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A& REVISED SERIAL REACTION TIME APPARATUS
FOR USE IN APFRAISING FLYING APTITUDE

by
Ross A. MaFarland -
and
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- A report on rosearch conducted under grantg=in-aid to the Divieion
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Univaraity by the Natlonsl Renserch Council Commiites on Selsstion
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LETTER_OF TRAMSMITTAL
NATIONAL RESEARCH .COUNOIL

2101 Cohstitution Avenus, Washingion, D. C.
Division of Anthropology and Feychology

Comxuittee on Selection and Training of Alroraft Pilois

August 28, 1944

Dr. Dean R, Brimhall, Director

Alrman Development Division

Civil Aesronautios Administration
Wuhington, D. GC. i

Dear Dr, Brimhall:

Attached is a report entitled 5 §g ggc_l, Serial
braly

Rou &. Mni‘l.rhnd end H;lph - roport. 1- submtted
by the Compdttes on Seleotion and Tr:d.n:l.ns of M.romﬁ'. P.’t.lot. with
the recommendation that it be insluded in the series of Techniocal
Reports issued by the Airman Developmont Divislon, Civil Asronau-
tics Administration,

This paper containg a doscription of the orig-
inal and revised forms of the Mashburn Serial Action Apparatus
along with teef data obtained on groups of sudjeots differing in
age, experlence, and sucoesa in flight training. The report,
which is one of a number to be devoted primarily to spparatus, is
of partioular interest because of the wide use whioch has been made
of the tost in the selsotion and olassification of pilots.

Cordially yours,

7.

Morris 3. Vitelos, Chairman

Committen on Selsction and

. Training of Alroraft Pilots

UsVite : National Research Council
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EDITCORIA!. FOREVORD

Uns important by-produst of the research program of the Eational Re-
search Counoil Ucmmittes on. Selsoticn and Training of Alrorsft Pllots hes
been the development of mew apparatus and the improvement of esxisting ap-
paratus in the {ield of fiight aptitude testing and flight performance
recording. Thie report on the use of the original form and the develop~
mont of a revised form of a widely used peyshomolor test represemts an
example of suchk a bysproduct. It dessribes a revision of ths Mashburn
Automatic Serisl Action Apparatus growing out of o study 3nvolving the
tenting of aviation cadets at tho Heval Air Station, Penasmcola, Florida.
Other raportss treating the Pexsaoola date in greater detsil and descridbe
ing other apparatus develcpments, will be published in thoe Teshnioal Series
in the near future, . . (

Teata of this typs have had a rather long history in pilot aviation
selacticn ragearch,l Unforiunately the history of this test is somplioated
by the fact that many veralons of the test were developed by individual in-
vestigators and differsnt names given to the resulting models. O'Rourke in
1926 construoted a Complex Upordimmtor. Mashburn osllsd his version, dev-
slopsd with Constable, an Automatic Serial Action Appmratus. Reid in Eng-

-land eonstrusted a Reastion Test. The form being used at prosent in the .
Us 84 Army 4ir Foroe testing program is omlled the 8.AM. Complex Coordine~
tion Test . The revision of the Hashburn desoribed in thix report is sallad

the Revised Serial Reaotion Tims 4pparatus.

Until sush time an ons version booomsa the sstablished modsl and the
oame besoomes standardized it must bve remembered that they all provids much
the aame ¢typs of test situaticn; viz.; selective resporwes by myans of
simulated airplane controls to & changing series of signal lights.

B!

- - " "

lAn nistorien) introductien to sviption yeygholgry. Washlngton, D.0.s

 Civil Asromertice Administretion Division of Resgearch; Beport Fo. 4.
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SUMMARY

Since the first World War investipators both hers and abroad have been

interested in the reletionship botween measurce obtained on tests of psycho~ .

motor behavior and the complex coordination of hand and foot movements re-
quired in flying a plane., During and subsequent to that war experimentation
with equipment like the Thorme Reaction Time Test and the O'Rourks Complex
Coordinater, developed in America, and the Reid Reactlon Test, developed in
ingland, was conducted to detormine the extent ta which msasures on theae
instruments were of prodictive valua in the selestion of trainees, Flndings
seemed to indiocate that good performance on motor tests of the serial reastion
type had some relationship to success in flight training,

With the ald of iko background of thaese earllor invesilpations, Col, N, O,
Mashburn supervised the building of an ingtrument in which the actual control
operatlons of a plane. wore slmilated, and in whish serial reastion of hands
and feet was demmndasd in tho tesiing procedure. Very early ithie instrument
wag found to be of valus in differerntiating between good end poor pilot tralmees.

Thle report prosents a description of s simplified rovision of this equip~
mont differing from the oripiral in that it is eonctructed of parts purchased
from standard manuficturers, making it inexponsive to build, fairly light in
songtruction, and easy to replace speis parte. All squipment congiructed from
the gpeooifications prepeuted ars somyarable, facilitating standardization of
procedure and operatlon. Other charssteristics of the revised model are the
insluslon of stlumius lighte, relays, duzzer, and tranaformer in a compast
metal unit, and tho introduction of "dleiraction® lighte on the pansel ascewbly.

Prollilmeyy datie were collasted wilh both the oripginal end revisod forme
of the equipment on moro than 1800 subjects, varying widely in flying exper-
isnce und ropresenting both elviligyn und nayal pilots. An anslysis was rede
of tho c¢biained zcoraes and tosde of ciutistical significance applied 4o duters

“mire if the differsuces Yetween grow s ~f ve wzsful and unsuccegaful 4.
wara slond ficunt. The fellowing teuiastive gonclusions and sugeestlone rovulied
from this otudys L

le In eaoch of the groups studied the differencea in dlstributicr betwoen
the acores of unsuccessful and successful pilots wore sipnificant when oval~
uated in termo of the oaritioal rniios based on the standard errols of the
differences batween msans, and the chi~-square P valuss. The eriterie for
Judging success wers (1) time to solo and time for certifiocstion for pilot's
ligenss {civilian groupa) and (2) pase~fail porfarmance during flight train-
ing (navel groups). Thic preliminary evidemce sugrosts that the tost would
be uwseful as one of a battory to ermraise fastors relating to the gelestion
of pilots most 1ikely to succeed in £light training. It must be pointed out,
however, that all piloto ranking high on the test waere not suoccessful in
flight treining, indicating that othor factore are involved in learning 4o
fly which are not measured by this tost.
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2, Dibercorralatione sagons $ho thisy seprles of 13 ashilwp welw guf-
2iclertlr high to guggeat that tho tact. as & whole, pegcesnsa ufficiert
relinbility for further regsarsh on (ho waa nf the wpparatis in the pre-
4ilatdion of flipht suunesy. :

3. fagboes suah 83 808 Tlisht axpsicdanae, and ned ealieca Lifluence
periormence on this test. The data +wugrasl Shnat the test Iz wmave eppli~
aekle for use with bLeginning students. or thaao in the early siages af
£iirnt training, sincs these croups chowed & grester sorand o7 woorse.

— ——
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YORUVESEN Lo RCA By Lo w1 APRALATTS FOR
W3E T APPAafna il fLYANG AMYITTULE

FIer =0T ioR

Barly in the hietoxy of plloet fvsluineg it was disgovered thut pany
gtudent pllote falled {6 comploisw fheir filght 4raining in apite of the
fact that they Luold pazased =igld pryeioal oxanfuations nt the tims of ori-
ghnal gelectior. This fact 18d o the de-slonment of sslection tschni~
guep dirscted Luwsrd faghors other thaen those rolatsd to physical fitness.
Slnce 1t appoarsd that {lying sn eirplone demmnded sormplex scordinaiion of
hande and feet, smphagsio waz placsd oo feabers like motor seordiration ard
related vavehomober behuavier. worg ¢tier measnring inetrumente in this
eren, and in line with thlg ewphapic; was the Hashbumn Serlal Astion Ap-
paratus in whish soulroin simulsabing thope found ia an airplans were mans-
Apnmleded by the gubldsst, sallineg 1t noceible to mesaurs seortein aspects of
Yoaharvior uadsr staadardisod soniist 3. Experlense with thle iastrumesnt
iaifzated that aliheugn whav explors? aloawe 44 wae nod wholly edequate ag
g prodictor of aucasss oy fallyru ixn flight training, it vas of sufficlent
walve bo warrond inoluslen im seluciion test batterlss.

Tuls report prosente o deaeripiion of the original Mashburn apparatus
es doveloped ut Handolph Field, and & detallad dlacussion of a revised or
nogifisd form of this irsirument mads et Harvard Univeraliy. The revision
took thoe form of simplifying dnd robnilding the original modal with stan~
derd oquipment obialnable from commerciml wmenufascturers, thorsby making
it pooseible to roproduce tho apparatus more sasily and at & groally rew«
duoed cost, .

The report alpo presents resulta obtzined on large zZroups of pllote
during various atages of flying. The groups tested were 200 civilian
pllots, 750 naval aviation cadete and &2 inptructors at Pengacola, 400
studant pllots in the Civilian Pllct Treining Program in the Boston ares,
and B6 advanced 0.P.T. students ir training for the eir ferries servics.
Dats obtained with the original and revissd apparatus are presented, slong

. with & preliminary analysis of seorss in relation to poor and successful

pllots at verisup atages in their flying caresrs. '

TS ORIGINAL MASHBURN SERIAL ACTION APPARATUS

Berly studies of motor soordination and reaction time indicated that
mobor teats of a gerdal reaciiosn typo were more olesely related to flying
than were thoso messuring single raaction timss, Theso studies led to the

dsvelopwent of serial rosotion tosts 3uch as tho Thorhw Resctlon Time Tastl

Thorne, F. H, and Snoll, C, F. Soms cbaarvations on the reaction
time of student flysrs, Milt, Surg., 1925, 56, 145-152,
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arnd thio O'Rourke Cprplex Coordinal er” tdavelepod in Amerisa), end the
Heid Hsaciion Test” {developed in Dnzinud), The Compliasx Urordimisr
wud deviged by O'Rourke inm 1920, Moglhurn Lepen ueing 1% in 1927 with
U, &, &Yr Corpe plicts et Rendolrh Field, Toxsg. On 4he isla o hilz
sxperience he developed, &1 1031, o vz abnaraiups whiech was galiad tha
¥aghburn Autenptic Seprdald Astlon dppa w=tus, %, Constable conmiTuuted
the apparatus, and worksd ovt the io.Lzdlis of tho wirlng syrton, 4 b aazi=
plate degoription of the ariginal uwolel mmy be found oleewhero, *

The apraratus wee dsgigned =9 an Se roushly glmulate +he stiok and
rudder movemenita invalved In {lrimz # nlans, Ths gubjaet rsaots %o 4 gone
tinucus gories of lighite on the Zn.i..ent punel by waving & met of gonw
troig oparatod by the hLends rmd Paot,  The aprorafas 1a mulematic ap that
the scrrect roaponsses Lo ono 8gt oY ciuasla eldth sbick anl rudder aubo-
matically gat up tho cuoze ‘«:llng sigac) b il tha oufire sarlies is cuwe
pletsd. The subjeot’a goora is r*iv" in terms of the tetni tima roquires
to make the nomplata gerhing of 40 act iinge.

The sipgaal pane?, voumtod in an sl Pt pesition in Siont ¢f Lhe sbv~
Jeal, cwunteins three dovhle rwe o pori 1131 tighte, “odriien in eeeh rovw
Oma row in enah sef of Alpgnta e o 1 ~ue the osher grasie The red lisnbo
are gigral 1lights thed ward aa‘bﬁ‘ﬂ.:.‘t.in.va.,lyj *E;ha graen tipghly are the ruge
pongs Ughats eard are diroedly vrder ¢ oabrel of the subleot, Orly ons lisht
is i1luminated 2t a Hinw i sach ygw. Too botion row of lights correzponis
ho the movemenis of the ruilev, Zhe rivgeadisulayr row of lighie to the sl
vator, and the top ruw of iLipghts te 2%ve eilsrei. The osnirols are th~ {rpa
somzonly ueed in $ho prioacy dralidng olimec. The thres oordes of movswsuls
correspording teo the rudder, alsirlisrg zaod af isron ean b2 nde Lrdepindently
52 omoh (iher ard do not nedensa~il ¥ otuhoid she soondbiadlce of cne wlth the
cthore.

Bevarsl tsaks heve boon daveleasd <hread whieh are v . what simlloe o
princdiple %o wha Maenburm Sortal Ao o Sptavwtone Tae 000 muggostei By

E N e T L TP LA e ROk M e 7 3 AEL F L md mirmewr T SRR M I 1 v mnll

F3

Amehvure, ¥, €, Pwmh mﬂ_, Looaeiph Piald, PTanazua Eshool of avia-
tlon Hodlolne, 1938, RIS TN

P

3Raid, ent Slgrist., Te H208 oo atisn royeretues,  Fluling ont 4t
qubMties tiai g2 to mels o opasd Lo, I b4. lu2B, 20, 4007

Mmphvura, B, 0. Baglorn corenosie govial sotden & rsatae £a0 das
testing flylng eptliude. J  Avuili.s Med., 3335, §p 30760,
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#illiams ard dealgnod and songbtruciesd by Or. B. J. Schuster of the Medi-
oal Resesurch Couneil iu Baglend consists of a pllet’s seat, adjustible
ruddor bar, atick, and £1llpminated 4est cebinet mounted ebout 2 feet in
front of the pllot’s meat.” A spot of light, activated by a grooved diac
whiah rsvolvea inglds the cabinet, rovea in a definite but irregular sourse
acragg tho glass gorven for a perisd of )1OC geconds. The oandidate has %o
vautrelize the irregular wovements of this spot of light and kecp it ocenm~
tared on the acreen; by msans of the rudder bar for lateral deviatlions,

snd the conirol column for vsrtical doviations. At the same time certain
distractiona, such es & red and white lipht in front of the cabinet, ora
bell and buzzar, havs to be countoracted ms quiakly as possible by

moving & lover wiih the left hand. A system of dlffereniial gearing records

the sgors on four geparate digos for leg and arm xovemsailas, reaction to dis=-.

trooticns, and total geore respectively, Two trial runs are given and the -
soores are recorded om the third run., This test gives a numerloal rscord
of ths candidate’s "ham-haniednesa™ or "lead-footednsaa.” Ho recent data
are avallable which have hasn obiaired with this apparatus, but the pre-
Unlinry results vere promiaing. '

In the rovisiom of the Mashdury tost described in this report no ab~
tempt wae made to changs the basig principleg of the original apparatus.
For examples, ono limltation of the teost is that the thres adjustments (rud-
der, aileron, and slevator} can be mede indeperdently and thus the ability
of the subject to make goordinated movemwnts of several controls is not

meaaured, The praserd revision is merely sn attompt to provide
an instrument which would getlsfy three important requirements in an ap~
paratvs test intended for wide use in s pilot gelection programs (1) it
ehould be fairly inexpensive to roproduce and simple in esnatruoctiony (2)
it mmst provide acouratse data, comparable from one instrument to another;
and {3) 4t must be rugged in ocomatruction and easily maintalned while in
uss, The preseat revieion ssems to satiafy these three requirements, ea=
peoially in th.! it uses standard parts avallable from commercial mamifacte
T urersa

THE REVISED SERIAL REACTION TIME AFPARATUS
Following is a detalled descoription of the Revised Serial Reastion Tims

Apparatus, Photostets of meohaniocail drawings of the apparatus are alsc pre=
sented in Figures 1 to 6.7 .

A. The Gompletoly Apgembled Apparatus.

The completely assenbled apparstus giving the various over-all dimen~
slons of the wooden framework, chair, stiok, rudder bar, and light panel

6Mhittingham, B. B, Msdloal ressarch and aviation. J, Royal Navy Med.
Sorv., 1940 (Jan.} 15~24, ~

TIn the photostated drawings of the apparatus, some of the dimenasions
have been omitted so ap to make the drawings more easily interpreted. If
copstruotion of & modsl is somtemplated, the origimal drawings should be
obtained.
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ie ghown in Fig, 1, The baes and vupright portions ere construcied of
plywood. This may Be asparated vor a'diment by removing wing nuis in

the lowor pert of the upripdd joriien wnd discomneotinp éhe slovdrical
cabliep by meeng of the largns 15 point plugs. The scat 13 adjuptiblo on
.tho pledferm ao that emch mﬁ}geaﬁ et confordably reach tho etick and rued-
dar bar.

The ppparatue funstions ag followa: The movements of the atlok and
rudder bar (Fig. 1) eperate nlscirionl writchos mounted directly bonsathn
thepo coptrpls, ZElsetrical eablag cunnected to these switches run o the
top matal aai’;imi: of the ii}.?.:f’m wootien Trame and are connpactod to the
Ueht panel and various parts ¢f the slsotrdenl ofroudt (Fig. 2, and Ap-
pexdix 4=2)s Movemenmis of 1he ¢ é;‘;rk frem sids 4o eids illuminaie the
green lighits 4in 4L ary soses Whe S.r of the panel (Fig, 2). doverwonts
ai the gblek formard end boosbwesd 137271 the gresn oheg i She wpripht
mddle row, Ther all dhree sreun L3shin mabeh tha fllusdsnted rad Liradse
thoy olous the olpeult gheen Ir THrl v lan He, 2 {!&.r?d&ﬁs A-lie Upen
gorploticn of tnle elrewld? Jhe o .So wiopping rolay A astiveled whilsh oriég
up & new pattern of rod iichire VYirsw 11 patdoms kowve boin arbitrarily
oogen acd are lieload in e‘%.'-;fsﬁré i% =i, Bootlon A Ths nbors end lotisys
zt08 in Appendix A~2, Sedsiom T, tziteats the electrical gomusotions naces~
sary to sompiete ths clsairiesl cirsobi~ %o varlows pevts of the appuratvs.

One of the moot dmporlast aibcruifsiy in The reviged apparcbus aone
sists in asgembllag the otlizilus Ilgliyg, velaye, tramsforoan sl buzzer
inm & wetal sabinet e n wrlt, Sla ochlzel fan be purenassd from the Fare
Motal Productas Company |Anpandd- €. :

3o The Iiant Fapal fensiodi. '

The Aimespsions aﬂd arvanyemsnd ol he ki pannl eos-ably are shoan
in F;!,.;;.. Zs The five lightc -ﬁ_c;‘,:; sge o whds pimy ac perd fa the Duncilon-
ing of the teat, Taegs gy tanrepbod wish the amin ewdiish and 1o~
maln $llwndsgbed durdng the tee! v s avramgomert of ks parailel rows
of ved end gresn Mghts is curva in Avpeaddix A-1, X, Xt 1o detdored srnd
nucbored for convenlsues 15 okt U2 mothod ¥ whiripg. The oilet llghia
and sccketas shich are meuadsd Lonied the wiadcss or Jewals (Fig. 2] aro
gagurad to & frame aseordivy iv Zioe.adons glyvsa 4n Fige 3. Ths nositlony
of tondepser, wvasums Ly ead v-dzya e shotn g Fig. 4. The npperatus
is wired se a wmls ard moundsd Tn Sho ugper perd of vhe gt panel bex,

r‘»‘

B PET fbaTLt N RTST ThR Mo f oy Frn Tl Jediy bk S R R A ¥E FE L g,

8z Zditor®s Note. Thene "dilsveezlod Mrhda wers added Ly the reviced
model f:rif ths Maghbuyn, zlfhough thsy wecp nrt gonalatently ueed ir fhe feui~
ing situntion, 4n expovlmaniul iole ;tzﬁzzﬁﬁim ¢f tho affend of shegs 14 ,E%"s*;sa
an tha performanes of cvbiats dosfey tro $eriing Prosedusd, auws racuntly
boen mada, Seer foave, N, D., Suxtesn. G. By, Spomeo, X. W The effocl of
Botenetion Mights upon poclsrnive 0 hhe Maubborn gepdsl o eearumaﬁ%
soph. Washingbon, 2, U D.4 A4 iy Triun ot 1"&35‘?}*}1‘"22, Reiarh Ho. é?, forid
1944
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REeVISED SERIAL REACTION Time APPARATUS
Narromar Rescascn Coumcin — Crvri. AFRomayvra:s Ayruomiry
Fesesrch Frogact on the "Setection and Tuining of Arrcraft Prlots’

Origmal Dasepn anat Consirmiron by N C.Muwshinrn and A7 Constedle

....J&vlf

Ros3 A McFariand s Raiph C Channell
Harvard Unirersly

Morgan Hall

Sokrrars Freld, Bogton
Oclober 1, 1941

Figure 1
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& gavryan tumdnal Voerd Py c el 1) e dvele et An e rear
gt of the Bk ponsl B L e :.;‘..ft*v’;e who arrascltice oy Sdgosnnags
“don ef tho warlovs it wt‘iu.. ’_r;* Viand iz masd oY §he sablust. The
Iptoreonrastiong balenon X ool o 2078 saaemiing Yo the oMimmlus poabe
erag af \..xz ted JAanba, vrd *,.1‘ Soaaceraze ol Bl mdderng Ly lleted in
appaadly A2 Toddien A i"“, sbapolug rooay wiloh 2ata up sh2 aequ&z«mof
sblmalue monbermes e s ssherndismdl- Lo Apasndds a-ly 8.

Fugercannosioas beliany &t Loimis le seal tank of this shepping re- .
tey {3} and the oo Borinal (¥) ore 2Yas JlrSed La appondlx A=2, Ssoiivo
de Az osrsocdanss o enti ghi i omibemy dhe sublest mied meve the con-
srgie go oea Bo o owpiate b slastotial of caetha walah 9% up bhe next pattern.
TYhe avitehes epaThbed oy he etmitely avs dlasrarasl in ‘Lpponiiﬂ &-1, 2, and
e inkoresnnsstisng ‘r bogos Blene peitaliog and the copoon bdsrmipel hoord {(Y)
wrg shod Ao ajpoedis wE,, Buetiag 7,

3

Ce Thg Alierus s Blevntor dees iy.

‘Ege 5 showz & alde view sad a frovh view of the meshanleal operation
af 'bhs rilaron snd elayator agoestly. Ihe elsvater sontaect wwidelr i3 a nove
avls unl? loeatzd directly banoatn the etiok, rotating 14 aa arc ercund o

eagmsnt of o large gear {H~32%6). A smal:i pinlea gesy rotatee the arm of
the ewlich, tho contast polute ¢f uhklsh ars wired sccording %o Wirlny Plan
do. L, dppendlx A1, Unly 13 palite of ths standard 20 polnmt switch are .
uged. Elnco the elovator ewdéch is moveble, the polnis are wired with
phospboreus brenzo 1o provend lewiara, The aflorsn mﬁ.tch is gtotionary
zad 49 shomm on Fip. 5. The amn ¢ thisz sedtoht 13 rotated by e omall pirs
ien turned by a segument of a luwg.or gear, Tho comnescilons from this switeh
are ghomm in Wielng Plan Ho, 1.

E. The Audder Contrel igserdbly.

Figurs 6 phowz {ha top and gifo visw of the rudder sontrsl aasambl:;.;
The 20 point cordact switeh shown in Fig. 6 48 cormected accurding to Wire
ing Plan No. 1, Appendix A~1.

F. Degoription of Stendard Paria.

Standard coars have beon usnd in the stiek and ruider control mesemblien,
The @mell geare connested 4o the rotating switchoez are cub by lathe from
Sogton Gear Plrion Rod, which has twelvo testh thirty-two pltch with three
sixteenth=inoh fnoo. These amall geeiz are drilled to size and mounied on
the shaft of tho rotary esiich. Tho largs gears for the rudder and the
slleron confrel smuzh bo oud 56 =3 3¢ eluar the aspenbly plate.

The 20 point rotary electriesl switches ave obtalnable from the Guard=-
ian Elestrio Cormpany {Appendix €. Only 13 points are uged but the move~
ment produced by the combrols Fits very well 4o tho ssotor set up by those

R i
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20 point ewitches. In ordering the rotary switches it should be stated
that ghafts one=half inch longer tharn standard are desired.

In making the electrieal sonnectlons to the elevator ssntrol switches,
phogphorous bronze wire mmust bs used, This wire should erxzend away frem
the contact pointe for approximetely oma foot because thes switch is oradled
and must be free to mow, This movsment wears out ord:l.naw- ocopper wire
conneotions. _

The main ghepping relay is a Series R atopping relay, 26 point con-

I)) mads to specifioations by the Guardian Eleotris Com-
pany of Uh.tuﬁo Illinoia. The coil is desipned for 110 v:lts A. 0. 60
cyole surrent {Appendix.C),

In making the eleotrical interecnnsotions all units ar.y wired to a
‘contral terminal strip wvhich permdts the removal of any wit for repair
or replacement., Fourteen wire.cables wiih sonnection plugi ars used to
gonneot the eswitches wlth the coutrol ¢abilnet. Thlsg emabl s one to sep-
arate the lower wood basge from the uprisit part to facilitate the ship-
ment of the apparantuva.

In the red light stimilua pattern tfsre ars 13 diffsrent combinations
as designsd in the originral Serial Roaction Time apraratus. Since thie
arrangement may be congldered stenaard, the buzzer has beon placed on the
thirteenth setting and the stepping relsy redused to¢ 26 peints instead of

‘the original forty. 1t was originally planned to reduce this stepping
relay to 13 points but a roley of thie type was found to be impractioable.
A 26 point stepping relay was usod in 43 plaes, :

The time delay for the manter ralay is cbtainsd by ths use of a vasu=
um tubs and condenser as shown in Wiring Plan Fe. 2, Appendix A-1, 41l
interoonneotions are ligted in Appoandix A-2,

G, Bimbility of the Apparetus.

One model of this apreratus wags in clmost vonstant uge for over e
year under the supervipion of & iralncd techaloilan, Ko diffioultles wore
eacountered. In the onvs of two similar models slight adjuptments were
necesgary after shipmert and during routlne testing. It should be kopt
in mind that this squipment has & ocmplex wirlng amd relay system re-
quiting the vsual osre and {rosatmsnt glven sush inetruwments,

H, Llgt of Menufacturerg of standord Parts. )

In Appendix O the pame anrd deaoripticn of the parts are listed along
with the name and address of the somufesturer, the quantity required per
unit, and the catalog memher,
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A Froalminery Fipdinge st Rargelh Visld.

in 1931, caietn &% Randolph: Firadd wore tested with the original Masgh~
burm Apparatus.i® Ths subjoste crosen for the gtudy wers limlited to seo~
snd Uoutenante and flying osdet irainees, The togt ssores of the T89
sadota who were graduated and the 924 widutg who were eliminated for the
reason "faillure to meke satlefectiory prozress in flying treining” were
somparad. The azeores of <he tobnl geaup of 1713 oeges renged from 2 min-
utes and 50 sesonds (2¢50) to 14 1inuwhos.

A disgram showing the relatiocnshlp of scores on this apparatus {o
gradustion 1s shown in Fig. T¢ Thers wera 35 gstudsnts in the group whose
socores fall in the top interval and 68 students whose scores fell in the
lowest interval,ll The training rscords of these two groups wore as fol=-

lowss OFf the 35 in the top inmterval, 27 graduated and 8 failed, or 77/

susdacededy while in the lowsst interval; Ll graduated and 57 ware “wasched
out »* or 84% falled. The author sonoluded thas the poasibility of obtain-
ing trained pilots from a group of spplicants whose scores fell in the
uppar olass interval was about five timse as grest as the probability of

obteining a trained pilot from a group whose soores fell in the loweat olass
ivharval -

Ho further statigtisal enalyais wes rmde from the data although the
resulte appear to indlioate a falrly high: relatiomship between teast egores
and success in flying, ae indicat»d in Fiz,. 7. A further analysis of re-~
gvlts obtalned with this apparatis on aviation eadste at Randolph Field
has bveen reported by Glsnn. .

B, Findinzs Otteiped ip Thiz Inzasptispiion ov boih the Original and
Reviged Yorng of the Mashburg.

_ More than ', 800 pilots at verious stages in their flying ocareers were
tanted in this inveztigation, Th:y wurisd in age from 18 to 47 yeers, and
in flying expe:ience from begirning suvudents to oivil sirline pllots of
many thousanie :I hours of flying time, The initiel axperiments were cur-
riea ont eon e¢l-ilien pllots with o model of the original Mashburn apparatus

9%ditor'p Rote. A more extsnded troatment of the results cbtained with
the Pengacola subjects will be presgentod in subsequent reports dealing with
tha Ponsacola Study of Raval Aviators. ' '

10Mashburn, N. G. gp, eit. 179-186. {Footnote 2.)

llthe individusle sooring lecs than 3 minutes, and sbove § minutes and
16 geoonds, were 20 few in number thai thoy were grouped in the top and lows
est intervals indicated in the ctart,

1201snn, Charles R. A preliminary report on a performance test for fly-
ing. J. Aviation Med., 1935, 6, 14-19.
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obtalned from Randolph Fie1d.13 The same apparatus was used in the study
of student pilots in the Civilian Pilet Training Program in the Boston
"area and also in the study of naval cadets and officers at the Naval Air
Station, Pensagolus Fiorida. The revised apparatus was used in the Fall
and Spring Programs of 1940=41 with the C.P.T. student pllote in the

Boston area,

TABLE 1

MEANS, STANDARD DEVIATIONS, AND RANGES OF SCORES FOR PILOTS

FROM 18 TO 47 YEARS OF AGE

#Roviced Apraratus

(8 = 1556)
i Mean
Age Flying
Subjacts N ZAange Hours |Mean 8.0, Range
1, Civil Airline Pilots 201 20-47 5,600 5.78 0.56 (3.20- 9.03;
2, Control Group of Hon-Pilots 53 20-47 0 6.97 1.3 (4.52-11.33)
X+ Ponasacola Uedets and 0ff1lcarg . ’
Clagges 147~151 372 21-27 10 5.97 1,03 ({3.90-10.67)
Clanpes 152-159 378 21-27 10 5.60 0.8 (3.20-10,1%)
4, Poensacocla inptruotore 82 25-37 1,500 5,95 0.82 (4,37~ 7.63)
5. G.P.T,P. Student Pilots -
Primary 1939~40 - 216 :8-21 0  5.40 1.00 Eg A ﬂ.§}3§
Prinary Spring Term, 1941 81 18-21 . 0 5.29 0.95 {3.50- 6.40
*Primary Fall Term, 1941 67 16-22 0 5,30 ‘1.10 (3.30- 9.%0)
6. SFlight 0ffisers Tralning
Sehocl, Mortheaws Airlinecs 8o i-27 200 4,54 =~ {3:03= 720}

Tabla L ahowe the murber of pllots in cach group and 4hs ranges, meant,

and standard deviations of the sasrdéz [or the various groups given 1a pine
utes and fractiona of a minuts. It ia rferesting to note thal the msane
for the three groups of sanéidetes for Piight $raining in the C.P,T. Pro-
gram are very similar., In tha Fail {1541} group the revised spparatus was
uged., It ie of iIntorsst aloo that the student pilots in the C.P.T, courss
mede slightly better mean seorss than tias naval sviation ‘ondets and the
civilien pilots, A8 a group tloy ware nel only yowmger, hub probably more
highly motlvated sinve thne Lgazt was given a% the vory beginning of their
sourae of trairming.

0 9 e B

I A 6 TR L el P g A o

~ A3The awthors aras indetbted to tis numardsut, Sshool of Avistion Medle
cine, Randelph Field, fov tho veo ol thio equipment during 1939~40,
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Givil fiopdimp Plisha. relnie oPLEINGL olia thle Loraratus
tor wha 261 ofxll alrllme piist.  ~e #liwa 44 Tebls 2.9 The noan vo~
e2tim blms for the enbire grew: - 5.70 adauire., Ir & control group
32 5 nonefliers, Oemparshle in o ucsilon snd mge, the mean ves 6,97
pigilep. Oompecison of %re ros -7 .3 taiuad An Shia cSady with the daiae
Pro’ Bandolph Fleld ghowe chat +0 civll sllote tend 4o goore within the
yrese of the me 6 guoaaseivl pi - . For gamplis, tho 80 uvivil ajcling
wileap in the flrad $wo age ardi iy, L.e., wheud ®etwosn the cpee of tvunty
13 BIATLy yearr, comparabic &0, -0 Lo tha aeeg ot Haacdelybk Flold, nade a
fnen geore of H.21 minubonr. T o im0 lo s dhe runcd JheTs OO per uent
were gusesssful in peaslrg tho @ wiug eoures ab Rendolph Field, The
Jider plletas tuaded to mmke ponry. €3nNBe This pey offer ean edditional
23t in favor »f taa tawi ginec~ o Sy Enogn that gpmplax reastlon time
inorcages with nges This relat. - aklv kolds danpite tho faot that the
nides pilloie Kurs had mors fiyivs wda. . :

R VI

FRALE AND STARDZRD DOVIAPIONS + °  C7VEIL SARIGNM PILOTS VAKYING IN ASE
FROM 20 TO 47 YRARS, AN IN Fi (NG TI: FEOM 000 10 12,500 HOURS

oar Herng ducher of Sobttings Completed MNean

Flying Jadng Aneh YMin. of Test in

Group R Hewrs, _ 4, 2.3 % 5 Mng. &8R-
2325 yaars 22 . f0 7.9 7.8 7.1 8,0 6.8 5.28  0.72
25-29 yoars v 59 2,500 8.9 7.7 7.9 1.5 808 5.18  1.03
30-34 vears 70 EL,E00  T.6  E.7 7.0 T.0 6.6 5.75 0,92
3E=39 veare 26 7,000 7.2 6,7 6.3 6.7 6.4 6.07 0.88
40=47 youra 25 12,500 6.9 5.4 65 5T 6l 6,63 1,08
Hosn Z01 TT 7. 7.0 7.0 6.5 5.78 0.9
Contral Group
24=48 years 53 00 7.0 8.9 T.0 6.8 6.7 6.97 1.22

The practicu effects in tha L st, espsclally if takeonm on guscesding
days, are fairiy large. Thia i3 c¢ontrolled by ellowing each veraon only sls«
ven nraotice geltlnge before ths {aat iz vegun. No scores ars included
for suwbJecta wi> had previous exp risnce with the epparatus. The aversge
purbur of succesaful settings por minude, as shownm in Table 2, {adicates

e a

144eFarlard, R. 4., Grayblsl, A., Iiljensrantz, ., and Tuttle, 4, D.
An analysis of the physiologieal »nd psychological oharmoteristics of 200
.eivil eirdine pilots. J, dviation Med., 1939, 10, 160-210.
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that the lmpraovement from minute to minute during the firegt run of forty L
sottings ig not large. Im the groups of oivilian pilots, the number of g
- puocessful setilngs per minute actually decreased during the course of oW
the test, In many oaaog, the largest mbor of settings wore made during U
tho first mioute of the test. This did not always hold trus in the groups

of student pilots unfamilier with the motor acts involved in flylng. R
2. Avistion Cadets and Instructors at Pengacols. In Table 3 the j

distribution of ecores is shown for the succeseful and unsuceessful avia~-
tion cadete at Pensacola for olassca 147 to 151, and in Table 4 for clase-

e3 152 to 164, f
TABIE 3
THE DISTRIBUTICRS OF SCORES FOR SUCCESSFUL AND UNSUCCESSFUL
PENSACOLA AVIATION CADETS IN CLASSES 147-151 , .
Pary 1 Part 2 P
’ Washouty B
Plug Board 3
Paw Scors Succsgges Waphout Exw Soors Good Pliots  Appesramces by
347~ 4.1 5 1.7~ &) 5 i
4.2~ 4,6 17 fole 496 17 .
‘m?"' 501 ?l 3 { :?' 501 6? ' ? (
502” 506 &l 8 o B 5556 72 l? _:
50?"" 64»1 66 8 ;17“ 601 60 by :
6o2= 6.6 35 13 f.2= 6.6 31 3 i
6;1“" ?o‘»» 28 11 ’*—»e?"‘ ?01 27 12
7.2 7@6 17 4 ¥t Tab 13 8 :
77~ Be1 10 2 Tl 8.1 T 5
8.2‘* gaé 3 l ‘Ua":"‘ 80& 3 ‘1' . :
897# 9\5;1. 0 1 ¢ :!” 901 0 2 ’ ,::':
902"" 9.6 l 1 5_}‘:{” 935 1 1 _‘:
GeT=l0,1 1 ) FaT~10:1 1 fv
10.2=10.6 1 1002206 1
N 335 53 N 355 58
Heun 5 083,2 &65 't?) 673 é u 15 Koan 5 v?Bt weg 695% o &;. f
34 gom 0.%6x 0% .08 L10 Sl 0.924 .C} l.l4pe 509
Rangs 3.89-10.13 5.95=10.07 foange 3.87-9,%2 4,70-10,67 T
Oritical Patio {Mcana) A.78 Jvitiesl Ratio sﬁem} 5.38 Lo
Critienl Rotds (Signas) 1.03 Critioal Ratic (Sipnas) 2.32 g
,_‘;_\
Chimaquared Vo { SO Chi~agquared P= é&l .

In Part 3 of the tamble ths Sasssssew thosw vho complessd the sourse
although some ray have had ntie cr mors uppesrances befors the Commandant’s i
Advisory Board; ers shown iu ralation to The Umshouts (theae who were
dropped from training beczucs of imapiitudes in fiying). In Paxt 2 ef



o . P T P " — SE e
] kS R | ‘”vtf-*‘?""lf‘f,}'o W L Tk ai . I :l:; ne e ddld 61357‘5_, L SO TR S S 5 LESTARE I ’-‘\‘3‘:"}""
| A s e T R e R S Fe Ty, T A R A R e AR Tty . TRy
il —- i = I SO ; - T CES - . DESE S T : '
! .,H..,':‘b{ %‘: LI :;_. ll_rrg_.“mr._,:'., LAY “'\.,"' L = __1 1?'1. N o 0 T« .. L
v E R N ; N
E .

!

ge _ .
f_;f the table the saores of the Good }.lots (those nuoceseful pilots who hed
L: " nover had m board appearanss) ars shown in comperison with the Washouts
£ plus those "sucsessful®™ pilots wth board appearances,
o ’

TADIE 4

THE DISTRIBUTIONS OF SCORES FOR SUCCESSFUL AND UNSUGCESSFUL
PENSACOIA AVIATION CADETS IN CLASSES 152-164

Part 1 fart 2
Washouts
Plus Board
Raw Sgore  Suce ¥aghouts ¥ Score Ggood Pllots Appearancep P
g ‘ - {
i 340- 343 2 ~ 3.0~ 3.3 2
o 3u8= 3.7 7 1 3od= 3.7 6 2,
B 3.8~ 4.1 9 0 3.8- 4.1 9 0
:‘,_j 4.2‘ 4.5 28 4 452" 4.5 25 7
.%:c.r ‘»96" 4-9 51 7 ) 4.6'“ 409 51 7
K 5.0- 5.3 59 4 5,0~ 5.3 51 12
i’ - 5.""' 5-7 64 . 11 504‘ 5‘7 54 21
y%": 5.8" 601 33 14 508“ 6-1 36 17
i_::;‘—" 602" 6'5 27 10 6.2“ 605 21 16
e 6ab= 649 25 6 6.6= 6.9 17 14
% 740~ 7.3 3 3 7.0+ Ta3 8 3
'Tf‘J 708" Bol 5 5 7.8"‘ 8.1 5 5
‘\g‘:,. 8.2- 805 2 2 8.2~ 805 2 2
e 8.6~ 8.9 2 o) 8.6- 8,9 2 J
‘;‘?‘ 9.0=" 9.3 -0 2 9.0= 9.3 . 2
I 9.4+ 9.7 D %.4n 9.7 0
% - 2,8=10.1  _a - 9.8-10,1 1
N 33 T2 ¥ 54 it
- Moen | 5.5(4 05 6,194 .14  Mean 5.52p 06 6,084 .11
um 009?* «04 1016.4:' «3.C sm 0.9% 004' 1'12* 008
R.ng. 3.2(‘10.15 3q75- 9@20 R‘nz‘ 3:28- 8:\70 3115"10.15
: Critical Ratio '?lnm) 4.25 Critical Ratio illnnl) . 4,65
; Oritioal Retie (Sigmag) 1.67  Oritical Ratio (Sigzmas) 1,65
Chi~aquared "Px <.01 Cri=gquared Pa ( 201
Y It should bs noted that Ain both Tablew 3 and 4 the oritloal ratios are
A7 large enough to show that the differences botwesn the mean scores of .the
= two groups are probably not dus to ohanse,2’ likewise the probability as
"1 154 oritical ratio of 3,00 ropresents a highly significant differenoce
s betwaen the messures, sinoe it indiocates that only once in 1000 times would
; V a difference in the observed direction as great as, or greater than, the ob-
sorved differensce be obtained by chanoce if the true dlfference were sero,
A oritioal matio of 2,00 is sometimes considered as approaching significance,
since the diffsrence would osocur by chance only 2 times in 100,



shown by the chi~square test is less than one Mc in 10O that the differ~
. sndes in the distributions are due to chanse fluctuations in random sampling.
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In Table 5 ths ocombined distribustions of olasses 147 to 151 umi olasses
159 to 164 sre based on standard scores, the elass units being in intsrvals
of five~tentha of one standard deviation from the mean of the total group.

TABIZ 5

THE DISTRIBUTIONS OF STANDARD SCORES FOR SUCGRSSFUL AND UNSUCCRSSFUL
PRENSACOLA AVIATION CADETS IN GLASSES 147 = 164

Bt 1
3 .
Ssore . Sugoepgep Fashouts
3.0 2
2.5 : 1 ) §
2.0 ¥ 3 0
1.5 45 4
1.0 122 10
5 140 12
o0 130 9
- §5 ?" - 2?
=1,0 55 21
"'105 42 10
=2 &0 18 5
=30 5 6
=3.5 3 3
4,0 3 0
=4,5 & 3
""5 38 0
R 669 125

Mean “""009«3; o4 - g ?% 12
Sigma 1. llﬁ «3 %930& 908

Critioal Ratio (Means) 6.35
Oritical Ratio (Signas) 2.18
Chi-squarsd P gé»@l

Part 2
Waghoute

Standard ’ Plug Board
~Scors Good Pilots  Appearances

3.0 2
2.5 6
2.0 u
1.5 42
1.0 118
o5 123
<0 114
= 5 57
*}.56 ‘*8
“105 30
! “209 15
22,5 8
=3.0 5
=35 3
”4‘#9 2
""‘"sﬁ
’"5 96
“”5;5 9 —ca—
N 597

iiénn ‘ﬁ'll‘& ;94 "058& 009
Sl lnoag «03 1.30¢ 07

Critioal Ratio {(Means) 7.06
Critioal Ratio (Sigmes) 3.01

e ow o o B e RS Eaom

e
@

Chi~aquared Fes {.03.

An examination of the sritioal ratios betwoon the means of the successful
and unsuccessful cadeta shows that the probability of the difference be-
twoen the means being u chance one iy greatly deoreased by combining the_

two groups of clawsses.

- or X

DL S
R g

St T {Z;i: g o
B e Bl

e e
.-

e S

Jf:,*;, e B

o



.H_ ”.“
T ey
- i
\

o

Tablag 3, 4, 5, and 7 alas v. 2% Sho standard deviations (nigmas)
of the distribusione, The siiine < “hza "poorsr™ groups are larger in
all ocomparisons but only guw i ik, oritical ratios reaches 3,00, Five
of the eight nritieal ratioe are ¢hove 2,00, howsver, suggenting a trend
in this directinn.? "

In Table & the dinbribuilisn i: ahewn Jor a group of imstruciors of i
flight training at the Naval Alr Sietion, Pensacolsa, Florida, The mewn \
score of this group is slightly punror than the means of the pucocssful
oadets. This mey h&ve been duag Lo &2 difforence in motivation at the
time of taking tests and the influsisy of the age faotor, The mean for

‘the group of instructore does aoh “iffor grently from that of the civil

airline pilots of comparcble age (Wable 2). > ) '
TAYIE &

DISTRIBUTION OF SCORGMLS OR 82 AVIATION INSTRUCTORS
VARTING 107 ACE '20x 25 TO 37 YEARS

& _Scors

4,25-4,49
4.50-4,74
4.75-4.99

5000“5924
5e25=5.49"
5650’5674
5’?5“5099

6.00-5.24
6e25-6o49
6.50-6.74
6.75-6.99

7.00-T.24
1025‘?a49
?050'7-7‘ -~
70?5‘7099

‘hed . o PR

(™
O =3

o
h)l WO \n-d=3p

H..n 5095&- e09
31gnl OQBa;- .06
Range 4.37= 7.2

. 16Mmo authors are indebted to Dr, P. S, lawrence for essistance in
the analysis of the data in Tebls: 3 to T, inoclusive, and %o Dr. J. W.
Dunlap for the statistiocal analysis in Table 8.

I
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in eomparing the results sbtained on syiation cadetn at Pensacola

{Tsble 5) with those reported by Washburn from Randolph Field (Fig. 7),
goveral differences betwoeen the groups should be kept in mind, At Ran-
dolph Fiold, epproximately 55 per cent falled, while at Pensacola only
15-20 par cont were dropped from training. The lower percentage of fail-
ures at Pensacola may have been dus to provious selection in flight train-
ing at the Raval Reserve Alr Bagsgs., Also there may have been a shift in
attiiude in elirminating pilota dus to the proximity of the war., In spite
of thess differances, howover, there is a striking relationship between
the findings in the two smtudies of navel and military aviation cadets.

3. GCgP,T, Student Pilots in the Primary Course. The results obtained

with student pilots in the C,P.T. Program in the Bogton area are shown in
Table T, In Part 1 of this table the selection of Good and Foor pllots is

TABLE T

THE DISTRIBUTIONS OF SCORES FOR TWO GROUPS OF CLP.T. GCANDIDATES
FOR FLICHT TRAINTHNG IN THE BOSTON AREA

Bart 1 (1939~40) Part 2 (1940-41)
Gaod - Poor Raw Good Poor
m - Pilotg  Pilots Sgore Filots  Pllote
3015‘3064 1. 305‘349 5
3065"4.14 2 4.0~4,4 13 1
. 4,15-4,64 14 2 4,54,9 13 5
4065"50]4 11l 5 5 -0-5;‘ - 10 11
5-]5"5-64 9 9 505‘509 3 . 3
5965‘69“ 8 6 6-0’6." 4 2 '
60115'6.64 ’ 2 5 6.5‘6.9 1l 4
6,65-7.124 1 7.0=T .4 0
T.15-7.64 3 T75=7+9 3
l’ . ‘;!;" ilil :!“' :! ‘3 |.(]F"£3||‘lb i!
8015“6.6‘ - 2 8.5-8.9 1
N ki kL N 8] 32
lhan 5.0 910 64, ,018 Hean 4. -11 5-91*
m oﬁéi a07 le{?% 012 31% ogiit g08 1. 21*
Range 3.72- 6. 33 4.28“ 8.7? Range n52- 6.57 4,43~ 8 65
Oritiocal Ratio (Means) 5.00 Critioal Ratio (Meang) 4,76
Oritical Ratio (3igmas) 2.65 Iritical Rétio (Sigmas) 2,78

Chi~squared Pu (’..01 ( Chivaquared . Pu (001

based on a combination of time to solo and m&_oig?_&gt}_gg for a pi-
lot’s license. The good pilote soloed in leas than hours and were
certified in less than 36.5 hours. The time to solo for the poor pllots
wag 9.5 or more hours of dual instruction and they obtained their ocertifi-

cates in 39,0 or more hours. The student pilots who fell in between these
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two oxtremes nre not shown in the distribuilons. It is interesting that
there is a marked and statistiocally eignifioant displacemert of tho poor
pllots tovard the lower scores. In Part 2 of Tabdles 7 the entire 1940-41
group appeara in the two distributions. The students were divided imio
good and poor pilots on the basis of instructors' ratings. Five of the
poorer students wore actually “washed oui" beocause of poor mctor aptitude.
The ratings were not mmde knowm 1o those carrying out the sxperiment in
the laboratory, and the findings of both the instructors and experimen=-
ters were not tabuleted until the end of the etudy. Only vne of the zo«
csalled Good Pilotg would have besn sliminated if the poorest ton had been
dropped on.the bagis of poor sgores in this test before thay started their
flight treining.

The data obtainod on 87 condidates 4z the 1941 Fall C.P.T. Progrem in
the Boston area are shovn in Tabls 8. Fhe revised Serial Reaotion Time
Apparatus vas uged in thin study. The 1msn score for the group of 87
pilots for 40 aetiings was 5.3 minutss. This velue is similar to that
obtained with the epparatua from Randolph Fleld on similar pgroups of G.P.T.
students in the Boston area (Table 1),

TABIZ B

THE MEAN AMD STANDARD DEVIATIONS AT 3UCCES3IVE INTSRVALS (SETTINGS) CF THE
THST, CORRULATIONG AR SHQVY BUT. BN THY VARIOUS TRIAL3 O SEYTIVAS,

{The Revissd Apparstus ﬁ,'ugﬁ in Obtaining Thece Data)
Sottinca Differences
Mumber 13 . 26 39 40  26=13  39-26 40-39
Bosn 1.6 3.6 Sui 5.3 X 1l 0.5
Sigma 0.5 0.8 R} 1.1 0.4 0.3 G .0k
Settings 13 J950% (9307 L938% 766 - 730 M2
" 26 C9Tys L9B® L926% 764 3D
" 39 ' 29988 906% .874* 340
" 40 906" JGTOM 384w
Differsnce  26+13 ' L B 72
" 39-26 | SRS

r— Nt A

17Por sxplunation of aoheriaks, gea Laxt, page 23«



In 3he ravisod apparaivgs au 31 tho avipiml modei, Lhers are only
13 differest setilnrs or stimwlus puitornse Ouwwring the tost there are
13 gettlnge repeatcd three timosy and in tho came ssquence. One addi-
tlonal evlting is given Lo cemplete tho furty vwhich make up the tost,
The first thirtecn urs siriatiy compsrable to the pseond and third ser-
ies of 13 for they e:xpotly repreduzo eash vthor, Table 8 showe, in the
columns headed "Sebtings” the wsza number of minutos nt the end of oach
13 settinge, It clgo chownp, in the colwwme hemdsd ™Differemcas,” tho
total time necseosary to corplats the zezond and third series of 13, and
the time for the 40th trialo, Thue the time for the firat serles (13)
wno 1,83 the time for the gecond (26-13) was 1.73 and for the third
(39"26)! 1_;.6.

The correlations in Table £ sre of twe kinds. An asterigk marks the
correlations of time up to an sorller sotting in the teest with the total
time up to & later settiug (ineduding tho carlior time)s. These sorrela-
tions are of intsrogt as showing the exteont to wnloh scores of a 13-asetting
or 26=setting tost would pirodict the =ewron of ths longer tests. The first
26epsttings appear,to prodist the scorcs on the total test with great so-
oursey (r x ,978).15 Correlations not markod with an astorigk are those
in whioh tho times of one serles do not -inoelude tho timse of anothsar.

Thug tha ocerrelatlon of the first seriss with the second 18 7663 with
the third it is T30. The oorrelation of the sevond with the third s
+697, The ocorrelation of the first two caries (26) with the $hird (39-26)
is .764. These figurcs give an indirect indication that the roliability
of the tost is fairly high. They are not comparadle, however, to odd=
even or repect memoures of reliabil‘ﬁyp' inasmuoh sa they may be affected”
by differcnces in rate of laarning.

4, Flipht Offigers Trainins Schopl Tllets {Northeast Airlines), The
tost vas glven as a part of a ocomprehensive aptitude and medisal examinn=
tion as e bepls for onrollmeut in the Advancoed Flight Officers Training
Course at the Northoaot Airlines for those who were to sqrve later as farry
pilote for Pan Amerlcan Alrways, Afrioen, or P.4.4, Alr Ferries. The nilots
togsted had oompleted the Primary, Socondery, Crogs Country, and Inaiructor
Courges of the G.FP.T, Programs of tho C.A«A., and each avoraged 230 hours
of flying time, The oonditions under which the testis were given wers ex~
cellent in that none of the pllots had previcus experlencs with the test,
They understood further that tho resulis had soms meening in raletion to
belng qualified for the courss. The mean score for this group was 4.54
minutes, the bost obtained by any group of aviation subjects (Table 1).
Thls may be due to tha fact that they wero hipghly selected younpg pilots

I

18rhip correlation cannot be comsidered as a reliability ooeffi-
cient since tho time for the first 26 sottings is & part of the total
score with whioh it was correlated. )

19%gdtortns Notg. Further information on ths correlation among test
gegmentes and on the relisbility of the test as a whole will be obtained
from a related Committes project currenily being carriod ouk at the State
University of Iowa by K. W. Spence and G. E, Buxton.
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of proven ability and ware motivated to do well in the tesi. The mesn for
13 candidatos who wers drepped for poor aptitude or physisal disabilitlies
wes 5.53 minutes, four of them meking soores above 6,00 mimutes. Any score
above alx minuten wns sonsiderad o be dioqualdfyivg for siudonte of this
group if combined with ;xmr 8gores in t90 or mare &f the olher paychomotor
and mardal toots,

*

SOLRY

A ravizsed nwdel of the Mashburn apparastus was ocongtmeied differirg
from the original in that it was mode wlih parts purchaced from sommersicl
marmfacturers thereby standardizing tho strustural and operational foeat-
ureo of the squipment . In this model the buzzor; the translormer, the
stimulius and distraction lights and a 206 point stepping relany wers ine
oluded in s metnl unit supporied on an upright frame. ALl unite wore
wired to a central torminal etrip permitiing the removal o sny part for
roplacemsut or repair,

Preliminary datn wore obtamined on both the oripinal and revised models
of the equipment. Test soorss vere compared with oriteris of flight wmio-
ce8gy vis.y pane~fall perforzance during flipght tredning for the noval
sndeta tosted, and time to polo and tins for cortificatlon for the oivilien
troinces tested, In sll groups tosted tha differences betwsen the mesn

- geores for sucsossful and unBuscessful pllots wara grsater than those oxw

poocted on the basls of chance fluotuetlon in random sampling. Intercorre=

dations among tho throee independamt serles of 13 aetiings wore between .T0

nnd 77, suggooting that the test possesses reliabllity adequate for fur-
ther rocnaarch on the use of tho inetrument in tho prediction of £lipght.
achiovemert,
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BILECTRICAL INTERCONECTIONS
Wiring Plan No. 1
Wirding Plen Na, 2
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BIRCTRICAL IFTEREUOHNEZOTIONS

Wiging Plan Ne, 1
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Sgation A
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TRUDNYIN OO0 IFD LIGHSS

of Apparatng)

Nuxber ) B. & Nuwbsr A Fo G
1 13 Tl 7 & 9 i
2 ? 3 3 & 30032 2
3 L 10 & 9 g 4 i These corragpend to the num-
4 b § 15 L0 2 1 3 bars ags! jued tu ths lichia
5 2 8 g i1 5% S A ¥ ir Pert X of "iring Plan lo.l
& 1 13 1 12 a2 y & of Appendix A-1l.
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Saction B

INTLAGCIHESTIONS

X

BUTLN Y AND Z

(Ses Electrical Interconnectloast Appondix A-1)

Y-A=~2, Z-A=3 {2 ¥=A«=3, eto., comaon lead to Y=A~14
Y-B="y, Z~B~3 0 Y-E~3, eote., couron lead to Y-B-l4
Yo 2, Z=G=3R {5 ¥=C=3, otc., common lead to ¥~0~14

Zehs)l to Yeh=l, Gea-
ZeBwl 4o YoPul, geB-
Zelo) 3o YeCul, ZeQwZ

IRTHRCGOINICTICONS BOIUWILN & &ND ¥

=g tn
2 to
Z hu

£=a<R13 and X-B~RT anfd £«C=R1l0 t¢ T-D~l
X-A=R7 and X=B«R3 and I=0=R4 to YeD-2
X=4-Rl and X~B=R10 and X~C-RE to Y~D-3
X=4=R6 and X=B-24 and %«C-H13 tu Y=D-4
X~A-R2  and A-B=-B8 and X-C-R9 1o Y~D~5
A=A~R1G and X~B~-R13 and X=0=33l to Y-D-h
X=4~RE and X=B=R9 and X=0~R5 to Y=D»7
X~a~R3 and X~B=R1l2 and X~C=R1 to Y-D=8
X=2=R5 and %=Bedb6 and Z-0-0I.7 to Y=D-9
X-A=R4 and f<B-fl and X+C=R¥ to YoD-10 v
K~A=Rll and X=B=Rll nnd X={«R1? to ¥Y~D-1l1
X=4=R12 and X=-B-R5 and X=C-i& 4o Y=D-12
X~A~RY end X~B-02 and X=0=-R2 to Y~I=13
K=A=G=1 {0 Y-A-1l, X-A-G-2 to ¥-&-2, oo,

X<B«G~1 to Y=B=1l, XeBe0=2 to Y=-RB~2, otc.

: INTEROONEECTICNS BETVINN 5 AMD Y
Y-i-13 to 5-a=l, Y.B=7 %o §<B-1, Y~(-10 40 3-C-1
T-4=T %0 S=A=2, Y.Bw3 t0 $-B=2; Y~G~4 to 3-C=2
T=2-1 10 5-pA=3 ) T=B<10 o SeB~3, Y-0=-8 4o §~C=3
Y=4-5 %0 5-A=3, YuB~2 %o 5-B-4, T-C~13 to S=C=4
Y-a-2 to S*A=5, TYwB«8 %0 5-8-3, Y-C=9 to §~C=5
Y=4=10 10 5-4=6  Y-Rel3 to 5-B=f, ¥=C-11 to 5=C=6
Y-a-8 to S*A=7, YaBa? t0 5-B=7, ¥Y~C=5 t0 5=C~7
Y-iw3 10 54=§, Y.Bal2 to 3-B=§, ¥-C-1 to S-C-8
Y~a05 10 S«Ar9 Yu.B-6 to 5=Be9, Y-Ce7 to 5-C~9
Y~i-4 10 5~A=10, Y=Bwl to S=B~10, ¥=C-3 to §-C-10
Y~a~l1ll to 5+A-11, YeB~ll to 5-B-11, Y=Ge1l2 to 5-C-11
T~a~12 %0 5-4-12, VBe5 to S=B=12, Y-0-6 to 5-C-12
Y-a-9 to g ~A-13, Y.B=2 10 SeB=l3, Ye(w2 40 S=C=l3
f-D-1 to S=D=1, Y=D~2, to S~D=2, Y-D=3 to 5-D=3, eto.
Y=D=14 to S~D-14
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DIRTCTIONS FOR GIVING THE SERIAL REACTION TIME TEST

In ordor to ¢hiuln tho beot rou..lie with tho test, the following in-
gtructions and procodures ghould be adhercd 4o vory rigidly. The experis
memter chould olthor momorize the instrustions or resd each stop from &
3 2 5 Anch card held in %the palm <f tho hand., Thie will make certain
that each subject rocelvos tho same stsndard inetructions.

(1) sSeat tho subjoct comforiably and have him adjust the seat so
that he can sasily reach the conbrola.

{(2) Domonsirate on one pattera {tho sscond after the huzzer from
tho preseding teet) how the comtrolu opsrate the gresn ligite, as followar
"Take hold of the siick and wove it from side ke sides, Thy slde movement
of the silck conbrols the tep graom lights. Tha fore and off mevemsris of
the stick control the condor groen ligkis. %The mevement of the fest cone
trols the bottom prosn lights. Towr problsom ia to meteh t:e ihrge red
Mabts witk the groen onso®

(3} FPattern changes oith domemeteation. “Fou w11l smotloe that whom
all thres lights aro matehizd tho pubbern shansse, How you praotice g few
of theso patteruvz, Feep your hoesle fras Zvom the Lloor board.”

{4) allow the puk ject Lo practics uniil dhe buzzer stope for the firct
tive, Stop him by turaing off the evviitsh end give the followlng Austrupe
tionar o Wil have o oorias of Foriy of thoge seiblrgs to ocmplete, ¥Yom
vill bo ssorad on the f’}&““eﬁ oe.g wLEh vhich you completo.this ssrisz. Fay as
sbtemtion Lo the buszer waieh will gound 2% ik arvnley bub contiune tha tept
ag fozt &g you ean mwz*ii ver are 0.0 L0 glop, Do you wunderstend the ine
shructiona’®

{5} ‘"turn ou the eeltsh. O Vara yoo sorlyt deldY "Hew run throuk ihc
gerdeg us feab oo gon oaa?

'a
ey
o

e Fen Foo Zive dho oiconl g T

Rotam or Slndror  Stoat thn gasn
Rgeord tho tine wt the cod of Piri %y sntouds and m,,z\ﬁ Liszer signalo,
and &t the wmd of ons ssitiug hogopd $he ©ipd buzser oipenl (after 13, 29,
39, and 30 aetbtingn, » mpu,h,"a Py EE E.“ r"’z\“i"?:-fa Yo then lefh An 4thisa
poltion, 4 Yo vondy fopr e noxd osvigos

trial 2nd alaven praciies brials, & stop woloh gradustod in minutes and deed.

mls of & mirnka 4o 409 1wah ool o0 for i""“* teoting progeduss
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