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NATIONAL RESEARCH COUNCIL

2101 Comstitution Avenue, Wsshington, D. C.
Diviaion of Anthropology and Psychology

| Commi tvae on Selsction and Training of Alrcreft Pllots

April 26, 1943

Dr. Dean R. Brimhall

Plrector of Research :
Civil Aeronautics Administration
Washington, D. C.

Deer Dr. Erimhalls

The attached report on Sengitivity of Peripheral Vision in
Ral&tion to Skill in Lending en &irplana, by M. A. Tinker and ¥. 8. Carlson,
1s submitted by ths Committee on Selsction and Tralning of Aircraft Pilots
with the recomrendetion that it be included in tae series of technicel re-
ports published by the Divislon of Reassarch, Civil Aeronsutics Adminlstration.

The authors were able to demonstrete that an Individuel's
disjunctive reaction tires were significantly related to varlations in the
#8lze, illumiretion, snd location cf visuelly presented stimull. Interactions
of the sources of variation in the wvisual stimull elso seem to cause signi-~
ficant variance in the reacticn tlzee. It is not possible, however, on the
baslas of thils study to estimate the magmitudes of the relationship smeng
the variables.

It will be noted tnat the criteria of landing employed in
this study, i.e., ratings on good and bad lendings, proved to be inadeguste
for classification of student pllots. As e consegusnce, no significent con-
cluslions or recommendations cen be pressunted with respect to visuelly presented
ptimuli in selescting pilots or in lmproviig performance in lending a plans.
However, it is showm that reacticn times do vary siguificently with changes
in peripherally presented stimuli. Furthsr resesrch, providing more sxacting
e¢riteria of lendings, wllil permit & further evaluation of the practicel rela=-
tion between sush varisbles and performasnce in landing an sirplans.

Very truly yours,

W Mot

Morrls 3. Viteles, Chairnmen

Commiltee on Selection end

Training of Aircraft Pilots
ESVsrm Netlonal Research Councll
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EDITORIAL FOREWORD

The following report describes an experi-
ment, undertaken early in the hlstory of the
Committee on Selection and Training of Alircraft
Pllots, with the view of studylng the relation-
ship botween visual fuactione and skill in landing
en sirplene. This investigation, which sntedatss
the study by Tiffin and Bromer included in Report
No. 10, reflescts the sarly interest of the Committee,
and particulerly of Dr. Dean R, Brimhall, Diregtor
of Resserch, Civil feronsutics Administration, in
the relation betwesn visuel functions and pilot
efficlency.

Unfortunately, difficulties experienced in
obtaining accurate estimates of skill in landing
e plane severaly limit the contribution of this
rasearch project in selving en eminently practicsl
problem in eviation. MNevertheleass, the basic ex-
perimental methods warrant consideration in planning
further research in tinls important area.
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l SUMMARY

A ulajunctive resction time experiment wus conducted to itest the hypothesis
that response time to peripherally presented stimuli might be related to skill im
lsncing shown by pilots. .

1
'

' The subject fixated a feint spot of Light projected on & ground gless screen.
4 second lizht source projected & ring, centered about the fixation point, with &
bresk opposite one or snother corner of the squere screen. At & convenlent level
below the screen wss pleced & response lever. By &n wppropriuste movement the
chserver could indicsie in which quadrant the bresk in the ring of light appecred.
& gravity techistoscope pleced between the projector and screen served &s & shutter,
gxposing the ring for an interval of ; second. feleesing the shutier closed the
circuit of & irect-current zegnetic cluitch thich coupled & symchronous motor to
& pointer. The correct response movement by the subject opened the circult, dis-
engaging the pelnter.

Three sizes of rings, three sizes of bresks, and three levels of illumination
wére used. Three verlashles ot three levels produce 27 combinations. The fretorisl
design of the experiment zllowed sn investijction of sll coubinstions, conserving
sll two-fector Intersctions wnd all mein effects. The design elso provided for
récovery of three-Tourths of the informetion on triple interzction, which wae
confounded with individusel differences. A given subject wes tested with 9 com—
binctions so chosen thet esch viricble sppesred an even number of times &t sech
of its tnree levels, Ten resction times were measured for esch combinstlion in
the experimentsl series. The ten velues were aversged to yleld 9 scores for each
subject. The experiwentsl series wes preceded by & prectice series. Forty-eight
subjects took part in the study.

Fesults indicete thet letency increcses &5 the figure ls presented in the
visual periphery; that letency veries inversely with size of the brezk {o be
Giserimineted; ond that chenging illumination within & smell range produces a
stetistically non-sinificcnt curvilinesr effect on latency of response. Although
significant two-frctor znc three-factor interections ere obieined, indicating
that the effects of the veriebles are interdependent, a portion of these effects
is probubly due to tne opticel structure of the experimentel situstion. A nmarked
sractice effect was demonstreted within & single SCG-minute session even though a
pre~experimentel series of respgonses wes provided.

Keaction tine wes found to depend also upon the guedrsnt of the visusl fileld
in which tae discrimination is to be meade. Latency is significently grester when
the critical portion of the stimulus figure eppears in the lower helf of the visuel
field than vhen the unper helf is involved, o finding vhich is contrary to pre-
viously reported resultis.

To evaiuste the significence of visuel reccticn time in reletion to lanuing
skill & eriterion wis required. TFive flight instructors renked students in order
of merit for landing ¢nd also filled out & portion of &n esrly version of the
Ohio Stete Flight Inventory for reting lendings. Tvo student fliers judged high
by both methods cnd two jud_ed low by both were selectsd from sech instructor's
group, Thls srocecurc mede up "high" enc "low”  roups euch containing 10 stuaents.
(Taere is resson to Lclieve tast the reatings vere poorly done.)

The "ulgh" proup meas Tewer response errors than the "low" pgroup but the dif-
ferences are not significent, Hone of the rutings on linding skill is rsleted
aienificently to recction time for periphneral discriminetions. While the wvelidity
of the critericn is questionzble, it coes not wppecr likely thet the type of reuction-
time situwtion employed here vould be highly differentisting even with better co-
o$er&tion of tag ruters.

|



Flying conditions in treining represent « consicersble sirplifiecution over
the situation encountered in commercial, civil, or militery aviation., Difleren-
tiation by instructor's ratings depends on motivation and a number of other fuctors
zs well as on techniccl competence and aptitude. When subjects '.ere ruted on land-
ing during check flights all were given ratings of £ or 5 on & possiole five-
point scele. This high homogeneity renders differentiution on lubor:tory testing
retiner difficult.

It is suggested that & more exacting situstion muy pe re.uired on which to
estublish criteria of performance. A more complex tesk might differcntiate when
the eimpler requirements fail. DKNight end formation flying ure cuggestea s ex—
amples of the kind of teosk mentioned sbove. Further variations of experimentsa]
proetdure are also recommended.



SENSITIVITY QF PERIPHERAL VISION IN RELATION
70 SKILL IN LANDING AN AIRPLANE

IRTRODUCTION

Airplene oilots encounter wany siltucztions where cdequate meneuvering would
seef: to require effective uge of neriphersl or extra-Jovesl vision. Lending the
eirplsnc 1s erneps one of thie wosi importent of such situations in which chenges
in tae visual stimulus complex occur in rapid succession. Accurete perception of
tne entire ncutern of visuel stimuli iwst be followed by wuick, accurete response
to the imgortcent eiements of Llhe perceived pattern if skillful landings are to be
sehieved, Meny of the cues in these coangine, stimalus satterns ere to be found in
the peripherel zones.

STATEVERT OF THE ~eQBLEM

Tnere sre two 2roblems involved in toe .resent siudy: (1) Analrsis of uvhe wver-
iebrlity occurring in rewction time &s tul result of chenges in distunce from the
fixetion point, size, and illurinution of o peripserdlly uresented stimulus, end
(I} & study of the relstiomship between quickness of rezction tire to peripheral
stimull wau skill in lenaing &n zirplane.

PROBLEM T '

Disjunctive Hesction Time ss & Function of Variations
in the Stimulus Fipure

Previous considerations of the .roblems imvolved in & study of visual fields
led to the choice of the following turec veriebles for inveatisction in & choice
reaction~-time situstion:

(1) Distence of tae stimulus object from tae center of tuie visusl field (fix-
ation point).

(2) Size of the stimulating object.

(3) Brighiness or intensity of tie stizulus.

Use of & factoricl experigental design uwede it possitlc to escertsin how much
of the btotul vericbility exhibvited by the reaction-tire dets coula be zssi_ned to
esch of these three experimentel varizbles sna to their intersctiona.

he APPAHATUS

The coperctus consisted of o ground-;less screen, 43 inches syuare, mounted on
& freme so thet tne subject, stondin, behind tue screen, coula fixate in a normal
-znner on bic center of the sereen. An ecjusteble platform izve tiuc subject proper
helgyal for a hewd rest whaich uointi inew nis eyes 11 inches from tine fixaetion point.

' Tne choice-rauction-time epparetus consisted of & box 8 x 3 x 6.5 inches at-
tacnea on tae frome at tae wese of tie jless sereen. Four slity, one leading from
ecch coruer te the center, were cut in tac top of the bLox. A verticsl lever tus
mounted in bLic center of tae tox so tart it coulu be pushed clong, any one of the
Your slits Uy i sucject. huen pusnec :lon, the skits this lever tripped & mercury
switeh, breaxing tne circuit erd sto’:in_ the tiver. Vaen relewsed it returned to
its originel position in the center of hhe box.

A freewfﬁlling gravity tachistoscops wes cunstructed to .rcduce a high cegree
of consistency in tining, succeusive ennosures. A shiela with an adjusteble opening
wep DLile Into = falrly necwy frowme voron noved un enoe dovn in slots. This aprarstus
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o @Xposure wilnin wie finate 5F vie tiner! suu e lutency of e sRlC 8.
apesillency sus further cleckea within the limits 0% “ae meesurin, device Tor-a

gries of 1V mewsurspuentys by etwcning & seri of wax-ccated peper on tnc folling

o

rg%ejdhutter in contect with a pigh-fre,uency eiectric vibreting marker run on a 60-

cvele current. Accurate cetermination of exnusure time vhich would mairtsin a
relatlvely difficult visuul tasik enu wt tie seme tloe neke it possible for the
subjects to discriminate nearly all of the stimuli pave ¢ velue of 250 wmilliseconds.

Hecction times were necsured .ith &« Stendaru Electric Timer, lodel S5-1,
ecuipped vith & D. C. Clutch. & G-M Luberatories D-C Power Supply Unit (Filtered
Hectifier No. 2530-%Z, & volts &t 6 amperes output) wes used in the clutch circuit
o!f the timer. This circuit incluoec ¢ rake rercury switch attached to the tuchis-
toscope vich wap trioned siwulieneocusly witi: the »eginning of the exposure. In

jiéigﬁﬁhe geme clrcult were the prealt zereury switches in the subject's response box.

ﬁiﬂcnnection with the ~roper s7 Lteh In Lae respunse tox wes achieven by tae experi-

“ menter' s moving the wra of =z four-pesition seisctor svitech to tae eppropriste con-
nection Irior Lo en exposare. Thus, tie tluee s cetiveied by tac £foll of tle
techistoscope ciutier waa slouse, Ly LU sl iect? - uovement of the lever into the
oroser rorner of tae 1¢iponse box.

Tie stimull consisced of phcto,rzphic negutives ol v ide, broken rinss, one
ceftn wounted N & 2z X 2 inch Jrojection slide. 2 Fecn ring had ¢ break opposite
oie o another corner o7 Loe gyuere slice. Tliese rings vere vace in three sizess
us .rojected they were x3 /2, 34 3/3, wens 41 incies in cimieter cnc subtendec
Lo LEs o€ 339467, 11495, =nd 123934 :espectively. Eoch giemeter wes tested
- witu Lreeks in the clrelss bUhuFDh-ub <Qle’, ”QIGF, enc 149167 of visusl angle,
A Spencer lantern vith & lOo-watr 3-1L Lulb ves usso Lo preoject tne silaes. & set

- | of polarcid discs &tticuel to The ant91u wLe 1L yv.*'LLﬁ L vary tue bricatress

level of tie stimulus {.02, 0%, enn .10 “ootlambes ts7) & By neans of e second
lantern, e u:pped «lso witn polarcin cises, « falnt sunt of 1ight ves focusea on
Tie cehbler of tiue screen 5 w Dixat an goint. '

B, LAEORATURY 200k hE

In the teat situatlon, Lien, Lo ubserioy Tlroted binocularly the 1lluninated
ring on a darx field. This ring veo Lronen "1 oone a2 Your chosen pesiticons on ite
clrounference. Cunveniently =ecessitle o tw sul:ject wa: a munuel resoonse .ever
wounted on & 3pring swivel‘ Taw cbserver wes ho wnve the lever from its normel

e ——— ————— b e W £ —Lr = A —rw W ————p —r ——

lThe timer recorded in 37100 GRoONES .

2 _ - ' . - -

Denvolt wingg, sacn o3 aze” by Vel an ey of his resewrches. Ferree, C. E.
Rand, G., & Levis, L. Fo Tue ef ect o7 Luceoase o intensity of lignt on the viosueld
geutty of _re sbvopiﬁ tnd aon-prestyoplic eyes. Teenscetions of the I1igmine tings En-

‘23 1/< inches) stiruletes nufe of “he Joveul and arefoveel rve.lons than Lne eri-
- Epiery.)
5 BFOUtlebE b "4 ueih of bri otress, ecuel te Ve uniform bricshtness of o oer..

or
Bretly ciffusin: curfare voigt ening o0 Lef'iehs oue lumen per syuare foot.®  [Frou s
Farren, o. €, .- olioalry oF Poped o coaton: doayhton Ci0Tling 19334.)

| glneering Soclety, 1334, 22, A}%-*lj. [Lultur's Note. Tie 5 wllest ring (dlen. =
W 7z

dfiese vulicn o noioaich L L Lee LLA%IRT sl becevse tronsuis.ion e
serties of e sere i goioosg e G v of daeldence 0f the projoe-
tiom ornan.
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| four corners of wvae scraen. As soon &s you sec vherc Lne bresk ccours, puﬂhtﬁ%%%%

* - . T

+ v
cwnter pogition caon, any one of four Julide silots waleh covredponded to the sereen
yuadrent in waieh the bresi In the rip. spougved.

On his arvival &t the leborator;, Lie subject wes bold tae generdd ncture of
the experivent anu shown the vorkings »f wne spoeratus. Then, after he wes pliceu
in position behind the grouno-, less screen, the follovin, divectlons vere reaas
*Look direetiy w¥ the dlir oot of 1i_ut i Tie center of tae screen. Shortly wfter
I say 'reeay' thers will flash onto the sereen for & brief instent a cirele of k
light vith a breck in its circunfercnce. The bresk 11l be opposite one of the - "%

.
!

¥
wE
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respongs lsver into the corresponding corner of the response box. After the re
sponse is mude, releuse your Hressure on tue lever ena it will return to ite orles
zinel position at the -enter of tue box. You will be given & rest &t frequent -
intervals.” - . . L

$ T
%

After two or three semple slides vere presented to meke sure thet the subject
understood the dircctlons, u prectice series of 9 slides wsg glven. This wes fol-
lowed by the experimentsl series es described in the experimenial design. Records
were telken for both the srectice ann the experimentul series. Rest periods were | -

' iven s fter shout svery 15 reagonse.. Eeeh subject required ep roximstely 50 min- ;§

utes to finish the exseriment, -

o

The exserimenter (Cevlson or Tinker) onersted the techistescone, chenged g&&ﬁﬁgﬁ
: b ia £ tue pight sistent set the four-poimtiiz:
o veriea the brighiness levels ol tne Lignts. An &ssistent sel the four-poimbeigr
selector switch in the circuit with the response box and timer, and reccrded '@ i ¥
tne response times. The subject himself reset tie switches in the response bex Cod

tfter ecch response. '

C. EXPERTHMENTAL DESIGN

The experimentel procedures for Protlem I were fectorislly éesigneds in order
to escertein vhether & slonificint sortion of toc observed verisbility in resction
time could be referred to one or more of bue verlebles In the situstion, or to any
combinetion of tihiem. To czeertain tiac significence of sny portion of this varis-
bility &ssinea to & given caussl agent, use i3 nade of the ratio of the varicnce
within groups to taut belween groups or esong meuns.

Three sizes of circles (a3, 82, 83) ere combined vith three sizes of breek .
(bl,_b%, b3) under three levels of illuminution {e3, ¢p, €3). In &1l, therefors,l:
27 different coulinations, or tgat objects, zre derived. %hese =7 combinetions - -7
cen be arrenged in tnree blocks® of 9, so chosen that within any one block &ll o
comperisons for mein effects «nd intersctions of two factors sre conserved (see

Teble I). OF the four pelrs of degress of freedom for triple interaction,7 three -

SFull explenstions of the factoriel cesiin of exjeriments cun be found in
stenderd refersnces for thne enclysis of varience, e.g., Lindguist, E. ¥. Statis-
ticcl Anklysis in Educetionel Heseerch. Boston: Houshton Hifflin, 1940. e~

64 tilock! rofers to & tuble or column of dute from & “erticuler subjeet. 5o

??rigie interaction refers tc viricnce . alea vould be Gue tu Lhe coubinea
inwerectior o baree verielles. Only rerely ere baese hl her orcer lntercotionib,
i oniflernt
g, A -

.
b
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followir the arrangenent snown in Teavle 1, it is possivcle to recover tiree-

jrnhTuU of the 1uformation loct 1n confouncing trisie Interaetic:. cne inciviguel
¢itzerences, The vurianles wre given in tioe column heccinge sue &, vir alysys
in the order, ring size (u), oreik size (p), wne brigutness level (c). The three
nurders incicetie the levels of therc verieole:r {or o erticulir corelinwtion, i.e.
the firct entry, &ypjcy, meane thit tne presentotion incluceu the weraliert circle
with the smaliest preck &t the lowest illurination‘ The 1x vertieal columns of
Tuble I represent 4 scts of o olocks (imdividuels), i.e. ewch verticel column .
correspones to the « suwdjects vho vere given tue sene [ res.nteticon in the sane oruer.
“ithin ewch zet, one peir of ce recvg of freecom for +“Jlle intercoetion is confoundea
witn oleck (inuivicnel) aifierecces. The infermaticn on eny pertieuler jcir is
therelore gregcrved in throe tets of olocks, lost i1z one set, i,e., four aifierunt
arren cmente of the W7 complnetions eve given., In the first. three vertiecl zolurns

foarta of the tri, le interaction is nct separcble Iro: bloek ciflercucen; in the
cecouu turee cglumns & fourth of thne tri_ie interaction ic elailerly coniuunue
aut net the seme pert as in the firct tiere., Fach of the four puire of cepreuvs
ol frezdom is tlms confounaen in turn.

fny one observer vis testeo vith 9 comblnztions. For exch stimulus zrreaae-
ment 10 recp.onces cerv averaged to y.eld o rispeice time score. Jectiace tuwre
vere &8 supjectr Tor lhum recoras were rouirea, tuey were tested in 12 griuw ¢ of
4 observers esch &g suocn in Teole 1.

teeh of tre O slices to oe weed with & ziven oorerver ez prenerec in Lo
forme, clifering only —ith rerret te tie cuiurent in dcewn the breck vev pluced,
The qucarant chelees .ere runccriseu ho evoic gyeteme Lic ofceete frop trde ccurce.
The scriee of 18 fliuse s optuainee e re, oo lec ffive tlme: to pive o tetel of CU
rescuseg, Lo for ecel cembinctlen. There crunps of 13 ricloaec @ cow colte coores
for e.ch oprIVLr,

yhen tne verisnce of ths meons 1g werive from tve or more courcces and no
vepureticn of the sources le porclole meking reouiree comperlsons loteruejeuu nt,
the veprecs of freedom or cource: of vericilon ire gedo te be contfounden. (o t
expericente thet wie sanic to lerx ropes contrel: - culn  invelve confcunding of twe
or more scurcer of vericcilit,.)

W

ifter eiluving time for lariructions wnu prectice scrier of slides, &« 50-minute
perioa crmitten zn exﬂerlmert 1 weries of 8 res.ontce.  Since @ Lrecentation wp-
perred 1o tires in eech wetrlos, tods want thet only O of the o7 comvinetivas cculc
ne employet with & Jdven susjoet, cne tuet in e grou. of three cwojects &1 comoino-
tione coult oc tecteo. Thiz corlow | roviaes Lor Lo cunjocte in £ grou,e of o, Re-
spetitien of teiz Loqusnhec o tirer Ldve:r o tonll [rov oF £3 coscrvoTi. weril, |, 1l
4% eoservers siluli Myl cedil Lo too I oeren ccmbinetoon, Thic  rococure, cue

to Lzew of tire, wos ' Gootm e twrent plen, o Wne signdfiewnt sovenmtoge

of i by, e of vollom e thit LU ceccsen ol iole b ocotedin 10 lmiteic of o re-
coernonr bos eLen gudjent ol ereh gives orehentantion, one p0rrit. the recover, of
<7 ot tee Lafermetlcea vhe bt ouie wer Lo Lo 0o in the conplete e evimwent,
Thig vovpldete enert ant o ala dror vevdeo 10 W7 comoinetiene te.ted on every
sucjert, out L enid e ToLLECG L Tl oy o il o e evimentel e oLor ana tine
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Quta’ o o7 Fegborial Desig Joo mewction-Tine brperinont
Subjects 1ed, 58 -1k 1316 17-20 21-24 25-29 23-32 33-36 37-40 41-44 45-42
| -
VLFi&blEB che sbe albe obe theo zbe sbe sbe abe &be abe abo
‘111 113 11z 111 11z 113 111 113 11z 11l 112 113
<1z zl1 213 213 «li =12 212 211 <213 <13 211 22
313 312 3311 32 313 311 312 312 311 312 213 31
; 123 122 121 122 1z3 121 122 121 123 w3 121 122
Combinations
of 221 223 222 221 R2Z2 223 223 222 221 222 723 221
Veriahles

322 321 323 323 321 3z2 321 323 322 321 322 323
132 1s:1 133 133 131 132 133 132 131 132 133 131
233 232 231 232 233 231 23l 233 232 2Z3. 232 233
331 333 332 331 332 333 332 331 333 333 331 332

D. DISCU33ION A4KD RESULTS (Problem I)

A surmery of results appears in Teble II. For each source of variation
iz given tne s-waopriste desvrees of freecon, sun of squeres, end mean square
oy variance, The entries in the T column are btne ratios of ths several experi-
mentel veiriances w tae resicuel or best verince. The latber is en estinete
of the vurishiliby thet the ozta woulc exhibit if the experinentsl variables
hed sade no systematic contribution to the total verience. The F ratios are
eccomdenied by the velue requirea for significance et the .05 &nd .01 levels,
Tne varience attributed to blocks is essentielly & wezsure of individual dif-
ferences. 4s previously notea, one-fourth of the variance due to triple inter-
zction is included in block differences. The infletion of individuzl differ-
ences thereby produced mey stfely be neglected. In desins of thls type block
effects ere coumonly treated as a purely formal subdivision of the totel sum
of syusres in order to reduce the resgidusl verience preperatory to meking tests
of sinificance. It is used here &s a convenient estimete of relisbility.
The subjects were aveileble only for & single experimentel session. Uncer
these conditions it is customary to compute split-helf correlations or related
coefficients of internel consistency. A siomificent correlation means thet
aifferences between individuals ere nmaking a greater contribution to the
scores tiian are the uncontrolled sources of variation. Precisely the sume
interpretation msy be given to the block variesnce in this experiment.
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The experiventet virisolec wre uesipnetec oy tue letters 4, 4, and L
for circie size, Lreuk size, ana level of illumination., There .re 144 scere:
for e.ch ring size, w1l vorlesles ont thelr combinetions neing e Uully re re-
sentew o1 the biwree levelp., The turec tetils yileld the tio ce rvve of frecuom
For estimcting the werlcnce ceroeicted with circic size, JJecuuse there is no
recson bo cxsume that the veri:le is linear, the su. of squires i piven separ.tely
Tor tue Tugression (4y) enua the ceviation {Adg) componentr, hing size is ele:rly
linesr in its elflect, .itldn the lirdts of tle renge tested in this experiment
one may s&y that incerecces in the visuel cngle pubtended by 6 wroken ring wilk
praduce yro.ortional incraususlﬁn re,, once time. Tuals result coafirng cn ewrly
finding by Hell amn von Kries. Visusl cculty is wlso #£hown to vily loversely
with inoresuiug agpendence oh perignerel visiow. Dete from an esnperiment vy
Hecht «nu Verrijgl suggest that toe criiicel flicker frequency alsc varies
inversely with the distance i{rom the fover ot wolch the retine is otimdeted,
Although the effect of vurylng the rotinael locution degencs on the lewvel of il-
luminetion, the relatlonshi: vetueen fusion fregquency wnd stimulus position is
gvident &t levels of illupinutlon com_..ranole ity tiwr-used in this experiment,

Variztions in the siv of the oresk to oe alscriminated zre ussociated
with significunt changes in response tine. The effect is not strictly linecr
because the change in vreak size {rom &P to 7% produces = grewuter eifect than
the change from 79 to 149, It is, of cource, well known that intensity diserimin-
ation vuries with the size of the retinol .re. wideh Is ctinmulotea, Jut these
bresk sizes are all sbove the threshold at the levels of illumination employed
in this experiment. .ith very lovw orightness levels or very short exposure inter
vals, pre-experiment.l ocoservers vere orought cown to thresmulo jerformence.
Supjective regorts suggest tnet uover thege conditlons the ring is frequentily
gevn as & closud anculus. Above the threshold the aifferences ure in the time
required for the discontinuity to &ap ear.

Changes in orighinecs do not proguce significent Jitfferences in response
time when senretely considereu, In generel, .revicus investigations cgree
thet increcped ;timuluc intensity ls woconpeniea oy ciurter recciion tines.
The relation ig certeinly not linesr, but its erict form veries vicely from
one experizsnt to another. Visuel veulty &also viries witn intensity but
the scuity curve for &% tezt objects is well i?ﬁve nurmel threzhoelo within
the illumination 1imits here smployed. Hecit™) among cthers, is inelined
to swszure the findings on couity and intensity discrimination under one hypo-
thesis. The etffecct of Luereasing the avew of the stimulus fleld on intensity
diserimination, w«nd of incre.singli-ightness on acuity wre ooth interpreted

A0 Hall, G. 8. & Krdes, J. v. Uber cie ibhongigkeit der Reuktions-zeiten
vom Ort ces hedzes, srech, snst., Zhysiol. Lpz. {S5uy 1.),1872, 1-10.

1 - E ) . C o - :
i Hecht, L. o Verrijy, (. . dloterzititent stimidetion by 1ignt: ilz,
The rel.tion get. cen inteosity zio criticcl rusion frecuency for diflereunt
retinal loceticnn. J, Sen, Pnssigl., 1woa, 17, ed31-L68,

e Hecut, b. s theory of visuel Jutensity olscrivdinetion. J, Gen. Phyeiol,,
lecs, 18, 767-78u,
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pnalysis of Veriunce of neaction~Time Data

Sum of Degrees of  Sum of Degrees of HMean 5% 1%
‘Source Squares Frecdom Sguares Freedom Square F  Level Level
‘Blocks  4374633.8 47 4374698.8 47 93078.7 10.7 1.4 1.6
:2 Kzggézﬁ:g i 1250848.8 2 b29924.4 2.6 3.0 - 4.7
By 72810.1 1
ig;‘ Vit : 20256.0 2 10428.0 1.2 3.0 4.7
Ap + Bp 842034 1 i
Ap * B 191. 1
Eﬁg . gg Qzﬁ*é 1 58465.9 & 14616.5 1.7 2.4 3.4
Ap * Cp  12320.0 1
o Thes 1 166791.5 L LIS 4B 2.4 3k
Aq * Cg 58009.1 1
B+ Cp  A7533.5 1
By * 1 »
a1 ) 72546 .4 4 181%6.6 2.1 2.4 3-4
Bg * Cg 1188.3 1
A~BC 2100144.3 8 2101443 8 26268.0 2.9 2.0 2.6
Residual wvarisnce 354 3113066.9 358 3975.0
Total 431 3532827.3 431 22001.9

B8 belng due to an incresse in the muber of functioning retinal elements. I one
ussumes, furthermore, tazt the stute of the visual apparatus et any given time is

e function of the finel statlonary stete for a specified set of conditioms, this
hypothesis might be adeguete also for reaction-time dats, 8ﬁrt1ay*al3 finding

thet tae latency of corticel response to visusl stimslation varies with the ares

of the stimulus object is of interest in this connection. He noted &lso that a
curve representing the ares und response-time function shows an ebruption at about
®0? of visual ungle. Slze changes wre nore effective vhen small aress are involved.
In this study, it will be recolled, the chenge frox & 29 to & 7° breek produced the

; l3ﬂﬁrtlay, S« He The time of occurrence of the cortical response as deter—
mined by the erex of the stimulus object. Am. J. Physiol., 1935, 110, 666-674.
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zZreater artion of ohe totel coen e occurring between 22 ¢nd 14°. Wilcox’©
re o atel b eonnty mey very curvilinearly with brightness. He used two
v hers mog ligated fiela end two i1llunidneied bers cop & cerk field, For
*.- Tirst situstion Le obteins tae usual vising curve for ecuity plotted
coi.inst illumination. hecolution in the sccond csse rises to & maximunm at
cMetaing under 10 photons, Tells thereafter. No suatisfectory explanation
nes been afTerea for thiz finding, although tie technique has teen severely
criticized on the grouna tnct it ciffers froom the conventionzl wey of mea-
suring, ecuity. The broken rings usea in this experiment present a compar-
sble test situstion. Although the illumination changes wre too smelil to
produce ¢ suetisticelly sinificint effect, the response-time changes ob--
served follow Lhe seme trend founo by Vileox st conpersble iliuminations.
Tnet some sort of glare phenomenon invelving entoptic stray light or retinsl
neletion cen reduce aculty is to be expected. DBut a curvilinesr relationship
1s not 30 reauwily expialned,.

Tue intersction variunce for circle ana tresk size ieaves tenable the
ayaotiesis et their efleccte on responszs time are adaitive. The mewning of
L interaction between circle size and illumin-tion is erbigous. .In all
probalility, a norbion of tils varlance ie &n indirect easure of the effect
of illumination. It is due to changes in the amount ana uistribution of the
trensaitted light with verletions in the engle of inecicence ¢ the screen.
This angle cnenzes from one cirele size to another. The breel-size and il-
lunineation interaction, though pot significant, is conspicucus in one part
of tae original cats. The effect avlewrs ruen lerge circles are conaidered.
With these fijures in dim lijht, bresck-size changes seem to be effective.
and lignt chenpes sre effective if the treeks are snali. The triple inter-
sction is derived from the lnterdepenasnce of tue two~fector interactions.
Althougn it cir be given & stetistlcoliy straightforward interpretstion, its
gxperinental meaning is uncertsin. Hevertheless, it is further eviaence that
even the most carefully conducted stadiec of single varisble relations to
visuel Jrocesses sre likely to encoursge over-sirplified hypotheses.

Tae residuel). or test verisnce 15 .sde up of intra-individual diflerencesg,
nciucing praciice effects, wobivational 2henges, fotigue, end fluctuctions
57 ettentlon. It includes £lso experimentel errors cue to apneratus verlations,
urecunl difficulty of t.e resnonse quadranis, wne related sources. Houe of
these fectors robebly meke no importent contrivution Lo he totuwl veriebility,
others coniriLute cporeciably. Tae results »f various calibeetion srocecures
neie it clear tact Lhe verlaeble error of lastrupental recording does not ex~
ceed tvo jer cent of the mewn respunse Liwe. Veriability introduced hecause
the response Luwdrents cre of unegual difficuity is probebly inportant. It
will be receuded unat of e ten resoonses mde by the subject to a given
tsst object, five werc matie in one rendowl; chosen gquadrent, five in cnother
yusdrant rendomly chossn {rom tne remsaining three. The dets from ewch ob-
server could, therefore, be arranpged o proviue 2 differcnces between guadrants
by <omparing tvo grceups of Tive responses oliaines under 3imiler conaitions
excest for tne response yuadrent. Six clsiribation: of differcnces rere obtained,
the comparisons heirg quudrents 1 - 2, 1 - 3, 1 - 4, 2 - 3, 2 - 4, snd 3 ~ 4.
siether the rolabive eifilicuiiy within ¢ Jver qusdrinié peir is obtained by

léﬁilcsx, %. %. Ihe tesis of Lol cecenaones of visusd sceuity on illumine
tion. Prog. Neh. hewd, oI Fei.. 1232, 18, 47-26,

e
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‘direct comperison or inferred from other comparisons the results are almost
identical. In arbitrary units, the relative difficulties of the four quadrents
of the visual field are: upper left, 0; upper right, 9.2; lower right,27.5;
lower left, 46.4 {most difficult). 21l differences except that between the two
'upper quadrants are significunt beyond the .0l level. The interpretation of
ithe differences between stimulation in the left snd right visuel fields is
.compliceted by the fact that binoculer vision was permitted. The results do,
however, egree with previous findings for horizontel differences but not for
verticel., Woodworth15 following Hall end von Kries ssys tact supre-foveal
stimuletion yields shorter reaction times than infra-foveal stimulation.
Significent differences in the reverse direction were obtained in this experi-
ment, The comparison is, of course, made with reservation beczuse the present
‘'dete have been obtuined from & choice-reaction task instead of the simple re-
‘wetion to which Woodworth refers.

Prectice effeots are also responsible for an apprecisble contribution to
.the residusl variance. An estimate is obtained by comparing the response times
for sach subject on the first eighteen responses with the performance on the
fifth series for the same test objects. In spite of the fact thei preliminery
.practice was given, the mean aifference between the first end fifth response-
.serieas totals is 1178 ms., with ad” of 204 ms. This difference exceeds the ,0l
level of significance,

E.__ SUMMARY AND CONCLUSIONS
(Problem I)

, The -ffects of three variables on the latency of & visually controlled
disjunctive reaction were studied in e factorially designed experiment. The
stimulus objects were illuminated figures similer to the Lundolt broken ring.
Observers were to indicete by an appropriste movement of a menual response
lever the quadrant of the visual field (translucent screen) in which the break
‘appeared.

Results indicete that latency increases as the figure is presented in the
visual periphery, thet latency veiries inversely with the size of the break to
'be discriminated, and thet chenging illumination within & small range produces
a stetisticelly non-significent curvilinear effect on latency of response.
Although significant two-factor end three-fector interactions sre obtained, a
portion of these effects is probably due to the optical strueture of the experi-
-mental situation.

A meriked pra:ctice effect was demonstrated within a single 50-minute session
‘even though & pre-experimentel series of responses vw.zs provided.

. heaction time depends also upon the quadrant of the visuel field in which
'the discrimination is to be made. Lutency is significantly gresater when the
ieriticul portion of the stimulus figure eppears in the lower helf of the visuel
:field than vhen the upper helf is involved, & finding which is contrary to pre-
viously reported results.

+

. 15Woodworth, R. 8. Experimentsl Psvchology. New York: Henry Holt, 1938
'p.327. '
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Lomparison of Rewction Time with Iending Skill

After esteblishing the relationship petween the experizents]l variebles and
response time, the next step was to look for & correlstion with the eriterionm,
gkill in lending. This criterion was derived from tne ratings by flight instrue-
tors on two types of sceles wnd from the ratings by federel examiners of the
selected aspects of the stuvcent pilot's skill in lending his airplane.

A. THE KATING INSTRUMENTS

Three types of ratings of the pilot?s skill in lending were cbtw.ined, two
from flight instructors «na one from the C.A.A. flizght exeminer.,

1. Each Instructor placed his students in rank order, giving & renk of one
to the student who showed the greestest skill in lending, a2 renk of two to the
next best student, etc. There were five instructors, each heving 8 to 10 stu-~
d&nts.

2. Each instructor reted his stucents om a reting scele for lendings.
This sccle wes slightly godified from one appeering in an esrly form of the Ohic
Stete Flight ;nvento;ﬂyl The scele sppeers in Appendix 4.

3. The C.A.4. flight exeminer riled students on & 5-peoint sceie for land-
ings, runging from (1) excellent, tarcugh (5) poor.

Hatings for four seperate lenaings were made on the Qhio 3Jtete Flicht
Inventory, two on ezch of two duys. hutings on ¢l stucents were obtiined
when they rewcied the sene stiége in their treining course - just prior to mek-
ing ti:eir cross-country flights. In view of the peneral lack of high validity
of rutings it wes decicea to treaet them in the following msnner: The retings
on the verious sections of tac Qhio Stute Flight Inventory were given lettier
grades of A, B, or C to incicate gooa, fair, or poor skili in tne various as-
pects of lending. Then, from inspection of the totel pattern, eech individual
pllot wes essigned & reting of 1, 2, or 3 (pood, feir, or poor).

The rainikings snd the rotings by instructors were both considered in select-
ing & group of 10 students ceonsidered best snd another group of 10 considered
poorest. Since ezch fli ht instruector had about 10 students, two high anc two
low sbtudents were pickea from each sub—group. Only those stuuents were selected
who were consistently high or low on both (1) the renk order, and (Z) the ratings
on tne Qhio Stute Flight Inventory scale.

Various compurisons (see discussion of results) on speed of rezction were
mede between the proup reted high and the group rated low. The fect thet thne
43 students werc not treined by the same instructor imposed & limitetion om the
effective selection of criterion groups. Unless _ood anc poor prospects were
equally aistributed among the five instructors the criterion groups derived
from the composite retings vere not fully efficient. A student considered
gcod in one group mey heve seemed only mediocre in enother. The simplest

16The esrly version of ithe Qhio Stete Fligut Inventory is described in:
kagerton, H. A. & Velker, R. ¥. Criteria of Flight Competence. Progress report,
septeinter 1340, Vashington, D. C.: Netionel lheseerch Council Comrittee on
Selection &na Truining of iircreft Pilots, 1940. (Copvy in Comuittee files.)
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olution (though impossible in the present study) would heve been to have the
subjects all rated by competent observers vho were not directly connected with
the trzining program. A second difficulty was thet although the reatings were
mede &t the time when all students had reached the seme stege of treining, they
had not &ll progressed &t the seme rate. In effect, therefore, the individual
gifferences are kept et & minimum by rating a common zchievement level rather
then keeping the amount of practice constent.

B. TREATMENT OF RESULTS

The ten fllers rcted s best in lending znd the ten reted 25 poorest were
compeared vith respect to reection-time responses. VYhen a student failed to make
the correct response (missed items), the highedgt score made by that student for
the swme stimulus &t some other plece in the series wes essigned. This procedure
pes followed becsuse it wus necessary in the computetions to huve & numericsl
score for every iten.

In the comparisons to be mece between the "good™ end the Ppoor" lenders a
pistinction 1s mede between lne prelininary or srectice seriss wna the nain or
exgerinentel series.

C. KESULTS

Table III presents a comparison of the meens for the good &nd poor landing
rroups in the prectice tno the mein series:

TABLE ITI
lean R.T. Mean R.T.
nain pracolee Mean
series T series mnisszs
Good Lznders 59,2 67.7 3.1
Poor Leanders % .0 77.0 5.5
t values {signif:) 0.68 7.10 1.22

The t-volues in the sbove tetle sugzest thot two of the differences in mesns
ere cue to chencel? while the cilfference in meen resction time in the practice serlies
is significant (t-velue - 7.10}. Hovever, if ons abtypiczl case is esliminsted from
bhe series, the t-value of 7.10 drops to 0.49 signifying s chance difference oaly.

Similarly the mesn varicnce is significently different for the two groups, but
vith the eliminaticn of the atypicel cose the difference becomes & chance one.

177he t-velue for these comperisons of mewns would have to te 2.3101 to be
pignificent at the 5% lsvel, or Z.878 «t the 1% level.



When given thelr flight test by tan C.h 4. flight seveminer, the svocunte
were reted on & S~point seale. Actually bhey were oll given & 2% or o %37
rating on landing. The duta for these two groups (¥2" end "3%) sre enelyzed
eérd nresented in Table IV.

TABLE IY
Resn R.T. Heen R.T. Mean Misses Heen Nisses
main practice main practice
series geries series series
The "2" group 55.3 /2% 2.68 1.42
The *3" group 57.1 T4.3 413 0.9
t~values (siznif.) 0.67 chance 1.20 1.18
difference

Here &lso the differencas zre not significent zné sre wnstsble. It should
e noled, nowevepr, itnal in thrae of the four compsrisons those reted s poor had
slightly longer recction times end mede siightly more misses than those rated ea
good,

C. DISCUSSION ARD CONCLUSIONS

In &ll the comparigons, when & single stypicul case ia eliminsted the dif-
ferencea become insignifiecant end unsteble. This indicstes thet reaction time to
peripheral stimuli does not differentiste tetween good eno poor landing skill.
Such & coneluslon, however, must rest on the assumption thet the criterion of
lending skill is & velid one., The writers sre now very skepticel about the re-
tings mede by the flight instructorsi® (nd by flight exeminers., Appasrently the
instructors sre unuble to give & wdiid rating even with the help of the scale used.
One is not justified, therefore, on the busis of these data in concluding that
gquickness of response to peripheral stimuli camnot diagnose degrses of skill in
lending. The cruciel test ewmeits & more adeyuete criterion of landing skill.

D. EXTENSIONS OF THE PROBLFM

Thers is & possibillty thst spesd of reaction to periphersl stimuli may have
&n applicetion in at least one other sspect of flying, nazely lormstion flights,
both during daylight end et night or twilight. Obviously here 1z & situation
rvhers quick snd accourste response to stimull appesring off in the periphery of
the visuel field is perneps cruclsl. The technique as described here should be

18?3& ¥riters were surprised by whet may be interpreted as & leck of cooperc-
tion on the purt of soms flight instructors. They went through the motlions of
&lding us but obviously the affeir wes not teken very seriously. In fuet, one
instructor astefed that he wes too busy to give more thun part of the rating re-
Guested.
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sz i Tlicab din Darmation.e A sure complex besi suen as rormetion flying migat
gifrerentiate ctunents vaere Sne simpler ro pdreqsnts of landing fails

An improveuent in differentistion night be obteined by complicsting the
exoeriment. A possible illustrutive veristion of this sort could be discrimina-
tion of rnovement rether than of stationery inhomogeneity in the visual periphery.
Flso, the revction tlme itself might be further complicated.
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APPENDIX A

A sample of the scale used in thls study
for rating lendings {slightly modified from an
early form of the scale in the Qhic_State Flipght

Inventory).
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LEYEL JFF
{) {) storts to level off rover distince from the gZre.ed
{(V () "tarts to level off 5 f1, zbove nroper dist:nce
(} () Starts to level off 5 ft, below projer aistince ‘
(v () Levels off nore then 5 ft, above oroner distines
{1 ()} tevels off on the ground
{} () Pushes stick formzrd to resume giice vithin 10 ft, of fhe pround
LA IDING
0 () Three-paint l.ogu ng
() {) otells ship & it, off ¢round, "peuc kes”
() {) Stalls ship 5 £t. off the ground
(3 () 8tells chiz 10 i+, of the rronnd
{) () rheel londing
() () Yo drifting or skidding on linding
() O legﬁt drift or skid on lanazng
{} {) prifts or skide on landing
{} {) Recognizes bad lending
(Y £) »odls out of bad Lenting rad meles vecovery
() () reils te pull out o! bed icnding
PRECIETON
() () lands on snot
() {) Lends on snot or within 100 ft, beyond
{) {) Lends on spot or within 200 fit. beyond
{(} {) Over-shoots sot lending wore then 500 ft,
{} {) Under-shoots spot landing less than 50 ft,
(Y () gver-ghoots svot by ore than 300 £,
{} {) Under-shoots spot by nore then 50 ft.
{3 () Over-shoots field
{) [} "nder-shoots field
COEInITIONS

Into wind

Cross wind

Down wind

Gusty air

Foreced Landing

Tind velooity,
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