ten sooonds . It the poei tion ot the break ia not called 
by the aubJoot 1n this t:llllo, the trial is counted ae an error. A rand.CD. 
order ot orientations shou14 bo \18ed. A aubJoct 111Uet naae tour out ot the 
first tour positions correctly to be considered aa eee1ne: the plaque at ,an;,­
giTen d.tetance. It one or more of tho tirat tour preeentatione ia missed; 
it 1e nooes&arJ' to give ten proeentationa at that distanoe. The -1.nee 
then pi,.asea ool,y 1! he can see oisht out of ten. 

The greatest distance at llhich the character is correotl,y Judsed. tour 
out of fOIJ?' or eight out of ten is recorded as the acore. 

(2 and 3) 'nle Maddox :Rod Screen 'l'oet at 6 Matera 
tor Lateral and Vertical Phoria 

a. Apparatus - A phorcmeter trial frame equipped Yith a pair of 
11Ult1ple white ltlddOJ: rods and a pair ot Rislq l!otar., pr18BIII, a blank card 
about 6 :J: 9 ca., vhich serTes as a screen, and a blank card about 13 x 20 ca., 
Yith a 3 CJI. hole 1n its center, and a spotlisht l cm. in diameter, 6 11. 

tram the epectaole plane. 

b. Procedure - Before b98innins the teat, the exe111uo'l'B t1:l:in8 
eye ill detemined. For thie puz-poae, the 13 :J: 20 011. card 1• 811plOJ'ed. The 
eranrtnee a-ted, :f'aciDB the spotlight 6 meters ava,r, grasps the card b7 the 
long sides v1 th both hands. While looking intently at the lisht, ho slov'.IJ' 
raisoe the card at anu'a longth and locatee the lisht through the hole v1th­
out cloaiDB either eyo. Onl,y one eye can see the 116ht throush the hole, 
and tho 0711 aelectoo :tor this purpose 1e the one used habitual.13 tor e18ht• 
108 or f1:J:1D8, 

The phorateter trial 1'rame 1e no,, :properly leveled and adjuetod cloae:0y 
1u front of the oxam1nee'a eyes. Cne of tlul multiple .MaddOJ: rode ia B1fUil8 
1Dto position be.fore the non-tix1DB 07e. A rotary prism ia plboed before 
the same eye. The e18htine or f'ixine eye ll!lat havt'I an unobstruoted rtev of 
the apotl18ht. Jror tho m.aaeUN11Bnt ot esophoria or exophoria, the ka.ddox 
rod 1a adjueted. before the non-sishting 1170 to g~Te a Tertical line ot 11.Bht. 
'l'he rotary prillBI. 1e ad.Justed also before the non-aight1D8 e;ye tor the meas­
=-nt ot lateral deviation and set 4 or 5 prism diopters ott the ,r;ero mark. 
Thia giTee enough deflectioo at the reading to detect an exaainee who bas 
been coached to 8AJ' the line paesee through the light. 

The 6 x 9 cm. card is moved .from ane eye to th<1 other a. few ti.Ma to 
ascerte.1n if tho exmninoo sees both tho line mid the 118ht. :U the line la 
not aeon readily, tho Mlddox rod is readjueted b;y center111g it carefully in 
fl-oot of the pupil, 

When tho exaa1 n""' sees the line rt th ono IIJ"O end the light v1 th tho 
other, the eraainar holds tho oard or screen 1n tront ot the ncn-tixiDB 1170 
to shut out the 1:alase of the ·une. The exu,.1nee now sees onl7 the l'.isht. 
After he haa filred it tor aoTeral eeoonda, the screen 1a remoTlli to:t' an in-
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FJtan-t caJ~d quickl~ r,;;pj_t_{:.;,d Ji1 the!., o;_._; .~.!" i•1t0r-V:tj_; !-.b.e B]:f~·.)r,"~~ p~1Jl b-u 
Bb10 tn 88S the 11no 15;.H.l~, lo•Jf\ti:J it ir: 1~,9fe,·,~t,:n,,-;-:'i, to t,be J1eht.. ,~ftor Ollft 

er tw(- -$1.ii.;!1 tt:!.J?r)nures, l•.e 1.;lJ.: ass that Lhe 11no :t ~ t,,J tJ!r11 r-:tght or lart 
of t}, r1 tigh~~. c-.r ·;,orglb 1,1· :O:to~.,n~lgl? t ~~ , Ro 1 0 lt:..-:--~t1~~·,-t~Jd to lf.t't:i.;3!, '~he DU ll~ 
he.,:l -·:tiO 1·r,<~<J,t,r:1 tJ\e p,'is:r a!l!l tu ·:i it, ':st> bring t.ba UnG r\L-.,ct.J~r into 
the 11.g)i":;, 'I'.o ene.bl,i -~iu, t, do tbl s, ,,u,) ~~re"n i0 ramwoo .f1•om tile ayo 
at i'1terv1:,1'1 a:c.l. q_ulckly rcJ;l~coo.. FinaUy the e:nu11.tn"" 1,11.1 )la,re rotate([ 
the p;.'i8'll snon!l'h tc ou,me the line t0 pa.CB <;hr,Jtl;;st>. the l l.ght- ever., t.ime 
->;ho !i'J!'Eien iB i·emov&d, '!'he nu,nber of pri(ll.1 6.!cpt.ei·a n<0ceuaarJ to do -~hie 
ia :c'e'.l.d froo th!l scale 0f tlla rotf!.r,Y pl·iau, 'I~ie, ill eoterc.d on the rocol'd 
aa eso_phoria if the J)l:'1'-lln la b,,i,r,e out, ac,d. '!!Xopho::ill if the _p,·l.sm lR base 
in, For the r.ocaaur=ent ,-,f hyp;,rphoria, th-, Mnddox rod betor':t the non­
fixi_r,g eyo is read.juetoo. t-,, gl vo, e horizont,,.l Una o-: 1.lght. The rotary 
pt"iSl!I iii nlso re!l.dJu:ited be:l'or<ai the s=e <r;a to lfieaouro ·vertical ii.evlutior,. 
'l.'he BCreen J.s us6d axb.ctl,y a& bo,fore to give an oocaeiom.1 elirup!!e of the 
Une. '!'h6 nUJll'iGr cf pri= dioptere read frOlll the sca11'J !9 J:>eco:rd<>d as 
right h;,porpho:!'ia H the p,·i•?l!I ~s loose ui:•1''Il ·,,ef'e:ea thr, rl-ght. 6J' ~, or \me" 
-,,p b.,fors th.Ii left. It 1s :'.'ecord.ed a1, lr,ft hz,perpho1•ia if' the pl'iem ill 
base up bllf'on, ';ho 1·1,:;ht eye ol" bl\!lel dovn be<fGre the 1.<1>ft. :!11 tenting for 
hyi:cn,horla, tho [;tGvarui:' f'rBl"l,t,, i,',hh it!! nonnall;r a pax,t of +he phorOJ110ter 
mechani~, 8h<'u1'1 be \JIJOO instoorl r.,f tb6 ltJ.l'ge p,_•I!ll!IB. The Stevana' frt>me 
i.ttachtllent is can.posed of ;,aal:'>1· prtmti.e vhich are calibrated 1.n tenthe of 
a dioJ;r~er <1,ld, tnorsforo, J:,"lr!lli t mc•re ac,,,,_.c-.:. ,,_,., r-mi,d1 l'l8" for t_ypor'phm·ia. 

n L:aca,,1+.j_c,n,1 - l<Ril:lo:c 1".Jd and ·.;h:J !n3ci:J\U:-1ug pr! Sil\ are u,i«;. 
alway a toget.:0.'-'r before tho ;1rn ·fii-1ng eye an£)_ never before tho i':l:xing eye. 
Th!! test g1V>31'1 e.n inaccl.l'al,~e reuult if the 1>::-a~inet1 is :~1':111 t ~ed. to see th,;,. 
lints for a longer t11~0 th!m in allowed by the mmr.1JilY.ll':)> l'll'.!!b o~poe~e 
desc.d,~oo f'.bo7<1. 

'4 \ I . 

?ria'\l dive.rgt,r_c11 !s tc lm :rneaoured. 11:11ler ',;h11 same condlUona ar< tho 
centre,l ~mrtty. Fer the prlem div;,:e,:;ence at 6 metera, ,m O.l)t.<.>typs:, slightzy 
large.· than th& f.'Ml8,lle:it recogni&a<i by th!? eJtaJ!!lnee, i~ proj.;1;tad, on.to thi, 
screen. The phenomenon of i1plop1a ie d<mCI!atrated to ~ho e:,:cr,i1n,,e by 
putting 25 pr1ma d~opt"ra taee in over Ollll of h1<1 eytie. The le.tt,;r 11r1!1111 

la th•m replaced by a rot.er;y p~iem in horizontal 7)0e1tl,m an·l tt.t. amount of 
priam base in 1a increaaro at a rats of' 2 prism diopte'.t'e per eecond until 
dlplopie occ\11'11c 'filie brea~ point is con,.1d1J<ed ""' s. ~e,,eurlil -~f primci di­
'1erge.::ic0 .. 

Th~ !>hor_t:,, ,'-;;,rga·.; ccn61Fr:oe or ,._ bhwk 1'e.rd 12 x )2 _111cli<,s wl th a pln­
!)Qiut op!>ning ,,,t U·a ,J<mt,n crll.1(')1 Ji,,a a \>rt,;l:t light 1,a;,iw lt., 

'i'he inter-~1-frar- ,.,,,'.iue?t.•q,311t of the l)horCXSE1t0r tl'.'i,._:_ fr;ua,; is adjua-c,Jd 
f•~,:- ~-:,r,.-.r<"gence "-t 33 ca, f"rcm the :ipoct!.c;_& plann. 



The aallle proooduro is tollovod as 1n the case ot the distance phoria 
tost tor measurl1J6 the lAtol'lll. and Tortical phor1aa. 

(7 and 8) Prism Canvgonce aod D1Tergonce at 33 CJII. 

Tho semo apparatua ls used tor those tests as tort.ha phorla at 33 ca. 
ucopt that a target vtth a Snellon Eat tho oonter subtending a visual arc 
ot 10 1111nutos at tho center ot the ont1'8110o pupil ls substituted tor the 
phoria target. The two rotar;r priSIIIS are ad.Juatod into poeition vith the 
base apex linos horizontal am starting tram tho r;ero settiDS ot each prlsa, 
baso out paver is incroosod simultaneoUB4' in eaoh ot the two prilllllB at a 
rate or one prillll diopter i-r second till diplopia occurs, and the CClllbi.ned 
l)Overs ot the tvo rotar;r priams represent tho priOlll connrsence. 

The 84lllO prooodure is follovod vith prillll base 1n to measure prlm 
dinrgcmce. 

(9) Acuity at 50 CIR. 

A target is 11t0untod at 50 CIR. Vith a rov ot optot7pe (Snellen letters) 
subtending an angle ot 10 lllinutes at the entrance pupils (Maenlt1cat1on ot 
correct1nf! lenses ignorod). 

lt the cmbjoct read& all lotters, he passoa; otherv:iee, ho tails. 

(10) Color Vision 

'l'bo Allorican Optical Com:pan,y 'll Paoudo-1soohromatic Plates (abridged 
&1it1on - 19 pl.Atos) are mounted 50 cm. tram t.ho 07ee, porpend1oul.ar to the 
median lino, um.er illUllination provided by a 6o watt dql18h,t l.aap 100 cm. 
a~ and above nth tho light incident "t an a."gle ot approxilllatoly !r5° e.t 
the contor ot tho pl.Atos. 

Tho pletos are exposed two at a tilae in order. 

The 88118 arre.ne:C11110I1t is uei,d e.e tor t'3st1ng acuity at near. 

The mDlber ot missos is rsoordod and it 1110re than three, the aubJect 
mu.at be UAllinod. throuah tho use ot tho AM School c,t AT1at1an Modicino 
Color Threshold !Antem. A soore o-f lees than 35 on this toot 1s regard~ 
as a ta1luro. 

(ll) O.S,U" Threo-Bar _51;_•,!:0!l_Tt>!J! 

'l'he target consists ot a pair or ,~ .;&rtical bP..ra, 2-/a" high e.nd sepa­
rated. b;r a diste.nce ot 2¼" (tree. oonter to oonteri, mounted e.t the oonter ot 
a white eoreen 22" in diameter, which 1a located at a distance of 5 meters. 
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The apace between the bar9 ia cut out aa ,;:iuwll by the dotted lines in ~s­
ure 7. 'Iha opening 1a 1 U111D1m1,t,ed with white light the - brightness e.s 
the screen e.nd appo!lra continuous with it above and below, the border being·· 
1nv1aible or at moat, barely visible. 

A th11-d bar of the Ballle size llh1ch ia an aerial optical 1-ge 16 aem 
between the two hara on tho screen and is capable of being moved in a tore 
and aft direction along the modian line, without sutterins a change in 
ansular a1IIO at the entrance pupils. 'l!llis tore and. att mov-nt ia pro­
duoed by the aubject who turns a knob which stves no clue as to the actueJ. 
poa1t1oo of the imago. 

In lllllk1ns a aettins the middle bar ia sot at a considerable distance 
behind tho screen, 20 to 50 ca., and tho aubJect takea hold of the knob 
and turns 1 t till the throe bare appear 1n the - plane . Re la instruc -
tc,d to "bracket" the middle bar back and forth and then make a final aottins 
Y1 th the t1nal mov-nt forward. BIi then takes hia band oft tho knob and 
the operator sets the middle bar 20 to 50 cm. 1n tront 01' the screen and tho 
subject uaos a s1mile.r procedure to make the bare appear allsned except that. 
the final movoment is backward. 11ve such paire of readinsa are made and 
the ton errore are averasod. An average error sree,ter than 30 1111. disq\le.11-
:fieo an A or B candidate and au averase error sreater than 100 1111. disquali­
f'iea a C type candidate. 

i. 

2 and 3. 

4. 

5 and 6. 

7. 

8. 

SJJX:TlON VllI 

ffALUATION OF DATA FROM THE SPl!X:lAL QUALlrt!NG TESTS 

Phoria at 
Diatance: 

U the .arget is "not Visible at 5 :rt." the subjeCt 
1'a1ls; if the task can be pertor.JIOd at 5 ft. or at 
a greater diete.nce, the subject paaeea. 

An eao or exo greatei- than 7 or a eyperphoria greater 
than 1-5 prism diopters d1squal1t1ee. 

Priam Diver- If oeophoria la present, the pr1Blll divergence must 
gonco at 6M.: equal or iuceed 1 t for the sub Ject to pass. 

Phoria at 
33 om.: 

Priam con­
vergence at 
33 ca.~ 

Priam Div11r­
gonco at 
33 CII.: 

Visual Acuity 
at Near: 

An eeo groe.ter than 7 or an exo greater thtw 14 or 
hyperphoria greater than 1.5 disqualifies the eubjoot. 

Lesa then ezistins exophor1a d1aque.11fiee. 

lase the.n J.4 disqualifies. 

Failure to read 10 minute lettora at 50 cm. dia­
qualifiea. 
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11. 

pent.1,:a~_ Color 
V1a1on i 
-r~---

~t.~~S~91e , 

A acnx~ i--ehe -',)1m• 35 ~:!l:. th@ SA."\.: •~1 nJ..or '1!-.... roehold 
Lanteirc, ·.r.ct diequalifiosA. If ,;hs, subject 111aa,rn 
i"f!ver the.u tbrot1 of 'oh,:, P.Jllltrican Oj:•tical Compaey 
pJat ... 11, il" ,;ua1H'1ce Wlfl, doe£J r,ot )~ve t<'.> take 
t.he 81.M Tim l. 

}f the subject 1a ~n A or~ type, he m>.1et make an 
averege error amaller than 30 IWII, t,n :pMS .. If the 
aubject is a C t7ye candidate, he it<uat have an 
average err.or F:rna tl it1" than JOO mm. to pass. 

If J;he clilldidate fa11-g '!.ny of tha BJ:"cial qualif,ring testa Yhich he is 
ro,quired to Ul.ltl!I, he !11 d,i,;q\llllified and the Dil'eCtor notif1 ea the oardidate 
to thia ~i'f,s•1t, Re ala,, Wirl:rn the ·o1ard "d1a•1uaU fil!lil n in the !l:pace provideo, 
on Form I and ind:,cateA the r11r-em1 for the d tsqUB.11ficat1on at th'-' bottom of 
Fem. I 

:;::r the cand!&e.te :l's.Ha l.nto a given 1.1,ablo cle.eeifice.tion on the baaia 
of' vieilal acuity corrl!Ctad, a~ veL1 as on the baaiR of unaided vision and 
cy•)lopl,ss;1" findings, rurl P,':lt1ec:1,s al}. of th" s1)e•J1al quali:!';ring toots that 
he lo r6quirt>d to take, the Director notifier, the ee.ndidate to thia ef:f'eot 
and certH'h,1 :,ualif'icatl oo end clas8if'ication in the uppropr:iet<> apace oo 
For?C l 

'!!hen th9 ('endll'aste l1e.e been appro,ed. foi· f'l.ight tt'aining, the Director 
hae to certify the claa,,~t•c~.tl.0,1 0n 1!',o,m IV. 

If he 19 1n Claaa A, tho, D:1Mcto:r c,igna the CGt'ti:!'icati= of c1Aae1f1 -
cation on Fo:('111. IV autl E'.lva,i Form IT to the .:lilndidato. If hto 1R in Cll!.oo B, 
C, or Di, the Director ce~·tif'i"a 'the c).aseit'ication cir, l!'o:rm lV and gives 
th1a foru. to tn-~ cendf.e.E,t" and 1natrnctn him on hov to get thtt Rw: fille<L 

Forl!l IV ia to b11 ke.pt by the c,mdidate to be shown on deJnand i,,a i,vide-ncto 
that ht> 1i3 :!'u1:t'll11ng the r~uirement.e relative to the l<earins of glasa•1H1. 
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A'l"l'ACRME!iT I 

APPA.W\Tl.B FOR TmTIIC VISUAL ACUlTY 

• 

.::,;, .::, :..:,. - .;:, .... , 
'l'ha toet ie carriod cut :l.n e. dark ro011 With the target conaiaOr;e; elf 

11. double brok.tn rins at th<:t center of a vh1 te :t'icild 3° 1n diameter"air-t'-
< - 4, :round41d b7 a t"Hrlc field. "· • 

"' 
'!'he o!Uldidate is so&ted With his head held atead.11,y by mem:s ~ a 

chin am :l'orohoad rest. Lena holders arc Pl'ovided tor mountillS and centor-
1ns tho oorroctins lenses before his e;roa (whc:tn lenses are nocoasar;r). 

'l'he ehutter device for oxpoa1Jl8 the target 1a such that the central 1° 
p<>rtion ot tho f'iold m,q be proaented u a uniform vhita tiold continuous 
with the peripheral portion, or as e. 'llhito field also continuous with the 
porlpher,y but oootaining at its center the double broken rln« target with 
the breaks arranged up and risht, or risht and dom, or down and loft, or 
loft and up as sot by tho opera.tor prior to tho oxpoaure, and alao with the 
aize o:r tho brok\'111 r1Jl6 set tor 11.llJ' of aeTore.l aiz&e b7 th" o:pGr-.otor prior 
to the exposure. 

'l'he scale ueod in setting the ai:r:e of the target is calibrated 1n tenis 
of the distance at which thu outside di!l.l!eter of the ring Yould eubtc,nd. five 
minutoc of arc. The width of tho ring a.rd ths Rizo of tho gapa 1a l/5 of 
tho outside diameter of' the ri.!lg. • 

,, 'l!he a'@Ject ia g1 ven a pre1.1lnin,u-;y -v! "'7 of' a dia.grem of tho optot;ype 
wioh is largo onous)l for ~ but a blitld i,ye to eee and the four orient.a-

,_ tiOl18 of tho target er11 oxp:tn.ined. 

llo is then placed in poaitlon for ohaorvntion a.nd the Ol)!llre.tor starts 
oft with OOl'.ltilmoua <npoaure and w1 th the optot;r~ 11,rt for lllinim:um sit.o. 
Tho 8111,0 is 1ncroe.eed until the aubje;;t; {who h;;.s been ao 1Mtruotetl) N' 
ports that he can soo tho breaks . 

'l'ho operator terminates tho exposure, ae\:a the optot;;P'(i at thi:: :Qffl:!.X'­

ost oven 5 on the ai:u, ecal.6, ozplaina the next proood.ure to th" subJoct, 
am starts a series of 10 oxpooures of 5 eoooma each with 1:o:teMals between 
e::r:p0911U'eS lons enolJSh to check the anewor am roaot tha optot;ype at rcwtan 
to another oriontation. 'rho in:poom·ea = Dde by hand 111:od are tim.ed by 
oount1fls 111.ovl;r 1001, 1002, 1003, 1004, 1005. At tho end of 10 Cll'.'.p08uroa, 
tho nUlllber of correct anSYeJ;"a is countad and recorded on Fom V. If "GP" 
number ot correct o.nBli'ora -a loss thAn 6 out of 1.0, tho eiu1 of' tho tar-
get is increased 5 ft. 41'.ld the procedure repeated; u• more than 6 out of 
10, tho si:o of tho target is d.-wreased 5 ft. 'l'hiR procodure is continuoo 
until two points are found on the eoale 5 ft. apsrt which 11111 7ield th,. 
one moro than 6 and the .othor lesa them 6, or the one m:aotl,y 6 mid the 
other Ill.Or& or leas the.n 6. The :final acuity re.ting 5a IU'rivod at b;r intor~ 
poJ,il,tion, to detomine the approximate po:uit at 'Which eix anevers out of • 
10 would be correct. 




