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The attached report on Sensitivity of Peripheral Vision in 
Relation to Skill in Landing an Airn]one, by M.A. Tinker end W, S,.Carlson, 
is submitted by the Committee on Selection and Tre1ning of Aircraft Pilots 
with the recom;nendetion that it be included in tne series of technical ra­
por~s published by tt1e Divislon of Research, Civil Aeronautics Administration. 

The iw~ors wore able to domo11strete that en individuel'a 
disjunctive reaction times were sii;nificantly related to variations in the 
size, illumination, and location cf visuaily presented stimuli, Interactions 
of the sources of variRtion in the visual stimuli also seem to cause signi­
ficant variance in the reacticn tlmce. It ia not possible, however, on the 
basJ.a of this study to estimate the magnitudes of the relationship among 
the variables. 

It will be noted that tho criteria of lending employed iu 
this study, i.e., ratings on good and bad landings, proved to be imtdequete 
for classification of student pilots. Ase consoquance, no sie;aificent con­
elueions or recomn.endutions c1m be presenlt:d with :respect to v .. sunlly presented 
stimuli in selectitlg pilots or in improving performance in lending a plane, 
However, it is shown that reaction timeo do vary siguificently wi+.!1 changes 
in peripherally present,;d stimuli. Further research, providing more emoting 
criteria of landings, i>.lll perm!.t a further evaluation of the practical rela­
tion between such variables e.nrl perforlllfillce in lending an airplane. 
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Very truly yours, 

1jf ~ JtliiL--
Morriss. Vite.lee, Chairmen 
Committee on Selection and 
Training of Aircraft Pilots 
National Research Counc.ll 



EDITORIAL FOREWORD 

The following report describes ftll experi­
menb, undertaken early in the history of the 
Committee on Selection and Training of Aircraft 
Pilots, with the vie~ of studying the relation­
ehip between visual fuactions and skill in landing 
E.11 airplane. This investigation, which antedates 
the study by Tiffin &1d Bromer included in Report 
No. 10, renects the early interPst of the Committee, 
and particularly of Dr. Dean R. Brimhall, Director 
of Research, Civil Aeroll:iutics Administration, in 
the relation betwee~ visuel functions and pilot 
efficiency. 

Unfortunately, difficulties experienced in 
obtaining accurate estimates of skill in landing 
a plane severely limit the contribution of this 
research project in solving an eminently practical 
problBlll in aviation. Nevertheless, the basic GX­
perimental methods warrant consideration in pl81llling 
fu1•ther research in this important area. 
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SUMl.lli.RY 

A oisjunctive re&ction time experiment m,s conducted to test the hypothesis 
that response time to peripherally presented stimuli might be reated to skill in 
14,nuing shown by pilots. 

, The subject fixb.ted a feint spot of light projected on a ground glass screen. 
A·second libht source projected a ring, centered about the fixation point, with a 
break opposite one or another corner of the squu-e screen. At a convenient level 
below the screen was pl.Leed a response lever. By en appropriate movement the 
observer could indicate in which quadrant the brei.k in the ring of light appei;:red. 
A g1·avity tachistoscope pl,;.ced between the projector and screen served os a shutter, 
exposing the ring for an interval of¼ second. lieleesing the shutter closed the 
circuit of a uirect-current magnetic clutch r.hich coupled & synch.,•onoue motor to 
a pointer. The correct response movement by the subject opened the circuit, dis­
en~aging the pointer. 

Three sizes of rings, three sizes of breaks, and three levels of illumination 
were used. Three v&rlables at three levels produce 27 combinations. The fi.ctorial 
desi,;n of the experi~ent allowed an investi0c..tion of all combinations, conserving 
all tr.o-factor interactions i.m: t..ll main effects. The desi6n u.so provi,ied for 
recovery of three-fourths of the information on triple interc.ction, which w&s 
confoundeo. vdth individl.lhl differences. A .;iven subject WE;S tested with 9 com­
binations so chosen th,,,t ei.ch v,,ri<cble appe<cred Ml even number of times at each 
of its tnree levels. Tim rei.ction times were mea.sur·ed for e1.ch combination in 
the experimental series. T:1e ten vtlues r:ere i,.vera.,;ea to yield 9 scores for e.,.ch 
sµbject. The experilllenttcl series wc.s preceded by E.. pr,.ctioe series, Forty-eight 
subjects took p&rt in the study. 

Results indic&te that lE.tency incre&ses &s the fibure ls presented in the 
visui;.l periphery; that l&tency v1.,.rles inversely with size of t.'le break to be 
ciiscrimim:ted; unct thi:.t chlm.,ing illurniru,tion within a snu:.11 rui,;e produces a 
sktistic,,lly non-si 0 nific~nt curvilinear eff'ect on le.tency of response. Although 
signifiChllt two-factor &na three-fE.ctor interactions c.re obtained, indicating 
that the effects of the vhriables i,.re interdependent, a portion of these effects 
is probably .due to the optic&l stl'ucture uf the experimenu:J. situation. A marked 
practice effect w&s demonstratea within & sin,;le 5O-minute session even though a 
pre-experimental series of re$ponses T.bS Jrovicied. 

lteaction tiue wus found to oeper.d also 
in vohich t,1e discrimination is to be ma.de. 
the critical portion of the stimulus fit,-ure 
field than v·hen t:ie u;:iper lw.lf is involved, 
viously reported results. 

upon the qm.dr&nt of the visual field 
Lt tency is sii:;nificr.n tly gre& ter when 
a9pe;.rs in the lower h1,lf of the visual 
,, finding v hich is contrary to pre-

To evalm,te t:1e si6nificance of visuc,l reE.ction time in relE-tion ta luiuing 
slcill a criterion v;r.,:; rec,uired. Five flight instructors rE..llkeci students in order 
of r.ierit for landing and 1,lso filled out a portion of tn ee.rly version of the 
O1;\io State Flight Inventory for rating lc.ndini:;s. Tv-o student fliers judged high 
by both nethods 1.nd t~:o jud0 ed low by both were selected from etcch instructor• s 
gtoup. This ;iroceuurc :n!cde Ufl "high" c.nu "low" Joups ei.ch containing 10 stuo.ents. 
(T,1ere is re,:.son to bcJ.ieve fa;,t the rE-tings Y.ere poorly done.) 

The "high" ~ou;:, mu1e fewer response errors thbn the "low• group but the dif­
ferences i,.re not si;,"T>ific,:_nt, lfone of the rhtin£:S on l..nding skill is relt..ted 
s,!.gnificr.ntly to re"ction time for ;:,erip,1erul discriminations. While the vr.lidi ty 
of the criterion is ,;u<,stiom:.ble, it aoes not &p_;ie&r likely that the type of rei.ction­
time si tudion er.1,;iloyed here '·" ould be highly ctifferentiatin" even with better co-
ofer1c tion of Toae rut,ers. 

I 
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Flying condition& in training represent & consiueroole sir,,plli'ic .. tio11 over 
the situation encountered in commercial, civil, or milits.cy .._vi,stion. Difl'eren­
ti&tion by instructor• s rE-tings depends on motivation &wi " 111.lltber of' other fc.ctor& 
as well as on tecbniCE:.l competence and aptitu<le. When subjects • .. ere r .. ted on land­
ing during check flights all were given ratings of~ or~ on a posGiole five-
point scale. This h.:.gh bomogeneity renders differentiation on 1 .. 11or~tory testing 
r'-ther difficult. 

It is suggested that " more ea.acting situ .. tion ID"-Y oe re,,uired on which to 
establish criteria of per.formmice. A more comvlex tLsk might differentiate when 
the simpler requirements .faLl.. Night !ind. formation flying are c,uggesteo us ex­
amples of the kind of' t:..sk mentioned above. Further variations of experimental 
procedure are also recommended" 



SENSITIVITY OF PERIPHERAL VISION IN RELATION 
TO SKILL IN LANDING AN AIRPLANE 

INTRODUCTION 

Airpl,ne oilots encounter ";any si tu'"tions where aciequate maneuvering woul4 
see~ to re4uire effective use of peripheral or extra-Zoveal vision. Llcnuing the 
&i4l&nc is :ernaps one of t!,e r2ost imporknt of ,uch situations in which chi:,nges 
in 't'.le visual stimulus complex occur in rapiu succession. Accurete perception of 
the. entire x ~tern of visu&l stimuli ;_,ucst be follow<=Ll by ½.Uick, accurate response 
to ,the im_::,ort,.nt elenents of Lhe ;-,erceived ,Jatter!'l if skillful landings are to be 
clCt\ieved. l,\nny •)f the cues in these cccf.\'Jt.,ir,t, stiC1ulus ?&tterns are to be found in 
t.:1e' per iphercl zones .. 

Tne:re &.ce t'."IC _Jro·~~lerns involved. in t;ic _~·:r~sen t study: (I) Anal:rsis of v:1e VfJT.­

it.b1.lHy occurrin,; in re,.ction time "" t.,1:.. re3ul t of chan0 es in disknce from the 
fixntion ;,oint, size, and illwr.inc,ti•m of ;:.. perip,,erc.lly :Jresrnted stimulus, and 
(II) & stuci:r of t,1e rdationship betr1een G,ulclmess of reaction tioe to peripheral 
stimuli unu skill in lt..nuin6 bll 1;;.irpJ_ar1c • 

P!tOBLE!.I I 

Disjunctive Reliction Time ss a Function of Variations 
in the Stimulus FiiJlJ".£ 

Previous con~icicrations of t,1e ,,robler.is irNolvcd in a study of vi"ual fie.ids 
lee! to th" choice of the followin5 tiu·ec vcritbles for ir,vesti,;Ltion in a choice 
reaction-time situation: 

(1) Dist&nce of tne stimulus object frora t:ie center of t.1e visual field (fix­
ation point). 

(2) Size of tl10 stimulating ol,ject. 
(:3) Ilri6htness or intensity of t:Cie sti.C1'.llus. 

Use of & fc...ctoriG.l experi,.:1ental deai5n :u£Ue it po;.;~iblc to &~certvin how much 
of: the tot=-..1 V&Ti~bility exhiliitect by t';1e reuction-ti~e data coult.. ts t.:'..S;:;i~ned to 
eac\1 of these three exneri,~!lntal vari&bles one to t:1eir inten.ctions. 

A. A7Pi,W,'i\JS 

The &_p:J&:n tu.; consisted of b cr·-,und-.;h.ss 8Creen, 41 inches sc;uare, mounted on 
6 f'rl,..f'ie so tl1£ t tne ...:;ulject, stc.nciin 0 bci1ind. t11s- .::creo::n) coulci fix&te in a normal 
.. ,<.J'mer on t..ic center of V1c cicreen. l,n LC:justubla ph.tform ,:c.ire t 01c sub_iect proper 
hei.;at for u he0.u resL Fiich ,.Lint, inec.. ;~is eyes 11 incl1:es fror.1 tne fixation point. 

T•1e choicc-r3uction-time '"ppar·i.tu~ consistec. of a l·ox 3 x 3 x 6.5 inche,s at­
t8C:1en on Lat: fr<-rut o.t t..:1~ ix..se of t:le _;lc,::53 .5c.rebr... Four slits, one let:1.Uing fl"om 
e£.ch corucr to bK cente1,', l,6re cut in t_-ic top ui" ti.1t-- Lox. A '7ertict;,l lever v:c..s 
1rrounted in t.!1c center of t:1e tox so t..~:t•·- t it coulr.1 be pusl1ed LJlonL, o.ny one of the 
four olits 'u~·· ti1~ 3UL:ject. ~.Lien pusi1t--G c-lon 0 ti1,: slits thi..:> lever tripped a mercury 
8witch, brcc..J·:inG t11e circuit c..nd stoL:._:in,.. t:k -ciuer. \'nen relel;..sed it returned to 
its ori6inal p.Jsition in thE: center r)f' t11e b,Jx .. 

A free•-f~lling &Tavity tac!1i3tc::,c0.:11;;: ~1.c..s cunstructed. to _;reduce a high aegree 
of coLsi stency ~.n tin.int ,~ucct-c ~si v-::.: e;, .. :J0 su1·e:::,. J\ s~1icln wi t~1 un aO.just&ble o;>ening 
w-sp b-:_,JJ.c. -~nto '.::.:. fairly !.'H3&."'12{ fr:,r::.•1 1;, 1 .J ,-:.:u :H:-iv-r:G U'l cn1u do1r:n ir1 slots. This apparetus 
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•O.t! U>feet~ -l'-1;__::"it 1 .. I•. 1;;_::, __;r--t 1.•·• fet-t, 4 ;.,H!!~l·f. fI' .. i. ~•.tt. r,1•nd.-r-1.k:.O- ,,:~~ 

-~~f~in.:.ry r;t-_L_~;1 ~-:--~Jr vj L.<t. c. .st.;.:1..:.Lrli i:-J..ectr.l.i..' t i..,-.21· LV6 ... ·-,.10lute ~-er,·,.~ ~. _, 

:~t:_.-xPu2-,·c..U'o:- ·,,it.11ir. L.Ut -~ir11Jt..:, ,,:..~' l,,,t~ tme·rl h:.n.i. :~, LhI-~ney vf ::..-,e 3"Fo~ ~t. ,i .. S"' a~ 
' ~~ ai.~ L~ncy r.Bs furt:ler c:wckeo within the limits .J:· +_.,1e r::eLJurin 0 devict! :0r -a 
, • rles of 10 ::musurewent;; by att.1-chin.; 1c strl,o of 1'1iX-coi,teci, paper on t,,c f,,llin,; 

i 'ohutter in contact \<oith a 1>igr,-fre,uency electric villI'otin.; marker run on a 60-
§i: c:,cle current. Accurate aetermim,tion of exnusure ti.me r.hich would mair,tb.in a 
'· rslc.tlvely .difficult visual tas:t 1.nu r.t t,,e st.rc.e tirJe r,l{.ke it ;,ossiL.l.e for che 
1. subjects to d:, scriminate nearly all of the stimuli t;ave " vuue of 250 milliseconds. 

, 
lief.ction timf:S wer<1 c.,ei.sured ,.ith " Skni&rc;. Electric Tiner, :!.odel S-1, 

er,uipped v:1th a D. C. Clutch. A G-i.l Li.boratories D--C Po,;er Su;,ply Unit (Flltered 
Hecti£'ier No. 2530-Z, 6 nlts at 6 amperes output) wes :1sed in t>1e clutdl c.trcui t 
of t"--1e ti.mer. Thl.s cir cu.:. i incluaec L n ... ke rr.ercur:,- 61',i tch & ttb.cl1ed to the U..chiJ­
toscope :,-. '1ich wa3 trl?~eU si~ul tc,neously v>.' i l~·i G~e ")et:inning of the exposure., In 

'.;/, .~:~ s£.me circuit ~ere t.he nr-=.:nl-: :c.crcur:? Si.-;i tches in ~1~ su1jcct 1 s res_po:qse box., 
c~~".@'i'~-e~tion with the .)roper.~, ~tch i1i L1r:i re::.;pun~e Lox l'.·i..s uchitveo by t.1e ex:.peri­
_,,~' menter 1,, moving lhe t.r,1 o.'.' s c',,ur-c1c3i t.ion sc,_ector a>""i tch to Lie 1.pproprir, te coc-

ncction _.Jrior t,a b.TI E.:Xj. 1 .)S11rc~,. T:'iUS, Lilr:- tL1c1-· ,,,,ls '"ctivut.Jd by t!lc f.:..11 of l~l.e 
U..chistoscope s:1utter 1._,,1u. .3Lo;..i.1~~ Ly :.:.t .. ,utjcct• .- :.1ovtmenl, of the lever into t•1f:: 
pro~--;er corner ,1f t.-1c 1·c 'lponse box. 

T 11:: .stimuli cbnsi.5t.eci of i_J~1ctour&,Jhic nt-~1.1 tJ,V8.S o~~ ,,idc:, troken rin~s, one 
u.cil "1uunt<=u ~n u 2 x 2 irn.:i1 Jr,,ject.ion ~lide,2 D.ch ring hhd " break opposite 
Ollt' C!' anotner cor·ner ·J:" t.w s4unre .slide. 'Hwse rings 'ierf.: 1-·,c:1.0.e in uhree sizes~ 
t.s .. roj~ct~d t:1e:r ,,ere 43 1/2, 3/, J/3, '-D'" LI inc;1e,5 in uiwr.ete,r i.nc suhtendN, 
e-r:.,les ~f ?3°46•, 114°51:,•, ,,nci 1~3o34, ,cs,ic•ctivdy, wch ait:JJ1eter 11i.s tested 
\''.·:;.t:1 LrcGics in the circl::G .subt~.1.11:~ni; ~O.l.<', 7°10 1 ;; L'JC.. ]4°16 1 o: visuf,l r~ncle, 
A 3;.i~ncer lantern ,;itr," ll.Ju-F,,t,. 3-.ll '.iulb •, '-~ u:seu ~o ;iro.i~ct t,1a s\.ides, A set 
_of pol&.roid discs E..ttt.c';e-l to T..'.1t.. 1.rt.nt.r-:.u:i ;l.l~e l~- ;·::.•s::ol.tle t.r; Vb.ry t.w . .: brL_;iitra~sr.., 
level ,lf t:,e ·sti:nulu, ( .02, .O;,, u,,, .10 ~·ootl,,ml!u ts3) J .. By ue&ns of '- second 
lantern, e~1u_;,_11~ed t:.lso 7.i.:~:1 ~1,Jln.J'ciri eiscs, t: flit,,· .. .3[JGt of liG~t i'7t.S focusea un 
L:1e cen Lr-;r of t;,e sc1·een ! ~ u .:'~,:a t-'.11: tJ'Jin".-,. 

In t>1,e test ::itu; ... tion 1 ...,,_1::::n ➔ t ·,-: r_1bsu·:r·~· ..... l, .. ~tecl binoculo.!"ly t(1e· lllur:d.uated 
rin6 on a dc.r~~ field, T"his :-i.ri,•~ ·r·.c ·: L~n~·J-!"1 '·_Tl on<: J~-· ~'uur chv'3en pusi+,i':ns on j t~ 
circ11it1f2rence. C,}nvenient.J;r '-1 1~·ce~.,-ji_fl2 ~•-' t 11:! ,...-,1Jl:ject wc1.t a n~u.m.Uil res.,Jc.m~e .. e't'er 
mounted :Jn f. sprint: swivel. ·T:2.t: c.t)se;-ver 1:[s to -:-.fJ-ue ·th~ level' from its no!'inhl 

2L 1 t - • • • ., ' f h. ' ~ C -:.inuo tLnt~o, s·.;,c"1 :.:- 1..LJe.- r,/ rl-o'=J-:,~ Ln ,P.:1·/ c 1.s reseL.rc11es ... rierree, ._. t.. ... 
Rwid, G.-, & I,e-:is, t,. f. i:ic ef~E.ct 1-.,:"' ~,;CJ.'S( .. 88 ,J~· intent>it::: af lii;nt on ~'1.iz vi.:,ue1 
(;iCUity of ~~r~sb~:opic l:. nd ,l,Jll-Z.,l"esb:·•·opi G cyr3s. T.r-~.ilS.~~} ons of t,hc Illw:tini;. ~in.; En-, 
t;ineerJn~_oc~~-~.Y., 1,J:i!,.., 2J, ;_)S-;,1.3 .. (i.Ct.itur•s N,>te. 7i1e ..3 !l-.ll~st ring (ti~u~ ... ::: 

~,·1 ,,23 1/-;.. ir:ic~1es) sti.JT1ulE,tes lih.Yre oL• '-, te J~•)VU.11 ~,nd l:il'f..fJve&l re~ions t1m.n Lr 1e ·)eri-­
';c t;pltery.) 

:' .~ ;..___':'!.~,, ... _,_ 3 
,/\ ,' Fovtlt.r:,be:._·t ·: 11 A 111: it uf br.:., !t.ru,:,.s::::., t>i. :1.::.:.l 

~-1 "!.ctlv ,·, \ ~""u•in ' . 1 ,,V f'L- •• 'r"-, '° -i· - r • t '.' 1 : .• cts ...,...!'--. ,I .,..._. .J,.'.i. "" I. ~ • .J. • L, - '- ' • - _, l ..- 11 .,,_; ~ 

,;i>J.l:'~rren·, ;-1. c. , · ~ ·,~; ,'1Ll_J_ ~,_r:o e _-::-,1•_".L ,I 

I.,: l'tt \.lnifnr:n t1rJ..::;\yt-.,nc-sr, of ~.J 

D''.1.~ l uroen per S'jUC.l'f' friot. t1 ( ?::.: ._>; 

d:u/,tou .'i.i°''lin, l'.l34,) 

''I'.lt':5J.? VL l ]_;., ,::. : . L. '. ~ ) \ -; I. - ll4 Or:6 ., ~-· _;_!J '­ ro 
:;ertie-~ of 
t: Jl , ;,:,:--, .. 

!' tc L'f i..11c.:_e1.£:11.:e J:~ t:-1p, 1)!'ojc.c-



On his &ri·lvi,l &t th1; lhb-.in.t,:irj ~.,., .iub,iect 111.s Lold tn<, .;ener£.1 n<-ture of 
the ex,;,eri.ment ar,u ,;hown t,:1E: v:orkin;,,a 0': c:w ,;p,lhl·atus. Then, after he 11t,.s plr.c,m 
in position behlnti tho .;z,ouna• 1,l1>ss scn:,en, the, follov.in., ciircctions v:ere reaa: 
•Look directly d., the dim ,;;Jot of liwht "t 1:,1< center of' t,ie ,icreen. Shortly ;.fter 
I say •ree.ay• there ~-ill flash onto the screen for a brief insu.nt a circle of ;~ 
lii,ht ,1th a bre1c.k in its circu:nfercnce. The break vill be opposite one of t.'l.e, ""·· ,1 
four corners of ·1,r1e screen. As soon as you sec v,herc the brei,.k occurs, pul9h- t~l"' 
response lever into the corresponding corner of tlle response box, After the rill~ 
sponsi; is raude, releuse your ·)reesure on t,1e lever f.IIO it will return to ite orf~:,s,~,'.>'c· 
giD.61 position at the ~enter ~£ t,11; box. You v:lll be .,iven a rest o;.t frec,uent· ? ·\'.; 
intervuls. • • ·' 

After t1rn or three SLmple slides v:ere pre,sented to L¾ke sure th&f. the subject 
understood the directions, a pn.ctice seriea· of ') slides W&S .;iven. This w,;s fol"­
lo1~ed by the experilllent.:..J. 2er.ies es described in the experimenuil desi;;n. Records 
were tLlam for both the ;iri:ctice um the experimental series. H.est periods were , 
'-).ven ifter ,;bout every 15 rea;:x,nse ..... &:ch sutject required ep:•roximotely 50 min­
utes to finish the t:X_?eriment, 

.¼ 
The ex;ieri:r,enter (CLrlson or Tinker) O?eNt,od the t&chistosco,e, clu.ngeo ~Ill'""' 

Lnu vt.rieo t!ie bri6htnesi, levels of tu" lights. An as1,istLnt set the four-poc.~i~-':i 
selector switch in the circuit ,,1th t 1ie response boz and timer, and recOl'lled ':; t,.};}i 
tne res Jon Be times. The subject hiir.3elf reset t_,e s1•,i tches in the resp'onse boil: •• • ,, 
cfter eLch response. 

C. EXPEhli.!ENTAL DESIGN 

The. ex,,eriw,mttl ;irocedures for Problem I were fi:.ctorially designed5 in order 
to i,scerkin e.hether 1- s1£,llificbllt ,iortion of tao observed vi;.rit.bility in reaction 
time could be referred to one or more of l:.i1e vcriubles in t.'le situation, or to any 
combin,,tion of them. To i::sceru..in ti1e si,;nificance of f.IIY portion of this varia­
bility assi~nea to a i;iven causal &gent, use is 1:,ade of the ratio of t!1e vt.ritnce 
v:ithin .;roups to t:iu t betvieen e;roups or ar:.ontl mei..ns. 

Three sizes of ~ircles (a1, e.2! a.3) ere combined vi th three sizes -of breu __ ,,:>it 
(b1, .b:i, bJ) under tru-ee levels of :i.llumin .. tion (01, 02, 03). In <-11, therefore;,-t.",,_,-~ 
27 a.ifferent co::.bin!itions, or tgat objects, are derived. These ._7 combin&tions ''.,, ,,~ 
ctn be arrE.111:,ed in tiiree blocks of 9, so chosen that Y.ithin any one block all ·.' 
cor:i;:,erisons for main effects ~nd interi.ctions of two f!ictors are conserved { see 
Ttible I). Of the four pairs of ae6rreos of freed.om for triple inter"otion, 7 three 

_5r;u11 ex;1.U.zic.tions of' t:1e feictoricl aesiJ) of ex;eriments CM! Le found in 
sum:u.rd references for t,ie 1,.ni,.lysis of vo.rii:.nce, e.g., Lindquist, E. F. St,;tis­
tici:l An!>lysis in Etiu~tioni:.l Rese1arch. Boston: lfoue;;hton t.lifflin, 1940. 

61; • l.lock1 refers to " t...blt or column of d,. tEl from e :J6i·ticul£:.r suLjeet. 

7Tri.;it inten.ction refers 
inc.ervct_:_~D ,;,f tnree Vc.rit.Lles • 
.:.,it,nifict- n t. 



E':,- followir• the arrangement snov;n in Te.r.,lc 1, it .Ls µossic,le to recover ti,rce-
l\ ,.,:~tb,;;, of the iuformation lurt .Lri confoun...:.inc- tr.L __ ,1e inttr~etlc1. u1i..:. lnclviauLl 
c'J,:erences. The Ve.rii;.nle:c c.n: ;:ivon in the colurr.n heucinr;c ~n, c,_t:cr al1n;ys 
in the ord~r, rin1; size (c1), Jru.lc size (b), -..n•- uric.Htness levd (c), The three 
nur:.ber:. in<...icc..to the lev8lt,; of t~1e~c Vi..ri;_.Jlt-~ for c.... ,•c..rticul.:.r co~·Ji1Jt..t.lon, i~e. 
tr,e fir~ t e,ntry, "l 01 c1, me-c.ns tllL t tne tJl'tLLnk tiun incluc.c.u tbc ~:,,,.l:.Ecc t circle 
·uith the smi.l.wst orcc.k ,-._t the lov.est illurir,ation. The l" vertic&l columns of 
Tuble I re.t~rescnt ( sets of ...: .Jl0cks (inU.iviliu&.ls), ire .. ec.-..ch vtttlc1....l column 
ccrres,)onc.s to the "- sU;Jjt.ct~ ·;·ho -.:ere bivt:..n tac .sc..lliE.: ~ res~ ntc... tion in the $&1.:e oruer. 
-,i thin el.<Ch Let, one j_JLir of c..e,_.rc'L'Z of fr(;eaoir. for tr_LJ_.le lnterc:"~tivn lLl cunfcundtc.i. 
1::i tn J lock ( lnc .. dvic..tuo.l) olfl l.r1..:~~CE!:i ~ The infoi-mu. tlon en ~-ny ~Jc,,rtict..lLr l~t- ir is 
tiwre~\Jrt ;1Je~t..:!'Vt-ci in thrl:t ~ett:, of olocks, lo[.:t ir1 or,8 set, i.e .. , fo:...:..r ctif1't.-r ..... i.t 
urr,_nl,1,.rr:1-nt~ of the ',..,7 ccmoinLt.ions 2re Liver,. In the first. three VL•rtic.: l •:.:cJul"'ns 
-·: fo-_1rth of th::.:- trl~J..e interc...ction i[: net ~et-12-r,;-ble fro: ;)loci-.: c.iflerlitce:.; in tile 
~.ecouu t.~lI't.E: cclumns L rourth of tim trii_le intcff<.-ct.Lcn i~ tl":-,~-1.crl~r co11f1)uncH:~a, 
__::.ut net t~1e sc.,,.r:1e pc..rt us in the i"ir- ... t Vi-rec.. f.£..ch of the fcur ;)b.ir~· cf r1eLro~ s 
oi.' frG~do:r, is Llru.s c0nfounciea in turn .. 

Any one obGerver ·.-,'-'~, teuteo .._,rith 9 combin~tionE,, For e:-:ch ,itimuluc srrc...:1;..;e-
:nent 10 re~J.Jon~e::::. • ·.:ere averaged to ~r -el(~. c. rc.si.;t•n:..e tirr,e f:>corc. Jcc.-:_,2:_c tiicre 
;;,..,re 48 .suojt:ct~ for '.horn rccorcs ·,•.1ere rc,-iuLtt.:c, tlie,y nere tt:Lttd in 1~ grl u ~ cf 
4. obs.-:-rvert. eich ar: .s11c. n in 'ft.0le I . 

.:...c:.ch cf tne SI slices to oe U[Pci 1 .. ith u ~~i\·cn oi.Jscrv'(;r ,:c.:.:. )rl-!X.rec int. o 
formE, e.lffLri11g only •··ith rc;r_:::-ct tc tlE.: \..uc.ur.::..Ht in h.i..cl.1 the bret.k ·.-c.:: pl:~ccU~ 
The ½.Uc.arc,,_nt choice~ ,.t..r~ rL.nc::r,.i~1..u. t-,c c.voic .. s.:,r-.t.errc. ti,::; c.f1(,;ctL, frcH!", tr,.i~ ;.c..urce. 
The $cri.r::s 0f le [.lic..,es so ootuinl:o. .. c..t' rt:!_~._ tt.-c fi\1£ tiwtc to i,).vc; L tC't[-.l cf <:;u 
rcs.i.~·c11:.(~, 1, fo1· ELc:1 cvr,:bin:_ t_·_u1r 'I'lle:.:e ~rt_.1.1.ps cf lJ Jicluec (. co!:1 ... c,e;itf cc Gres 
for e,. ch obsL1-ver., 

" , hen tne v~ril:.nce cf t~· .. -s rr<.::-- ns i::: c11: .. rlvc fro11 tv,L' r:r rr.,)re :::·ource:~ r .. nd r.u 
r:erarc.tion of the ~ource~ lb .r·GL ... l.01£. rnt..l~inG l"L·~ ... ·,Jirec: C(l'!.._)trl:::-ot1s iuterue~~euut nt, 
the UL'[_;rcc.s of' frt.;ctlrn!i or Luurce~ cf '~T'..rlt. !.....:...c,a ;_L1·e t:<-ic.r. tu be c:on.fumdc:-:1., (::a.st 
e:t;:-ierin:t:nt~ ti1u.t c.1·e. s;tiC to 1: .... ,-.x ~ .. ro 1.•,c..L· contrcl: ·_ culo_ ~nvol7e confcunL.l.ng of tFo 
or reore scurcet of VO:d'i(:...oil.i. t..,· .. ) 

9 ~.fte:c c.llu·,:in,e time for ..:..n,•.truc~✓.1.ut!r, tnu £"'re. ctice scrie:. L~f &lities, c:.. 50-r:1inutf 
perioa ..-,err:iitt.cn E,n e;o.;;crimentt ... l ::.Erie~ of Q:J re[, 1,ont-cs .. Ein~e c.. .i:,retuntt..ticn Lp­
Jf.-trea. lv ti.r::es in e(.,_~h ~&: :-lo.:, t..ii.s E~r:t t)1:. t vnly 0 of the ;_7 corrulrn.t.iun~ cc..ulc. 
oe emI,JlOJt;C ;.ith .:-~ t.,iven r:u_)j(.ct, LllLL tJ.li..t int. t,ruu 1. oi' tri,'e::c· ..-.:..lJjcct(i Lll co'.7'1oinL­

tiont. coulc, oc.. tc•_tcu .. 'l'L..lt.: c,c~_;_:_:1,1 .. t'c'riaef . .fr,r ~~:. r.lwj,.:.ctt: in L.. r.r.:u1 •E of .:>., Re-
. petiti0n of tr.~:: ~'-·-juene,'. ~- tifE-; ~,iVt: ~ t:.:•t~: c,r1_1· :_:· t;..:3 OLJE-.crv1.r::... lc.E:~~11:,; Lli_ 
40 oO,;::;t..rV\...r~. :.:i1...ul;_ !1<..'✓~ •-''=-'ll L,.: t.-:: l.T .. ~~-(' ... J ecr,~blJH. 1-._on. Thi~ ~,rocu .. ,Ul'i;..·, due 
to .l~:C;{ of tir.:-t-'!' ~:,,i.. _;-,_,.._ 1J.__ .~1 \J'·-: _-.·L~r:1t ~·~1 1c.,., 'fne si~rd.fic(..nt <.lV<-i:lt.:.[;L' 

,":r t~1~:: t::,,~e c.f t•::.._..:_;]J -;__,:_ tG; t _lL ''.C'_:-.:•:.. ~'(~~ :.J~tf• t· ,_,tJtci11 l'~' lriLtt:i.n uf ..... r~--
'..:, r_r_. ,_ ~ .( (,•, Ci, l' ,_ [ ·,J.) j '·- C: '. -, (. r e~ ch c;i·;-,_ :: ... '.::t-:.,. nt~- ti LI,~ ,...,11(, ~C..!T1i t_, _ titc rE;:::COV< r.,• of 

~// ,Jt' T '.:e _;_,1form:✓ r.:.ca ':,i;~ t ,;:;_t.-, ,_] <- 1.n the cor;.plete e~,. 1;:1'ir:"'f'l1t, 

Thi,=; "·:1, 1 lE-te e.- .. L:., .. i. .:;:1t. ',l:lci ;: ... •,, 1·,.,,v_t-.1 l' 'd t--? r_•.:1:'.!Vin£t1.cn[ tc-ted on every 
.sucj~•·li- cut -, (•1.11_,J ~Y.Ai.-t, ·~,-,_:~.re.-(: :-- _.: 1_~:::_~.:enl"-Ll J;. ,or LUG tir:,e 



Ovt_:_'. 
' 

_,;: ?Lctoi--5_r~l Dc.~1t•;1 /.,; t ,-,et,(: +_.J_·:n <-TinP .6;-:pi,;•rillicn t 

S~bjects 1-·4 5-8 1-12 1.3--16 17-:~o 21-24 25-2S 29-32 33-36 37-40 41-44 45---'.,2 
1 

VLf it>bles .sbc a.be ab,; r_,_bc ,.be &be a.be abc abc abc abc a.be 

-111 11.3 112 111 112 11.3 111 113 11;:c 111 ll2 113 

212 211 213 ,:13 211 a2 212 ;a1 21.3 213 211 212 

31.3 312 311 312 313 .311 .313 312 311 312 313 JU 

' 
123 122 121 122 12.3 121 122 121 12.3 J ~)J 121 122 

Co!Jlbim,_tions 
of 221 22.3 222 221 222 223 223 222 221 222 22.3 

VariE.bles 
322 321 323 323 321 322 321 .32.3 322 321 .322 

132 l.H 133 1.33 131 132 133 132 131 132 133 

23.3 232 231 232 233 231 231 233 232 ;::3~ 232 

.3.31 3.33 332 331 332 3;3 332 331 333 333 .331 

D. DISCU:3.3ION AllD ilESULTS (Problem I) 

A s=o1c.ry of results ap)ec:rs in Tfcble II. For each source of variation 
J3 g~verttne c·i,rCJ;iri.,t" rle,~reecs ,,r freeaocs, su1:1 of squ,,res, and mesn square 

221 

323 

1.31 

2.33 

332 

n; .... vtit•~i::i.nce. Th,~ 1-:ntrieo in t~·v·-· F' c•Jlu~nn £11•c tile rc1tios o:f' t:1::· several experi­
mcntc..l vc..:..:iunces 1.0 t.:u..: rt::sit1ut:.l ur tes"L vc,.rlc:,nce.. '!'he lutter is tin estirutte 
of the vuriDhility thr,t the oak ,'!Dula exhibit if the experinental Vhl'iables 
ht·d !!l"de no systematic contribution to the total variance. The F rE<tios are 
t-ccom~lnied by the v,_lue i·e,1uireci for si;;nificance .. t the .u5 end .01 levels. 
Tne vari2nce uttributed to blocks is es~entiuly e meesure of individual dif­
feI'ences. As ;:,reviously notea, one-fourth of the Vhl'ibilce due to triple inter­
action is included in block differences. The infl .. tion of individual. differ­
ences thereby ,,roduced m,:.y s6fely be neglec~ed. In desi;,ns of thls type block 
effects ere commonly treated as a purely forn&l subdivision of the totb.l sum 
of sy_uares in order to reduce the residus.l veriU1ce preparatory to naE,king tests 
of si,Jlificance. It is used here es a convenient estimate of reliability. 
The subjects were available only for & sinele experimentc,l, session. Unaer 
these conditions it is ,:ustomary to compute split-half correlations or related 
coefficients of internel consistency. A si.;nificcnt correlation means that 
ciifferences between individuals are 1:.akint; a greater oontribution to t:1e 
scores t!1!lll are the uncontrolled sources of variation~ Preaisely the swne 
interpretation -y be .;iven to the block variance in this experiment. 



The expecriraentc.l. v .. rlo.i.ilei:; c.re u;,:;ii.,m.teu o~- tne lbtt,,rs .e, .J, and L 
for circle size, break size, 1.nn level of illumination. There 1..re 144 ~.con, 
for e~ch rin;_ 5ize, c.11 v~ric..,le6 c.rui ti1eir comoim.tioll5 oeini; e .. m.l.1;;, re,.re­
sentoc. ,_ t the tliree level£. 'fhe tureo tote_!,. yield tbe t-.,o ue"rcc ~ of freec.om 
fer "~tim....ti1l{! the v,.rl1.1,ce 1..uocii:. tecl •,;ith circle siz1:. ,3ec'-'ube there is no 
ree-son to £.b~urne tho.t tbe vi:.ri,. ,le is linei.r, the su,_ of sc,Ut._res is i;ivui se,_.,.r~tely 
for t.;e r"i:;res.,ion (Arl !'.na tne neviatlon (/;d) componenti::, h.int; size is cle: rly 
linear in its eJ:1'ect. ,.ithin the lir.,its of t:1c· 1·.:nge tei;teci in this e:..periment 
one may say that inc1·e.,, e::c in too visu,.l c.ngle subtent.ied oy t.r.e; Qroken ring will. 
P-:od?ce ;.,ro,,ortional incro'.,SLoJ,n re,,, c,nse time. 'l:nis result c0Hf'ir::1s :.n ecrly 
f:i.nd1ng oy &11 1.m von Krie$. VisUt.l .,cui t;r h 1.l~o ,mown to vc Ti i11v<er:oely 
with incre,.Lillt; aependence on peri1,heri.l visio,.. IJ!.ta from ,:.n e:..,ieriment c,y 
Hecht .,nc. Verrijp11 suggest that the criticcl flicker frequency also varies 
inversely wi tll the dist=ce from the f'ove.c "'-t w,,ich the retiruc is "tinruli. ted. 
Al though the effect of vary-lng the r>ctiH&l loch tlon cte,ientis on the level of il­
lumim:tion, the reu:. tiuni;hi,; oet,:oen fusion fre'>uency i.nd ::, tinulus ;Jod tion is 
evident i.t leVbls of ilJ.u!Jil'lh tion ccm.,d·i.olE: .i ti, tHU"'' used in this experiment, 

Vari1.tions in the si, of the oreb.k to oe <iiscrimin.-,ted !.re c1ssociated 
witb significant chl,,nges in response time. The effect is not strictly linei:.r 
because the chE.nge in ureak size from ::;o to 7,0 produce:, ;,. grei..ter esfect thun 
the ch!.ng" from 7.o to 140. It is, of' cc,urse, .:ell knovm th.E:t intensity discrimin­
ation variLs with the size of th<, reti!1{;.l ~rec. ,;i,ich is ~tirnul~teu. ,Jut the;.;e 
break sizes are all above the threshold at the levels of illumination employed 
in this experiment. ..ith very .Luv; LJrightnes,o lev,.l:, or very short exposure inter 
vals, pre:..e:xperirnentcl oo;;ervers \\ere orought uoim to tbrt1sm,lu , erformance. 
Subjectiv~ re,;orts suggest tnLCt unoer these conditions the rint, is frer.,uently 
seen '"" L closwd annu.ius. J;oove the tbreEhold the aifi'erenees ure in the time 
required for the discontinuity to &,, •• ear. 

Changes in orig11tne, s do not produce sit,nificc.nt c.i1'ferences in res,;onse 
time 1·:hen sci:,a._rc.. tel,1 cunsici1;,rt;;u., In gcn1;.:r,.l, ~~re1ricu.:; invebtigt:.tions t~gree 
ti1o. t increLeed L timuluic interu;it:r is c.ccLn,;,Lnieu oy uiurter re1..ction ti1ues. 
The relhtion is certb.inly not line.c.r, out its e,.,.ct form v,.,ries • .. icely from 
one experL·:"!lt to another. Visu.s.l c.cuity &lso v1.ries ·,:itr1 intensity but 
ti,e .;,cuity curve for .:0 tbat objects is well {1>ove nurm.s.l tnredwlo s;ithln 
the illumin.. ti on limi k here em1,lo:rect. Hecirt ~ among others, is inclined 
to sU!.lsume the findines an c.cuity «nd intendty discrimination under one lzypo­
thesis. Tl1e effect oi' i1,crei,,sing the are£. of tlle stimulus field an intensity 
discrirnin&tion, and of incre:..si,11;h:·i5htneos on 1,cuity <.I"" oath interpr.,ted 

10 Hall, G. s. 
vom Ort oes Ji.eizes. 

& Kries • J. v. Uber .::ie Abh6_ngigkei t cier Re&ktions-zei ten 
;,rch. nr.Lt, i'ljYsj_ol. Lpz. (t,u, 1.),1879, 1-10. 

11 Hecht, L. "- Vt,rriji-', G. ,1. lnt<e,·JC1tLeut ~timul>.tion LJy liLi,t: ii .... 
'Ihe relc.tlon ..Jct,""" intunsity c.1,c. crit:ic,.l 1·usion fn,c.u<=r1c;;,- for dlfi'£>1'cut 
retin"-1 loc,,tic1,c. ~~lh ?h,1siol., l•-·o,,, 17, <.iil-:Cb8. 
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1:tl:~11!; .::l 

Analysis af VarL"!lce of neaction-Time Data 

Sum of Degrees of Sum of De;srees of Mean 5% 1% 
Source Squares Fre1;dom Squares Freedom Square F Level Level 

Blocks 4374698.8 47 437#>98.8 47 93078.7 10.7 1.4 1.6 

Ar 1233104.3 l 125)848.8 2 629924,4 72.6 3.0 4.7 
Ad 26744-5 1 

Br 72810.1 1 1o6409.3 53204.7 6.1 3.0 4.7 
Bd 28199,2 1 

C:r- 4753.1 1 20856.0 2 10428,0 1.2 3.0 4.7 
Cd l.6102,9 1 

Ar • Br 54203.4 1 
'Ar • Ild 191,5 1 

58465.9 1#,16,5 1,7 2,4 3.4 'Ad Br :2:25.0 l 4 
:Ad • Bd .3a46.o 1 

Ar • Cr i.:.;,320.0 1 
Ar • Cd 71734.s 1 166791,5 4 41697.9 4.8 2,4 3.4 
~d • Cr 24727.6 l 
Ad • Cd 58009.1 l 

Br Cr 47533.5 l 
Br• Cd 11475.8 7-;;.546.4 4 181:36,6 2,1 4.,4 3.4 Bd • Cr 12348,8 1 
Bd • Cd 11!!8.J l 

;A • B • C 210144 . .3 8 2101/,4.J 8 26268.0 2.9 2 .. 0 2.6 

Residual variance 358 Jll3o66.9 358 3975.0 

'l'otal 431 9482827.9 4.31 22001.9 

~a being due to an increase in the nutlber of functioning retinal. elements, If one 
1,.ssumes, furthermore, t.'1.,t the swte of the visunl apptiratus at lillY given time is 
a function of the final stctionary stLte for a spcciried set of conditions, this 
hypothesis might be i:.dequi.te uso for reaction-time duts., &,.rtley•sl.3 finding 
,thi.t the latency of cortical res;;onse to visUEJ. stillulation varies with the area 
pf tile stimuJ.us object is of interest in this connection. lie noted also th..t a 
curve representini; tho l'irea t.nd ,·esponse-tirne function shows !l.ll abruption at about 
;2QQ of visllb.l t:.ni;;le. Size c,1uit:es ue :i.ore effective 1rhen small MEIElS are involved. 
In this stud.}", it ,.ill be recalleo, the chcnge from e 2° to a 70 break ;>roduced the 

13ilart1ey, s. Ii. The time of occurrence of the oort.t.cal :response as cieter­
lnined. by the t-reli of the stimulus object. Am. J. Physiol .. 1935, 110, 66f:...674. 



f~rea t,e-t, . 1-Jr 7.:_,Jn c•• c: tt- tot&J. c, 1Ulc.,E ovcu_:~r J n,.~ ~>etween 2Y c. n.d 14')., Wi lcox1 <;, 

ru c '! ;'.f-;:_ - :1i: t J::.Cll:..t~;- mcy v&..ry c1.1rvilin~}.rly ',\it.!1. brit;Jitness.. Ht used tr.o 
,,; r._ bc..rs ,n a J iL·' t.sd fJ..ela l :-:(~ h:u iL:ur.:in:. t&d bLr:.; un 2 nc:rk fieldo For 

.. _-.ir::5t ~itLH,1,ion :1c; ubt&ins t,1e usual -:·isin1~ curVP. for c.cuity plotted 
,c:c.inst ilLunin&tion. heeolution in tho second csse rises to "maXimuo at 
c, ,me t,1 ... n6 under 10 photons, ft.lls therea:'ter. !lo s,. tisf&ctory ex;,lana tion 
hc..s been 0f.~~ereu ft;r t.rlis findinb, al thout;:"~ t:1e techn2..que ~1us been severely 
criticized on the r;rouna tn<.. t it aiffer.s fI·or:; t:1e convention;;l way of mea­
;:;urint.., c~c1Jity.. The broken rings u~1ea in t-~1:!.3 experir:aent pre.sent a compar-• 
o.ble tt-si:. situt.tion .. Althou5h the illuminc.tion ch&ne~.s &re too sru~l.L to 
produce 0 ::::tr.tisticc.lly sisnificE.nr, effect, t.!w response--tlne changes ob­
~.,1·ved .follov: the, sune trend fauna b;r ?,'ilcox at comp6.I'&ble illu;c,ina tions. 
Th& t some so,·t of ,;l,u-e phenomenon in-,ol-,in,; en top tic stray light or retintl 
l1&latian c~n reduce &cuity is to te expe-~ted, But a curvilines.r relationship 
ls not so reb.o.ily expl.aineo ... 

T~1e .interoctiJn v&r ittnce for circle WlQ t;rec..k size leaves tenable the 
:1y_:1ot}1esis ~.1[.t their ef.:ects on respon::e time are odaitive .. The me&ning of 
I,1~t _intero.ct.::_or~ betv,-een circle size hlld illu.:-ainc_tion is t.Jrbigous,. . In all 
?rot,a.Lill tJ-, a ~Jar t-ion of tili s v&riu.nce is e.n indirect 1,;ea:.,;ure of t~1.e effect 
of illu:nim,tion. It is due to chi.ne:es in the amount and ciistri.bution of the 
tron.5H1i t ttd light with v&r il. tions in the c.ngle of inciaence r. t the screen,. 
Ttiis an;).e cnw~es fro;n ::,ne cir-r.le s,ze t,, anot:1er" The br<ci.l-.-size and il­
lumim:.tion inter&ction, t-hou;h not si;:;nifJ.cant, L; conspicuous in one pr.rt 
of t:16 0rit;inal aat.::;.., The effect o.v~JeE:..:rs .• rie-;:i lw-~~o circles are considered. 
Vi1ith t~1fSe fi 6~res in di~ li~,ht, brec"i::-size cllctntes see!!l to be effective~ 
And li:_;ht ct1wces are effccti•re if be 1-redcs &re snall. The triple inter­
faCti1)n i.3 derived. from t~1e interdept~nc.iance of tae two-fc.ctor interactions .. 
Al though it cu. be e;iven a st,, tistic.:,,_l Ly s+,r.e,i6htforward interprets. tion, its 
ex:J€rir..entt.il rr.e~ninc is uncertuin. N6vert!wless, J_t is f'urther eviaer.1.ce thc.t 
even ti1e rno~t carefully conducted st-~dies of single v&rlable relations to 
vi::;u&l Jrocess.;:s c.re likely to encuurur;e o-,rer-sirrpl.lf.i.ed :Jypot,heses~ 

~·1e re.3idu.ol or teGt vcri<·nce L.5 .,,c.cie up of int.ra-intiivjdual difi'erences, 
~ncJ 'JC.-1.n:, ;1rt,c t.ice eff~cts, :r1oti vc.. ti '.)nal 1:'1t. n~8~, ft tib11C, c.nJ flue tu<.- tions 
:J:' <'~tt.e::d,ion. It includes r..lso cxperimen':.c-1 8r1·ors Cue to B-?~c:.rs.tus Vl;.rio.tions, 
ur..e½ ur.l ciif f icul ty .:..if 't,. Le 1·e.:::1:Jonse ,,_.:.uacirun Ls, t,.nr: rel& terl sources., Soue of 
tl1ese fc..ct,,rs _)robLbly :,:r.ke no ir.i.portLnt contri1::ution to tie total variability, 
others contr~Lute £.pyreciably. Tne re3uit:J .:,f vr.ri:rn:::; co.li1Jrt.tion :1rocedures 
11u:~e it cle.b.r t'.H.t t.lle vLric...lJlt:! error of L1st1'u:nent0.l recordint~ dues not. ex­
ceed t\';o ;,er cent of tl12 meLn response ~.i.;...e. Vc._ric.biJ.i ty introduced becuuse 
the response Ccll"-dr2..n ts ,cre ,,f tme4uul diff'i cul t;r is ;:,robc.bly iroportwit. It 
v,ill be r&c1:..~leG :nL.t of t_1E" t0n reS:J·Jnses J.'i< cie by tr,e subj1:.:,ct to a t_:iven 
test objecG, f°J..VE: Y,erc ru,.rie in one r~_ndo1al~· chosen quadrfu~t, five in cnother 
LtUbdrt.nt randomly chosen tram tne reJ1E,inir1t~ three.. Tiie de.ta from et.ch ob-
3erver cou.id, therE:t'orc, be i ... rrwl(.;eci t~o p.rovi~e 9 differcnc(3s L:etween (iUct.dr~nts 
by ~ompc.rinb tv,,:, c:rc.uJ_.:.s c;f fivr;! res~on.::.e.3 uLfa .. int~c. und~r· sir.-,ilt:.i~ i:!Qnai tions 
exce~Jt for tne response tj_'i.Jl:ldr.t.ni.,.. Six d.tst.:rj ::....2tion~ of differences ,;-.-er.a obtained, 
t.J1t; co:.nparisons heiit!:; q11&dr6.nt~s 1 •· 2~ l - 3, 1 -- 4, 2 - 3, 2 - Ii, :...nd J .. 4~ 
,~~teth~r tllf~ :::·c..J..&t.ivc r.,;..i.f.:..'icu..i.t:,r wit;: i_·1 ,;_ .~.:::_vE;n ½uad:rLnt. pair is obtained by 

1¼ill~ox, W., W~ Ille :,; ... sir:; ,Jf t,'.·~ ce·''?nr:;;nCf; 0f ·-riout:.1. &.cuit;r en j_J.lum._;_ne.­
tion. Pree~ N[ ~.. p~cc1 d. _L•1' /c1 . . !/f ~~2) .U\ i►7• 56, 
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:direct comparison or inferred from other comparisons the res.ults &re almost 
identicll.l. In arbitrary llllits, the relative difficulties of the four quadrants 
of tb.e visual field are: upper left, O; upper right, 9.2; lower right,27.5; 
.lower left, 46.4 (most difficult). All differences except t.'lat between the two 
:upper quadrmts are signific=t beyond the .01 level. The interpretation of 
,the differences between stimuls.tion in the left and right visur,l fields is 
:complicated by the fact that binocult.r vision was permitted. The results do, 
:however, Egree with previous findings for horizonu.l differences but not for 
vertictl. Vloodworthl5 following HE.11 Wld von Kriss says thut supra··foveal 
stiunulition yl.,lds shorter reaction times than infra-foveal stimulation. 
Signific,:.nt differences in the reverse direction were obtt.ineu in this experi­
:ment. The comparison is, of course, made with reservation because the present 
'clc..ta have been obtuined from a choice-reaction task instead of the simple re-
• .. ction to which fioodworth refers. 

PrLctice effects are al.so responsible for an appreciable contribution to 
,the residual variance. An estimate is obtained by comparing the response times 
for each subject on the first eighteen responses with the performance on the 
.fifth series for the same test objects. In spite of the fact +,>:, .. t preliminary 
:practice was given, the mean aifference between the first end fift,h response­
series totals is ll 78 ms., with a 11 of 204 ms. This difference exceeds the .• 01 
level of significance. 

E. SUMMARY AND CONCLUSIONS 
(Problem I) 

The ·ffects of three variables on the latency of a visually controlled 
disjllllctive reaction were studied in a factorially desi&-ned experiment. The 
. stimulus objects were illlllllinated figures similar to the Lhlldolt broken ring. 
Observers were to indicate by an appropriate movement of a manual response 
lever the quadrant of the visual field ( trtl?lslucent screen) in r:hich the break 
;appeared. 

Results indicE.te that latency increases as the fi1,"Ure is presented in the 
visual periphery, that latency varies inversely v:ith the size of the break to 
,be discrimim,ted, Wld tltt.t changing illumination within a small range produces 
.a statistically non-significf<nt curvilinear effect on latency of response. 
,Although significant two-factor and three-factor interactions e,re obtained, a 
portion of these effects is ;:>robably due to the optical structure of the experi­
•mental situation. 

A mu-ked prc.ctice effect was demonstrated v;ithin a single 50-minute session 
• even though i, pre-experimental series of responses v.as provided. 

heaction time depends also upon the quadrant of the visual field in which 
• the discrimination ·i.s to be made. L!.tency is significantly greater when the 
;critical portion of the stimulus figure t.ppears in the lower half of the visual 
field tra.n v.hen the upper half is involved, a finding v;hich is contrary to pre­
viously reported results. 

15woodworth, R. S. ~oertrp.en~ Psvc_hology. New York: Henry Holt, 1938, 
'p.J27. 
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PhOBLfM II 

.Compurison of Re .. ction Time with LLnding Skill 

After eskblishin6 the relationship between the ex?eri~ental variables and 
response time, the next step was to look for a correl11tion v:ith tne criterion, 
skill in lbnding. This criterion .,,-es derived from t.1e ratings by flight instruc­
tors on two types of sceles c.nci from ti1e ratin,;s by federal examiners of the 
selected aspects of the stuaent pilot's skill in landing his airplane, 

A, THE W.TING INSTRUMENTS 

Three types of ratings of the pilot• s skill in landing were obt,-.. ined, two 
from fli6ht instructors ena one from the C,A.A, flig'.1t eXbminer. 

1. Ench instructor placed his students in rank order, giving a rank of one 
to the student who showed the greatest skill in lending, a rank of two to the 
next best student, etc. There were five instructors, each m.ving 8 to 10 stu­
dents, 

2. Eech instructor reted his students on a rating scale for lLndings. 
This scale wes slighUy !llodified from one appearing in an e&rly f0rm of the Ohio 
Su.te Flight Inventory.lb The scale a9peers in Appendix A, 

3, The C.A,A. flibht e:ia,miner rLteci students one 5-point scLle for land­
ings, rLn~ing from (1) excellent, tilrough (5) poor. 

Rh tings for four sepicr;._te hnc.iin,;s v,ere n:.ec.J.e on the Ohio 3ta te Fl:!.ght 
Inventory, two on ecc!l of two d&ys. hhtinbs on &ll stuc,ents were obtt.ined 
,·.,1en the,y reached thv aem1o sti:.;;e in t:1eir tri,ining course - just prior to raak­
ing their cross-country _flights. In view of the beneral lack of hi6h vc.lidi ty 
of rLtinss it wt.s ciecicieci to treat them in the followinL manner: The ratings 
on the v&rious sections of tac Ohio St,., te Flight Inventory were 6iven letter 
grbdes of A, B, or C to lnuicate 6000, fair, or poor skill in the various as­
pect:i of lwiding, Then, from inspection of t;:J.e tot11l ;,ettern, eE:ch individual 
pilot ?:es &ssigne<.l a ruting of l, 2, or 3 (good, fair, or poor). 

The ri.n:,ini;s end the rutin~s by instructors were both considered in select­
ing a group of 10 students considered best and &nether bToup of 10 considered 
poorest. Since each fli 6 11t instructor had about 10 students, two high &nci. two 
low stucients were pickea from e,ach sub-group. Only those stuoents were selected 
who were consistently high or low on both (l) the rank order, and(~) the ratings 
on the Ohio Stute FliJ;:ht Inventory scale. 

Various comp11risons (see discussion of results) on speed of re&ction were 
DUide between the group rP.ted high and the group rat,ed lpw, The ft.ct tlu..t the 
43 students weru not tr&ined by the SfJ!le instructor imposed a limit£.tion on the· 
effective selection of criterion groups. Unless bood enu poor prospects were 
equally distributed 6mong the five instructors the criterion groups derived 
from the coIJposi te ratings v:ere not fully efficient. A student considered 
bood in one group m&y h>.ve seemed only mediocre in &nether. The simplest 

16.rhe ea,rly version of tile Ohio Jt ... te Fli,-;,,t Inventory is des;;ribed in: 
.taberton, H. A. & :·-Blker, R. Y. Criteri& of Flit;ht Competence. Progress report, 
"";:,tec .. cer 1940, 'iashln,.,ton, D. C.: N,.tioni.l heseu·ch Council Corrur.ittee on 
Selection &nu 'fr>.ininb of J.ircrc.ft Pilots, 1940. (C,i~•1 in Comiecittee files.) 
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olution (though impossible in the present study) would have been to lu.ve the 
subjects all r<.ted by competent observers v:ho were not directly connected with 
the tr<.inin,; proi;rarn. A second di:fficu.lty \·,•as t!1£.t blthout,h the ri.tings were 
made ht the time when all students hr.d reached the s&me st&ge of tri;.ining, they 
had not i;.ll progressed B.t the s&me r.,te. In effect, therefore, the individual 
pifferences are kept i.t Ii minimum by rating a conuoon achievement level rather 
ltlllin keeping the r.mount of practice constant. 

B. TREATMENT OF :RESULTS 

The ten fliers r«ted ts best in li:.ndin6 &nd the ten ri:.ted as poorest ,iere 
cornp&red ,·:i th respect to reection-tiL:e responses. \'.'hen a student failed to =ke 
the correct response (missed itens), tl1e hi.:;hest score llJ.'..O.e by th&t student for 
the sune stimulus r.t some other pl!.cc in the series v1as i.ssii:;ned. This procedure 
f'"S follm<ed bec~use it v,>.s necessi.ry in the computi.tions to h!.ve & numericr.l 
score for every item. 

In tlle com;:>1,risons to be r.1~.ue between the "good" and the "poor" lenders a 
W.i~t.inction is r.ic..cie betwe~m the ,::xcoliE1i11ciry or ~r~ctice series :..na t!lG :L&in or 
ex,ierimental series. 

C, hE:iULTS 

Table III presents a corr1p1,rison of the mee.ns for thca good &nd poor landing 
groups in the prr.ctice cna tile; mhin series: 

Good Landers 
Poor L&nder" 
t. values ( sign!.f, ) 

TABLE III 

Mean R.T, 
naj_n 

series 

59.2 
56.0 
o.68 

Mean R .. T. 
prt,ctice 
series 

67.7 
'17 .o 
7.10 

Mean 
miss-;s 

The t-vhlues in t;1e c..bove t&'t.le sugE:,est th&t t\·10 cf t~H~ differences in means 
fre o.ue to chancel 7 v;J-,ile tt:e Gcif:f'erence in rr,e&n reactj on time in the practice series 
is sit,nificant (t-vi.lue - 7.10}. Hov:ever, if one &typical cate is eliminated from 
the series, the t-value of 7 .10 d:rops to 0.49 si,,nifying a chauce difference only. 

Similarly t:'le meicn v&ri~nce is significr.ntly different for the two groups, but 
rith tll~ elimination of t,:e d,ypic"-1 c,:_se the difference becomes a clIBnce one. 

17The t-value for these comparisons o1' roe&ns would ,wve to l:e 2.101 to be 
l3it;nific..nt at the 5% level, or 2.878 &t ti,e 1% level. 



When gi\"en their flight i:Est. t.y t.':tr: C<,A.,l~ flit1t t:1Y.:{mll':ez-, the St'•C'~t.t.s 

were rated on a 5-point sc,,le. Actually they were ulJ. [iYen e "2" or i, ")" 

rating on l611ding. The data for these t,,o groups ("2" tnd •.311 ) are 1maly,1ed 
ind presented in Table IV. 

TABLE IV 

Mean R.T. Mean R.T. Mean Misses Mean !lisses 
lll1iin practice main practice 

series series series series 

The "2" group 55.3 74.1 2.68 1.-'2 
The "3" group 57.l 74.3 4.13 o.94 
t-values ( si;;;nif.) o.67 chance 1,.20 1,18 

difference 

Here ulso the differences LcTe not signific~nt ~nd are unstable. It should 
he noted, l-Jov,<!'ver, t,mt in three of the four cor,i;;,arisons those rated as poor had 
sli~htly longer re~ction times Uld made slii;lltly more misses than those rated as 
good. 

C, DISCUSSION .AND CONCLUSIONS 

In ELll the comparisons, when a single atypical ci,se is elimiru;.ted the dif­
ferences become insignifici:nt and unsu.ble. This indicates thit reaction time to 
peripheral stimuli does not differentiate between good UJu poor landing skill. 
Such a conclusion, however, must rest on the assumption that the criterion of 
lwiuing skill is a valid one. The writers are now very skeptical about the rs­
tings !llAde by the flight instructorsl8 Lnd by flight elCfcminers. Ap;,arently the 
instructors are =ble to give a Vhlid rating even with the help of the scale used. 
One is not justified, therefore, on the b.s.sis of these data in concluding that 
quickness of response to peripheral stimuli cannot diagnose degrees of skill in 
landing, The crucial test awLits a more ade~u,.te criterion of landing skill. 

D. EXTENSIONS OF THE: PROBIJ!lt 

There is a possibility tbbt speed of reaction to peripheral stimuli mtJ.y hE.ve 
en application in at least one other aspect of flying, namely forlllll.tion fli;;hts, 
both during daylight t.nd et night or twilight. Obviously here is a situation 
v.·bere quick &nd accurate :r-esponse to stillluli appeering off in the periphery of 
the visual. field is perhaps crucial. The technique as described here sh<Juld be 

18Tne writers were surprised by v;~t may be interpreted as a lack of coopern­
tion on the ;i..rt of some flight instructors. They went through the motions of 
aiding us but obviously the ~fair wt.snot taken ve:r-y seriously. In fact, one 
instructor stated th..t he ?:as too busy to ~ive more thl:tn part of tile rating re­
quested. 
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¥1,. u\l.!..£...t,.J.-011 ~-~e ... ,1 • .. :~er;- :_·~ i1:_;.1t f_'!X-illE.. ... i•11. ;_;:: t.E!.U:,ht .L - L,.· .. :.: ;,roole.w tt:rf· \o 1~~~ 
fu\•_-J;,it..,~ h::·n .. ','ht- e:rd,~-:-:-ioti ,,r,.,.:d [}t_l(t-> tc; L'f: :.n ~Jer:.:.:'.> uf f.i..Ctual perf,,rroonce 
)::n 1ot~ :·J i~:::lt :Lu ~~n1·1:1;_ti'.Jn.,, ;;. tr.urs c0t1p-lF:-X t(" .. Rt .sucn os 1\:irmL.tion flying ~nig·:1t 
~:.r:·ercnt.iate ~tu(lentt> ;n,1ere ~;1e simpler rt'·LnJre,·1eht.B .,.f ianding f&il., 

An improve:,,ent in differe11ti.s. tic,n nlgl,"t be obtf.ined by complicl> ting the 
ex:ieriment. A ,,ossible illus tri. ti ve v&rfotion uf th is sort could be discrimina­
tion of novement n.ther thwi of stt.tionary inhomogeneity in the visual periphery. 
/.lso, be .,..,~ction time itself might be further complic&ted. 



APPENDIX A 

A sample of the scale used in this study 
for rating landings (slightly riodified from an 
earl,Y form of the scale in the Ohio State Flight 
Inventory) . 
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LEVEL 2!:!. 

() 0 Swrts to level off ro:ier distL nee from the src•,x,ti 
() () c't&rts t0 level off 5 ft. ,:bove ;)roper ciist: nee 
(; () Starts to level off 5 ft. below pro;,er c.isknce • 
( l () Levels of:f nore thim 5 ft. "'·''>Ve cro:,er ciistcnce 
( l () Levels off on the ground 
() () Pushes stick fo:rr;,.rd to resU!'.le ,•::.ice l!i.thin 10 ft. of the ground 

[,A.lDING 
() 0 Three-nr,:i.n+. Lnc..: ng 
() () Dtalls ship 5 it, off ,:I'ound, 11 pi;.nc 1ce!," 
() () Stalls ship 5 ft. off tt:e eround 
() () Sta;.7 S shi;; l(\ ft., 0tl' t.r .. :'"'')11n<l 

() () r1teel lending 
() () ::o drifting or skiddin~ on L nuing 
() () Slight drift or skid on landing 
() () Drifts or skids on landing 
() () Recognizes bad landtng 
!) f) nulls o:.tt l:n.:.J lc:.H0i.n1~ rnd >n:.:k;!,.f: ,...,:-c•':'IVE'~"' 

() () Fails to pu.11 out o! bad lcnd.'..ng 

PRFCISTOlI 
() () I,,mde on s :10 t 
() () Le.nds on S;)ot or ., i thin 100 ft. beyond 
() () LE.nds on spot or within 200 ft. beyond 
0 () over-shoots s 1ot lcndinf nore the.n 500 ft. 
() () Under-shoots spot landin~ less than 50 ft, 
() () oveI'-shoots s90t by iore than 300 ft. 
() () Under-shoots spot by ,:ior" th,cn 50 ft. 
() () over-shoots field 
() () !Jnde:r-shoots field 

co·mrnons 
Into v;i.nd 
Cross wind-:--------
D,)tm wind 

:..----· , Gusty air ______ _ 
Forced :nnding 
,--ind veloct t~'-~-.- . , .,..,~ •---·-·-
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