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LETTER OF TRANGMJTTAL
NATIONAL RESEARCH CODNCIL

2101 Constitution Avenue, Washington, D. C.
Division of Anthropology ard Psychology

Committee on Selsotion and Training of Airereft Pllots
July 12, 1946

Dr, Dean R, Brimhall °

Director of Ressarch

Civil Aeronautiss Adminigtration
Room 3895, Commerce Bullding
Huhingbon 25’ D, Gc '

Dear Dr. Brimhall: ' -

Attached 1s a report entitled Ap ippraisel of Certaln Tests
of Pilot Aptitude, by C. E. Buxton and K. W, Spence, This report is
sutmitted by the Committes on Selectiorn and Training of Alrsraft Pllots
with the recommendation that it be included in the series of Technloal
Reports, issusd by the Division of Research, Civil Aeronautics Adminis-
tration. )

The report describes the last and most comprehensive of a
series of estudies conducted st the State University of Iowa in cooper-
atlon with the Army Alr Forces. The study provides important basic
information on psychomotor teats used in the Army Selection and Classi-
fication Program, The findinga represent a =zignificant contribution to
the fund of information concerning the reliabiility and validity of such
instruments which has been accumulated during approximately six years
of research condusted not alone at the State University of lows, but
at the Naval Training Statior, Pensscola, Florida; Harvard University,
the Ohlo Stete University, and at other Coma!ttee research centers.

The study desoribed in this report, ac 1s true of much of the
work oarried on by the Committee on Selection and Treining of Alrereft
Pilots, reflests the benefits of cloge cooperation with educationai
institutions and military orgenizatlon., Ouch occoperation has beexn
benofielul not oniy from the viewpolnt of enviching research resulis,
Imt In terms of considorably radueing the costiy involved in eonduching
rogcareh,

Cordially yours,

///{x’f;@f;f

' A !{/’ i./_‘f‘/(i?/ [+
¥orris S, Viteles, Chalrman
Committee on Selection and

o Training of iireraft Pllots
¥M5V:rm 7 Reticnal Resegrch Coumcil
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EDITOMI G FOREWORD

In 1943, the Committes on Selvotion end Tralning of Alrorsft Pllota
with the cooperation of the Army Air Forces and the U. S. Havy, uadertock
further investigation of the reliatility and relative valldlty of certain
of the paychonotor testa which were being currentlr empioyed in the selec-
tion of applicants for flight traipicg. These studles were undertaken
with the view to determining (1) ths sffecta cf exterding ths time limits
{or increasing the mmbar of trisla) on the reljcbility and validity of
thess inatruments; (2) the effects of sertain other modifications in the
procodures of administration on the reliability snd validity; and (3)
the Iinterrelatlonchips of theme pmychomotor teats and certeln psyohomotor
and poneil~and=-paper tssts which were not being employed in seleotion
batteries gt the time this resesrch wus undertnken. The cver—all goal
was, of couras, tho conatruction of & selectlon test bettery of greater
validity than eny already 1o use.

Priopr to the initiation of tue program sponscred by the Committee
on Selection and Treining of Aircraft Pilots tha State University of
lowa wap already coopsrating with the Army Alr Forces in an experimental
analysia of cortain peychomotor teats used im ths Aviation Psychology
Program of the Army Alr Ferces, Oiher reports of these investigations
have appsared in the CAA Division ¢f Research Seriea as Reports Nos., 2G,
44, 45, and 53.1 The present report describes ancthner and finai study
to grow out of this earlier program.

Other studles sponaored by the Committee on Selection and Treining
of Aircraft Pilots hawe besn concerned with the reliabllitvy, velidity,
and general utilitiy of predlotlion instruments. In thig comneotion the
reader is referred partinvlarly to the Pensacola stw and to the Beston-
Midwest report.? For example, in terms of the most direct comparisons,

1Hnnce, R. D., Buxton C. E,, and Spence, K. H The effect of dipg~

Washington, D. Cel CAA Division of Raaenrch, Raport Noa 29, April 19£4n
Spence, Kg Buxtnn, C, E., and Heltsn, » W The effect of mass-

and _ it _scores. Washing-
ton, D. Cal C&A Division of Haaearch Report Ho, AA, Yarch 19&5;
Spence, K. W., Buxton, C. E. and Helton, A, W, The effesot of magy-

Haahington, D. C.t CAA Diviaion of Reaearoh, Report No. 45, April 19450
Spenos, K. W,, Juthn, C. E,, and Melton, A, W, Ihg_ggiggi_gg_mggﬂr

SL1Ce O z SCRD.! slejepgellal.

lashington,.DD C.: CAA Diviaion of Rsaear&h Report No. 53, Decambor 19&5:

lecl"arland, R, 4., aud Fransena Faywond. Ihe Pengacols study of
- Final 3 - vy, Washington, D. C.: CAA Divigion
or Researoh Report Hon Novamber 1944..

3NRC Committee on Selection and Training or Alrsraft Pilota.

reject. Washington, D. C.: CAA Division of Researcoh

go _the Bosiop-Mldwest pr
Report Ho. 52, November 1945,
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it is found that the reliability ncelficlents for the serial coordina-

tion itest cbtained in the Boston-Midwest study, on the basls of test-

retest, are somewhat lower than the coafficlanta obteined by the split-
halves procedure in the present investigstion. On the other hand, the
interccrrslations emcng the nechaniesl comprshersion test, the serial
coordination test, and the two~hind ccordirmstion teat are of approxi-
rately the esme magnitude as the intercorrelatlone among these tests
cirtainaed in this study, Similarly, the erlterion correlations for
the meehanicsl comprshension test reported in the present study are
generally of the same order as those obtmined 1n the Boaton-Midwest
investigation. Releresnce to the reports clted above provlides other
compariscons of Inlarzst to those engeged 1ln regearch on psychomotor
tests.
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FURAARY

Thls study wns concernsd with the lmvestigaticn of the 1elation—
ehip swong four psychomotor tests and certain pencll-ard-paper tedts
of perceptual motor ability, und with an evaluation of these instruments
as predictors of fiight success. More apecificelly, resesrch was direc-
ted towsrd {1) determipning the minimum length of each psychomotor test
for adequate relisbility, (2) investigating ihe intercorrelations among
a1l testa emplcyed, {3) evaluating seversrl alterngtive methods of scor-
ing test performauce, (%) searching for a usable sud meaningful eriter-
ion meagure, and (5) evaluating all tssts in terme of their predictive
efficlency.

The subjecte were gecured from the War Tralning Service program
for raval casdets. All were in the elementary stage of flight tralining.
Groupa A and B, stuvdied successively, coneisted of 90 and 63 subjecta,
respectively. Group C, consieting of 56 subjects, was treated separately
since the eritericn date for Group C were not comparable to those of
Groups A and B.

The lsngth of work and rest periods fer each of the psychomotor
tosts employed wiie oo follows: rotary pursult teet, 10 geconds work,
20 seconds resvjy seiisl cooydipation teat, 120 seconds work, 15 seconds

rest; two-hand coordéination test, 30 seconds work, 30 secomnds rest; divi-

slon~of-attention test, 30 ssconds work, 30 geconds rest, For each test
the following messares were obtained: initlal, contral, end final status
scores, total score, early galn, later gain, and over-all gain acores.
The pencil-and-paper tests in the battery included the followlng sub-
testsa: planning clrcuits, hidden figures I snd 1I, path distance, vis-
val pursult, and mechanical comprebenslon.

Criterion data consisted of ratings on a 5-point scale for every
maneuver during Stages A and B of elementary flight tralning, and an
over-all percemtsge grade for the 5 to 20 .maneuvers of each lesson,

Four scorings of these data were employsd, vis: the pean flight maneu-
ver rating, the nmean percentage grada on "last~17" lessons, ihe mean ma-
peuver rating on "last-10" lessons (a1l three being corrected for instrus-
tor's mean end variability), and the uncorrected mesn percentage grade

on "lagt~10* lessons.

The findings of the investigation may be summurlzed briefly as fol-
1ldws s

1. For three of the psychomctor teats (rotary pursuit, serial
coordination, and division-of-attention tests) split-half
reliabllitiss of .90 or better were reached esrly in the
test period., In the cases of the tmo-hand coordination
test the split-half reliability coefficient based on the
full length test of 30 trials was no higher than ,73.

R
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Correlations of successively longer sagments with total score
showed, however, that the relatlve unreliablility of the two-
hand coordination test did pot prevent its correlations with
total seore from reaching the level of .90 as early as for all
other tests, 1,0,, at about half length or lessa,

Split-half reliebility coefflcients for the wvariocus types of
pesychomotor socores indicated that galn scorss appsared to be
less reliable than atatus scores or total soors. Reliablilty
coefflolants based on total soore for all of the paychomotor
measurss was .35 or above, except for the two-hand coordina-
tion test where ihe reliability coefficlent was no higher
than .78. ‘

To evaluate ths several types of measures smployed cosrela-
tions smong all of the various psychomotor test soores wers
computed. In general, status scores tended to be more closely
intercorrelated than galn soores,

Correlationa among the psychomotor measures suggested that

(a) none of the tests ntercorrelsted at more than a moderately
low level and (b) inter-test correlations based on gain sccres
were gomewhat lower than correlations baged on status socres,

Correlations between pencil-and-paper tests and total scores
on the psychocmotor tests were found to be low and, in genersl,
positlive, - :

Psychomotor test criterlon correlations showed that (a) when
all oriterlon scores except D were combined and various pey-
chomotor measuree correlated with these oriteria, track time
for Groups A and B combined was first in the number of signif-
icant coeffisients; (b) the most promising predioctors among
the types of acorses were the total scores, with scores on the
central segmanis of the testes approximsiing them cloasely; (c)

- gain socores gave little promise as predictors of the treining

criteriony {d) Criterion D was alsarly lesa reedily predicted
than other ariterion measures, while Criterion A4 was probably
predicted best, with C close behind; {o) none of the tests
showed a olearly rectilinear relationshlp with Criteria A

and C; and (f) serial position of a tsst in the battery had

no demonstrable effeot on its prediotive efficienay.

Among the pencll-and-paper devices, the mechanical comprshen-
sion test, the hidden figures 1 and mechanlcal comprehension
tests, and the path distance and mechanical comprehension tests
offered the most promise as predictors of flight succesa, and
were almcst on a par with the best paychomotor predistors.



9.

Multiple correlations wers computed from the selected conm-
binations of measures and/or scores, on the ons hand, and
Criteris 4 and C on the other. Theee coefficlents showed
that (a) Criterion A was probebly the more accurately pre-
dicted; (b) totsl scorsa, among those explored for the psy~-
chomotor teats, were the best predictors, and (o) combina-
tions of the most promising psychomotor test scores were
about equal in predictive value to comblnations of the bast
indivicual pencil~-and-paper sub-tests,
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Needp Underlying thlg Regsazeb, In classifloatlon centers, time
oressures bave made it ilmpractiockl to use individual flight aptitude tests
shich take more tham about 15 or 20 mlnutes of a candidate's time, There
is a noed for longer saumples of test behavior, permltting thorough inves-
tigations of reliability. 1t is dietincily possidls, moreover, that a
few tests on which the candldate performs for a long perlod might have
grester predictive welue than a lurger number of teats, each of which 1is
given for only a brief interval.:

A second need arose from the faot that most tests, as they are now
enmployed, indicate a candidate’s rank or status only in terms of hias
totel score. Little sffort has been made to analyze differences in
learning rate, i.e., that portion of total score variance dve to indi-
vidual differences in learning rats compounded with varlisnce due to abil-
ity, or transfer, or other "causes" of individual differences in inltial
teat performsnce, On the other hand, the flight eriterion is a eriterion
or trainability or teachablility, 1.e., it is an index bamed on the success
with which a new ekill is mastered during 4 particunlar training period.
Logically, then, there is a peed for imvestigeation of measures of change
in the candidate (leaming rate) in the test situation as predictors of
the training criterion commonly employed in eviatlon research.

A third need grows out of the faot trat no published materiels, svail-~
able at the time this research was carried out presented e.comprshensive
comparison of pencil-and-paper tests and psychomotor teats, although com=
parisons made "plecemeal,” or for relatively short behavior samples had
been reported. Pencil-and-paper tests might perbape bs more desirable
for selection purposes because of thelr sconomy, but only if thelr pre-
dlctive effioiency is high emcugh to warrant their use in piace of paycho~-
motor tests, which, it might be claimed, have greater "face valldity.®
Moreover, if test batteries are finglly %o contaln both types of tests,
intercorrelations within and emong the two general types of tests must
be atudied,

A fourth need is for the.development of new tssts with high predie-
tive efficiency but which do not correlste closely with exlsting testa.
One puch psychomotor test has been included, bullt in sccordance with
suggeations from men in military olassiflcation service., The penoil-

1{Contimmed) " The work of gathsring ani analyzing the dats has at
various timee been done by: Drs, George Bach, Howard Xendler, Merrll
Thompson, Gregory Kimble, Ray Denny, and by Messrs. Leo Reyna, Dale Fance,
fugh Ross, and Maurice Smith. Techniocal shop assistance was given by Mr.
J. G. Sentinella and Mr; D, E. Wheeler,

Dr. E. C. Lundquist of the Collsge of Englreering of the State Uni-
7ersity of Jowa and Lt. G. R. Cole, Resldent Naval Officer, cooperated
in scheduling subjects for the research, Logbook data for eriterion pur-
poses were secured at the Ioma City Munlcipal Airport through Mr. Frank
Garver, Resident Civil Aeronautice Administration Inspeator, and Kr. Frank
5haw, the local War Training Service contrastor. 41l other date were col-.
lected in the laboratories of the Department of Psychology at the State
University of lowa.



and-paper tests employed are from un experimental battery developed by
the AAF.

The fifth need in this type of research.contlinues to be the collea-
ticn of data under standardized oonditions from a represertative sample
of flying trainees. This need was kept in mind 4m this study with Naval
Yar Tralning Servlecs cadete.- Latar descriptiona of procedures will show
the extent to which this need wac meti.

The Geperal Research Plan. The tests used and the methods of admin-
istration are summarized telow, The pencil-and-paper tests (see Table 1)
consisted of an axperimental battery {Aptitude Test, QP 901A) developed
by the Army Air Forces.

The plenning <lreunits hnsf wog ons ant whaed the subject visually
trared gimpl- cirevdiv dimpgrars, o deternine rhich of the alternative bat--
sory lesds wowla roryre~tly Lpufate 2 mever without sherting, The hidden
figures testaare of “he uoitschailt tyse r e . a simp:s geomstrical fipg-
ure must e delertzr? within a cormplex or dofieront figore, In the fourth
tent | the subjecs must judge distapces botwess pointa indleated on aerial
pholographs of v**ﬁing Ltyoas of terecpin. A rodifind Wrduarrie< visusl
pursuii tzes was Mifth in the seriss. i Y Lk 2ubles must felliew a
“ine ©eom a utarniﬂr o2ine brrowgh e tapgiza sevies of lines and identity
“ts emdpeint  Poe siwmbh sest deslt itk informaticn abuut aimpis physica.
prinsipies, a3 exewplifiad in pieturel vrobiems A1l tegts were multiple:
ahoine and were scored Jith correetisus Yor [aesssung ln general, it may
G presmed that thess tesus neasure azpesta of wﬁ:ceptual gkI1ll, inrloling
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vhe traca weve given Yo exest rihcepdanag slth 246 proeedured, ex-
euph for the fact thet the sesond of two visunl pursult {(Mchesrrie) teste
ard & visual maze teost were omlitted to shorven administration time, . Fal? -
or &ll of each cadet class tool trsss tests in a girgle s=asion of gpprox-
imately two hcurs, which oceuried during the first two weeks of the trein-
ing program.

Table 2 shows the paychcmotor tests and peasures which were employedo3
The rotary pursult teat of ths School of Aviation Medieclne, s modification
of the Koerth pursult retor, is pictured 1n Pigure-3. The task of the
subjoct 1s to follow with a stylus =n approximately dime-sized target im-
vodded flush with the surface of a hard-rubber disc. This target revolves
in a circle at the rate of 1 r.p.s.: the stylus 1s so constructed thet no
preasure other than its owm weight can be applied on the swrface of the
gisc to esslst in the pursuit. In spite of the apparent simplicity of
this task, practically no one can perform it well initilally, but prasti-
cally every subjlect improves within a relatively brlsf practice perilod.
The presentation of all trials and rest pericds was antomatically con-
trolled by & speclal contral unit {see Figure 1}. Thes score {in units of
.001 min.) wag the total time of contact betveen stylus end target.

Shown in Flgure 2 is the serlal coordination test, an exact dupli-
cate of the model deseribed ty McFarland and Chzunell L The subject fares
a panel which carried three palred rows of jewel signal lighte. One row
in each palr containd only red Jewels end the other only green. Within
each red row, a particulsr jewel is sutomatically lighted, so that the
stinulus pattern for the subject ic a pattern of three red lights. The

TABIE 2

PSYCEOMCTOR EESTS ARL TEST COROLIVIONR

Type of X of Trial Rest,
Tegt ilgaqure Trisls length Length
Rotary Pursuit Time on target 50 g 200
Serial Coordination Yo. of matchas 16 1207 150
Two~HAand Coordination Timaz on terget 30 307 300
Division~of-Attention Track tire, re- '
action time, 30 30" 30-

and net tlme

3jppendix B contains the operating prosedure amd instrustions for
each test. Administrative procedures for the serlial coordination gnd
two~hand coordination tests differed from those eaployed In other Com-
aittee projects, -i.e., the Boston-Midwest ProJect and the studies at the
Institute of Aviation Psychology, Univeraity of Tennessee, and the Ohlo
State Unlversity.

AycFarland, R, A .5 nd cn.men,a. .

GA.A Birman Davclopment Diﬂ.sion, Report !lo. %,Saptal'bu' 1944.
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. score is the totel time {in wnits of .00) min. ) during which contact is

rudder and stick need b tho subjesh control the position of the signal
Jight on eash of the grzcr. rows. When the stick apd rudder are properly
poaitioned, green and rod lights are palred, i.e., they are side by sidoe,
end the test wnit automaticslly f.asner on three new red stimulns lights
for the subjec. tc match., In this imrestigation there was not a constant
asries of stimdus patterns for each trial, Rather, the first pattern
for each trial wss vaat one vhich kapvened to follow the last pattern of -
the preceding :risl, without any re-setting of the instrument. To sim-
plify the scoring, a speclal control gnit wes built, which has been de-
seribed by Nance., Puxton, and Speuce.” - It incorporates a master switch
for control of current ic the tesi, =nd z telephonic message-register aa
a counter, 7The latter iz actlvated by ths meln stepplng relay of the
test when iu sets up & new stlmulus pattern. The zcore on each trial is
the aumter »f 3-way matches made. Tpyials srd rests were timed by the ex-
perimenter. .

The two-hsnd ccordination test® is showm in Figure 3. A small tar-
Zet btutton om the tvop élec of tie instrument moves in an irregulsr pattern
around the circumferencs of a circle, radlal deviatlons from a true cirele
being controllsd bty the astlon of cams coneenled benesth the dises. The
sublect pursues ths target button with a poluter, controlling the pesiticn
of the latter by maans of two lathe-conirol asndles. Une control movee
the polnter in the nesar-{ar dimenslon, snd cae in the lefi-right. Ths

made. The cams controlling 4he positlon of +the target buitton also auto-
matically control the lepgth of work period by actlvatiag microswitchss.
Reg’ perlode wers timed by the cxosrimenter .

iu Figure 4 ir spown the divisiop-of-atiention teat,7 a new apparatus
developed by Suxten and Spence. The tusk of the subject is two-fold,. First,

CNS Lo S
o ‘f'?“"n R

with the praferred hand he perfoiws a1 pursait itask, ccnslsting of contral-

ling the position of s s'iider, shown in o Diore center position in Figurs 4, '
so that the tip of = miyroswi vel ie2? sutaechad to it is in coataet with o R
ralsed rigdge wiiich move: towerd and amuy 1w 2im horlzontally in a £16. E%
through the false 113 of the fastrurent. Tne second (and coincident; psrt f?%‘
- Ry
- -
anes, B. D., Duxton, 7. T., cpenae, L. 7. The effect of dig. 4
braction lights wpep erformance Qs'l_&:_z“" Wushbuou Serial Coordingtion Test. 5
Kashington, D. 0. ; CAA Divisicn of Ressarsy, Report Be. 23, April 1941 b
6An esToler revigion off whe twoeband rnordin&;ion test was used in ;%
selectlion studles sopdéurhed by tne Fationss Hesearch Jouneil Committee un g
Selestlor snd Training of sireaft Pilets, Zoe: McFarland, R, A., and g
Chenweil, B, 6. 4 peviged imo-band coordination test. Washington, L. o

Alrman Nevelopnent Uivdsiov. tesort Nis 3, Cetober 1544
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TRaxior, O. ., an¢ apense, & . s prerieinary study of the divi- -;{i
gion-of-mttenbtion pegy. (Frogress roport in the £iles of RRC Committee Bt
on Usleaticr and Tralping -7 Alvaysft Tilota 2,
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4 gegonds in ope ol the four positlons <aewr. o tirn epy plvon liphd
off, the suobject #ith his 1(1'?““f’“"ﬁd hanid operates wpc holde one of

the foar toggle break-switvkes i The half-are ii&gnna,lT oppasite the
5Lidar hurd. Sinee the sybdeen rurd fixate direewly on ‘hs p,;,~sujt, task,
iz switoh responses wmust ‘be poverned by poriprera“ rigion of the s2iynal
lighte- de must algo learn whicli sritch operates whiieh Jight, so that
ana ecould, with soms appronclazencess. term thic a “5pesdcd multiple- choice
leeynlng task bewed on periprértal enes, plue pursoit,”

To axplore the possitiilties of ihis new test, Tlres neasures were
taken on all triasls: reactioo time leiouwlatlve time, within s triasi.
batween presentation of elgnsl lipit =nd operation 3P Eroper hreakswiﬁch);~
track time (total time slider-peirter ls in corntact witl moving ridpe-
rarget}; net time (sgilder or Torget. signel lights of ). Fach measurs
naa recorded in wnite of (L suoer. Tloing of trials «<rd resta was com-
pletsly automatic.

In general, it van be zeen Lkt ihe paychomotor tests smpheslza to
varying degrses such factorc o abillties am steadiness, reactiorn time,
smcothness of ccrtrol, apsed of declalon, periphersld wislon, etc., but
thet strength or sheer spoed of repetitive sctlon s not dercuded to &
large extent., Alisco, each teszt, althouglh it rnresumably emphsbizes some
one or two aspscts of abiliiy, neverthaless, calls for a complex parform-
ence on the part of the subjeect, and the abilities presawmod to be impnrtant
are merged with many other: in tha actual perforzance. Thus, although
measures of simple functions liks resctlon tige or tapping apeed hove
1little predicetive value for complex criteria, it is lmportant to noin
that such ablilities are mercly prasumptive components in shat i3 neaszurec
by the present complex tests which heve beép moast sueecegful 1o date 1a
predicting a complex eriterion suth as flight proficiancy.

Pgychomotor tasts were adminintared either individually or o paeirs
of subjects {see Tables 2). Zah man kept four ope-hoer spnoimtrents dur-
ing his first two weeks in the flight trainirg program, witk nccasionel
exceptions due to ilinesa, ets. “ramsfer from fly<irg to the testz wes.
thus, held at a Jower level than would te the case 1f tests wers given
throughout the f-wask elemsntary rlight stage.

The Subjegts. The subjecis were secured from the ¥ar Training Serv-
i:s progran for neval caduta. AlL wers ln tae alensntary stage of flight
training. Group A subjecta cawe from WIS classea 44V, 448, epd 44F; droup
B subjects from succeeding classea (4G, 448, and 441, Teble 3 indicates

BSaauhore, B, H. The aptitude hypothesis in motor skills. J. exper,
Payechol., 1931, 1;, 551-551.

’Walker, R, f., end #dams, &. D, Motor skills: tha validity of ser-
ial motor tests for predicting typewriting efficlercy., . gen. Pgychoi.,
1934, 11, 173-186, -
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FIGURE 1

ROTARY PURSUIT TEST
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FIGURE 2

SERIAL COORDINATION TEST



FIGURE &

TWO-HAND COORDINATION TEST

FIGURE 4

NTVTSTON-OFR-ATTENTTON TEST
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sertaln gublects Tere won Iy dvded Taothe final data

Fineteen cases wers Jogl durin- ihs testing program propor . Larly
in the research, esrteln recarrond “lure 1n th2 performance of the ser—
ial roordipation teshk, am’ ons orcakdown of the divislon~of -atiention
tegt, cauged the discardinge »F 1% ragords which otherwlse wers 1n pear--
foct order. Three men hed -recl.oal the pursuit rotor at tlie Uriveralty
of Missouri before cnterinmg the servicse, and since this sklll may be re-
tained for long periodg of >imz, Lhim previous experience ceused the dis-
carding of these otlherwise ceneptatle sublects. Lu four nasen, ar sxper-
imenter made sowe error 1p <he aperatlon of a test or employed an incor-
rect test order. :

YR 3
WURLE YD CF UNaIlTES D1ECARFELD :
' Faulty
1! Apparatua  Erreor Teatod Mad ., itae Oprlterioa Nomber of
Uroup Tegted Eregkdown by B fisewhers Washout 2slassed _ Datg  Valld Casen

k 12 12 3 w0 3 i ~ 90
B T2 - 1 - 1 1 5 Ry
Totals 184 R 4 g & 2 6 152

Twelve cases were rejented because of faulty eriterion data Four
exhibited airsickneas end were Lrozferred before they kad many hours of |
flight time. Two were hospitelizal for alror 1llnesses part wsy through
the program, then set bhaclt a c¢lua; when they recoversd. Sinece, ir this
cage, thay begen the flight training all over aegnin, thelr {light retords
wera ambipuous. The remauininrg oiv were elimineted frowm the study becmuse
they were the siudents, For a2 month, of a Jlight instrector who was ther-
sfter dismissca. In the judgment of the reaident CE4& inspertor and the
¢hlief instructer, hie critericn revings were net dependable.

After these elininations, iz daie for 90 cases in Group 4 and 63
caseg in Group E were found to be zomplete snd withowt nown flaw anud vere
used as the basic of this repcri.

TEE - BITERIOK

source of iriferlon Date. Tpa stendard “A% loghook wus used by at.
flight instructors. i Fhis legto:c requires rstlogs, by the inatructor,
of sach maneuver practlced durlng cach flaght lesaon. Dependlng on the

——

135¢e Apperdix C for sampls pegae.
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stage of tiraininp, the instrustor, tvhé length of the iesson. eic.,
From o« or 5 up to as many za 13 or 18 ratings may he glven on a single
igagson In additiom, an over-gll grede for the lesson ig glven on a
sercentage hasls - - with 7C¢ per cent the lowest passing mark.

on sreciplily prepered data sheets, tHe experimenters tallled the
aumbers of ratings of 1, 2. 3, .. cr 3 {1 being the "good” end of the
sezle, the over-all percenvage grades. and the narme' of the instructor,
in this tally. the particulsr maneuver to which a rating was given was
disregardad, 1.o. v wae agsumed for couvenience that all maneuvers
wers rated with cqual adequazy, that they were equally diffleunlt, and
cf equal significance as semples of criteriom behavior.l

Criterion Problems. The instraclors whose ratings we employed

rere not skilled in technicsel proeadures of reting. Furthermore, before
the gtudy began it wes quite ciear thet the CAA 5-point rating scale was
not being fully utilized. The irstructors almost never gave & rating of
i and were but 1itile mors liberal im their use of rating 5, They also
shomed a1 tendency to stersotyps thelr ratings on a particular nadet from
jsy to day, even taough it is probables thet no trzines could be so per-
fectly consistent with himself. In addition, there were varistions in
the memn ratings from Instructor to insiructor, and variaetions in the
Jdegree to whien “he whole scale was employed, 1.e., ir the spresd of the
TRUINEE.

n falr smount of' improvement in the ratings wes secured through
group discussions led by the resident €243 inepector and the loecal flighs
ccntracter. They indicated to the instructors the deaired uase of the
rating scale;, &né the need for making ratings lmmedintely after a given
naneuver was psrfcrmed raticr than weiting until the flight waa finlshed.
+ifterecces ameng instructors in mean ratings end in the spread of ratinge
remainet, but so Ter as could Le Jdeterwined, most of the instructors did
cireis heat o ba cooperative and improvs their rstings. Ope specifie
point wilck they seenmed Uinelly to aceepn, w.p., wae that ratings shouid
we melde in cowrrrison with fyaioeez nt the mame alage ol training rather
than witk sbilled ailcbs,

: Criterion Meagures Fwployed. 411 ratings for f£light lessons in
Stages A ard B of the elementary program were copled directly from the’
loghook, Criterion data were not taken from check flights, since these
flights provided only a few ratings per man. The records of an instruec-
tor who gave lsiz than 20 maneuver ratirgs on eny rarticular cadet were
also discarded, S5ince the data could be used ip an almost (nfinite
verioty of waye cousiderable effort was cxpended in trisl and error com-
putatione before the following four criterion indicea were selected., The
reasons for choice are givem with each measure.

111t would be the task of a special project to go beyond this assump-
tion, ;

12furtheracre, there appearsd to be a differsnce of sttitude toward
the purpose of the check flight among the raters. One of the raters in
particular, as far aa could be juiged, tended to be not only independent
but extreme in his ratings, and greet concsrn was expreased by the stu-
dents cver & chack by Wrl



. - ng 1011z “The mean and standard doviation
of all ratinga on all students by each instructor, regardless of stage
of i1netruction, caliber of student, eto., were flrat determined. Then
the mean maneuver rating of each cadet on all lessons by each of hias
inastructors was secured. This mean naneuver rating of each cadet by
each Instructor wae next converted into a z-score, as follows:

3~8Core =

S, D.,:instructor

Then the instructor who gave the smalleet number /‘of ratings to each
cadet waa located, and the ratios of the mmber of ratings given by
each other instructor to this smallest number deternined. Treating

the ratlo for the emallesi number of ratings ac 1,00, the sguare root .
of each of the ratios was computed, and each of the instructor s-scores
given to a cadet wag multiplied by the appropriate rcot., The sum of
these weighted a-scorea for a cadet wss divided by the sum of the square
roots of the ratioe for that cadet. Finally, the welghted mean z=score
wes sultiplied by 10, increased hy 50, and rounded to two placen, for
convenience of treatment )

The procedure for computing Criterlon Hoasure A is based om seversl
agsurptions: First, the degree of leniency of individual Instruetors,
and the range over which they sproad thelr ratings, should poi be sliowed
to infiuenceé the mean Indsx massigned to thelr studentes. Seccnd, the

"ability" of the students, randomly sssigned to each instructor, skould
on the average be equal. {Students were sssipgned at rapdom to instrue-
tors by an academic administrator of the whole program.} Third, in de-
termining an index for a particular cadet, allowance should be made
(weight given) for the fuct that some instructors had longer samples of
his behavior than dld others, Felgnting in terms of raw number of ra-
neuver ratirgs by sn iunstructor seemed less desirable than a welght
which takes into account the genorel fact thet reliebllity of ratings
goes up in & decreasing-returns {eshion as the mumher of ratings incresssa.
After varicus conslierstiona it was somewhal arbltrarily decided to welght
mean ratiugs by perticular instructers on a glven cadet in terms of tLe
square root of the number of ralings.

CRITERION MEASURE B:  Usar_ percentage grede, "last-10" lessons. ad-
Jugted for leniency and wvarisbility of inmstructors.r3 ¥or a given cadew

— P

1371 should be realized that the "last-10¢ ratings on whieh this wud
the remaining two criteria are bazed inclule few direct retings by an in-
struetor, 1.e., they are m2inly for solo flighta. The ratlngs are then
the outcome of a post-fiight lnterview. The fecht thet Criterion & and
the other thres criteris correlate fal rly closcly may he dune to: (1) the
anglyticel shrewdpsss with which an ‘usiructor rates after this Interview:
(2) a starectyped opinion whici: the student erd instructor form concern-
ing the student's skill: (3) the Fact that "Jast-i0" ratings sre included
in over-ail ratingr, produciny scre spuricuz 2orrelation:.



the wrineipal terminel inatruvchter, i o., the instructor who geve at

leasy 10 lessons neer the end of primary Stage @ {or earller, in the

vase of weshouts), wes deteruined. sné the mean percentege grade on

vhese lessona computed. For each izstructor were computed the mean

and standard deviation of all his atudent meena. £Lg in Criterlon.A, the
the mean "lasgt-10" grade of each cadet was converted into a z-score ra- -~
ting in terme of the cean and standerd dewlatlon of the particular in-
structor who gave the ¥lamst-1C" lessons, execept that, of course, there

w88 00 problem of weighting ratings by different instructors on the

same cadet. JZ-scores agaln were established for ecch sadet,

The reason for developing tnis criterion 1s that declslons about
codels rest primariily op performance during the latter part of the ele-
mentary training period. Furthermore, there seem to be some tendencie=z
{or instructore gradnally +o change the ratings on s particular cadet,
t.a., retings sarly in tizidng 49 not give the same index us later ra-
tings. This in 1tself wovld be & desirable flexibility in the ratings,
were 1t not open to the charge that instrvctors gradually atereatype
thel. judgments on =z particular trainee. Finally, ratings may be more
valid after therovgh acqueintence of imnstructor and student.

‘ CRITERION MEASUFY T: Yesan mepeuver rating "lsst-~10" legsonp
{apalopous to Criterion B). The mean maneuver retings by one *ierminal
instruetor® wore determined for esch cadet. Ths mean and standerd devilae-
tion of each Instructor's aistributlon of student mesns were obtalned and
tre "lest-10" maneuver rating converted into a Z-pcore for each cadet, as
for Criterion B.

CRITERIOB MUASURE I:  Mean percentage prade, *1sst-10" lessons, un-
corrected for lenien¢y or wvarlability of the Individual instrupctors. For

each cadet the mean of percentage zrades under a "termiral iratructor”

nias determined. Ther the mean and ztsndard deviation for all ?last-10"
perceptage grades for all Instrrctors combined were computed. The cadet’s
rating was converted imto a ®-scors as before, smploying his deviation

Trom the mean of combined instructors and the atandsrd deviation of that dis-~
veivution. This measure likewiss was transformed inte a &-score,

Thls index was included to determine whether the rather elaborate
weighting procedures of the three ureceding criterlon incicea actually
produce a criterion significantly different from unadjusted indices.

Meggyres Digrarded. At one time it was thought possible to score
the® criterion data in terms of the proportion of 5 or j~and-5 ratings
sssigned to each student. Thie measure could not be employed becauge its
distribution was bedly skewed {many subjects tallying e zero freguency of
these percentages). The over~all mean of percentage grades was rot used
?ecauae %t correlated so closely with the over~all mean maneuver rating

r = .86). ‘


http://instlyct.org

TECHENICAL PHUBLEMS SND PRGCLDUALS: rSYCHOMOTOR TESTS

The Buffer Teat. in order to give the csndidate a chance to become S
femillar witk psrchomotor testing end to recover from any.iniilal appre-
hension of excitement sroused by the test aituation, a buffer test was
employed. This was simply a sleadlness test of the Whipple variety, a
slylus being held in z swall hole in a metal plate, touching the sides
of the hoie 2e litile as possible. [The number of contacts in each of ten
2(C-gacond tirisls was electrically recorded, but the data were not treatec. 7

Tegt Order. Two rotary pursult tests and two two-hard coordination -
tests were available, so that it wae desirable to employ two test orders . v
in order to permit afficient scheduling of the subjects. The rotary pur- g
guit test alwaye ocourred first (immediately after the buffer test) and
the two-nand coordination test, third, Of a given pair of treinees, who
always come together for test appointmenta, one took the gserial coordin-
ation test rnd one tooir the division-of-attention test, second in the
teat serivs. maad ihe remeining test eg the fourth teet 1ln the serles.

The totel group can therefcre be subdivided into two groups, ore having ,

test order ! (rotery purmdt teet, serlal ccordination test, two-hand o
coordination test, division-of-atiention test) and one having test order
1 {rotary pursult test, ¢ivisiop-of-attention test, two-hand coordina-
tion test, gerlal coerdinatien tesu) ’ '

The Motivatlonal Problem. At the request of the Resldent Naval
Officer, the cadets were all told that their test scores would have no /
bearing on their success or failure in the loccal training program, The |
result was an apparent lack of intereat in teking the tests, and per- !
hape greater variability in motivation from test to test for a glven
cadet then would have been evident in, e.g., e clagsificatlion center. g
On the other hand, 1t 1s the opinlop of the experimentsrs that the ap- . ¢
parent lack of interest was a "cultursl®™ phenomenon, malnply at the ver- ‘
bal level ("I thought I joined the Favy to fly, not to be & gulnea-pig"), .
and did not actually indicate the intsrest aroused by the teste in the .
conorete testing situation. Peychomotor tests, in particuler, tend to
be interesting because they coptain flashing lights, moving partssy they
are mfemilier; and they show transfer of competitlion hablts. Begln-
ning with Group B, an effort was msde to explaln the projeet to the
cadets, and thereby secure better rapport. The appasrent increase in
motivation as a result of this will become evident in comparing the re-
sults of Group P with Group A, as presented in a later sectlon of this
report. In general, however, the motivation may be considered adequate
for the exporimental situation.

Distributlon of Effort. As shown in Table 2, the trials in all tests
except the gerial coordipation test were relatively short, and the rest
intervals as long as, or longer than, the work periods, The trials on the
serial coordination test were longer because this was thought necessary to
glve a rellgble trial score. The rest iIntervels in this test were shortened :
80 that a reiatively la;i¢ muoer of' the longer trials couid be obtalneu. .



Loldence from efidies br oS oen.s 07 gaior’ 0 w0 T ¢ lear thab - e
Crial and rest lengtias ohogen o ovre sotarv -t amd Leo-hand coes-
1inaiion testa Teprescutec relatively cistributed nrective. FPractlee o
the serinl coordinatien fesy was paohably relativeiy messed 1% In the
ahaencs of experimental dats, 1o in probahle vhal the division-ol-aicen-
bisn practice mns relatively clistributed

vholce of Segmentg. Sinece opsz of ths priwery aims cof the researcn
was tc Investipgale pot only total or finel scores on the psychomotor -
tegts but elso gaine {learning). 1t wes necessary to choose certain seg-
wents of practlce to serve as s basis for geins computatione. It was
desired, first, tc chooss a segment which would give & clear indication
of the subjert's stetus at a uniaue position or the preetice continaum
and, secomi, to include enough trials in the segment to mske the total
score witbin 1t a reliable measure of initial status or final stetus,
ete., and to permit come estimele of its reliahility

The choice of initial ard Finsl segments was relatively simpls,
since they could include the firet or lsst trlals. 4After these chuirces
had been made it was realized thal the practice period on each peycho-
motor test was sufficiently long that work decrement factors might begin
to vperate sipnificgntly. This ralsed the possibility of using a measure
which might be largely influerced by work decrement, as a possible pradie-
tor of flight success. 1t was therefore dezidsd at flrst to find thasw
segment of practice which represented the highest level reached on a par-
ticular testby esclh cadet, tc compute the gain to this point and te com-
pute the gein or loss from thls polnt to the end of the practice perlod.
But, as indicated sbove, the presctlce econditions in all tests but one
called for what probably wsa distributed effort, sc that this optimum
segment 1pn each reccrd many timee coinclded with that final segment, l.e |
tke subject never cessed improving. Therefore, what is here ~alled n
ceniral segment, a geries of trinls arbitrarily located about two-thirds
of the way through the practice perlod, was substituted. Gains to this’
point represent rather well the rsle of change ord the gress smount of
change for each cadet, ond galns {or slight losses) from this certral
gegment to the final segment may give some indication of the influence
of work decrement. Over-all gains can, of course, be based on the initial
and final status measures. Tabls 4 summarizes the sepgments chosen for each
test. :

*"spence, T T, Bu.cton, C. E., and Melton, A, ¥. The effect of mass-
ig X 5. Tsshing-

ton, 7. C.: CAa Division of ﬂesearch Reﬁortnwom q&.-varch-1945

“’Spence, X, W, Buxton, G. ]i¢9 and helton, A, ¥. The effect of mags~

Washington, D, C.: CAA,Division of Research Rsport No. 45, Anril lqaﬁ

165pence, K. ¥. Buxton, Dok, and Leltonﬁ 3. ¥. The gffezs o2 meus-
tritn :

Nashington, . C. 'CAA Division cf Reaearch Report Lo 53g.December ]945



CRUDINHAL LTRSS e L7 vroalo T LTIAN SESNTD OF PSADEIROTUL PRALITLE
EESOEDS {ZATEL OF STATUS SA0HNS sRD CAINS CORPUTATIORS!
. - - - w - ¢
aitisl Central Final ¥in. of Yors
Ly SREmEN Jegmsnt DBImeny, Lach Serment
Fotary Parsull Loty 201, £5-50 1.0
Zerial CocmlBratio: 17 41-12 15-16 2 0
Two=HBant Coordinasion e 1720 T W 2.0
Uivigion-ol-Abten! aon R JF=20 27730 2.0
Choice of Gging Zegrine.  Many differeat types of index could be

‘used T show bow much a eadet dmproved during a Fixed amount of praciice,
For example, it was thought thet *he cormon-points-of-mastery tecimious
wight b2 employad  This, however, wes not fessible becavse some of tie
noorent subjeala vever slteined & werformance level at or sbove the ini-
tial perforcenca of the besn suhiests. It would be posslible alsc 1o use
measures which gere still more elavorate statistleaily. It ves rinslily
decided te use the siunle wmanipulated geir sscured hy subtracting the
tnitisl stalus soore of u cadot {som of trinl scores in the initial ssz-
ment) from the central status score, or central ststus from fiusl status.
or initial stetus from final status. Such messures should shov whehher
sr not gains {or iosges) have any credictive value, and are simple 15 - :wm-
pute and understand .17

Test Conditdons. fLash psychomctor test was given im & roon reserved
for its use. For all but one test coniral overhead illuminaticrn was nseld
and the windos-sbede pulied dowm. Ip the serial ccordination test room,
only £-50-watt beib was used, so that the lovel of gemeral illumination
@zs not high. For the diviglon-of-gftention tost the cver-head ilght wss
turned out, leeving only a dim 1lluminasticn because the window~shade was
not opeque. The signel lishis of the test thus stood out eclearly in cou-
trast with the Jark surroundings.

The verious test periods were scrttered throughout the dey and through-
o2t the week to mitigeto the differertial influence of fatizue or tims of
day upon the data. The laborutory where the tests were glven was relstively
qulet snd there wes ro usjor dietracting inflvence.

178ditor s Note Tha gain score has been crivicized orn the grouvnd
that its corrsiation with the eriterion is not statistlcally independent
of the correlations of the *nitial end lermlnal poirtz with the criteris,
where these initiasl and lerminzl points are used in caleulating the gain
gaore, As an slternative an analysils was made of the relationships be-
tween the slcpes at particular points of fitted curves to learning data
and variows flighr criteria, For a full cisrussion of this aralysis
see Appendix 1),
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Differences in test sdmlnistration among the experlimaniars were
mininized through the following precautions., Each experimeater gave
all four of the tests at one time or smother, thus distributing among
the four tests any differences which might have occurred. In addition,
rapport was established, as it were, for the whole projset rather than
for a particular experimentsr. The presentation of all the stimull, the
time of practice and rest periods (except for the s:rial coordination
test and rests during the two~hand coordirvation test} and the scoring
were quite mechanical, PFinally, standardlzed lnstructions were glven
to the experimenter and the subjeci in an aitempt to keep the perform-
ance of the experimenter constant {see Appendix Bj.

of Scoreg. Acocording to the Resident Navgl Officer, cadets
in the local War Training Servlice program hed already "passed” a Ravy
£iight aptitude test (weighted with elementary physics and mathematics),
and an educational achievemsnt or Intelligence test, and had been acreened
on a personality inventory. The probable effeut of this prlor screening
#an to decrease the renge on both the tests and the orlterion, and lower
their intercorrelations,

HESULTS AND DISCUSSIOH

Slnee the succesalve-sample procedure was employed, data are pre-
sented for Groups 4 and B separately, and for the two groups combined,
Certain measures and procedures employed in analyzing the data of Group
A were obriously not worth the lszbor of further exploltation, Attention
‘will be called to them, and to thelr absence from the tables for Greup B
and for the combined groups, at the appropriate places In the test.

Practice Efgggjg.ls In Figure 5 is shown the mean per cent of time
on the target, trial by trial, for the rotary pursuit teat. The baselins
of the graph shows the cumulative amounta of practice ln seconds, but
aince each trial was 10 seconde long, the individuel croas-bars on thia
‘axis indiocate a single trial, the entire taseline sovering the 50 triala.
(Sesling in terma of cumulative smounts of practice was done inm this par-
ticular instance to fzecilitate a compariscn with a previous study which
will be mentionsd later.) Figurs 5 shows that the lest trlels, on the
average, produced scores four to five times larger than those made on
the firat trlals., There ls some evlidence of negative acceleratiom and
some evidence that a limit is being approached at the very end of the
practice period. It 1s posalble that the last five trisls may show sigus
of work deoremsnt rather than mere approach to a limit. It also could
be argued thet the entire curves do not depart very far from a straight
line. When these ourves are compared with anslogous curves of Figuwres 1
and 2 in Spence, Buxton, and Melton,19 it may be seen that the present

18p,y trial-by-trial dsta for ell learning curves are recorded in
Table E-1, Appendix E. '

195pence, K. W,, Buxton, C. E., and Melton, 4, ¥. Cp. elf. (Ses
Footnote 14,)
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groups show very nearly the same leurning curve as droup I in the ear-

1ier study, the group with the seme work-rest copdl’lons. The only

. differences are slight variations in the absoliute hoight of the curves.
The superior performance of Group B in the present study could be due

o elther stronger motivation or greater "obllity."

Trial-by-triel meansz for the serial coordination teet are shown

in Figure 6. Each of the 16 trials was two minutes long and the score
ws8 the munber of matchss made cduring this intervel, The maan sccre
ineressed by ohe-half, spproximately, between the firat and last trials.
“he curves are notably uniform, and somewhat negatively accelerated, and
inay be appreaching a limit. Group B is agein consistently superior, end
sgein there could be elther & motivatlonal or “ability“ interpretation
of this fact.

" Learning on the iwo-hand coordination test is pictured in Figure 7.
On the baselins are shown the 30 30-second triuls and on the ordinate 1s
chown the meen per cent of terget time per tyial. 1In over-gll shape thils
curvye is probably negatively accelerated, with scme evidence that a limit
18 beirg approached, since the mean scores approximate 80 per cent of the
pogsible scors. Perheps the mcst notablas characteristic of this curve -
in comparison with others is its irregularity. The apparent irregular-
ity of the curve was tle outcome of mechanicel factors in the teat gppa-
ratus. The test was always begun with the target disc and cams in the
same position, end thes cams completed a cyole or pattern every four min-
utea, These four minutes provided eight of the 30-second trials, each
based on a apecific portion of the complete cyele, ard each having 1ts
characteristic level of difficulty {because of the spaed, complexity of
novements, ete.). Examination of Figure 7 shows the effect of this on
mesn trial acores. ®Lowe"™ are present on Trials 2, 10, 18, and 26 (8
trials apart); "higha" are present on Trials 4, 12, 20, and 28, ete.
There 18 again & tendency for Group B to be snperior, hat only slightly.

Figure 8a shows the learning curves for net time on the division-
of-attention test. As for the two~hsnd coordinatlon: test, 30 30-second
trials are shown on the baseline, but in this figure the vertical axis
is the unmanipulated time score Zto permit direet comparison with the
reaction time curve of Figure 10). A1l thres curves of Figure Sa are
ratber uniform, and there is evidence for both negative acceleration
and approach to a limit, By the last trials, scores are approximately
two and cne-half times greater tban for the first trial. MNinor fluctu-
ations in the curves for Groups A and B tend to be in the same direction,
except at Trial 14 where there appears to be a slight difference between
the two., This difference in direction iz probably the result of chance
factors.

Figure 8b preasents learning ocurves based on track time scores in
the divigion=-of-attention test. The axms are exaotly comparable to
those of Figure 8a, Scores are pearly doubled during the practice per-
1od, and both negative acceleration and approach to g limit masy be ob-
served, Especially worthy of note hers is the sharp increase in score
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al tkhe second trilal, th2 slkost llnsar rise te or'el 17, and vhe gradusld
drift upward toward the and cf ths practice period.

The final set of learning curves, shown in #igurs 8¢, showe improve-
ment in tha reaction time scores on the diviglon-of-attention test. fxes
are identical with those of the preceding figures. As in the pravious
curves, thers 1s ghbar] leprovement on the second trial, and thereafter a
negatively acecelerated function. Final scorss are approximately half
those of the first trial, and improvement ocours at a steady pzce, even
in the last trials. It 1s prcbable that with only a few more triale
this curve would levsl off, since a trial score 1s curmilated on eight
? Jump”™ choice-reaction times, end these would be unlikely to go much be-
low one second each. ,

A comparison of the three sets of ocurves in Firures 8a, 8b, and B¢
gsuggests that, in spite of the complexity of this task, the learning
process was relatively "hemcgeneovs,” i.e., improvement as measured by
treek time and resction time, presents aboeunt the same pleture at any
glven stage in the procesa. Converszely, if the subjesta had concen-

Yrated too much on the trec:ing %: i or the reaction time task this wonld
have been reflected in the curves. Another point demonstrated by compar-
ison of the three curves 1s that Group B tends alwaye to be slightly super-
lor to Group A.

In summary, it may be pointed out that in all of the testa there
18 a slear-cut improvement ln average score as a result of practice ami
that all of the curves show slgne of decreasing returns from practice,
although evidence that a limit is being appreached is not equally clear
in all eurves.20

gginhuuotgr Test Length and Reliabllity. Shown in Table 5 are

split- reliability coefficients for each of the psychomotor tests
employed, (Definltions of trials oo the psychomotor tests are given in
Table 2, page 4,) The analyses were not repeated on Group B, since ths
results are slear-cut. Religbilities of .90 or bettsr ere reaohnd very
early in each test period, except on the two~hand coordination teet,

The latter test did not reach a high level of relisbility even when the
coefficient is based on the conplata practios perliod, It 1is not clear

as to why this should be the case,2) but there msy be two possible reas-
ons: on thls test, if the subject moved off the target, it frequently was
necessary for him to reverse the dirsotion of rotation of the hzndles and
then catebh up with the target. This in fact meant "equaring" the signifi-

2CExamination of the learning ourves alsoc shows that initial seg-
mente of the tests as presented in Tebls 4 oxclude the ions of the
two-band coordination and divislon-of-attention curves (Trials 1 and 2)
where the most rapid improvement ocours. Computation of galna from these
measures of initial status doea nut reflect the wider range of gains which
would have resulted 1f these eariy triale were utilized,

21yig has not hesn the case in AAF research, slthough the practlce
. conditlons there did not examctly duplicate the present conditions.

P
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cance of any error. Suck a factor might possibly lead to large departures
from equality in the odd and even sums for a particular subject. In the
opinion of the sxperimenters, ancther faotor is probably more important,
viz,, that improvement was rapid and a high score was reached ratber early
in the preoctice period; thereafter rather wide and irregular varlations

in motivation occurred from trial to trial. MNore specifically, if a wub-
Ject got off 1o a good start on a trial, he night continue trying bard to
ses 1f he could "break his reocord,” btut if he got off to a poor start, he
might put out 1little affort for the remainder of that trial,22

It may be pointed out that a segment contains 1 minute of work on
the rotary pursuit test; L minutes on the serlal coordination test; ) min-
ute on the two~hand ocoordination test; and 1 minute on the division-of-
attention test, . In spite of the brevity of these samples, the reliabil-
ity coefficients tend to be high, which is to some extent a refleoction of
the tendency of learning to inflate split-half relisbility coeffiolents.
In ‘d%tzi'?:ésth.“ high reliabilities are characteristio of motor skills
data.<’» :

The primary reasocn for assembling these data was to determine the
length of test neceasery to give & score rellable enough for diagnostloe
purposes, Thls level of reliability may be arbitrarily sst, for example,
at .90 for split-half coefficients, or .95 for coefficients estimated for
the full length of test, Examination of Table 5 shows that after about
14 trials (actually 16 since the first 2 were cmitted from this compute~
tion) the rotary pursuit test reaches a satisfactorily high reliability.

Under the present administration conditions this involves about 24 minutes

of work, with rests totaling about 5 minutes. The serial coordination teat
reaches a religbility of .90 after only & trials, which involwve 12 minutes
of work plus }} minntes of rest. The division-of-attention test reaches
the arbitrary level aftar 14 irials {again, actually 16), involving ebout
8 minutes of work and 74 minutes of rest. ’

From the point of view of rellability alone, three of the tests would
bave been quite adequate had they been only about half or less than half
as long as they aotually were, Under the present condltions, the total
teat time (work plus rest) for the rotary pursuit could be as 1little as
7 or 8 minutes; for the serisl coordinstion test, 13 or 14 minutes; and
for the division-~of-attention test, 15 or 16 mirutes. On the basis of
reliability data alone there is no olear indioatiocn as to how the two-
hand coordination test might be shortened, because it was not of fully
adsquate split-half reliability even with 30 trials,

! + 4 third possible ressor is that the odd and even
trials which were correlated were not of equal difficulty. (See diacus-

sion on page 18, paragraph 3,)

2331:11'.0:1,, C. E. The application of multiple factorial methods to the
study of motor abilities. Ppychometriks. 1938, 3, 8593,

24puxton, C. E., and Aunphreys, L. G, The effeot of practice ypon -

"intercorrelations in motor skills. Sclence. 1935, 23, Adle4i2.

253eashors, R, B, Individual differemces in motor skille, J, Gen.
Payohol. 1920, 3, 38-66,

e e—



Another approach to ithe problam of determining a desirable test
length is illustrated in Table 6, wnlich presents correlations of succes-
sively longer segnents of each test wlth total test score. The resulis
of Group A are used; and only one division~of-attention measure 1= em-
ployed. For each test, only enough coeffleoients are computed to ascer-
tein when (l.e., at what length) the sample is long enoush to correlats
closely with totsl score. The deasired level of correlatiorn can arbitrar-
ily be set again at .90. The data of Table 6 aupport what was sald efter
examination of Table 5, 1.e., that not only would tests half as long as
the present ones be of satlslactory religblility, but the total score on
the shorter test would place the subject ln almost exactly the same rank
in bie group as does hls total score on the longer test. Of speclal sig-
nificance is the fact that on the two~hand coordination test, despite its
Jower split=half rellsbility, the first three segmepts combined ranked
the subjects in very much the assme order as the total sccre,

Religbility of the Vardous “ypes of Pgychomotor Sgoreg. In Teble 7
are shown eplit-halfl and estimated total test relisbllity coefficients :
for each score computed. Since the results for Groups & and B turnegéout
to be guite similsr, data for the two groups comblned are preaented.,

The coefficlents for galn scores were cbtalned by ccrrelating the gain
from the sum of odd trials of a specified segment to the sum of odd trlsis
on the second specifled segment with the galn between sums of even trials
of the mame two segments. Such a score for a given person may be subject
to factors maeking for unreliability in elither segment.

This 1is the first point to be obzerved when Table 7 is examined with
attenticn to comparisons of typea of score. All measurea of gain tend to
be unreliable; this is accentuated for the centrsl to finel gein (C-F)},
where the possible range of acores was restricted (see Table E-2, Appen-
dix E) and where motivation wag probably more variable. Further compar-

TABLE 6

CORHRELATIONS OF SUCCESSIVELY LONGER TEST
SEGMENTS HIT? TOTAL SCORE, GROUF A
K = 90)

: _Trials per  Min, Work Sagnents Cumulated
flest _Segmeny = per Segment 1. 1.2 1.2, 3
Rotary Purgult 6 l oTh .86 . 93
Serial Coordination 2 A T4, .89 .93
Two-Hand Coordination A 2 T -85 92
Divislop-of < ttention -
Nel Time A 2 76 .86 .90

2€peaction time scores were discarded for Group B when this analysis
was performed, and are omitted from Table 7.
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isona of types of score suggeat that initlsl seguwent scores are in gen-
eral less reliabie then central or final segwent scores, with the total
score belng the wsst reliable of all., It is not surprising that the lat-
ter is the cszsc, since a relatively long sample of performance ia the cor~
putational lase for this relisbillity coeflficlont, Further, it is perhavs
noteworthy that the reliablliity of ceniral and flnsl segment scores should
be so high vhen the "length of test® on which they are based corresponda
to only a brief work pe-icd. The two measurss on which ga'n scores ars
relatlvely reliable are the rotezry pursuit test and division-of-attentlcn

test {track time), the latter being the highest in tne tabvie., In contrast.

the coefficlents for C-F galns on the Egrial coordination end two-hand
coordination tosta &re in effect zero.

In comparirg tests, it may be noted that the two-hand coordinstion
test glves scores which tend to be relstively unrelisble, no matier whov
work period 1s used. The serial coordination test, in which a secgment
containg four times the work perled contained by a segment of any other
test or measure, 18 nevertheless not sz reliabla a3 eitber the rotary
pursult test or the two division-of-attenticn test weasurea., Thls prob-
ably meang that nct the trial length, but the "amount® of behevior sctu-
ally r<corded iz the primary factor in reliabiliity, and the t®o are not
perfectly related. That 1s, oniy a limlted mumber of matches 1s recorded
aa the serisl coordinatlion score, while on the rotary purcult almost every
instant in a trial effects the score earned. Furthermore, the subJect
le "pacsd" by the rotsry pursult test, and must pace himself on the ser-
tal coordinaticn tegt, resulting in e leas conslstent performznes on ths
latter teat.

In general, 1t mey be said that the inltial scores are less relishls
than centrel or final scores, presumably because In the former ths varlow
factors of set, work method, ete., are still variable, Coefficlerts fox
galns ure lower then other coafficients. Iritial perfeormance and perforod

ance at latar atages of practice, if the sample of performance ig releti-o .

brief {segment scors), are less relisble than the longer sample, i.e., to-
tel scorse. :

Intra-test Relationships {Pazchemctar). In a PYurther ateempt 1o
enalyze the psychomotor teat datu, and espceeially to evalunate the sejurai
types of measures ewployed, correlations smong all the types of acors fiv
each test and meaaure were computed. This Typa of enslyais wae directeld
not so much at spacifile tssts as at the discovery of relationships of son.
generality amnng all tesﬁa. L grephle meana of precentation of the rel -
tlonshiva s««s selentad, :

s ol . - - o e - ara [

2?Some further light is thyosn on the daty of Teble 7 by ewxcalmat ¢
of Table E~2, Aprendle E. C-F paine, actably, show lesz varlsbility ik
cther gaina, sad initial acures, in gensrel, slow logs vaclability than
other statug acores. These factes z2ve ruflected; presvsmably, in the rella-
bility coefficlente ={ Table 9.

- Branie E=2, Appecdix b, glves the exact walues uron which gil grepim
in thls sectlon are bLaped, RBocara2z Groups L and B did not differ warledd,
snd because succesalve gaumples zve not of dlrect dntersab ai thias point,
Fuy data of ths woabired grouss will Yo discuesed. The recetion time
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o Figare § the gentral and Ticol oyitus scorcs wvo mors cleosely
ralatsd than the initial snd centrel stelus scores. The former are
sloser togethar In the teat perled eond are ir the more reliabie portion
af the learning curve (ses Tables % nrd 7). Initial and centrel siatuz
acores ers more closely related thnn initial and firal scores {the for-
xer being closer together). Ancther interpretstion of these two szets of
facts is that there are differentials in rete of lesmrnlng, e.g., Initisl
stetus 18 only s moderately good indicaticn of status after any (progres-
sively larger) smeumt of praetics. These ososervations are in aceord
#ith the common finding that sdjacent segmentis of any parformance are
11kely to corrslate more 2losely ihan non-adjacent or distant segmenta.
(Note that the two-hand coordinatior test, the least reliable of the psy-
chomotor tests, tends tu show tke lowest intra-test coeffiecients, and the
rotary pursuit test, the highest.) '

A further observetion msy be made wlth reepect to correlations of
test segments with total score {see Figure 10), Both central and final
status geores correlete closely with total secore, the former showlng
£lightly bigher coefficientz, and these correlations are sliglitly higher
than those betwean initial and totul scorsa, These coefficients appear
to be in line with the interpretsticn that total score on these teats is
a function of botk initial or transferred skill, and the "distance” moved
from that geore (learning). Both factors determins central snd fingl
soores, but only one is important in the initial status score, which re-
flecte improvement over only a very limlted suries cf tirlals. That cen-
tral status scores should corrslate .xore closely then final scores with
total score is perhapa to be expected in this study, since central scores
are the indices which best indlcate how quickiy a subject reaches a high
zcore level. The helght of thls general score level thus relates most
vlosely with the total score of a long series of triasle,

A third systematic distribution of coeificients may te observed in
¥igore 11. These indleate interrelatlonships emong gainm scores, The gain
in the first psrt of the test (I-C) correlales with cver-all gain (I-F)
more closely than the gain from central stetus to final (C-F) with over-
all galn. This is to be expected, since the range of galns 1ls greater
»arly in the practice period, and the I-F galn is uffscted somewhat by
the fatigue and motivetlonal changes during the lest part of each teat..
in other words, there is more overlapping or duplleation betwsen galns
I-C and T1-F than there la between C-F and I-F, Tt may also be noted that
the I-C gain 1s even less clogely rolated to the C-F gain, snd that the
soeffliclents are negative in sign, i9 suggnasts that the more rapldly
the subject improves during the early trials the less rapldly cen he im-
prove during the later trialsm. )

In Figure 12 are showa the reletlonships of gein meastres to total
score, As menticned ahove, the totel senre depends, in part, on how far
a subjJect moves away from his inltial scores. Therefore, I-C snd I-F
galna are poaltively correlsted with total scors. Also, the subject with |
a high score in the central segment continuss to pile up a izrge total
score but shows little or mo C-F galn, while the subjeet with & low cen-
tral score contlnues to gair, but hiz total score cannot be no great.

i
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Hence, tho repetive correlations betwser LU~ gain and total score., There
sve twn rather clear excspiiona ¢ these gensrallzations: (1) C-F gains.
on treek tise and on the serisl coordination test correlate at almost the
zere level with tota) scare, probably because the range of these gains
sas very small ({the nesn gain ip esch case was sbout two points); and
[2) I-F gzair on the two-hand coordipation test Is negatively, although
unreliably reiated to total ctcore. Tho latter finding may resnlt from
the fzct that improvement early in the preectlice peried was quite rapid --
in fuct, by the twelfth to the fouriteenth trisl, a scores sbhout seven-
elghths as high as ths firel level had been reached. Therefore, a sub-
lject with a large 1-C goin ®culd nsve a small C-F gain, large 1I-F gain,
and a large total score. However, a subject with a small I1-C gain would
have opportunity, under the test celling, to contimue improving and make
& clear C-F gein. He would thus have & modsrately large I-F gain, but
st1ll not s0 large & total. The correlstlon betwesn I-F gein and total
score covld well be zerc, or posslbly nsga’ive.

‘The final set of intra tese a2nelyses concerns relstionships betwaen
galn scores and segmnt scourse. Thesze correlations are represented in
Figure 13, and are tabulated zeccrding e tyne of score. Although the
absolute slze of th: coefficients Fcr tue ssvaral vests and measures vary,
their relatlve positions form a conplstont paitern: (1) initial status
tends to correlate negatively wiid aecy gain soore, 1.e., the higher 29
subject ranks lnltlally, ths lese room has he for later improvemant;

(2) centrzl status is vositively reistel 3o -2 and I-F galns, since
hlghesi ventral ststus ascores arv mahieved by those who have moved furth-
et frow their initial score, btut uegatlvoly related te C~F gain, sincs
those who are highest midwsy 1l practice have the least room for improve-
mert thersafier; (3} final geors corralstes vositively with gain, sines
it 1s the gain whick, im sdditlon n ipdtial akildl, determines the final
stetus scors

The correlacions tainlated acrorilig to i1ype of score in Flgure 17
are re-plotied scciyrding to test or wemsiva in Figure 14, whleh shows
that the pettornc of inlercorretaticns, smong the nive coetficlenis for
gach test ¢r mensurs, ere 2onsisvernt. Tha corvelstions very in their
lowatica ovn tha crdinute {1.e,, both degree ¢f corralation and algebralc
slgn vary;, tul the poritions of the polints with respect to ome encther
are unlform.

In gomsry, the glatus maasures sare wore closely interrelsted (and,
o8 previougly lndicetsd, nose 2elicble) than galn messures, Without ce-
peatirg the ditalled Plpdings, 1L wsy be aald thet the degree of corrgiu-
tion ameng virlcna ssorss depoends ugon 1) b eomamality of the gels on
which they sre Les.d, and f2§ the type of repcccontation (position ow, wr
segnenl of, the leernlng iave). Iie cod0fficients in genmeral are wmder
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gi.cdsnia in temme of knowledge sbout thz v twe fuclnes although dev’a-
soipg from the typloal aegrtively cecelzreled curve (as in the two-hand
o, ordiontion tesig complioate the problem of intecpretation.

Inter-test Correlstions (Pencil-smi-Fapor). The six sub-parts of
1 :» pencil-end-paper test are herc trsated as smeparate tests, and the
sotercorrelations are presented in Tebls 8. Attention is ealled to the
follewing facta: (1) the highest correlations are between the two hid-
¢an figurestests, and between plannirng circuits and mechanical comprehen-
rions %g§ the lowest correlstlions are between the visusal pursult test and
cthers; (3) thero 1s a rether lerge change in degree of intercorrelation
¢f certain tests, from Group A to Group 3, but the directions of these
chenges exhlibit no systematle patterng (Ai ir general, the intercorrela-
tiona are not very high, although planning circuits, path distance, and
rrehanical comprehension tend to form a cluster,

Some of these facts may te interpreted with the aid cf Teble 9, which
4.,3v3 ths means, varlebllities, end reliebllitles of ‘the pencil-erd-paper
t2t3, It mey be pointed out that (1) the mean score cn the firat hidden
figureatest was nearly s perfect score, resulting in smali standard devia-
tions and low split-haif coefficients; (2} on the planning circuits and

tne second hidden figuresteste the mean score was approximately in the

center of the chance-to-perfect range, with an appropriate spread and a
Lblgher reliability; (3) the visual pursuilt test shows a mean which 1is
somewhat low, and less variabllity, while the path distence and mechanical
comprehension tests were too diffiomlt, 1t is probable that the latter
fazts are a reflection of lowered motivation. This could well occur, since
tte path dlstanss test was rather poorly printed, and the visusl pursult
test Just following it was also a contributor to eye-straln and lessenad
irterest. The mechanical comprehension test, coming lsst, would suffer
from these influences, despite the fact that its inmtrinsle interest value
is probably higher than that of most of the other sub~teats. In general,
only the plamning circuits test appears highly reliable, altbough the over-
211 reliability for comblned tests 1s adequate.

Table 9 I1ndicastes that Group B, which ascored higher on the psychomotar
teats than Group A, mslso tended to score higher on the pencil-arnd-paper
tests, and to show m more rellable performance. The most marked increase
wes in the mechanical comprehension test, where the standard deviation in-
croased quite markedly aa well. These differences and the incressedé reli-
evilities meke it seem likely that Group B differed from Group A in
strength and conslstency of motivation. 313 confirming evidence of this
interpretation, the subjective and cesual judgments of the experimenters
indicated that the subjeote of Group B did less complaining and sesmed to
cooperate more whole-heartedly then subjects in Group A.

Inter-test Correlations (Pgychoyotori. Dut of a large quantity of
da%a, only general flndings will be selected for attention. This may tw
done by grouping 380 inter-tost-goefliolents -according to certain clasei-
fication systems.

3Crabie E-4; Appendlx E, contalna the data upon which this section‘is
bzaed,
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Although the explaration of the differences between ths two studies
is outside the province of the present report, it probably is due to a
difference in test comiditioms. The Buxton and Humphreys Intercorrelations
are on performances 2/ hours apart, whereas the initial and central scores
of the present study were obtained from trlals only a few minutes apari.
it is posaible, therefore, that the grerter the degree of mamsing in each
test, the more likely 1s the correlaticn bstween teats to rise with con-
tinued practice. In the present researzh, the serial coordination test
was the only one given under massed conditione (and even 1t was not paced,
but depended rather upon the subject's own urge to toree the puace); the
division-of-attention test was not markedly meessed but ls inherertly =
"pressure® test because of its complexity. The greatest increase im degrea
of intercorrelation with continmed practice is observed with thess two tesia,

v ot st

‘nghe total score intercorrelations are ths ones mest directly compar-
able to previous findings of several other investigators. See: Seashore,
R. H. 0Op, ¢it. (See Footnote 25 of this report.) Also, Seashore, R. H.,
Buxton, C. E., and McCollom, I. N. ¥ultipiec factorial analyeis of fime

motor skills., Amer. J. Psyehol., 1940, 53, 251-259.

321his 18 a combination of Seashore's transfer and spacific practice
hypotheses as described in: Sesshore, R. 5. Experimental and theoretical
enalysis of fine motor skills. Amer. J. Psyechol., 1940, 53, 86-98,

23Buxtsn, C. E., and Humphreys, L, G. Op, olt. (See Footnote 24 of
this report.}

W
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providing tentstive support for the lypothesls that inter-test correle-
tione tend to rise if the teats zie both given under maased conditions.

The interrelaticrehlps of gains on the several psyshowotor tests
are shown in Flgure 16. With the exception o7 the two measures on ths
division-cof-attention test, ncne of the grins correlates with any other
gain tg a very significent degree. A4s in the stvdies by H311,34 Hue~
bandpg— ang Buxton,~® there is 1ittls evidence that a general {statis-
tical) factor of learning rate existe. Xt may be mentiomed sgein, in
pagsing, that gain acores as here compated are relatlvely unreliasble, aud
also that these particuler iatercorreliastions differzd elimout at rendom, =z
between Groupe 4 and B.

The finel snd most directly prestic:zi irformation abeut the inter-~
test correlations can be ascertalnsd from Figure 17, (Figure 15 mey be
examined again for the same purpose.) In this figuve, the correlations
of each test with every other test (excluding gain scores) ere repraesented.
That the test intercorrelstions are generally low i1s desirable, since com~
ponent parts of e test battery should noet correlate closely.

hpart from this general point, four otlers mey be madet (1) The
rotary pursuit test is not c¢lcuely velaied to the two-haud coordination
test, with which it has previously correlated at least moderately. An
Interesting and testsble Interpretetion ut once prssonts ltaelf. Eapa-
clally in testing 1n the Army Alr Forces, all tests have been given umd. r
massed, 1n fact continuwous, prectice condltione., Therefore, in additicn
to whatever gpscific factors might otherulse produse low to moderaie cor-
relatlon (.15 tc .25) between thess two tosis, thers 1s the common factor
of "fatigabilicy” of the subjectOB? This might reise the irtercorrecla-
tions to .25 or .35, In the present sindy, howover, distributed practice --
et least, more distributed than that employed by the Army Alr Forcea -- vwum
used, so that the common factor of fatigehlility is less aignificant, Eance,
the greater specificity of individvsl difierencss, i.e., lower intercorre~
lation. {2) The tro-hand corrdinstl~a tcst tend: to eorrelate with othecs
at a rather low level, sxcept when total sonrs 1s the basls for the cowi-
ficlenit, Boih facts are in llms with the rel ability dats on this veost

34'Hall,‘0o S. Intercorrslatlons of weacures of humsn learping,
P G Olg I{B‘Vf,\’ 19%’ _@’ 1'79-196.:

3%Husbend, P, W, Intercorrelaticas swong lecrning abilitieas 1.
3, Genet., Psvehol., 1979, 55, 353~3b4.

3éBuxtﬁn, 2. F. Op, cit. {(Roe Feaincss 23 of whia repart.)

37It,ia recognized thai elrsslowl stndies of fatigue tend to dias-
courage the suggeatlon of a gemersl {statistisal) fsctor, but it is pose’
sible thet the reactiva innibiticn concept, proposed by hull, may apply
in this lnstence, See: FKull, £, L. Pripairies of bebavior. Hew York;
Appleton-Century Co., 1943.
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~.e Meble 50 (30 ire docdadon T oboorlion werw e aoab closely related
oo tha serial coordipslion tezt. This st Civst wey oseem appropriate, sincs
smaron eloments of purrauit, seriphsvel vIwunl elimulabion, and reaction
Lime pesm to exisi. IL must te repomcered; however, that motor skills
aate conpatructed previously on the sommon-element yirincliple have notaﬁa-
¢ *3zarily shown eoven modsrate correlatlon, as polnted out by Seashore.
.4} Since net time and trask time aie so clésely relsted in the division-
© »P-ptrention test, it is probabiy asafe and desirable to eliminete one of
" her because of 1ts lower reliahility. (Hemction time on the same test
+23 eliminated from further considercticn after the anslysis »f Group A.)
{'f the two measures, track time is probebly the one to be discarded since,
+ 41f 14 were retained in a practical sclecrtion situation, and word got
¢round that "staying ou the track™ was all that counted, the test would
Jary quickly lose ite cormiizotion aspects, the new or significant feature
«¥ this test.

Reletionghipg Between Pevall-gnd-Paper gnd Psvchomotor Testg. Table
¥ presents intercorrelaticrs betweon the pencil-and-paper tests and totel

rzores on the paychomoter teste. Cenmparison of columns shows that only
turee pencil-and-psper teste {Planning Circuits, Hidden Figures II, and
¥echanical Comprehenalon) beer an epprecizbla relationship to the paycho-
rotor tests, the highest coefficlents resembling the highest coefficlents
found in the anglyses of inter-test relstionships of psychomotor tests.

In general, the present correlstlors show a tendency to be slightly higher
for Group B than for Group A, as were the test reliabilities (aee Table 9},

Comparison of rows irn the present table shows that no psychomotor
test correlates more than moderately with pereil-and-paper tests, zand, as
wight be expected, nc psychomotor test shows correletions of consiatent
size with all pencil-and-pepsr tests. Tne rotary pursult test tends to
show the lowest correlatiors, and two-hand ccvordimation, the highest,
There 1ls little further informstion in this table to indicate what tests
night beat be used in an irclusive battery.

1 - rion Correletiops and Criterlo ig. As indicated
in Table 11, all four criterlon scores are quite cloasely interrelated.
It has been msntioned previously that these correlstlions may be somewhat
inflated, A and C are both based on maneuver ratings, A on all of them,
C on those of the "last-10" lesscns. Since C 1s contaiped in A, thelr
lntercorrelation is to a certain extent spuriously high. B and C are
both based on the "last~10" lessons, © beling maneuver ratings and B the
average over-all percentage grade. The inatructor supposedly derived B
from C by a computation specified in the logbook; the fallure of the two

3aSeaahore, R: H. Op.cit. {See Footmote 31 of this report.)

39The slight tendency of these complex paychomotor testa to relate
to one of the hidden figures tests supports the smggestion that a space
perceptlion factor ia to be found in motor skills performances. See:;
Seaghore, R, H,, Buxton, C. E,, and McCollom, I. N. Op, cit. (See Foot-
note 31 of thie roportcs
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TATLN ¢

HEARS, SUAYLABRL DEVIATLICONS, <4’ JWTEECORRAEIATIONS
OF CRLTLREIA®

Criterion B ' Criterlon G Criterion D
A B hoB A B A+3 A
Crizerion A W79 .80 80 .83 &4 .83 .80
“Criorion B .89 21 .90 »B5
Criterion C .78
orltevion A Criterion B Criterion © Criterion D
A g _  ALB 4 B -%4:] A B __AB &
Hezn 49.0 4327 49.5 50,0 50,0 50.0 50.2 50.0 50.2  50.0
Stapdard Deviation 2.5 4.7 3.9 2.0 7.8 7.9 ok 4T 445 9.8

*Criteria sre defined on page 11 ff,

to correlate perfectly may cignify either a slightly different meaning of
"L over-all grade than this; or failure to computs mccurately. Criterlon D,
aomputed in a relatively simple manrer, nevertheless correlates qulte closely
" with the others. The relatliomships of Criterion T to other criterla were de-
termined only for Group A, after which 11 was dlscarded.

Table 11 ghows that the variabilities of the warlous criterla are by
no means equal, For Criteria 4 and C especially, the variability was small
(about two-thirds of the mesaures lying within four and £ive points of the
nesn, respectively). In terms of the original rating scale, the standard de- -
viations would be approximately .4 and .5 points, along the 5-atep acale =p~
1iled Yo each mancuver rating.

Various efforts wers made to determine the reliablliity of these criteria.
If reliability is interpreted as consistency from rating tc rating, the cri-
terion dsta here used probably all renk high, Only one such index was com-
puted == g split-half coefficlent for the mean of odd lessons vu. the mean
of even lessons on Criterdion C {"last-10" lesson maneuver ratings). The
coefficient was .90, It may merely indicate, bhowever, stereotynlng of in-
gtractor judgment.

A more significant estimate of criterion reliability would be baaed
upon inter-instructor correlations. The present datsa did not peramit the
atraightforward correlstion of two imetructors rating the szme men, due to
insufficient mumber of cases. The closest zpproximation waa the correlation
betwoen s given inatructor's ratings of a group of cadets and ratlngs on
the same cadets by several different instructors, each of whom rated but a
few of the men, This ®as done for four "key" instructors on Critericm C,
und the "coefficients of agreement® were: .72, .50, .19, and .67. Appar-
ently some instructors agree falrly closely in their ratings, whlle othera
do not.
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CRAEFOITAALUE o e o il AL G0IEE e e Gerge wwber
0 eCeralatiung fmacel 3r L0 t0aty 8LG Lesgvivaa opd tho four ceriteria ave
sawesrized far semoiaches aepesse Jo tuves fipursan40 In Flgare 18 r11
wypes of 2eore ead all c‘f*'rga il U oare camgﬁged, 5o that the mumbers
of oefficlents aboys Bl 7 per cent level of slgnificanse are an indi-
cation of the reletive valisy of ths several tests for predieting flight
gucesss,  In terme of ths combined groups, track time Zs firet in the nue-
ber of significen: oselficicnis. Allewing For the negative coefficlents
ior he two-hand ooordipaticn teet, 1t leade Jn vhe tally for the eumbined
£roups . Takiﬂg ipto anaount the stahility ol tts pucber of significent
coeffinlente from grown o goouy, 13 tests do not differ markedly. Fe-
gotinn time on the ﬁgv;glnzvofmatcca lon tazst clearly 15 least clossly
releted to the crilarin. For tkis vesson, anslyses of the reactlon time
measurs, already shenn 1o Do tho lusst reliable of the three divislon-of-
sttention measwiwz, wera not obtairad for Group B or the combined group.
In general, couparisoh ¢f thec resn’ta on Groups A and B auggests that the
yrediction coefficlents of Group F isnd to be alightly higher than for
Grouvp A.

The task of evmlumiing Pigure 17 lz made easier Ly study of Figurs
19. In this fignre, all ieats and muasaros, gnd all erlteria, have been
combined so tkai the amriors of coefficients above the 5 per cent level
ot aignifieznce are oow Indiocsticms of the reletive predictlve value of the
typese of scorss. In terns of the mather of such cosfficients for the com-
bined groups, all sts*us saorae wre of about equal merit, while, in terms
of the absolute sizs of 20ufficlenta, it ia falrly clear that total score
and centrel status saors a:e tka bagt predictors. Final status end *nl-
tlal ascores are somewhsi lees vsluablo, more often showing values bslow
the 5 per cent confidence level.

There is only a small amcunt of support for the hypothesis stated in
the introductiom to this roport, viz., that lmprovement measurss of test
performance should bts worthmhils predictors of & tralning oriterion. The
2ajorlty of the correlaticns hetweer the galna the criteria 48 insig
niflcent. Obscurad by the mathed of tellying used in Figure 19, kowevsr,
are several pcinte which may be éizcerned by re-cxamination of Figure 18
or by study of the 1ndividual gain coefficlents (ses Table E~5, Appendix
E). First, most of the negative cocfficients for C-F and I-F gains arz
based on the two-hand coordination test. This test ssems to have hsad a
relatively low "celling"; men who shcaed the lerger gains wore ones low on
Initial status and on fiight eriteriz. Inspectlion of the raw data also
suggeated that men who exhibited a high level of akill by the tims the
central segment was resched sometimes had a loss, i.e., & negatlve gain,
thereafiter, and thus contributed to, or exaggersted, the negatlve relailon-
shlp for the entire group. However, some of the significent negative C-F cor-
relations occurred with the rolary pursuit ead division-of-atteniion tests,

-t —erre

4Qppg exact corrzlation coefficisnta are to be found in Table E-5, Ap-
pandix E, Reaction time was rot employed in these tebulations, except in
Figure 18. Criterion D was omitiod. except in Figure 20, in order to make
the swummaries in each olum refer to the samre mumber of coefficlents.
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suggesting that some factcr other than mere ceiling on verformance is in-
volved, Second, tha significani positive correlations batwesn galns armd

the criterie are mainly fuund in the aerial coordination test., These co-
sfficients, for the only vest glven unier massad practice conditions, are
the only evidence for the originmani hypothesis as meuticnad above, but as

a fipal point it should be remembered thet the coefflclsnts here diacusaed
are based on relatively unreliable scorea, 1.e., in general, the galn sccres
exhibls low split-half reliabilil coefficlents,

A further queatlon ls: Which critqrlon is best predicted by the var-
lous testB ard measures? To answer this, Figure 20 @#sa tonstructed, in
¥hich all tests ard all types of 3sore are combined, so that the yumbera
of coefficlents atove the 5 per cent level of sionificance are an indlea-
tion of the relative efficiencies with e#hich the various types of criteris
are predicted. Criterioen I, computed wilthout correction for the mean and
gprsad of tbe instrictors! ratings, was least satisfactorily predicted
in Group A. It was tharetcre omitted from furthe+ consideration., Thera
s reason to Lelieve tnat the welghting procedurss emplcred in Criteria

A, B, and C may havv made it posaibls fcr the teste  to show more predic-
" *ive velue; correlawions with Criterion C {mean rarsw.ex rating, "last-10%
lesscns) are the highest obleined. On the other brnd, the fact that re-
Ailts for Groups A ard B differ sc much on thls criterion measure suggeats
ibe deslirabllity of the aore laboriously obtained Criterlon A, in view of
i%s probable stablilivy. J3ince Criterion B is predlcted slightly less well
than A, and also since it is a "iact-l0" measure and seemingly ovsrlaps
Sriterdon C, most of tbe following discussions plass the greatest emphasin
on Crilteria A and C,

Predictive Efficioncy oy Ipilvidusi Paychomctor Tests. Thia sectiozn
presents bar-graphs ludicating the uxtent to #hich eaclt psy homotor teaw
predicts the criterion messures. For this purpcse the cade 8 of Groups 4
erd 3 ccmbined were classifled into g intiles on iest ;werfc m: nce, total
scores only veing used, and the perieu‘ege of cudets 1. casi (uiptlle
(N = 30 or 31) below elther the lowact quartils or the median or the opri-
terion wus compuied, Only two criteris, A and O, wer2 wzeld fiv this pur-
pose.

"In Figure 21 are shown the resulis of auch an snaiy.is f 1 the rotary
pursult test. For exemple, of ths 31 cadets frlling in vla 1 west quintiie
‘Quintils V) on total rotary pursuit scors, 32 per cent t:1] selow the low-
est quartlle amceore, and 65 per cent bslow the medion on Critirion A, If
zcores on the rotery puyauit test were completaly unrelaiod to stending cn
the eritericn of the cedets in this gquintile, aboat 25 psr cant would fsll
pelow the guartils scoie on the criterion enmd 50 per cent « low tha medisn,
. Figure 21 svggests thet: {1) rotary gurprit total scorss t scriminste on
Criterlon & cnly very siizhtly for the iwoe cut-off noirts, - he Jifferentin-
tlon occurring in the luwer quintiles 5n the teet score; [1) on Critericn O,
the digeriuination for the quartile cuit-off point Ju 5 315 le better thon
for the median, withk tua graatest effectivenasa agein exhl ited in the lower
téat score rengea; {3) over vhe entlre renge of scores the two eriteriz sud
“he two cub-off prints eare predicted with stont zcual mcov acy, hot in
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altber enpe fo o bhe pecliztion vavy goodl,  The prebeble differcnces in
nreliclive effiniency of vppsr and luwer rasges of scores 1s worta men-
f1un, hovwever, gsince 1t Jdenctes a caivilinear relastlon between test and
criterion. Tils 1s confirmed in the eius between rotary puravit total
sr2re and Crlterla A =nd C, whizh =ra .51 and .60, as compared with r's
of .25 and .26, respsctivoly.

The predistive efficlency of tho serial coordination test is shom
In Flgure 22, It may be noted that: {1) both critsrla are discriminated
1ore sharply ihan was the case for the sotery pursult tests; (2) for the
nuartile cut-off poini ike discrimination is sharpest in the lower ranges
of test scores, on Criltericn 4, but {possibly) in the upper score ranges -
on Critericn C; (3) for the medinn cut-off point, the upper and lower
ranges of scores seem nlmost equally dissrimineting; (4§ a curvilinear
relationship may exlst for €riterion A (eta = .47, © = ,31), but probably
not for Critericn € (ete = .52, r = .49),

Inapection of Figure 23 en the %woshand ocordination test showa thats
11) the lower ranges of test scorzs are the most dlseriminatory for either
eriterion or for either cul-off point; {2) over the whole range of test
gcorea, nelthor criterion or neither cut-off point cen be sald with any
confidence to be predicted nove efficlently. If there 1s eny difference
the graph shows it to be in fevor of Criterion i. There is more of a
curvilinear relstlon betwoen the two-hand coordination test and Criterion
¢ {eta :}.48, r = . 26) than between the test and Criterion 4 (eta = 45,
r = ,33).

Figure 2/ presents the results of a similar aralysls of nst time
gcores on the division-of-attention test. It is probable that: (1} this
test digeriminstes both eriterls better 1n the upper ranges of test score;
(2) Criterion A 1s diseriminsted better than Criterion C; (3) in general,
the test predicts the median cut-off point slightly better than the quaz-
tile cut-off point; (/) thore i3 some curvilinearity in the relation be-
tween the division-of-attention test and Criterion A (sta = .44, r = .27)
and rather marked curvilinearity in the relation betwesn *he test and Cri-
terion C (eta = .60, r = ,19).

In summary, it can be steted thet: (1) on the assumption thut a rec-
tilinear relatiouship between test snd eriterion 1s simplest to deal with,
i.e., that r is the desired index of tesi-criterion relatlomship, Critericn
& (mean over-all flight maneuver rating) is pradicted more efficlently then
Criterion C (mean maneuver rating, "last-10" leesons} in three of the four
caass;‘i (2) on the assumption that the shape of regression lines la ses-
npdary in importance, 1.e., that eta is the desired index of relationahip,

~—~

411p other werda, whon the most reliable teast score 1s employed, the
criterion which in general has been declared previcusly tc be most stable,
ete., 1s the one predicted best.
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Criterion C 1s ia every case predlcsed batier than A;42 (3) it is diffi-

. suit to deside whether the guartile or medlan cut-off points on the ori-
teris are disariminated more sharply; (4) the teats vary in predictive
af'{iolency according teo the range of test scores employed, 0.Z:, S800I'GE Gh
the rotary purseit test sa2d two-hend eovordination test are more diascrim-
ineting et the lower ilmits, pet time scorss are probebly more discrimin-
atory 1o their upper rangss, depsucing upon the eriterlon to be predicted,
erxl serial coordineticn test scores are about egqually effective over their
ent’re range.

Corrolatiorns Between Poncil-and~Paper Tests and the Criteria. Inm
Tahls 12 are racorded the predicuive coofficlents for each aub-test of the
periil-and-peper gronp, for the total score obtalned by simple addition cf
the raw svores of the sub-itegts, arl for certain pairs of sub-tests combined
by simple addition.

Four ohuervations may be made with respect to this table: (1) The
mechanieel comprezhensglon teat is tle wost effective predictor, with hidden
figures 1 and peth dlstance the only other promlsging tests., That thase twu
latrer teals especiglly are wortsy oFf further attontion is emphaslzed 1f
1t ie recalled that they ars the least relizbic tsats im the pesnell-and-
paner battery, sng the rangs of scores on hidden fipures I ie falrly re-
stricted. Tua vizva”™ pursuil and hidden figwees I1 are clearly almost
valielesgzs, Feoaeibly tle plirring circults test mesits further trial, but
this 1s oot et 811 clenr.  (2) Criterion D proobetly is predicted with the
lenst efficiency, as In tio cege of the psyciomotor tests, and was therefors
not unzed for Group B, It is 1liksiy theo Crlievion A 15 predicted best, tbut
Criverion ¢ is & close reeond., {737 The totsl soove obtalued by addition of
gub-Llent georsg i Jesa afficiert am 2 pranictor than simple sums fer eithe:
of two combirations of lhe begi aub-tests, and less eofficlent tban the me-
chaniecl compreharcicn iest wekon cinzliy. 4) A comparison of single percil-
end papsr teals #7ib sivgldn psycusedtar wistn ludicetes that the best meas-
urag in each grov: ace adboui, on z par ez »ondistora, with the psychomotor
testz having a £llsh® b copsdstens wrexe’ 7 ggeriority.

Neviged decring apd iurthew Veuldisy oooiflelenta, After all the pre-
=iche eoalysus hod besn owls fop Groun &, an Attompt was meds wo lmprove
the pradicuivs efvictensy off Lthe arovp L siseovs en psychomotor teata by

47 Tshorteniap® caoh teat Lo lnslude ns trizlas buyend the most promising

segrent, Lhe antenl sietus peocre; (2} Inehuiir: the provicusly omitted

s
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of -nuieatlior buo
-

govry Tae oean! t

Ploenice of i

vy oant (3) eogpesivg moww olel inl a nev ipprovessut
sh, There She Iulex rsg prr ocerd goln Uho reduce ths 1l4-
eresy To laltlel siotus).
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42 7 wnsi ewters e gnxviliaeurity a ¢ Dunetion of the realatively
amall sswple eagloysd (U= 193 cuwnies b Jotarmdned, it 1% has bsen ang-
gested tlot o ovilirezples 42 Forad w2lh svwshot sinilar test conditions
sud weiy large snaplsc. Senr Loltom, AL F. The e leetion of plluta by
viora of pyorbemasor boofl g eylation wego US04, 15, 115-023.
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The results of these analyses are shown in Table 13.43 With few
exceptions, the revised gain scores -- raw gain during the "shorter™ test,
or per cent gain -- are of lower predictive efficlency than the original
galn scores. The revised total score likewlise is 1n the main inferlor to
other status scores. The only probable improvement in the revised seoring
seens to be in the two-hand coordination test, where inclusion of all early
trials in the total score very slightly 1mprovea the prediction over the
original central status and total score predictions. The revision was not
attempted for Group B or for combined groups.

Test Order and Predictive Efficiency. It will be recalled that two
orders were emplcyed in testing Groups A and B. In order I, the rotary
pursult test came first, then the serial coordination, two-hand coordina-
tion, and division-of-attention testa. In order II, the rotary pursuit
test was followed by the division-of-attention, two-hand coordination; and-
serial coordination tests, In Teble 14 are shown the ;redictive coeffi-
c¢lents for the two test-order groupr.

In only one instance (the two-band coordination teat) does the differ-
ence approach significancs (2 per cent lavel of confidence). Considering
the difference on the (initial rotary pursulc test, 11 seems unwise to at-~
tribute what is observed in Table 14 to anything other then sample differ-
ences, 1l.e,, there is no evidence here to cshow that vredictive efficiency
of & psychomotor test is & function of which tests preveds it in a battery.

Multiple Correlation Analvses. To determine the relative value of var-
icus combinations of tests as predictors »f flight succesa, certaln tests
and scores were combined in multiple correlations against the eriterion,
Cnly the most promising single irdices and only Criteria A and C were used
for this purpouse, since test battery construction was not a primary objec-
tive of this project.

The resuits of these aualyses sre presented in Table 15044 Soms gen-
eral observations may be made first, (1) I uroup A, the correletions with
Criterion C tend in general fo be higher than those with Critsrion A, btut
the trend is reversed in Group B. For the coubined groups, Criterion A is
probably predicted morw adequately. (2; Within Criterion A, the tremd is
toward higher coefficients for Group B ihon Zor Group A. Within Critericn
G the reverss tends to be trie. [t is important that there can be such a
systematic charge in the prediection cuefficlents from group to group.

{ther interpretations of Takle 15, drawe from nomparisons of selected
ro¥s may ve rvoved. (L} As shown 3o ross 1, 2, 3, psychomotor total seores

A . AT At B — s f—

47 Ravised gaoring of rescilewn 1ime on e divigion-of-aittention test
ras not carelzd ont,
Er . .
4 The pidition=) zerv-order r'a z.gessary for corputing thesze mualtipis
emrrelation Lype cosificlent see vegovded in Tavio ©=6, Appendix E,

Cobe -
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TaBLE 13

COMPARISONS OF PREDICTLLE COEFFICIENTS BASED OR
REVISED AND ORIGIRAL SCORINGS, GRCUF 4

r = 90

Reylaed Criterion & Criterion ¢ Criterion B -Criterion D
Tust, Scoring Rev, Orig.* Rev, Orlg.* Rev, Orig.®* Rewv, Crig.*
ﬁ']tﬂt‘y zﬂ 3"1“‘ . H(B 016 915 .320 s,,21 ¢26 :-]2 u13
Purguit Seg. 2 Seg. . ~-.06 ,iZ 05 .15 L1 .17 -.02 .07

4 Gain - 12 02 03 - .10
serial %, 1-6 24 277 2% .22 .28 . .17 .26
Coordin- Seg. 3 Seg. 1 A0 12 A2 21 -3 22 A1 .22
ation % Gain .02 .07 L7 .06
T'Q*‘gbnd E 3" ~3'2 -29 n22 .v22 ' --2’? n23 28 ow
Coordin- E Triala 1122 .33 .23 .28 ,29
ation Sag. 3 Seg. 1 .06 .07 09 .09 06 .10 A1

s Gﬂ.m -v‘% F&Ol “"‘wos .03
Bivision~
of-Attentlon: .
Hat Time z, 314 A9 .25 L0924 .08 .16 .05 .18

5, Trials 1-1; .15 .03 .05 .00

Soga 3 SegD 1 ,11 ..]Jq- 3 el&'& :-llA -15 .19 .—;15

% Galn 02 .1& L1 012
Track Time Z, 314 25 30 17 .23 17 W21 14 .16

- z' Trialﬂ 1"‘14 fr2£ 017 417 nu

seg.; 3 Seg;« 1 -05 001 910 UOA -;03 «.02 .03 ‘.01

* % Gain .C0 .03 ~,01 =.03

*0riginal values li3ted on the same line with a pew totsl score are original
totis] -score correlations; original valuss listed on the same line with a new gain
score, raw or per cent, are the original I-C gain correlations. :
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TABIE 14

CORRELATIONS OF - TOTAL SCGRES OR PSYCHOMOTOR TESTS WITH o
CRITERION A, IN TWO TEST-ORDER GROUPS

Rotary Serial Two-Hand Divislon-of--

Ordex B= Pupgult Coordination Coordination SAttention
1 2 .18 «29 .22 .18
11 . M .27 ) olbidy 27

*The test-order notation was missing on two records.

are somewhat hetter predictors of the eriteris than are central or final
status scores, The generalization is limited, however, the fact that

the superiority ocours mainly in the Group B results, (2) As seen in rows

4 and 5, the three-variable multiple 4including track time (f£inal status score)
tends to differ little in predictive sigrificance for all on both cri-
teria from the three-variable muliiple including net time {final status score}.
{3) One combination of gain scores -- the most promising of those obtsined
for Group A -- does not stand up in successive samplings (see row 6). There
is a suggeation that g astatue score and a gain score combined, on the ser-

jal ccordination test (see row 7) has some stability. However, 1t is doubt-
ful whether the finding will astand up iIn later investigations, since the C-F
gein involved has a reliability of approximately zero. (4) The combination
of the three best predictors among the pencil-and-paper testz (see row 8) is
about equal to the best psychomotor measures (see rows 1, 2, 3). (5) A& com-
bination ¢f two of the best pencil-and-paper tests with status scores fronm
psychomotor tests (see rows 9, 10, 11) ia sbout as efficient in predicting
the eriteria as is a combination of two psychomotor scores and one pencil-
and-paper messure (see rows 12, 13, 14}. (6) A five-variable multiple kas
1ittle more predictive value than certain three-variable comnbinatiocns.

It is of interest to note that a number of the multiple correlstion ¢.-
afflicients with Criterion 4 1n Table 15 are in the .40's, for the ccmblneg
groups, and many of the coefficionts with Critericn C are in the .30's. Fur-
thermore, for group B on both criteria cortain coefficienta reach the level
of .50, In a recant study by the AAF it has been Indiceted that the velue
of .50 1s rather typical for coxbinations of 12 pencil-and-~paper teats or
8i1x psychomotor teats 1ln /AF work., Coefficients for smaller mumbers of
tests or for specific tests have not been published, but it is quite poa-
slble that the mvltiple ocorrelation coefficients Tound in this atudy apprixi-
mate to soms extent those obtained by the AAF 45

One further evalustiorn of the mwultiple correlutior coeffilelents is
shown in Table 16, in which are presented multiple correlations for Grourn
A and B, obteined by the application of the beta weighis from each sample
to the other. The maximizZed multiples of Table 15 arc repeated to make it

458ea: Staff. Psychological activities in the training commard, Army
Alr Forces, Psychol, Pull., 1945, #2, 3537-54.
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sarier to observe the aurirkage. Only s few ol the tesl comblnations
are inecludad as a zhexk on correliations with (riterdion €,

Three points can be made concerning the sorrelations#® with Criter-
ion A in Table i6. First, the single instance of greateat shrinkage
{aee row 6) ls in the multiple correlation of the two gain scores, ser-
ist} coordinstion test (I-C) and two-hand coordinatlon teat (C-F), with
this eriterion, Second, perticularly in regard to Criterion A the shrink-
aye sppears gomewhat less when all the tests in a combination are sither
vencil-and-papsr (see row 8) or psychomotcr (mee rows I to 5, inclusive)
than when the two types of test are represemted in a given combination
{ses rows 9 to 14, inclusive). Third, the correlations based on the five-
teat battery did not show leas shrinkage than the correlations based on
the three-teat battery.

In summary of "these eralyses it may be sald that, just as the zero-
order correlations with the criteria did not readily permit choices among
‘he predietors, the multiple correletions asuggest that several different
vombinationa of measures are of about equal value. From the point of view
nf test ecomomy, it is probabls thst some pencil-and-paper measures should
be combined with a few psychomotor messures. Apparently the exact choice
of measures and scores will dapend in part on the type of scoring of the
f1ight criterion. Certain of the multiple correlations show some shrink-
age when beta welghts sre applied to another semple; the amount of shrink-
- age 1s apparently in part & function of the rellability of the zero-order
r's,

SUMMARY

Four complex psychomotor tests and a pencll-and-paper test containing
.81k sub-tests were administered to 153 War Training Service cadets. Data

&ébr. Leon Festingsr secured tie mmltiples with the new welghtings
according to the formula derived below. Since the samples were relatlvaly
‘mmall, weightings in z-score form wore applied, to reduce the variability
due to fluctuation of sample sigmas.

Ec = bl 51 + bz 52 + ooo'-'---n--bn In

whers %, = predicted criterion in s-scors form,
and b = arbltrary welghtings

R0.1,2,....,n =-rz°§c = bﬁZsozl * bzzzozg * °"bnzsozn
o)
(o]

Za O3,

boTol * D2fgn * ceceuobpfon
O%p

9

151 z‘bl ro;
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on elementary flight training were slmo secured. An attempt was made to
evaluate and compare the smeveral tests, including various methods of scor-
ing performarices on the psychomotor iests,; as instruments for predicting
flight training success. The pencil-and-paper tests were presumed to
meagure aspects of perceptusl skill and of mechanical comprehension, and
the psychomotor tests were presumed to meapure such factors as eteadiness,
regction time, smoothnesa cf control, and speed of deglision, as cowponents
in complex performance.

Psychomotor tests employed, and lengtha of work and rest periods on
each, were as follows: rotery pursult test, 10 seconds work, 20 seconds
rest; perial ocoordination test, 120 seconds work, 15 seconds roat;y two~hand
acordination test,. 30 eeconds work, 30 seconds rest; division~ef=attention
test, 30 seconds work, 30 seconds rest (net time, tracx tise, and reaction
time measures were taken simultanecusly on the ssme performance). Each
test was scored in seven wgys: initial, central, and fina] statug scores,
total score, early gain, later galn, and over-ell gain. The serial coordin-
ation test practice was relatively massed, all others relatively distributed.

Included in the penclil-and-paper test were the sub~tests: planning
circuits; hidden figures I, II; path distance; visual pursuit; mechaniesl
coxprehension.

Criterion data conaisted of ratings {(on a 5=point scale) for every
meneuver during Steges A and B of elementary flight training, and an over-
all percentage grade for the 5 to 20 maneuvers of each leason. Four acor-
Ings of thess data were developed: mean flight maneuver rating, mean per-
centage grade on "last-10" lessons, mean maneuver rating on "last-10"
lessons (all three being corrected for instructor’s mean and variability),
and uncorrected mean percentage grade on "lust-10" lessons.

A general cummary of the findings of this study ia ae followas

1. A study of psychomotor performance racords over 25 to 40 mlnutes
of practice and rest on varlous tests showed that (a) there was clear-cut
improvement in average score; (b) all curves were negstively accelersted;
(2? a linit apparertly wes bsing spproachad in scme cases, '

2. Split<half reliability coeffisients for successively longer seg-
ments of the psychomotor tests showed that (a) in three cases adequate
reliability (.90 or better) was reached halfway through the test period
or earlier, viz., after 16 trials on the rotary pursuit teat, 6 on the
serial coordinetion test, and 16 on the division-of-attention test; (b)
the two-hand coordination test, full length {30 trials), had a split-half
. coefficlent of only .73. '

3. Correlatione of successively longer segmenta with total score
showed, nevertheleass, that the relstive unreliability of the two-hand
coordination test did not prevent itas correlalicns from reaching the
levil of .90 as early as for 2ll other tests, i.e., at about half-length,
or less. :



4.  Split-half vellabiliiiy C-evciv enle Tor tee varisus cyses of
paychomotor scores indicated that fs: gain scores, especialiy Tor late
guing, were in general noi very relinbie; (b} initisl status was less
reliable than the cemiral or final status scors; but all thres were
rea3zonably stable seores; ) tob4l zcore was nuits religble excspt fov
the two-hand coordination test.

5. 1Intra-test correlations for the vrri-us psychsmotor testa indl-
ratad thst (a) status scores are more closely intescorrelat:zd thaan gain
scores; (b) the degres and algebraic sigp of' tre correletion between apy
w0 types of score is apparently dependent upon both the communality or
cverlapping of the data on which thay are beaed, and thelr comparative
nogitions on the learning curve,

6. é#nalyses of sub-tests in- the pencil--ard-japer group showed that
'{a) there.wass a range froum lox bo medarately rhigh reliebilities and inter-
ssrrelations; (b) the highzst correlation was betwasn the two nidden figurea
tasts end lowest betwaen tha visuzl pnursuit test and the others; (¢) there
was a tendency for paih distance, pilsnning clrevits, and the wechsnical
romprebension test to form a closter.

7. Findings with respect tc inter-tost correlaticns among the psycho-
motor tegts showed theit (a} nonz of tha tests Intercorrelated at more than
1 mederutely low level -- posaibly as & function of the use of diatributed
practice on all but the serial ccordination test; {b) the level of irter-
vorrelation tepded tc rise monewhat for the aeriasl coordination test oa
shiich practice was maseed; (c) inter-test correlations based on gain scores
tend to be lower than couet'ficlents based om atatus scores,

8, Studiea of the relationships between pencil-and-paper tests and
paychomotor tasts showed %thnt {a) ihe sub~tests tended in most instances
to correlate poditively, but rct highly, with total scores on the paycho-
sotor tests; (b) no psychomotor iotal seore correlated nigher them others
with the pencil-and-paper tests in genersl; (e} the "inter-battery® cosf-
ficlents, rather low as they are, tend to resemble the othar intar-teat
correlations here reported.

9. Criterion scores based on nil flight maneuver ratings, on the ma-
neuver ratings for the "laat-10* lessons, and the over-all percentage gradea
given by instructors on the second of these, intercorrelated at the level of
ebout .80 and ebove, 1.s., all the we'hods of scoring flight data which
wors retained throughout the study rosulted in eomewhat the ssme ranking
for the cadets. Hcwever, the correlstiona »etween criteria were low encugh
for differences in,predl:iablility of the several critericn scores t» appear.
Checks on the quality of criterion data indicvated that (a) instructors show
variance in amount of agrzemeni on a given cadet; (b) a given inastructor
tends repeatedly to glve similar judgmwents on a cadet; {c) instructore 4if-
fer considerably in the mean apd =vresad of the ratings made cn their respec-
tive atudents; (d) the widest rossible range of ratings is mot utilizad,



0. An analysis of psychomotor test criterion correlaticns showed
that la) when all criterion scorss excepting D wre combined and various .
psychomotor measures zsorrsisied witn thase criteria, track time for groups
4 and B combined is firg! in the number of significant coefficients, while
the two-hand coordinstion test {a)lowing for negative coefficlents) leads
in *he tally Tcr the combined groups, tle reasction time measure is least
closely related to ihe criteria;’ (4) the most promising predictor among
the types of scere was the Lotal score, with central status scores ranking
very closa to ity (o) gai? scores have little pronise as predietors of the
training criterion, perhaps becaure gein scores are less rellable than
other types of scora. or because iearning rate is ao specific to any given
teat that test end criterlon could no% heve a learning factor in common;
(@) Criterion D -- Puncorrecled® percentage Zrudee on the "lust-10" lea-
scng == is cleariy less readily predicted than other eriterion measures,
vhile Criterion X {mean flight manwiver vating! 1s probably predicted best
with C close behind {mesn maneuver reting "last~10" lessons}; (e) none of
the tests shows s clearly rectilinear rolationship with the two Criteria
A and C, examinel for this purpose; &nd (f) serial position of a test in
the battery had no demonatrable effect on 1ts predictive efficiency.

il. Among ths pencil-and-paper devices, the wechapical comprehensicn
test, the hidden flgurss T &nd mechanical comprehsnsion tests, ard the
path dlsuance and mechanical comprahension tests offered the most promise
ag rredictors of filght snwcess, snd sere almcst on a per with the beat
paychuaotor predintora.

12, A%tampus were made, with data from Groap A only, to increase pre-
diztiva sneffinfente by shortening psychomoior tests to e more mearly opti-
mne length {by using vhe epriler purtions of the obtained practlce records),
ard by computlag relauive {percentsge) galna  All altempts wers unasuccess-~
ful, exzept prszibiv Tor re-seorings on the two-hand coordinstlon test.

13, Multiple corvaiations wars computed vetwdesn sslected combinations
of messuras smd/ov geamer, un the e hend, cud Criteria A and € or the othar. -
These zoeffielents shoi? tha® {&) Uriterian & wac probebly the more accu- v
rataly predicted; {0} touml seowos, among thoss evplored for the psychomoiov
tests, ware the usot prudiators; {o) ronblinationsz of the most promising psy-
chonaine test soorss were abouh equal ip pradictive yvelue to combinations
of the beat individusl pencll-and-prper sab-tests; {d) to a large extent,
ane 2ould propably irnterclmige certoin psyohomotor spd certain pencil-and-
_paper tesls, ‘o an elfert fo eonatrizt s fest battery, and achieve ahout
she name officisuny of prodiolion

4. Jbe sucensaive waucle bechoique was of value in showlng that (=)
apony dndéea toel ard aaterc-teat zorralsitions, those bessd on the least re-
1iahle messures flvetuatsd rather sidely: (b} from uue pample to the next
thare could be a congistent 21iferepve 1n mean test scores, accompaznied by
congistent, ¢iffeiences 7 teoot reliagbilivy and felrly conslatent differences
in validity coefficlerts, probubly s3 a functlon of metivation, among othsr
variablea; (¢} althoush < owevenll ranking of various tests as predictive



et -

instruments may remein sbout the sams, In sueceasive sroups specific
types of scores or specific twats ray interchange in cheir {edjazant)
ranks, the same may bes said of criterion measures;y {d) certain tests

and certain acores are quite consistent under successive sampling, even
when the samples are relatively emall, i.e., maltiple correlations based
on weights for one sanpls produce little shrinksge *n r when applied to

another sample.
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APFERDIX A

SUPPTEMENRTARY DATA, GiOTUP C, ANWD COMPARISORS WITH
DATA OF °DUPS A AND B



SUPPLEMENTARY DATA, GROUP C, AND COMPARISONS WiTH
DATA OF GROUPS A AND B

INTRODUCTION

It will be recalled that a new logbook and flight rating procedure
were introduced just at the time the first cedet eclass of Group C (N = 56)
began its flight treining, It was felt that 1t was not justifiable to
use the data of Group C in analyses where they were exactly comparable to
the earlier groups, but tc omit them where they differed (any analysis
involving tbhe flight criterion). This appendix therefore consists of
graphs end summary tables for Group C separately, presented in the same
order as for Groups A and B, with a running commentary on how these final
data compare with the earlier ones. (Several of the detailed analyses
have not been done again because it was felt they could add little to what
had been presented previously.) All score definitioms and tests are ex-
actly like those for the earller data, except in instances where e¢riteris
are analyzed,

ANALYSIS OF THE GROUP G DATA ARD CONPARISONS OF THESE
FINDINGS WITR DATA FROM GROUPS 4 AKD B

The trisl-by-trial means for the rotary pursult teat are presented
in Figure 25. The raw scores (in .001 min, units) have been translated
into per ceat time-on-target velusa. Comparizon with Figure 5 of the meir
atudy shows that Group C 13 very slightly supericr to Groups A and B com-
bined, although their initial pcores are an almecst exact duplicate of those
for the earller combined groupe.

The learning curve for the serial cocrdination test is showm in Figure
26, and ia to be compared with Figure 6 of the msin study. Group C has
alightly higher initial status than Groups 2 and B combined, and ends its
practice period slightly inferior to the earlier groups.

On the two-hand coordination test {compere Figure 27 with Figure 7
in the maln study) Group C initially is ebout equal in skill to Groups A
and B comblned, but is slightly inferior from sbout trlal 19 to the end of
practice.

Figure 28 to be compared with Figures Ba and 8b of the main study,
shows that on both the treck tims and nat timo measures for the division-
of-attention test, Group C sterted at about the came level as Groups A and
B combired, but throughout most of the practise thereafter was somewhat in-
ferior to the combined groups.

In summery, Group ¢ started sach of the five teats or measures at al-
moat the same level of skill as did the earlier combined groups. In the
rotary pursuit test, Group C hecame somewhat superior, in the remainder
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of ths measures somewxhss inferior, . Vi combliped provwpe. Lo is Lo bs
expected that such differencss in ies.mlog, although not large, will have
on effect on the several typss of scorce npplied to each test or measure.

Table A-i 1s to be compared wits Tabla ¥-2 of Appendix E. Sioee
most of the differences batiwsen Group € end the cotbined esriier groupa
are s0 small that evelusatlons of tksm sre not warroanted, only a few of
the larger differences may be poinled ont.

On the rotary pursuit test, I~C galwn iz slightly greater in Group €
than in Giroups A and B comvlned; C-~F anéd I~-F pains are somewhat smaller,
Standard devietions are ulightly greater in Group C for sll scorea.

Since the serlal cocrdiration test curve for Group C starts slightly
higher and levels off esriisr thar in the combined groupas, the gain scores
on this test are smaller for this group than for the conbined groups.
Standard deviations erc nevertheless alightly gretter throughout.

Examination of scoren on the tso~bard cocsdinsiion test makes it seem
probable that the graduwally irncressing inferloriiy of Group C, compared o
the comblimed groups; was due o a wolivetionsl charge, 1.e., not only are
mnar scores relatively lower, but variabilities increase, as though erratie
performence wap occuarinug It will be receliled that tnls wes first noticed
in Group A,

There 1z 1little toc say ateout the two division-of-attemtion test msasg-

ures except that Group C bhad lewer scores thruuphout, with somewhat greater
vrriabil4s {ag,

TABLE A=1

MEARS AND STANDARD DEVIATIONS FOR ALL TYPES OF SCORKS ON
AL], PSYCHOMOTOR TESTS AND MMASURES, GHOUP

{E 2 56)

Initiai Central Final Totsl Galn Gain Galn

Tegt Score (1) Score {C) Score (F) Score (T) I C-F_  I-F
Rotary H  258.0 561 8 637.0 3937.0 303.4 75.9 379.5
Puprgnilt s,h. 117.8 151,13 19,2 1017,0 95,1 70.0 89.8
Serial ¥ /0.8 57.6 40.1 21,1 16.8 2.2 19.3
Doardination 5.D, 6.7 g6 9.3 . 58.8 6.3 4.4 7.i
~ Two-Hand ¥ 1091.0 1420.8 1543,0  $470.0  331.8 120./ 452.2
Coordination S.D, 227.4 230,2 207.0 1227.0  155.5 142.2 175.0

PDivision~of-Attention:.

Nat Tims ¥ 3718.0 5241.0 5946.0 35000.Q0 1512,0 716.0 2228.0
S.p, 924.0 1106.0 1252.0 6770.0 860.0 876.0 1205.0

- Track Time ¥ 5596.0 7073.0 TT4,0  47890.0 1470.0 6/8.0 2138.0
3.D. 1077.0 1275.0 1442.0 8200,0 972.0 791 0 1135.0
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As in the earlier groups central and final status scores are the most
closely related (see Table A-2). Initial and final scores are in each test
slightly more closely related than are 1nitlal and central soores -- a re-
versel of the tendency in Groupa A and B, This reverasal comes about pri-
marily through an increase in the size of the initial vs. final coefficients.
No ready explanastion for this lnecrease ig apparent. Table A-1 shows that
renge of talent mmy be slightly greater in Group C, but the signifiecance of
this for the correlation pattern of Table A~-2 i not clear.

TABLE A-2
INTERCORRELATIONS OF STATUS SCORES, GROUP C

Tess Iys. C C v, F © 1y, F
Rotary Pursult T4 .89 77
Serial Coordination .62 .88 .69
T™wo-Rand Coordination b6 L9 .76
Division-of -Attention:

Ket Tipe 05& B2 . -66
Track Time .63 .83 68

#In thia and in all succeeding tables, the 5 per cent level of
confidence for r ia .26 (H « 56),

As in the earlier data, initial scores correlate at a high level with
‘total scores, but nevertheless not quite as high as tc central and final
scoree (see Table A-3). In eech test, final scores show slightly higher
correlations with total acore than do central scores, s reversal of the
slight trend in the sarller data. The reversal probably comss about
through increases in size of the final totsgl r's.

Early gain relates more elosely to over-all gain (see Table A-4) than
does late gain, as in Groups A and B, As vefore, the correlations betwsen
early and. late gains are low and negative. There sesms to be a great sim-
ilarity in the pattern of r's ag relasted to specific tests, when the eaarlisr
data are compared with these.,

TABLE A-3

CORRELATIONS OF STATUS SCORES WITH TOTAL SCORE, GROUP C

Lest Ivs, T Cva, T Fve, T
Rotary Pursult .87 * 92 .96
Serial Coordination .82 92 94
Two-Hand Coordination 84 .85 .93
Diviglon-of-Attenticn:
Het Tiﬂﬂ r'?'? 090 99‘-
Treck Time .82 B85 <90

Trw T
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INTEACCRRRLLTAONS 00X (il SCORES, GROUS C

Galn | Zain Galn
Teat 1698, GF LC€vs. 1P C-Fys, 1F

fctary Pursuit - A TR .11
Serial Coordimeiion -G8 .81 »h3
Teo=Hand Ccorrination -2 .63 254
Mrizion=cf-4tisntiun:
Het Time S L 04 .69 ,70
Treakr Ties .18 W3 . Bé,

Ay previcasly, eerly sid over-all geing terd to be vositively relaled
2o toial score {see Table A-5j. Late galns tend to be negatively correlated
with total score, or elgs correlatec positively at a low level, The patierna

of r'9 88 related to speeifie temts, ere mwuch the same in Group € 23 in
Groupe A and B,

TABIE A~5
COTRELATIONS OF GAIN SCORES WITH TOTAL SCORS, GROUP C

Gain Csin Galn
Insat 1-C vg. T C=F v3, T I-F yg; T

Totary Pursuit L2 =. 37 .16
Serinl Coordinatlorn y 11 ]
Two-Hand Coordlaation 37 -, 26 -,06
Vivision-of-atteuticn:

Net Time .38 .13 .36
Trask Tipe W27 211 231

In Table A-6 inltisl status score, as earlier, tends to correlate
cogatively with galn scoce. Oertrsl status score agoin is posltively related
to early or over-all gain. In thia group it tends to be related poaitively
w0 late gain, & reverssl in compsrison with results fur Groups A and B,

“inal status sccre ageip correletes posltively with early and over-all gains,
24t in ecntrast with the vz ller data, correlates negatively with late gains.
Th= raversals mentioned sbove are relsted, i,e., where the C vs, C-F r is
uagrest zerce {rotary pursui’ test, two-hand caordination test), the F va,

{~F r is most definitely megstive. The reverse is trvme of the remaining
thres peasures, for the C 7 C-% r 1s definltely positiva end the F ve.

4-F = is near zerc or slightly negetive. As in ths meirn gstudy, thess re-
iatlonghlps are updersterdatle in view of the shapes of the lemrning curves
involved, l.e., in Group C, thers wes relatlively less lmprovement during
“he jatter part of the practice pericd om the rotery pursuit end two-hand



TABLE 4-K

INIERCORTELATLING OF GAIN SCORES ARWL STATUS SCORES, GROUP C

Rotavy Serisl Two~Hand Rivision-of-Atiention
Sceren Pursult Coorainagtion (oordination Net Time Irack Time
I vs. I=C -.03 ~.13 - 3% =,23 <423
i ¥vs. C~F ~,30 =,03 =26 =.07 .07
Tva. I-F =2/ =.13 = 4D - 2L =,15
C va. 1L .43 - 55 sl ‘ o8 240
¢ va, C-F =.0h +&0 w17 A5 A48
C 8. I"F t-!;-s ta?g r33 r_£6 -\67
F vs. I.C B =53 .3 .53 056
7 va. C‘-‘F '“,—.51 "‘QGS “"046 °-09 m»w
¥ ga, I-F

n25 L“} “'003 035 942

coordlngticn teete thon there wes In the remainiy mesasures, ss iz geen
oy comparizon of zean learning ocurves and msan stetus or gein scores for
thig greup and the combined groups.

In Table A=5, for example, the subiects having higher central scores
on the rotary pursult test had obtalned them by having the larger 1.0 geins .
(r » .48); thore was not much lmprovemeni in +he group a3 a whole, after
this eantrel point, and the C-F galns were distributed in a somewhat 1n-
varase fashlon amcng those hering elther high or low central status (r =
~.06). The I=C gain is the main or cvarlapping component in I-F gains
{r = .72, seo Table A-4), 80 the latier are aluo positively related to
central status (r = .45). Those of high statue et the central segment
neintsined it in the final score (r = .89, see Teblse A-2), and I-C gain
es a largoe component of I-F galn determines finmnl status, so that in the
pressnt table fingl) status and I-C gain correlate .61. Further, subjects
who hed high central scores and therefore high finel scores ere the ones
who show least C-F galn; &nd 1t is possible for {inal status and C-F gelna
te correlate -~.5). Lestly, final status and over-ell gain correlate pos-
itively {r = .25). This lengthy aralyois covld te applied to each of the
remalining measures in Tshle 2~6 to coffer soms,rnvpport for the argiment
that intra-test correlations are a function of degrez of overlap betwesn
mezsures and of the shepe of the learning curve cn shick the measures are .
based,

As in the previouns data, two of the highest correlations are betwedn
the two hiddor fipures tests, end betwsen plenting cireults and mechanicel
comprehension {sce Teble Aw?i. In Group C, howaver, the r between path
diatapce and mechanicel ocomprashLension s higher than for Groups 4 and B,
In genorsl, the visual pursuit test appears zgain to be the least closely
related to the ' other sub~tests, The fluetuations from previous correla-



TABLE A-~7
INTERCORRELATIONS OF PENCIL-AND-PAPER SUB-TESTS, GROUP C

Planning Hidden Hidden Path Visual Xeclenical
Cireuits FigureaY Figures II Digtence Pursuii Comprehension

Plamning Circulte .17 .13 0 .36 .53
Hldden Figures I .57 .18 28 0 .26
fitdden Figures II 49 A =
Path Distance .12 .57
Visual Pursuit » 38
Hem 26-7 2207 1!5.56 12:.6 ]2‘2 1204
Standard Deviation 9.3 3.3 4.3 3.3 2.0 6.3

tions to the correlations réported in Teble A-7 are sbout of the same
nagnitude as changes from Group A to Group B, Sueh fluctvations are not
great enough to conceal the general trends msntioned above.

Ag in the earlier atudy, psychomotor measurea intarcorrelﬁte gt a
relatlvely low level {see Table A-8), However, the correlstion coeffi-
cients based on total score {1.e., the most relisble score) tend to be

the highest for the wvmrious tests or measures correlated. Further, therc
is no evidencs for a systematic Incresse in size of intercorrelstions from

early to later stages of practice.

Again, .with the excoptlon of the r between two scores on the dlvision-
of-attention test, no gain correlation is very large (see Table A4-9).
There is no ready explanation, except in terms of chance fluctuations, for
the predominance of negailve coefficlents in the C-F gain ' column. It nmay
be worth rscalling that tke rotary pursuit teat amd the two~hand coording-
tion test learning curves showed little improvement for Group C beyond the
central ascore. When such C-F gains are correleted with thoss on tesis ahow-
ing greater lmprovement, rather low intercorrelations are to be expreted,
but not systematically negative coafficlenta.

Comparison of columns in Table A-10 shcws that esch peneil-avd-paper
tsat correlates approximately at the samé penersl lsvel with the paycho-
motor_ tote) scorés. OCompariscn of rows indlcates tuat possibly the
rotary pursult test shows lower correlations than cther tesis with the pen-
eil-and-paper battery, and the two-hand coordination test the highest coef-
ficlents. The correletion cosfflclerts agaln are similar in size to thoze
among psychomotor tests.

CRITERIOR ANALYSES ,

Two diffsrent ways of acoring the criteriocn dets sesméd fessible,

The first of these i1s called Criterion A', because 1t 1s exactly enalo-
gous to Criterlonm A of the main study in all respeeis but ore, 1.e., tae



TARLE 4.8

TEST AND MEASURE’ 157t FCORRELATIONS BASED

OF STATDS SCORES, GROUP

Ten .

wotary ursulid
v,
Serial t . yorilnat.oon

Rotery ‘'uvrsult
vl
Two-Har.! Coordinmtion

Ro“: ¥y burrud®
Y,

Hot Tiix:

Roetery Pursult
‘5.
Treck ‘'ime

Serial Coordianction
g, '
Two-fA1 ¥l Coo~dination

Serial Coordinstion
. ve,
Re’ !'ime

Sa:rial Coordination
vs.
‘fraek Time

ifwo-Hand Coorcination
. ¥s.
Het Time

Two Hand Coordinatiorn
vs\)
Track Tima

Net Time
‘ va,
Trark Time

dritial

iy
2
nDs

.22

25

.33

B8

Central

vhl

.30

.18

H
Final Total
.38 .48 E
-25 .28
.31 .31 '
.31 o5 '
12& 552 '7
.31 029 rr
.31 .28 )
.28 45
015 0353
-90 .90
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TABLE 1=9

TRST AND MEASURE INTERUOHRELATIONS BASED
CW GALN SLORRS, GROTE O

b

Test 1-6 _C_:E I-F

Rotary Pursult .
¥a. i .,L:‘é um “:9)‘3
Sarial Coordination

Rotary Pursultl
V8. el - 06 20
Two-Hand Coordinshion

hotary Pursult

v, e . A L8
Net Time )

Rotary Puarauvic
va, ’ ali -noz o:’!2
Track Time '

Serial Cocrdinstion
VBo :'-UO:; ‘IDGA ' DOFJ
Two-Hand Coordlrstion

Serial Cocordinstioxn
va., 27 -. 11 .15
Kat Time ‘

Serial Coordinaticn
vE. it .06 w24,
Track Time

Two-Hand Coscdingtion
TS, A - 4= =, 20
Fet Tima '

Two~-Hand Currlinndion
vy. L Y. = 1€
Track Tims -

Net Time
ve. B4 L7 .86
Track Time
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TéBLI A-10

CORRELATIONS BETREEN PENCIL ARD PAPER TRSTS ARE TOTAL
SCORES OF PSYCHOMOTOR THSTS, GROUY C

Plsnnirg Hidden Lidden Path Vipual iorclessonld

Tast Cirgnite FiguresI Fignras il Disteuss Fursvlt Comureh... :i-w
Rotary Pursuit -.N& -.02  .1L .10 A A
Serial Coordination .08 .25 .15 .11 .28 ey
Two-Hand Ceoordination .18 2h w21 L3 .15 V3
Division-cf-Attention:

Net Tima « 27 s 1is i 1 21 ~AE
Track Time ' .27 .16 .12 «29 19 W15

ratings made on flight memeuvers ia the nov logbock (mes Figure 257 ofyts 3
only a 4-point range insteoed of ike arigliwl 5-point range,

1t was apparont, during the Criteriom AF analyslis; that not meny cudets
were rated by more than ome Irpstructer. This came about; in part, becmaz
instructor manpower had become grzat euough thst It wos unpecessary te s.liL
cadets every time a vacancy occurrzd. Thernfore Criterion E was asscured,
It was simply &n uncorrocted mean maveuver ratlog for the "leat-10% leuaris
given by the principal instructor of cach cedet. The origlnal eritorica
mo&st resembling E is D, which wes an unceorrzetsd aeen of over-all pareent. -
gracdes on the "lagt-10" lessorns. Siuece suzh parceontage grades wors mol
aveilable for Greup C, the 4-point ratiugs had to he utilized., {ils mewn
rating for a glver czdet was multiplied bty 10 and subtracted from 40, &
large nunber representing goed light perfovnzisa.)

Criterion A?! and Criterion E corrcilated b7. Imvestigations of thalr
reliabillitles did not sppesr wortheblle, One point ccneormipg then wmhick
is wortby of note is thst Crlterion A" had s standard deviation of 2,7,
The letter velue shows & grester resirictlon of rutizgs (poselbls reryge oF
ratings = 3 x 10) on Criterion AY them on Critarion 4 (standard Asviztion =
3.9, pessibla range of ratings = 4 x 10). Criisrion E shoved & mern of =700
{best possible score, 30; poores? secrg, D) and a slentard deviatica ol 4.0,

The new criteria (gee Table A-11) srs ovidonily precicted wiib less
effleliency than the criteria e:amimed in the malaz study. in ths coee of
Criterion A', the restriciica f Tange pribadly aes somethlng to de viih
this finding -~ as may slso the (presusstirely) lower rellability of seor:
corieaticn proecedures besod on sialler =g les per instructor.

Aumong the several tynes of pe-ves, Loisind stetus when correlnted
agalnst Criterion A" gppeaze to D2 rolativelyr beller as a predictar tlm
finel status: this 1s the reverss of wrovicus Findlogz, Caln acorcs Lavw

’
the loweat predletlive coeffiecients ¥ teorws of totel gerrs on Criteri..
A', the serisl ccordimation tepst 3 wxu-kani socrdingtlon test ars Lie
best predictera ir Group O, with :—ecy “dnmas 2lozs behiod, JTu souitacas

P P v
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TABLE A-]1

CORFELATIORS OF VARIOUS PSYICEQMOTGR TESTS ARD
MEASURES WITH THE CRITERIA, GRCUP C

#ith Criterion A®

Teat ‘ Initial Central Final

Ga

in Galrn Galn

1-C_ C<F_ I-F

Rotary Pursuit w17 23 -19
Serial Cocrdination WA .35 26
Two-fland Coordinetica .28 Al b
Divigion~of-Attention: '

Het Time .21 09 .10
Track Time .29 16 18

Wwith Criterion E

Rotary Purgnit .02

Serial Coordination A

Two~-Hand Ceordination 07

tivision-of-Attention:

Ret Time .09 -
Track Time .16

The findings of Table A-12 coptrast more with previous data than is
the case for eny other comparison. The mechanical comprehension test 1s

. & fairly good predictor, and hidden figures 1I a poor predictor.

TABLE A-12

14
23

17

A0
<15

14
215
.02

o(B
14

"‘:,02 @913 “'nw
022 "q3£ "':.08

0 -05 =11

019 "003 018
"005 ‘._-,2!.,‘ "'319
w16 "‘.,26 -'&06

04 =03 .01
L2 .01 .03

CORRELATIONS BETWEEN PENCIL-A¥D-PAPER TESTS

AND CRITERIA, GROUP C

Teat

Planning Circuits

Bidden Figurses 1

Hidden Figures 11

Path Distance

Visuel Pursuit

Mechaniocgl Comprehension
Mechanlcal Comprebenslon +
Path Distance

Mechanical Comprehension +
Ridden Figures 1

.Total Score

Al
<35
07
.08
.15
.29
ﬁ2-2‘

.22
.21
.32

Criterion
. E

-—

.38
-03
.10
»19
.26
.28

-28

24
.35

.09
-25
15

.13
-19

w#ith data from Group B, no grin score on the serial coordination test seems
to hold much predictive promige.

The cor-
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relationa for the other four ieets avs aca high where they were low pre-
viousiy end vice versa. It is prcbabic thal only the total pencil-and-
paper score is rellable zncugh to a2t:ad up wall under repeated sampling.
As was not the case with the psychomotor tests, Criterion E is predlicted
a3 well as or better haa Critericn A'. The Tact that penclli-end-papsr
meapures show. even more fluctuation in prediztive efficlency than do pxy-
echcrotor meesures ig perhaps a suggestion for the grester utility of the
latter. :

—



APPENDIX B

PROCEDTRES FOR ADRTHISTRATIUH OF PSYCHOMOTOR TESTS

).
2«
3.
Lo
5(

Cenarsl Frocedurss (Zzperimenter
Botary Pursuit Test Inaiructions
Sorial noa-dination Test ins voue

' Instructiona)

tidns

Two-~Hand Coordinatlon Taat Tnatructions

DiViaianwof-Att@ntinn Teat instr

ncetlong
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1. CENERAL PHROCEDURES (EXPERIMENIER?S INSTRUCTIORS)

Each man comea twlce per week for two weeks, spending an hour at
each of the four test sessions., In addition, he takes two hours of
pencil-and-paper tests.

. At the first sesslon, the two men per hour are given the steadiness

test and the rotary pursuit test. The steadiness test 1s a buffer --
the men should asaume it counts, but it actually will not. About 10-
15 minutes sheculd be consumed in giving the instructions for this test
and the test (10 30-sec. trialas, merely holding the stylus in the small-
est, hole -~ see Ilnstruction sheet). Then to the rotary pursuit test,
for 50 %rials cn Cordition D (10 sec. work, 20 sec. reat}; clear the
clocks after each trisl., Be sure to fill out the first two lines on
the yotary puresuit data sheet -~ the third is not necessary, because
we cun get 1t from logbooks. Assign the Ss at random to order I or
orde: 1J, so that any subsequent E will know what tests to give 2 man
at suy appointment. An order-list will be kept in the waiting room.

If a man has test-order I, his next test is the divislon-of-attention
test. Aftsr instructions are given, the test 1s self-administering.
Thirty 30-sec, trinis with 30-sec. rest. Clear clocke between triais,

If a man has test-order 1I, his second test is the Mashburn (called
®garial) coordination®). Use a 2~min. pre-trial (trial O on the data
sheet}, then 16 2-win., irials with 30-sec. rests intervening, Be
eapecially careful to learn all operational tricks with this test,

The third test for ail men is the lethe; 30 30-ses. trials, with
30-sec, rest between trisls. This one is tricky, tooc.

The fourth test is the remaining one {dlvision-of-attention or serial
coordination},

¥otes:

1 On 8ll tests afar the {iret cnly the man’s name needs %o be
gntered o the data sheets.

2. Wo max is fo be told eny score: if it iz requested, meke a non-
gommpital arewer, indicating thet you ars not permitted to give
the Information. ¥ake po comparisons of men, e&nd use only sush
ancouraganent =8 isg necessary to keep each man trying to do his
best.

3  Every test bas & Yerisz; wep the voltage at 115 or slightly
better.
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2. ROTARY FURSUIT 1RST INSTRUSTIONS

CLEAN STYLUS AND TARGET; SHADE DOWN; OVERHEAD LIGHT ON; ASK *
FOR PREVIOUS EXPERIENCE WITH THIS TEST,

"This is a test of your abllity to follow a moving target.

* This black dise (point) will rotate in a clockwize direction.”
(Examiner treces motion with finger.) ™Your tmek is to keep
the point of thla atylus (point) in ¢ontact with the round
brass target {point) while the disz is turning. Your score
is the amount of time the stylus is on the target.”

Start unit moters, Condition D. Unit 1 off; wmit 2 on.

"The stylus ls to be held lightly in your preferred hand in
this manner." (Examiner demonstrates sorrect manner of hold~

_ing stylus.} "Hold the back of the hand up with all four
fingers and the thumb grasping the handle. Hold the cord in
your other hand.® (Examiner follows moving target with stylus.)
"Follow the target like this, trying to stay in contact wlth it
for as great a time as possible. You will do best if you de-
velop a smooth, free-swinging motion of your arm and shoulder
like this.* (Demonstrate.)

Reset ¢locks; check voltage.

"You will notice thet the atylus is made go that you camnnot
easily put pressure on its point. Do not attempt to put pres-
sure on the point by turning the handle like this (demon-
strate), by tilting the stylus like this (demonstrate), or by
putting your finger on the metal rod like this { demcnstrate).
‘Now pick up your styluses snd place them on the target.®
(Examine each men's grip on his stylus mnd correct it by re-
peating appropriate parta of the instructtons.)

"fou will be given a long series of tests and rests. When the
diasc starts, put the stylus on the target and try to keep it
there. Your score does not begin to count until the buzzer
sounds, When the disc astops, 1ift the stylus off the target
and keep it off until the diac starte again. Are there any
questions? There is to be no talking during the test.”

Units 1 and 2 on.
"Remember, your score is the-amcunt of time that the stylus is

actuslly in contact with the target. It will be to your advan-
tage to do the beat you can. Ready . . ."
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JTEROEAN LIGHT ofiy SHADE VO JEﬁELS OF; 30 DISTRACTIOR

LIGET: by VOLTARTTR ROST BEAD 87 LEAST 145 VOoLTE. .

Duripg lemonstration by exawiner “This is a coordination
teat. fhun you sit in the shalr {-xaminer tekea seat in
anpa“atﬂs;g pusn your right feov, forward on the rudder bar
es far us poasible {(Zemonstrete) tu ses if the chalr needs .
adjusting for yoa. EKeep your feet well up on the rudder bar
s Loat your hLeels do mob bousk the Iloce ™

AYour ragk ia te meteh esch of these three ved lights {point;.
with a green cpe., The rad lights svre staticnary, but you ¢an
wove the greon ilghls by operating the stick and the rudder
bar . 1If vhe green light goes off altogether, it means that
vou are sebwzan elantriecnl contart points. EFeeap nmoving untll
you find oot miers you sre, ¥hen you have watched all three
of the lighta, you must hole it for & half-second; and then

g new gal~ing ~f red lights will epresc.® (Demonstrate olowly
with: & Beutiag ho, 1.0

After vompistiog settiyy No. i, 3zy: "The new setting 13 tner

te %y patshed es quickly s possinis in the same way. You will
hear a huzzing soand {rom wy control hox at intervels, but pay

ro atbertion Lo 1tV

¥hile the condidate 3s saated, srd after adjustment of seet:
®Use opnly youwr preferred uend on tie2 stick throughout the
“epst, Do pot meteh the I-ghts now, but move the eontrols as
1 dirsen yoa Pove She greer. Lizht in ihe top row by moving
the eptick to the right wnd 1eft,  Kove ths middle greem llght
by noviuy the stick toward nul awey frow you., Kove the green
1ight in tke ovicw wuw by govize the ruddes bar, New lgt go
af tYe svick.  fou wild do west ' you seteh too wop snd aid:
dis dlghte wicr Lto o atlick £7net onmd then the hotuom ldght !

BRGW we A retiv Foer o rh

e rant, There will be £ practice
pericé of ¥ win. N.,Cﬂ i
"

:1 vet vomat. followed by 2 rethew
Temg aerica of Joooir, leSela with s orde? vest perlod afiar
epsh oos Daring thisz cert swried, yon are Lo slxply leen
bask fy pooar oheate wud vsler, aue vave your T2ot of T othe
Publar bar After coan wal, voo ate to wadt antil 1 oesy,
Tready  ‘tsolnt cafare beginaing Lo opwrels Lhe soncrols epzln,
Betot un pany racizoss of L5anka pe ot oad.  Youwr scors vill

bs the Loa oo~ L matleres twv maleb. spe Lhere any guestiona!

S !__.
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Yoy are net to talk durirg the tagt 1t w:li te lo your ad-

vantage to do the hest wou can.® (Read countar.] "Ready
(start clook), go.”

EXPERTHENTER IS T0 REMIND: SUBJECT TO REMOVE FEET FROM THE
RUDDER BAH BETWEEHM TRIALS.

THE LIGHTS SHOULD REMAIN- DR AT ALL TIMES (DURING REST INTER-
VALS). . :

Four seconde before the begimming of sny trial, subjeet should
receive the following warning aiznul: "Place feet on the rud-
der bar.® MAFRE SURE THAT THE SUBJECT DOES NOT TRY TO MATCE
LIGETS DURING "READY™ INTERVAL. ‘
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& TRI=-HALEL COURSIRAYICHN 8ST 1HSTRUCTICHNS

SHADE DCRE; OVERHEAD 1LIGHY.OR; ASKX ABQUT EXPERIERCE WITH
LATHES AFD RECORD EXPERIENCE UNDER REMARKS,

(E stands before lathe): "This is a two-hand coordination
teat. The black disc will rotate very slowly in a clock-
wise direction. This small brass target will move with the
dise, and will also move in an irregular manner within thie
curved slct (point). Your task will be to keep the smali
button anywhere on top of this brazss target. Your acore
will bs the total omount of time you stay on the target.
Vhen you get off, ge- back orn sa guickly as possible.”

“You sre to move thy hwt.on by turning the two handles at
the zame time. The upper handle moves the button toward
you and away fror you., The lowor handle moves it from side
to side.” (Demonstrate }

(Experimenter takes seat et tontrol box and gives following
inatructions): "Now tske jour places at the apparatus. Bui
don't touch it until I tell you what to do.® (Frequently
necessary to repeat this instruetion.)

?How, using your right hand only on the upper handle, move
the button about an inch off ths target and back on again.
Let go of the upper handle, FKow, using your left hand only
on the lower handle sgaln move the button about an ineh off
the targe: and back on again. Now lat go of the handles.”

"You will be glven a long serles of short work pericds and
reat parlods, At the end of each work period, if you are
off the target, gat back on as quickly as possible and then

take your hands off the handles and wait for the ready sig-

nal.”

"When I say reagdv, grasp the handles but do not turn them.
Fhen I say go, the target will begin to move, You try to
stay on it, FKever release the handlee in order tc spin
them {explain this statement upon request). Are there any
questions? There ls to be no talking during the test. It
will be to your advantage to do the very beat you can,”

(At the end of first trisl and later as the situation re-
quirea): "Get back on ths target. Then take your handa off
the bandles and walt for the ready signal.®”

GER T e
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5. DIVICICH-Of - ATTERTON TEST THSTRUCTICHS

SHADL DOWN; OVERKEAD LIGHT OFF; BEPCRE ANY S IS RUN, SET TH&
VOLTMETER AT LPPROTIEATELY 1_5, IF NECESSAHY WARN S S DURIHG
EAMLY TRIALS TC LOOK DIRECTLY AT THE POINTER AND HOT AT THE
LIGRTS; CHECK TEE VIWER CONTACT-STRIPS AND CONTACTS TC BE

+ SORE GOOD CONTACT I35 MADE,

To Sz

up]

"Thig is a test of your abillty to do two things at once.
The firal thing is to kesp the 1!p of this pointer on the
ridge which wiil mcve leck mnd forth in the slot (point).

The seoond thing is to k=ep all these lights {point) turned
off by means of these switches {peint). You will have to
learn which switeh tasne cut eny 1ight, but it will aliways
be the same switch for thot 1lght, Which hand do you want
to nze for the switshes® Thet sunly thesa {point) 4 ewitches
will coperate ihe lights., ¥You will wake the best score if
yeu learn guickly to keep the pointer on the ridge.”

"3tand feclng the appzratis squarely. You must glvays look
directly at ile pointer, This means tkhat you wlll know which
light i3 on only by seeing it in indireet vision, 1.e., out
of ' the =aoiner of your eye. This wlll he difficult to deo at
first, twt it is very important, and you must show how well
you car follew this instruction.™

.. *If any lignt ia cp, or is laft on, you will not get credit

Tor keeping the pointer on the ridge. In operating the

~1ights, never use wore then arne switeh et a time, but hold

each correct switeh until ihe next light comes on.®

"You wil) have & serles of trials and reat pericdas. During
the rest periocd, put your tande dewn and relax. The appara-
tus will start 2 see, before the ccunters are commected,

and this witl te your worning to get into sctlon agein
Irinls ana rests are eecn 30 amc, long,"

T ghail now oive vou a demcnstrﬂtion.of what you are sup-
oozed to do,n

"iny guestiong! There ls Lo he no talking after the test
staria. TFeady for the Tirst tirlal, 1% o111 be 1o your ad-
vantage Lo 0o bthe very beat you can.”

{THE GLOCE AT TRY LEPT 1S CLOGK HG, 1 O THE DATA SHEET!)



APPENDIE G

SAMPLE PAGE FroM LO3BOOE



Pooem L.z, oy — P r|r_:,,¢.u: g P,
LELST Ens s NovT diawds
FE WEiAT S

TPRTUGE U6 L0BwaUe ol BRELLL0 R T T S e - S
SROOR AL TS LINUITY JgTraT g e hm e I i Sy sdmon T
." - v - R T T R . —e -

1

e P
I, wEIRE T

‘UOTRONIREUL ST ©A0QB 4G peATES 2 BE[) SRGIADI,
&I OAW] I DUV J06LI00 GIP SO7IUd - i HE PWMII 3 ST
620G8 &Y} ey LJ7odes fqeqeq 1 - | Boinary sInoy gsnarg  { wamsg 1 T T

o Rl et

1
i
:

.
1
|
r
|
ﬁ..
f

T ‘ B * N . e k_ R D
T T SR U U N O Y O O N 0 4
e _ NN T e
o S e T e o e
|

§

1

|
.;.— 1

.»..,u-‘..i._.nJ_¢--

S . ‘

|

i

!

i

!

|

H




— — - ——

(D GUen) WOED0T ROUJ TOVA TNV
Of FHADTS

R RN D! (CON HARD[ G eden KTty (SOOTIFHAT JO AJlSUL LT

i ek e o e et

T9eRTRAL JO SanTaiyg)

FI%0 CL SHOOY TVLOL
qUvEd0d LHONOYE
A0V SIHL TYICL

T 1 =T W !

~d

- —

et = -




ATPEUNIT ©

THYE AFLATIONSEIP %ilaxld FLIGHT CRITERIA AND RAYES
O PEITTED LEARRIIC CTRVES, FART T

TV FEIATIONCHTY BOTRERN FLIGPT CRITERTA AND RATES
NEFLTTRD TEARBIAG CURVES, PART 17
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APFEIDIX D

THE RELATIONSHIP BETWEEN PLIGHT CRITERIA AND RATES
GF PITTED LEAENING CURVES4A7

PART 1

INTRODUCTION

In the study entitled "An Appralsal of Certaln Teats of Pllot Apti-
tude" data were analyzed to determins if there was any relationship be-
tween various measures of leerning on a sories of paychonotor tests and
criteria of flight aptitude., Ome of the measures considwred in this
study was the gain score. The gsin score ls the lnarement of performance
between certaln arbitrarily chosen trisals on the psychomotor tests. The
geln score was considered to be a messure of the rate of learning, and

1ts relationship to the criterion meessures was investigated.

As a result of certaln objeotion543 to the uee of the galn scores
as they were measured, it was deened advisatle to develop some other
measure of rate of lessrning. The other measure suggested was the slcpe
of a curve fitted to the individusl's performsnce scores on g particular
test. This messura is obteined by taking the first derlvetlve of the
equation of the fitted curve., Arcther messure considered to be cf value
was the trlal at whick the fitted learilng cvrve roached & maximum.

- 4s a preliminary tc applylng thess tschnlques to the entire test
battery, this technique was applied to the data on the ssriel coordina-
tion test. To the data for each subjeot was fitted & curve of the foru:

Fu n:3 % bx2 + ox+d

The first derivative for each of theme curves was taken and its value
at the 2nd, Ath, and 6ih trialm wns determined., The latter measures were
the rate of leaming messures that were correlated with the criterion meas-
ures. In addition, to each pet ¢f date for a subject, e curve was fittad
of the form:

47perts I and 11 of Appendix D were prepared by Dr,., Seymour Wapnsr
end Mr, David Beksn, Stetisiicel Unit, Univarsity of Roshester. Acknowl~
edgment is megde to Dr, Raymord Franzen, Consultent to ths Committes on
Selesetion and Training of Mroraft Pllots, for fltting the elopea of the
curves to the learning data.

48pq pointed out in Footnote 17 the galn mcore was criticlasd on the
ground thet 1ts correslation with the criterion is rot statlsticslly lnde-
pendent of the correlations of the initlel and terminal points with the
oriteria, where these initial end terminal points are used in caloulating
the gein moore.

e
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The firei derivative of thila equation wap aet equal to zerc and the
acluvion for x carried oat. This gave the +rial at which the curve reeches
5 ceximom. Maxdmum irdial values were tound oniy for thosme cases in whiesh
e fitted surve gave a maximua.  Thers wer: a fow cases in which the pro-
sadureg cutlined ylelded only winiws. .

From the ~aleuisticns four messurces of lesrning were obtained, sach
a7 vhish z20uld be sorralated with the sriterioun measures. It is the pur-
pose of this raport fo eveluate theae measures as predictors of fiight
writeria and to note their relstionsghip with the galn scores which were
prerioualy nsed. '

METHOD CF ANALESIS

The popwiation studied sonsisted of & %o%Rl of 153 subjects {Cyuvup A,
2, soblecta; Group B, 63 sutjests). Ths eriteria usad were:

1  Crlterion A:  mesn maneuver reting, with the mesn amd
variability of =11 ilnstructors eguaitied.

oy

Critericn B: mean percentoge grads on "iast-10" leasaons,
adlusted for Jealency and varlabillty of lastrustors.

3. “riSerior £: mean maneuvar rating ca "last-10" lessons, -
sdjuated for lenieney and veriabiiilty of iastructors.

u. oriterler I umear percentage grade on "iast i lessons,
mecrreatet for lenleney or varlabillty of the instructors.

Lorrelation coefficlents were compotel betwsern each of the rale mesas-
ures and maximux triel and the above criteria.

Blserial sorrelsetion coefficisnts were ccwpolted between the eriteria -
a2 ths subjects divided into two groups characterlzed as having either a
maximie o & minimm in the fitied rurve.

Correlatlion ccefficieats were computed botween +the rate measures from
the Fitted curves mnd 1 h2 gair scores, -ty determine the ralationahip be-

twaen these 9y itypes nf Tessures.

RESULTS

In Table D=1 the correiation coefficienta of the four criteria with
rate msasures and maximum trials are indicated, Inspeotion of these val-
ues showe there is no reason to suppose that thers ls any relationship be-
tweon those messures and the criteria. The correlatlon coefficients of
the gain scorse with the criteria are presented for comperison. It is
evideant, howsver, that these new measures ara no more highly related to
the criterion measures than the gain scores,

b
»
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TABLE D=1

CORRELATIOHRS OF CRITERTA WITH RATE MEASURES,
MAXINUM TRIALS* ARD GAIN SCOEES
{5erigl Coordination Test)

Rate on Rz*e cn Rate on Maximum
2nd Trial Ath Trial 6th Trial Trial*
GCriterion A B A+B A B A4B A B__A+B A B A+«B
A 07 ~,11 -, 01 07 =11 ,00 .05 -.05 .01 A3 =18 .04
B 12 ,Dl 908 ‘_411;, 103 . ID plz -.Ol 006 001 "’023 ':04
C uli? ",,02 4_-06 ..-13 aGl .08 510 003 U'm uu "'hlt} DO’?
D 'llp ,Ol u()g 516 ‘«OO 310 013 '“00-& fy% n05 "'al? ‘.'901
B 90 63 153 90 63 153 ar 63 153 83 49 12
Galn *--C Gain C-F Gein I-F
Criterion . A B A+B A B__ A+ A B__A+B
A 2 =15 .01 .00 .07 -.03 210 =,21 =.02
B 922 "nm 909 FOS "»0‘7 ._.00 022 ‘:uu 008
C Rl =,04 .11 10 = OF .03 .23 -.10 .11
D .22 =, 10 .10 0l - 12 - 02 23 =,19 .09
N 90 63 153 90 63 153 90 63 153

#Trial ai which fitted cirve reaches a maximm (1n cases whers a
maximim is reachad).

In Table D-2 are presented Lhs biserial correlations of the critevle
with the cases that have elther & maiimum or e minimum in the fitted curve,
It may be cbserved that there is no relaticnzhip between having o maximim
or a minimm in the fitted curve and the criterion measures.

Table D-3 presents the correlation coefflicients of the gain ssores wich
the new rate messures, 1t can be seen that the rate measurss correlate kigh-
ast with I-U galn; next highest with I-F gain; and to the smallest degree
with C-F gain 4%

The relatively high ccefficientu of correlation of the rate score witi
I-C galn and ths 7-F gain may bs noted ty incpection of the folleowing dia-

491nitial geore = sum of secrea on trisls 1 and 2.
Central score = sum of scores on triala 11 ard 12,
Final score = sum of scores on trials 15 amd 16,
i<C gain = central score minus initial score,

C=F gain = fingl score minns central scorse,
I-F gain = final scors zinus inttisl acore.

[

-H -
S s



TABLE D-2

BISERIAL CORRELATIONS OF CRITERIA WITH MAXIMUM AND HINIMUM CASES®
(Serial Coordination Test)

Criterion Group A Group B . .Ggﬁyg A+B
A\- " 04** ™ ]-3 - uw
B .05 -.02 02
C o 01 - e% -~ 03
D =,01 . =15 07
Fuax, =~ 83 19 132
s, 7 L 2

*Cases characterized ss having elther a maximum or minimum in
the fitted curves.

**1f the mean of maximum csaaes was higher than the mean of min-
imum cases, the ccefflelient was conpglidered positive.
TABLE D-3

CORRELATIONS OF GAIN LEASURES WITH RATE MEASURES
'(Serial Coordination Test)

Galn 1-C Galn C-F Gain I-F

Criterion A B _A+B 1 B __A+B A B _A+B

Rate on Znd triel 62 .39 .50 .24 -.05 .11 b6 .3, .52
‘Rate on 4th trial .83 7L T 05 -.23 -, 0V L1251 .64
Rate on 6th trial 079 079 '?9 "'-;27 "033 "’-29 r.-so '051 1150

R 90 .63 153 90 63 153 90 63 153

gram, Hypothetical ocurves for two subjects are shown in Figura 31,

For the purpose of exposition let us assume that the meane of trials 1
and 2 for both subjects iz the sare, snd that the means of the initial

(1 and 2), central (11 ard 12), and final seores (15 and 16} coincide ex-
‘actly with the fitted curves. At triml 6 the tangentis of .the curves have
been drawn. Curve A has an I-C guln grester than the 1-C gain of Curve B
by a; and its I-F gain 1s greater than the I-F galn of Curve B by a’. It
1s evident from this diagram that as a or a' are added to the gain scores
of Curve B, all other factors remaining the same, the slope of the tangent
of Curve B at trial 6 will tend to increase, This similtanecus increase
of the slope of the tangent end gain score is reflectsd in the coefficients
of' correlatlon between gain acores and rate scores.

-
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DISCUSSIOR

From the resulis presented it is {airly certain that the rate scoree
end maximm trial scorss presented in this analysis are not very useful
in predlcting the criterion weasures, Howevar, there are several factors
which may be operative in determiring the low valuea of the coefflceienta
of correlation, :

1. There is the posslbility that there is actually no relation be-
tween these criterlia and rate of learning as weasured by the seriel co-
ordination test.

2. The statistlical procedures used in thls anslysis may be such g2
not to indicate ths relationship between rate of learning on the meriel
coordination test and the criteris becsuss (a) the ourve choe~n to be

fitted to the data, that i3, the curve of the form-y = ax3 + bx? + cx + ¢,
is not sufficlently similar to the form «f the data to yield valld meag-

ures of rate of learning,”0 and (b} ths points chosen at which to deter-
eine the rates of learning are not the ones that would give the highast
relatlonship to the criteria.

h s

——m

5cbvidence suggested that s good £it was made with the curve ussd.
After fitting the learning curves, esch curve was drawn. The goodness of
fit was then teated by inspection. In instances whers the goodnese of fli
was suspect, tests of goodness of fit were applied (see: TYule, G. T., and
Xendall, M. G. An introduction to the theory of statisties. (12th ed.)
London: Charles Criffin’'% Co., 1940, pp. 328-220), In no instance was
~there sufficient reason to rsject the curve,
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APPENDIX D

TEE RELATIOKSHIP GETWEEN FLIGHT CRITERIA AND RATES
OF FITTED LEARNIAG CURVES

FART II

INTRODUCTION

In Part I, Appendix D, an enalysis was made of the relationship be-
tween the siopes at particular polnts of fltted curves to learning data
and certalin flight criterlia. The data used In this analysis wers the
perfcrmance records of cadets on the serial coordination test. -The anal-
yols was initiated hecause of certaln objections reised against the use
of gain scores as measures of rate of learnirg where these rate measurss
were o be correlated with another measure. It will be recalled that it
was suggested a better measure of rate of leurning would be the slope of
e curve fitted to the learning data.

In Part I the first derivatives were taken end eveluated at trimlas
2, 4, and 6. The rates 30 determived were tben correlasted with the flight
criterias, However, on the basls cof the analysis it was found that the
correlations between the slopes at the polnis taken and the flight eriteria
zere very low. It was suggested that several factors may have been opers~
tive, resulting in the low correlation rcefficients, among which was cne
factor capable of furluer investigation {see 2, b, of Discussion, Part I}.
Therefors, ‘his anzlysis was undertaken to explore the posalbility that
the relationship might be higher between rate of learning and the criteria
at other points on the fitted learning curve.

METEOD OF ANALYS1S !
In order to facilitate the deterstlnation of the correlation coefii-

cicnts between the rates of thus curvez at each of the lsarning trials and
the flight criteria, o gsnerel formula wes developed,* It was possible,

by means of this formmla, to »mit the step of taking sach of the deriva-

tives and evaluating &t each poini. TInetead & sst of constants was devel-
oved for the whole set of dats, and Ly proper substitution in the formuls,
the desired correlztion coefficlents vere obtained. A check on the velid-
ity of the forrulam was providod by checking the "fortmla-derived" coeffi-
clents with the coefficients derived by the long method presented in the
preliminary report.

The populatica studied conglsted of two groups of men tested at the
University of Iowa and who later receivod flight tralnimg. The fivet group

- ", Fa——LL! AT —_ o W e

51The general term for the poefficlen’. of cosrrelstion betwsen the rate
of a fitted curve and another megsure wnz oblained by the following formile:



conglated of 90 aubjeﬁtsl(Group A) and the second group zonsisted of 63
subjects (Group B). In the following snalysie, the groups are treated
geparately and together.

) RESULTS

Table D-4 presents the correlsiion coefficiehts between the rates
of the fitted curves snd the flight criteria for each trial.

Exsmination of the tzble reveals that ths hlghest correlation coef-
f*cient obtained, dilsregarding sign, is .19. Thls value occurs at the.
12th and 13th trisls for Group B, Criterion D This value is not aignifw
iecant.

There 1s no marked tendenoy for the correlation coefficients to be
elther predominantly positive or negative, There geems to be some tend-

Sdcontimed) KXY - JTY

Ve - e? N el - @2 W
Latx=_.g_'= 3&.:2+2b?:+c (2)

" which is the rate of the curve at any point x.

Let Y be the measure.
Substituting (2) in (1) we get

r = A;E * Bx + C

PJDZ&*EXB;F;%GIOH ()

| Where

A =3 (KZa¥ - Za7Y)

B =2 (WKbY - ZhY)

Ca= oY - ZelX

D=9 Eﬁinz “CEa)?i

E = 12 (NZab - ZaZb)

P=6 (Kac - Zale) + & [isz - (Eb)é] |

G =4 (KEbs -ZWe)

B = e - (Zo)2

o
]

VX2 - (or)2 (Continued on p., 112)
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eccy for the caefficlents of Group B to te negatlve, and ithe coefficients
of Group A to be positive. However, in view of the low magnliude of the
coefficients, little sipnificance ghould be eszigned to this fact,

The largest coefficients for Group B tend to lie somewhere in the
raighborhood of the 13th trial; and the largest coeffloients for Group &
in the neighborhood of the 4th trlal. Again, due to the low sagnitude of

the correlation coefficierts, little significance mey be assigned to this
fact.

CONCLUSTON

The low relationship between rate of learning and the flight criteria
.18 not dus to an unfortunate choice of poinis st which the rates were taken
in the pravious analysie.

Aspuming that the curves it the data adequately, the conclusion sug-
gests that there ia no relationship between the rate of learning as meas-
ured by the serial céordination test and the flight oriteria (with the ex-
perimental procedures and the technigque of curve f4tting employed in this
ressarch).

5‘(Continuad) The chief advantage of this formula (3) is that the values of
the coratants in it need be determined but ones for the set of data, and the
value of r may be determined for eny point on the fitted curve between the
slope at that polnt and the measure by substltuting the value of the point
in the formuia. It should slso be indicated thst the values needed to gat
the constants in formula {3) can be very readily determined with the use of
ar I.B.M. tabulator, sorter, and an adding machine., The critical values
that need be punched into cards are cnly a, b, ¢, and Y, From this all the
aums of cross-products and sums of squares ¢an be obtained,

Ezamination of the constants in formuls (3} indicates that the corre-
lation ccefficlent between the fitted curve and the measure is a function
of the intercorreiations of the constants a, b, and ¢, and of the correla-
tions of a, b, and ¢ with the measure. It is apparent that the larger the
values of rayY, Irby, or r'ey, the larger will be the value of the correlation
between the rate of the fitted curve and the measure, Furtherpore, the

larger the value of rgp, Tac, 8BG Tha, the lower will be the walue of the
correlation between the rate of the fitted curve and the messure,
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TAFIR E-1
MEAY RAT SCOXES FOR EACH TRIAL, PSYCHOMOTOR TESTS

Rctary Pursuit (.001 min.) Serial Coordination Two-ﬂand Coordination {.001 min.)

Group Group Group
A B, AR el ..B.. a+3 A -5 AR
21,5 25.6 23.2 17.8 19,95 18985 206.8 198.3 202,6
m‘z .‘3498 3201 2001 21.70 20692 18108 20806 195.2
2.9 375 34.8 21.9 23.69 22.81 255.6 277.6 265.7
36.3 40,7 38.) 23,3 24,93 24.13 275.2 28,0 273.6
37.9 4.3 3.9 24.4  25.84 25,14 R7L.6 273.6 274.1
- mcs A3.2 4106 25:2 25098 25-58 27743 291‘2 2&03
4Al.5  4B.S L4.3 25.5 27.79 26,64 0,6 1,1 305.9
Ah:3 804 458 26,3 28,22 27.25 296.9 08,0 302.5
510.6 51.8 51-7 ::.’?;2 2809‘ 289% w401 ' leas 31300
51‘0 5205 5106 2?:‘.6 2912'? 28»45 ' 279-3 27814 2'?809
2.1 99:.1 55.0° 27.2 30,11 28,9 C342.5 237.9 340.2
52,8 80,2 56,1 28,7  X.88 29,77 357.9 366.8 362.4
54.T 65,1 590 28.7 31,02 29.87 329.8 338.5 334.2
56,8 64.0 59,7 29,4 3178 30.61 335.6  349.8 342.7
58.9 67.0 62.2 2.9 32,09 0.9 355.6 357.2 356.4
6l., 69,3 646 20,0 3245 3.4 22,2 358.9 3%.0°
65.7 4.5 €9.3 329.9 30,7 335.3
67,3 TI.8 716 379 37,8 374.4
68,9 T 2.5 384.1 392.8 3835
70.0 79.8 T74.0 %7.7 3%6.0 36,9
.75.2 83,6 78,7 36,4 380.6 38,5
74.6 83,2 78.2 389,9 - 381.3 385.6
76.5 85.8 80,3 377.5 386.9 382.2
77.3 83,3 £1.8 3710 386.2 378.6
82.2 85.1 8304 35495 %903 %1:9
8l.4 ~ 9.} 35,4 401.9 393.2 297.6
81.5 89.2 &4.7 99.4 45,8 407.6
83.5 94.5 88.0 W82 A02.5 95.4
83‘9 9442 8801 R 39803 403;6 401c0
86.2 96,4 90.4
86,6 9.6 £9.3
86.9 98,3 91.6
89.5 102.0 94.6.
90.2 99.4 $4.0
93.2 99,2 95.7
93.8 102,3 97.3
91,5 102.4 95.0 |
95.3 103.5 98.6
98,2 103.3 100.3
3%.5 108.2 101.5
1001 103.8 101.6 .
99.3 104.9 101.6
99.5

111.0 104.2
104.1 108.0 105.7
102,2 110.6 105.6
101,5 110.0 105.0

102,8 110.8° 106.0
120,28 109.8 194.5

- - - P Tt P - -
e f - ., - aet
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TABLE E~1 {0 ontigues)

WEAN RAT SCOKES FOR EACH T7T4%., PEYCHOMOTOR TESTS

Division-of-Attontion Teat (.01 Bee.)

Hoaution Tine

]2.6

EEEEERRE
SRR RO O

Eal

g L4 LI
It v -3 WO

-

[ =

<

DD D 0D D MDD

Group

B
13,58
15.00
14.87
13.52
13.88
12,53
32.32
11.89
:LluﬁB
11.19
11.19
10.99
10.54
3,73
19.09
13.1%
2,55
3.70
9.40
2,30
F.24
.23
8,92
2.95
2.03
2,64,

AB
18.11
15.06
Lie2d
13.55
12.23
12.€3
12.65
12.21
]-2'00
11.58
11.5%
11.2/
10.84
10.54
10.37

10:-41 :

9.89
10.1%
9.84,
9.89
9.68
2.75
9.39
9.32
.31
.05
.19
2,91
2,22
4.83

A
il.38
LV i
Mngo
14.81
15.20
15.69
15.95
15,08
16.38
16,91
17.05
17.48
17.53
17.54
18.10
13.27
18.74
13 @74
18.75

- 18,81

14.05
19.27
19.53
19.54

. 19.68
20.02

19.88
19.99
20:1%
20,26

Traot Time

Group .

A

12,08

-52
15.45
15.78
15.67
16.%0
15"’(‘:8
16.75
17.14
17.37

17.94

17.5Q
18.74
19.01
19.36
19.14
20.26
19.80
20.20
20,06
20,18
20,17
20045
20.29
20,33
20,60

AT
11,73
14035
15.18
15:.30
12.44
15.95
16.02
16.42
15.76
17.14
L7.5C
17,69
18.14
18.z8
18.73
12.71
19.50
15,27
lf} ] 48
19.44
19.62
13.%2
19.9%
13.52
20,00
<0.31

2047

Q4T
2C.67
253

A
5,57
3.08
.45
9.47
9,98

1G.35
10.42
10.93
11.12
11.55
12.02
1z2.18
12.33
32.25
12-93
13.12
13,58
13.44
13.61
13.54
13,78
14 .04
14.26
1!}048
ihe54
14,92
MEES
15.G1
LY.

14.92

Rat Tigw
Group ¢
B
5.91
8,52
9.G0
10.19
9.84

L1
o 5
£.7G
Ao
wy=t
ey
o 2

s LS
.
Ao
3050
1104

11,52

- 1199

12.33
i2.59
12.9%
13.26
1355
12.58
L4140
14159
14.759
.08
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TABLF, E~-2

BEANS ARD STARDARD LLVIATIONS FFOR ALY TYPES OF
SCORF>» ON AL, TESTS AND MEASTURES

GROUP A )
initial Central Finel Total Gain Gain Gain
Togt, X Enit Ccore  _DBeore  Score Sccre 1-C c-F LF
) [

E.P.B. 001 min, 233,8 £17.0  616,8 3668.0 284.9 99.2 P8

c 001 nmixm., 9z.8 1309 1187 865 1006.3 68.5 9L.5
SC. ¥ Matches 37.9 56.5 59.9 415.7 18.5% 3.5 22,0

o Malohes 6.5 7.0 7.2 48.7 5.6 4.0 &7
2-0 M L0001 min. 1081 .6 1445.3 1597.2 9568.0 353.6 161.7 5is.2

#  .001 min. 204 0 198, 188 & 1096 19z.8 162.2 123 7
R7. 1 01 ser, 39454 5458 5982 34,980 1513 528 2041

G 01 sen. 1008 1141 1153 6910 368 699 1028
T.7 ¥ .01 gar 6083 1570 8003 40,670 15410 551 1951

T 00 sag . - 1088 1373 1459 8270 934 028 3143
RT. ¥ 0L ase, 5317 4171 3136 30 B0 1154 386 15,0

&

.01 ges, 117 $72 801 5990 986 641 995

#Status srores represent swms, viz., on the rotary pursuit test, O
trielzs of 10 see. uvsch; on the ssrial coordination test, 2 trials of 2 win,

"eguliy; on iha two- nand uuorainat"on and div13¢on~of-attention tests, 4 trisle

off 3C ame. eash  ficln scores sre gains frow vhe sum of ore segment of
trials io tha nvp of spnother segoent 0 trinic.

R P (rotary parswil terl), £.0. {serial coordination teat), 2-H
{twe-hard coortimatios test). 0.T. {net iime, uivision-of—attenhion tesri,
T.¢. {track tims, divislon-eP-attention tesi;, F.T. {reaction time, div.zion
of rattentlon Lanck ’
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Degt

R.P.
8.C.
2

N.T.

TT

R.P.
S.Ce
PE

N.T.

ToT'ﬁ

QM SEFE ORE QK

Q=

g QE qqfE akx

a X

MEARS 38D STENDARD DEVIATIORE FOR-ALL T8RS

Unit
.00L mia.
001 min.

‘Matches

Natfches

+001 min.
.00} min.

«01 sac.
«0) sec.

.01 sec.
-0l mac.

golt

001 min.
«Q01 min,

Matchas
Matchos

+001 win.
+001 min.

+0l sec.
+0l sec.

.01 sec.
Ol sec.

TETGLE B (Lowrllpgeat)

SCORE ON ALL TESTS A0 UEASURES

Initial Centisl

Seorg _Boore .
260,56 579.5
119.4  135.2

41.6 60.9
7.0 TG
1128.2 .2
219,00 207.0
043 6071
399 1073
6393 8113
1023 1143

GROUF B

Final Totrl)

Bcore  Sqory
6359.5 40Ls

12510 A.'\.

STV AT

7.3 502
1612.3 9795
169.9 12:z2
A553 38,350
958 6130
3465 53,450
1143 T340

GROUPS A ané B Gombined

Initial Centrel

~Seors, _Bcore,
244.8  S542.7
105.2  136.1
39.4 58.3 -
6.9 743
1100.3  1455.8
11.6  202.4
3965 5710
%6 1154
6207 7735
1072 1335

inal Total
ggore  Beore
634L.4 3310
123.1 936
61.8 4L:6.9
7.6 1.7
1603.9 973
169.3 1152
5220 7200
1117 Xyl

8193 51,820
1353 8020

o7

{ialin

ik

N7
93.2

19.3

5@6‘

343.0
154.3

2032
g52

3746
2

Gain

Q=X
8G.%
55.0

3.5

Leb

M" & 5
142.3

487
682

351
648

Galn
1I-F.

400.2
1010

22.8
5.7

489.5
171.2

2519
910

2097
1063

Gain

e

390.%
359

22,3
6.3

504 .6
2154
2238
1009

2011
1106



Initial
Seore

Central
Score

Final

Saore

Gala (I-)

Gsin {C=-F)

SHENDMD :.:CH-JEMMPS

Gain {I-F

TABLE K--3

INTRA-TEST CORRELATIONS (FSTCBOHOTOR)

Central Score Final Score " Gain (I-0}
Group : Group Group
Test & B A+ A 3 AB A B A+H

P
z

F

R.P. b6, 73 .70 b5 65 .65 =07 =22 .11
S5.C. 63 968 u68 951 568 062 "037 i :r35
2-H o &7 474 ' 59 a,;bo u61 1-599 = 315-’7 - u£|2 = ;45
HaTn u68 céjl 966 .,56 653 nszir ”02‘7 ""n26 ':2»-‘21‘
T.T. T, .65 7] b4 527 60 -,08 =,27 -,13
R:;To -56 - - 05‘0 - - (u56)* = ! -
R.P, .86 .91 .89 70 e51 W63
3.0, B4 VT B4 A48 40 A
2.1 60 7L 65 A8 .30 LA
N.T, .82 .78 .8 »51 58 W57
T.T, S8 .84 .81 .62 w55 61
R.T. 75 - - {=.37) = g
R.P. .52 43 e
5.C. A2 s W33
2-RH 215 e 23
NDTH u-’lz 5&3 J;}é
T.T, o4l B0 . i
R.T. (~.15) - =
R

3

2

B

T.

R

- * = [] -
] a a a w t

L]
<

il

b
Al Aty vi=2 4 IO = Ra Ba BNt Rav

" o

-
<

*Values in parenthesss aswuld he read with sigrs reflected.
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Initial
Score

Cantral

- F1i

Gain (CeP)

Score

Score
Sl SR R R AR - = R NS
-3 v =3 O

Gain (I-C)

hjhi?SR)U):

Gain (I-F)

v3
|g
o

3
-

h
Mmoo
2 -

o

y a =» *
L4 L]
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»

- L ®* ¥ -
A aey
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*
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s B B 1-- Bl

-]

¥ o
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L
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-
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TABLE -3 (Continued)

IRTRA-TEST CORRSLATIORS (PSYCEOMOTOR)

Getn (C=F)
Group
A B
‘013 ”-33
-.17 .06
'“017 "’-&
-.19  -.26
-om '026
(023)* -
=0 -040
":-22 ""-26
”055 “u53
=27 = 47
°a25 -032
(.57) -
.09 .02
035 .39
«31 15
.32 .18
YAl 024
(”oll) -
wa 7315
;006 ’039
“s ':34
=-.15 ”o31
‘u26 ‘512

%)

=022
w.%
-.23

"-22.

-.15

<o b2
~,22

= 035
"029

) -

04
.35
2D
o25
“ 3&

-3
-,21

=.,22

.23

Gain (I-F)
Group
A B
-.1¥ ~.38
"'041 "'935
--62 "'064
-i36 "o‘-j
"ou "04'0
(.71) -
o453 0R5
27 19
02 -.22
¥R -19
n3c o
.00 -~
63 .46
05'6 345
2 Al o2l
-7 o 54
.663 o
-, 26 -
L5 .84
.80 .67
.65 .62
- 7 .70
.61 ‘m
UW -
a2d o4l
'55 ol’z
o bl 53
55 W46
.60 «51
o34 -

AsB

Puzb

"'035
*'.63

233

.75
64

Total Score
Group

4 B B
it 284 81
76 .86 B2
n& u& 374;
78 T T
85 77 B2
075 - hid
.93 .96 .95
.93 87 91
.83 92 .87
.92 293 »93
990 .95 .92
.9’0 - «
91 91 1
.88 -89 .89
.78 -84 .81
90 B85 .89
B8 .88 »88
FBA - =
.50 =31 43
o 25 .01 <16
.12 .09 10
«30 -35 .36
034 935 037
(‘a%) - -
-.20 ”o30 ”025
-.35 10 -03
"'a21 :ﬁ -026
".28 i1»25 -012
HOS “"olé “003
(-32) - -
40 012 -28
.19 .09 16
"o% ""-19 “-12
o4 VA 224
.33 l19 I29
( p15) - To-

#*7alues 1n parsntbeses should be vead with signs reflected.
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TADIE E-5

CORRELATIORS BETWEER CRITEERIA AND PSYCHOMOTOR TESTS

Initial Segment Central Segment Final Segment

Group Group Group
Test Criteriop A, B A LA B AB A B AsB
Rotary A 12 33 .22 A7 32 .23 A7 W24 .20
Parsult B .15 26 .20 22 .26 .23 -19 21 .20
c «20 5 .38 S 2T .26 26 .21 .23
D L13 = y 915 - - ._.15 - =
Serial A A5 42 27 R4 .30 .26 23 24 .23
Coordin- B 06 .30 16 23 .26 23 27 21 .25
ation c .12 .32 .19 28 .25 .25 =31 20 .24
D .08 - = 26 - - +29 = -
T'wo~Hand A 25 .35 .29 23 .32 08 .33 .19
Coordin- B A5 0 .3, 23 28 .30 .29 06 3 .17
ation C 22 .33 x7 +35 2 .30 00 .30 13
n .17 = = - 29 m - .13 - -
Hot Time A .18 270 21 o7 31 .28 27 28,26
B A1 .30 L1 2R2 .28 .23 231 16 L2
G .08 62 29 R0 A% 22 21 13 16
D .09 = . .20 = - .20 = -
Track Time A 26 17 22 20 29 L2 231 .20 27
E A6 24 .19 A5 .30 .20 L7 16 W23
C .13 19 19 17 .32 22 <23 .16 « 19
D 15 - - L1 - = 14 - =
Asaction A ~.02 B § =,15
Time™ B = 06 -, 22 -, 27
¢ 03 ’ -. 10 =,12
n - 06 ~,25 =, 26

*#A11 valuee for reaction time should be yead with signs reflected.



PABLE E-5 {Continued)

CORRETATIONS BETWEEN CRITERIA AND PSICFOMOTOR TESTS

f
Gelin (I-0)
Group

4 B B
A2 10 .11
A5 04 .11
17 .01 .10
007 = i
012 ‘”:,"15 001
R -.04 .11
122 "-JOQ 909
022 = =
07 -.09 .01
009 ‘:’oGB r03
010 515 001
- 11 = =
AL 10 13
014 002 r-m
A5 .10 12
215 - -
L1 .19 .09
.04 . 13 .07
02 57 .25
.01 - -
.08
- L4
111
.18

Gein {C-F)
Group

A B mB
.04 =32 -.14
07 =,16 =,10
~,06 =.18 -.10
Ol e o=
;»OD "5007 ?’003
910 Pam u03
.06 ~.07 .00
o7 -
"-32 ‘“’nﬂl‘. ",21
“uzB '°e03 “u]9
:"042 002 “72&
.-2‘2 - -
o 02 i1 13 ""Iu 04
A7 =21 .02
HOB -n26 ‘3"-109
001. - . -
318 "u16 '.106
o19 ""027 .04
nm oaw "-04
004 - o
ox

"501

-.01

-,06

Gain (I-F) Total Score
Group Group
A B A -_A_ B AB
210 ~.08 .02 216 .36 .25
31-1 "‘u05 ..;0& 920 328 023
ulllv c‘om 903 526 u28 n26
907 - - .313 i -
910 ""‘.,21 "5502 027 037 031
023 g:]-0 011 uzi 031 025
22 -1 .68 .28 .32 .28
023 = = 026 - -
-,20 ".].2 “'al? 029 v38 533
m']-‘!Ir ’310 ‘n13 022 038 929
€25 -.12 -.20 .23 .31 .26
tw - - 928 - e
13 00 .08 25 .30 27
123 ‘:'oljt -09 1324 928 025
015 =11 .04 16 .26 19
13 w - .18 - -
15 06 12 .20 .26 .28
018 "905 009 523 n27 c25
.10 .31 ,18 21 27T .23
.03 -~ - .16 ® -
.08 .'008
014 "'..20
.10 -.06
nu -.20
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