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Other studlsa sponsord by the Comm%tt.ee on Seleation and T r r W  
of Alrordt Pi lo t s  have h e n  cocoernd wlth the r e l i ab i l i t y ,  vdMI ty ,  
and gene ra l   u t i l i t y  of prsdiotion inntmnkmtr. In oolmeotion tb. 
reader is re fer red   par t imlar ly  to the  Pemaoola and e0 t h e  Boaton- 
H i h a t  report,,3 For example, jn t e r n  of the wosrpariaow, 
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The Pineings of the  investigation aay be aamuirad briefly ar 
1d.s a 

1. For three of tbs payohomtor  teats  (rotmy  puksuit, asr ie l  
ooordination, and division-of-attention  teats)  s p l i b h a l i  
r e l l a b l l i t i o s  of ,90 or ba t t e r  were rea5hed ear ly in the  
tat period. In t h e  aamn of tbe tno-hand aoordinatioir 

full length test of 30 trialr war no higher than .730 
t a r t  the  spl i t -half  r e l i ab i l i t y   coe f f i c i en t  baaed on the  

, 

fo l -  
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2, Correlations of saoceaaively l q e r  e a p a n t a  with totdl sooro 
showed, h o m e r ,  that the relative UrrPsliabiliQ of ths two- 
hand ooordination test did not  prevent i t a  correlations d t h  
totdl soore from'ryahing the  h e 1  of .90 8. e&Q am for al l  
o t h e r   h a t a ,  Le. ,  at about hiv length or leas. 
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9.  Multlplo  corrilationa wem amput& from the   so leatd  wm- 
blnatiom of IROMWWI and/or scores, on the one M, ud 
Criteria P and C on the other,, T h e e  ooeiflaimt. shomd 
that (a) Criterion A waa pr0tebI.y the mre a c m t d y  pro- 
diutad; (b) tow saorea, ssong those explored for th p ~ -  
chowtar  teats, were the best pmdiotarr, and ( 0 )  conbina- 
tionr of ttm moat promising pspchmotor tcet  aaorea were 
a b u t  equal in predlutive value to  uombinationa of the beat 
individual  pencLl-d-papr  nubtesta. 
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A ee'oond need m a 6  from the fao t  t h a t  most tea t s ,  M they are nor 
employed, indiMte 8 oandihto 'o  rank or 6tatW 0- I U  bYW O f  his 
t o t e l  aoore. L i t t l e  effort hag been made to d y a e  differenoer in 
Iearming rate, i .e. ,  that poortion of t o t a l  eoom varienae due to M i -  

ity, or t rausfer ,  or o the r  "causesu of lnd5vldual differenma in initial 
p i d u d  differenoea in learnin& rate co-ded with variancre due t o  abil- 

t a n t  parformanee. On the ozher h a d ,  the f l b h t   o r i t e r i o n  1s a orltarion 
o r  t r a i n a b i l i t y  or teachability, i.e., it is  au index based on the  mocess 
with which a new a k i l l  is msStsred  during u p o r t i d a r  trainiog pmriod. 
togloally, then, there is a need for investigation of m e a m 6  of ohm@ 
i n  the  o d d a t e  (learning ra te )  in the test s i tua t ion  a$ predictors of 
the training ar i t e r ion  commnly employed i n  rviat ion researoho 

A th i rd  need grows out of the   fao t  that no published naterldls, avail- 
able a t  the   t i ne  this reasaroh w&8 narried out pmsented a.coqrebensive 
aomparison of pencil-and-paper t ca to  and puphomotor  testa,  although oom- 
pariaons made "pieoemal,' or for re la t ive ly  ahort  behavior saaple6 hdl 
hen reported. Penoil-and-pepsr tests might perhaps be mom desirable 
%or melection purposes bcauae of t h e i r  waxmy, but only if their pre- 
d ic t ive   d f io i sncy  is  high enough t o  warrant their  w e  in place of payohe- 

' sotor test#, which, it might  be  clalmsd, $avo greater m f 8 ~  valldity.U 
Moreover, if t e a t  batteries are fin- t o  oontdn both type8 of tes ta ,  
intercorrelationa rithin and among the two generd types of tarts must 
be atudied. 

A fourth need is  for   the.  development of new t&ts r i t h  high predlo- 
t ive  eff ic iency but which do not  correlate olosely with   ex is t ing   be ts .  
One euuh paychowtor  teat has h e n  inchded, built in aceordanw r i t h  
wggestiom f r o m  men in militarg olaselfioation aervioe. Tho p e e f l -  

l(Contirrued) . The rork of gathering and analyaing the data ham a t  

Thompson, G r e g o r y  Kimble, Rny Denny, aod by k3881-3~ b o  by~, Dah  H a n a b ,  
various t h e e  beon done b y s  nr6, George Baah, Horard Xendler, Yerril 

H u g h  Ross, and Madoe Smith. Tech lod l  ahap arrsistanoa wam given by Mr. 
3. 6. Sentinella and Mr; D. E. Wheeler. 

versity of Iowa and Lt .  0 .  B. Cole, Residsmt N a v a l  Offiaer, oooperated 
in s c b d u l i n g  subject8 for tho meearoh. Logbook data for ori ter ion pur- 
poses were sooared a t  the Iowa City Munioipal A i r p o r t  through Mr. Frank 
G a m e r ,  Resident C i v i l  Aeronautics  A&ministmtlon Inspeator, and Mr. Frank 
Shg., the looal War Trahivg Service aontraotor. All o t h r  data were 001-. 
leotecl in the laboratorlea of the Decent of Payobology at the State 
tjniversity of  Iowa. 

Dr. E. C. Lundqulat of the College of Engineering of the State Uni- 





T h e  rotary pursuit  beest. of t ha  School ci' Aviation !t?ediaine, a mdifimtion 
of the Koerth pursuit rotor ,  is piotured in Rigure-I., The task af tha 
s,ubjoct i a  t o  fol lo .8  with a stylus sn awpmximtely dime-sized target im- 
budded flush  wlth  the s u f a c e  of a h d - i y b l m r  disc. This target re.rolver 
i n  a c i r ch  at  the rats of 1 rs.pueeso; the   s tylus  is so constructed that no 
pressure other t h n  its o m  -eight can 5a applied on the surface of the 
d~isc t o  assist in the pursuit, In sp i t e  of the  apparent  simplicity of 
t h i s  task, praot ical ly  no one can perf@rm It meell i n i t i a l ly ,   bu t  practi- 
cally every  subject improvaa within a Felativeb brief pract ice  period,, 
The presentation of all trials and rest pesriade autoteatically con- 
trolled b .a special contic1 mit (Be6 Figure 1) * T h e  score ( i n  units of 
..DO1 Hin. 7 K- the t o t a l  time of contaot. l;o+.neen stylus and target, 

cate of the model desaribed ky HcFarland and Chenne1l.i The subject faces 
a panel which carried th ree  paired rows of .jsoteS signal l igh ta .  One r o w  
in each pair cmtaind only red jarels end the  0 t h -  only green, Within 
each red ww, a particular jewel i s  automatically  lighted, 80 t ha t   t he  
stinulus pat tern for the  subject IE 8 pattern1 of t h e  md l ights .  The 

Table 2 shows the psychomtor t e s t s  and w e a s m s  which were eqployed.;' 

Shown In Figure 2 is 'chs serial coordination test an exact dupli- 







FIGURE 1 

ROTARY PURSUIT  TEST 
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FIGURE 2 

SERIAL COORDINATION TEST 



FIGURE 3 

TWO-HAND COORDIIJATION 1EST 

FIGURE 4 

nTVTSTON-OF-ATTKNTTON TF,ST 
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CRITEFUOIY MEASIIRE 81 laem manewer rat-. with wan d mr 
#billty of  all i as~c to rs  aaudl@ 

i- I . 'The mumu a d  standard deviation 
of all rat ings on all students by each instructor,  regardless of  stage 
of instruction, oaliber of etuient,  eto., rem first deterained. Then 
the  =em manewer rating of each  cadet 011 all lessons by each of his 
instractors was scoured. T ~ I S  mean maneuver r a t ing  of s s ~ h  &et by 
each instractor wan next converted  into 8.0-seore, M follows: 

b .  

Then the  instructor who gave the d l e e t  number/of rat- t o  each 
cadet was located, and the   ra t ios  of the number of ra t ings given by 
each  otber  instructor  to t h i s  smallest mmbr deterdned.  Treating 
the   ra t io  for the  BlPallesE nllsrber of ratings (LL: 1.00, the square root 
of each of the r a t i o s  was conputmi, ard each of the  instmotor s-scores 
e v e n  to a  cadet was smltiplled by the appropriate  root. The stam of 
them weighted a-scoma for a oadet PBB divided by the ema o f t h e  aquare 

w.6 multiplied ?q 10, increased by 50, and rounded t o  tw places, for 
m o t s  of the r a t io s  for that  cadet. Finally, the weighted mean a-scorn 

comenience of treatment. 

'The pmctduw for conput.9ng Criterion Neesure A is based on severel  
assumptions: F'Lrst, the d a p e e ' o f  leniency of individual  instructors,  
and t h e  raege w e r  which they cprohd t h e i r  rat?nngs. should be allowad 
t o  Wluenc6 tho man b & x  sosigned t o   t he i r   s tuden t s .  Second, the 
mability" of the s t d e n t s ,  randomly assigned t o  each  instructor,  should 
on the  avera,ge be equal, (Stuc7.azt.s were assigned at ranlorn to   In s twe-  
t o r s  by an academic admhlnistmtcr of the  whole program.) ' Third, i n  de- 
te rminkg m- i d e x  fop a p&icda r  cadet, allaarance Rhodd be made 
(weight  given) f o r  t he  fact  that. some Instructors  had longer sanples of 
hie  behavior  than dld others, Eeignti,is& in 't.ems of rar number o f  nta- 
newer ratings by an Instructor seened less 6esirable than a weight 
which t a k e s  inta account the g6riorel f w t  the$ r e l i a b i l i t y  of ra t ings 
goes up in a decreJsing-rchrns mashion as ?.he m F e r  of rratkge  increcuo;i. 
Af'ter various  consl3cr~itio1ia it m e  smmhat arbi t rar i ly   decided ts we3gt1~; 
mean ratiurjs by pe-rticular i n s t m c t o m  on a given cadet: in terms of the 
square root of the numbel- oi' ratings,, 



l e a s t  10 lessons mer t h e  e f i  of p r i m a r y  Stage F! (or earlier, in the 
ck-5 x~%ncipe . l  termhnei inat.ruc.fcr, I 0 % )  tho InsLrsctor who gave a t  

v m o -  of washouts), WELB ckLemlned.  8n5 the mean percentage  gade on 

m d  s t d a r d  deviation o f  a l l  h i s  etudent meens, Le in Criterion.A, the 
~ t x s o  lessone computed. ?or each. Instructor  were conputed the man 

t,he mean nl laat - lOn grade of each  cadet was converted i n t o  8 z-more ra- - 
king i n  terms of t he  acan and stmdard deviation of the particular iri- 
st ' ruetor who gave the *laflt-lO" Z.essone, except that, of course, there 
was RO probl-n of weighting ratings by di f fe ren t   ins t ruc tom on the 
same cadet,, Z-scores a g a b  w 6 ~ e  established for eEeh oadet, 

The reason for develop:% t ,nis  c r i t e r i o n   I s  that decisions  about 

mentary t ra in ing  period,, Furthemore,  there seem t o  be some tendencies 
w d d s  rest. prlnarilg on performance during the l a t t e r  part of the d e -  

For ins t rue tors  gra6ually i o  c h p  the ratinp on a particuLar radet, 
P.e, I' r s t i n g a   e u l y  i n  t r - a b i ~  6.3 not gtve t h e  nam? index a i  l a t e r  ra- 
t . lngs.  This in Itself would lm a des i r ab le   f l ex ib i l i t y  in the ratings; 
were it not open to t h e  charge th t  instructor8  gradually  stereotype 
tbl: ,judgments on a F d i c u l a r  t ra inee .  F i n a l l y ,  ratings m y  be more 
vnl5.I: 6 f t e r  thorough  acqualntsncr of ins t ruc tor  and student. 

CRiTERIOH h5fiDFX 5; Yegn mqnm er r a t ina  "Isa+.-lO" l e s s c q  
(analoaous to Crfter iQn 31. The mean maneuver ratincs by one " t e r d n d  
lnstructofl   Tore  detemined for e w h  cadet, Tbs mean and standard  devia- 

tne Rlest-lOn maneuver rating converted into aZ-acorn for each  cadet, as 
Lion of each lns t ruc tor ' s  ciistribution of student m a s  were obtained and 

?OT Criter ion 8 .  

CRITER:OB E E E X  9: Yean Dementene  made. 'lnst-10" less 
mmected  for leniewv o r  v a r i a b i i i t g  of the individual instlyct.org. For 

om. un- 

each cadet t h e  mean of  uercent.a@ grades  under a "telminal instructor" 
was d ~ t s ~ - m l n e d ,  Thehen the  mem and s t e n d a d   d e v i a t i o n   f o r   a l l  "last-10" 
percentage  grade8 f o r  all inst ructors  combined were computed. The cadeh'e 
ra t ing  was converted into a a-scora 8s before, employing h i s  deviation 
f r o m  the man of combined ins t ruc tors  and tb i t dd i rd  deviation &'that &la- 
i r i i i t l o n .  This measure Hkew5.sa was transformed in to  a 2-scorn. 

This index was inclurlsd t o  determine  whether  the  rather  elaborate 

produce a cr i te r ion  SigniPiemtJg d i f fe ren t  from unadjusted  indices, 
ir--ighting procedures of tlre three yeced ing   c r i t e r ion   iMfces   ac tua l ly  

Measures DLncapded, At one time it was thought  possible  to  score 
tbe'criterion data I n   t a m s  of the  proportion of 5 or A-and-5 ratings 

2is t r ibu t lon  was badly skased (nany subjects   ta l lying B zero frequency of 
assigned t o  each s t d e n t .  This measure could  not be employed because its 

these percentages) I The over-a12 man of p r o e n t a p  grades was r o t  used 
baeause it correlated so closely with t h e  over-all mean maneuver ra t ing  
(r = - 8 6 ) .  

http://instlyct.org
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m i d m i d  through ths following  premxtions. Eaoh experimentor gave 
Diff'erenoea in test   admid-stration mong the experi%an'tsm were 

all four of the testa  a t  one time or mother, tPmr distr ibut ing awng 
the faur t e s t a  any dlffemnoes which might have ocouiied. In addition, 
rapport w a e  established, aa it wm, for the vhole pmjsot  rather  than 
for a part icular   exprlmenter .  The preaentatlon of all the  otimull, the 

teat Bnd rests during the two-hand coordhat ion   tea t )  and the  scaring 
the of praotiae and rest perhds (emept fo r   t he  a3r5.d coordination 

were quite  mechanid. FInal3y, standardized  instruotima were glmn 
t o  the elcperimenter and the sukjeet in an attempt t o  keep the perform- 
moe of ths eIpe;.iroenter osnstnnt (see l lppe~3Fx Bj . 

of Scoreg. Aooonding t o   t h e  Resident baval Officer,  cadets 

f l i g h t  aptitude t e a t  (weighted  with elerantary physics and mthematlcs), 
in the loaa l  W a r  Training Service program bad already "pass# a Navy 

asxi an eduoational auhievemont or  intell igence test, and had been sorean& 
on a personality inventory. The probable e f f w t  of this prior soreening 
aas to decrease  the rage on both the h a t s  and ths ori ter ion,  and lower 
their   ln tercorrelat ions,  

RESULTS gMj DISCUSSIOQ 

Since the successive-ample procedure wag emloyed,  data are pre- 
aented f o r  Groups A and B eepamtely, and for the two groups combined. 

A were obviously not worth the lsbor of further exploitation.  Attention 
'will be odlled to the,  and t o   t h e i r  nbsence &om the   tables  for G n w u p  B 
aud for the  coabined &toups, at. thn appropriate  places in the t e s t ,  

1 Certain meamres and procedures q l o y s d '  in analping the data of Group 

pact ice  EfPao&.16 In Figure 5 l o  s$wn the  mean per cant of t h e  
on the  target,  trial by trial, for the rotary pursuit  tes t .  The baselina 
of the graph sholrs tbe d t i v e  amounts of pract ice   in ,eecmda,  but 
s h o e  eaoh trial 10 aeoonda long, the individual oross-bare on this 
ad.s M i a a t a  a aiBgle trial, the entire tansline aovering the  50 triale, 
(Soding In t e r m  of c d a t i v e  emospts of pnmtioe m s  done 18 t h i s  par- 
t i e  instance t o   f s c i l l t a t e  a omparison with . a  previoua study which 
w l l l  be mentioned latar.) Figwe 4 shows that. the last trhls, OB the 
average, produoed soores four to  dive tines larger than those made on 
ttbs Pirat  trlab. There is some evidenoe of negative  aaoelenat€on aad 
eome evidenoe that a limit is being approaohed at the very end of  the 
practioe perid. I t  is possible tknt the brt Pive trials may show sigse 
of work &oramant rather than mere apppwoh to a lhit. It a l s o  could 
be arm that  the ent i re  curves do not  depart very far fmm a s t ra ight  
lins. Whea these onme8 an, compared dth a n d o p u t  curves of Figures 1 
and 2 in S p e w ,  Burton, and Uelton,l9 it may be men that  the  preeent 

1 8 ~ w  t r ia l -by- t r ia l  data for dl learning w m e  are  reoorded in 
Tabla E-1, Appendix E, 
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~ N W F S   how very marly the saae lerrznbg cu1*:e 88 G m ~ p  D i n  the ens-- 
Eer study, the  grcup wi th  the S b W  work-mat rand2:lon.g. T h e  only 
diffemnces are a l ight  vsriaticms in the absolute b i g h t  of the curves. 
"he superior perfomance of Uroap B in the pmsent 3t,udy could be due 
to either stronger  motivation o r  greater "ability.n 

Tr ia l -by - t r id  m e w  f o r  tha serial coordination test are show 
In  Pisufe 6. Each of the 16 trlals raa two minutes long and the  SCOPE 
m s  t h e  number of matchas d e  during t h i s  interval. The m a a n  8ccre 
:increased by o&-half, approximately, between the first and last trials. 

m y  be approaching a limit. Group B is agdn c o ~ l s t e n t l p  superior, and 
'?ne curves a m  notably unlfom, and somewhat negatively accelerated, and 

agein there could bo eitbr a motivational or "akdl i ty"   interpretat ion 
of t h i s  fact.  

Learning on the two-hand coordinet ion  tes t   i s ,pictured in Figure 7 .  
On the  baseline a m  shorn ths 30 30-second tridls and on the  ordinate irs 
E h m  the mean per cent of target  time per trial. In o v e r - a l l  shape thle 
c m e  is probably negatively accebrdted,  with sonm evidenae that  a limit 
is being approached, since the mean amrea opproxbate 60 per cent of the 
possible score. P e r b p s  the most  table charac te r i s t ic  of t h i s  m e  
jn comparison dth othere is its irregulerity. The apparent irregular- 

retua. The test wa8 always begun with the  target  disa  and cams + the 
i t y  of the m e  w a s  the  ontodm of mchanicsl   factors  in t he  t e a t  appa- 

name position, ancl t t a  o m 8  completed a epole or pattern everg four min- 
utee, These four minutes provided elght of t he  30-second t r i a l s ,  ea& 
k e d  on a specific portion of the couplete cycle, and each having i ts  

mements,  e ta . ) .  Emmination of Figure 7 shows the ef fec t  of this on 
charsa te r i s t io  level  of difficulty (because of the  ape&, wmplerlty of 

mean trial acom8. 'Lms" are present on Tr ia l s  2, 10, 18, end 26 (8 
trials apar t ) ;  %ighsn a re  present on Trials 4, 12, 20, and 28, eta. 
Them is wain a tendency f o r  G m u  R to be myrior, htt only s15$htlyy,' 

Pigars  Ih shows the  learnbg m u m a  for net tine on the  dlvialon- 
of-attontion  tent. Aa for the tuo-huul aoordinstion. test, 30 ~ w a o n d  
trids are ahom on the h e l l n e  but in this figure the vertioal u l a  
is the umanlpulntd t h e  saom I t a  p e d t  dirsat oomparlaon d t h  the 
resotion t i re  curve of F i p m  10). All t h e e  c w e s  of Figure 8r are 
rather rmi i an ,  aud there in d d e n c e  for both negative noeeleration 
and appro& t o  a Upit. By the laat binla, awres are a p p r o r i m t o 4  
tw d -half t h e n  greater thaa for the first trial. Y k r  flnctu- 
ntions in the m e 8  for Groups A and B tend to be in tba name dlreotion, 
e w s p t  at  TridL 14 .where them +pears to b61 a slight dlffersnaa betwen 
the two, This dl f femnae  in dinat ion  i~ probably tha mmlt of a b e  
f a o t a n .  

Figure 8b prsssnta learning a m &  bsoed on t raak  the amreg k, 

those of Figure Sa. Soorer are nearly doubled during the pract lae  per- 
the division-of-attention tent. T h  axes M e ~ a t 4  oomparable to 

Id, a d  both negative  ameleration 4 appxvwh to ulit may be o b  serval. Espsoially rorthy of nota hen, ir tbe  crhsrp iOoma88 in S e l h  





. 







at the seoond trial, t n 3  d&xt Lln3ar rlus k c  Yrtc:, l'i, and, &he grrldahl 
d r i f t  npwwt to& ttre qnd of  tho  practice period. 

The f i n d  set af  learning m e a ,  shown in fj.gure 8c, shows improve- 
ment In tha  reaction  time  scores DL the divioion-Of-attentiOn t o a t .  !.xes 
are ident ica l  with those of the precedirg figurea. As in the pmviow 
curves,  there i a  shrp Improvement on the second t r i a l ,  a d  thereaf te r  a 
negatively  acoelerated  function, Final scora8 a m  appmzimately half 
those of the firat t r i a l ,  and Improvement OCOUM~ a t  a a t w  pace, eveu 

t h i s  curve would level o f f ,  since a t r i a l  eoore is  curnilated on eight  
in the l a s t  trials. I t  is protable that s i t h  only  .a few more trials 

'jump" choice-reaction t h s ,  and these W G U ~ ~  be unlikely t o  go muah be- 
low one secord  each. 

A ~omparisou of the three sets of curves in P i . m a  8a, 8b, and 8e 
auggests that, in sp i te  of the oomplexity of this tsak, t he  learning 

t rack  t h e  and reaction the, presen t s   abu t   t he  erne p l o t o r e   a t  any 
process was re la t ive ly  ghomofpmous,n l o e G .  improvexten+, as measured bp 

given atage i n  the  procemn Convarsely, if the  subje&s had concen- 

have been ref lected in the curves., Another point demonstrated by campar- 
tx&te3. too mmh on the  tree:.'ang $2. I;; OF the reaction time task t h i s  w o v l d  

ison of the  three c&en is that Smup B tends a l u a p  ta be alIgl1tl;r s u p e r =  

ior to Croup A,, 

In r e f ,  it may be pointed out  t ha t  i n  a l l  of the   t es te   there  
i s  a d e a r - c u t  Improvement In average soore as a resu l t  of pract ice  and 
tha t  all of  the  curves abow.signe of decreasing returns f r o m  practice,  
although evidence  that a limit i s ~ b e h g  approaahed i a  not e q a l l p  c lear  
in dl c u r p e s . ~  

PwoLIOPOtor Teat Lendh and Reli&iliQ, Shorn in Table 5 are 

enployad, (hf in i t iona of trials on the psychowtor tes ta  are g v e n  in 
mpllt-half r e l i ab i l i t y   coe f f i a i en t s  for each of the p q a h o m o k  t e a k  

Table 2, page T b  analpea were not repeated on Group 8, sinoe tha 
reailts are olear-aut. Rel i ab i l i t i e s  of .90 or better are maohed wry 
ea r ly  in e8ch teat period, exaegt on tbe two-hand ooordlnktlon  teat, 
Tim latter test did  not reach a high level of r e l i a b i l i t y  even when the 
oos i f ic i sn t  i a  basad on the complete  praotioe period. It is not ole- 
M to why t h i s  mhould ba the uase,21 bnt there may be tw possible r e a -  
onat on thla test, if the eubjeot moved off the   t a rge t ,  it frequently -- 
necemwy for him t o  reverse the  direot ion of rotation of  the hmdles and 
then a t a h  up with  the target .  This in f a c t  -ant "qaaring" the ~ignlii- 

e s n m i n a t i o n  of the learning o v p ~ s  also shows that initial seg- 
mente of t h e   t e s t s  (111 presented in Table i; B x d u d e  the 
t.o-W ooordination and divisiozt-of-attention curves iPdioaa Trial6 1 Of n?!d the 2) 

measures of initial atatus doom not   ref lect   the  r ider  mngo of gains -hi& 
w b r e  the most rapid iaprovement muurn. Computatdon ai gain8 frcm these 

rould hare moulted if these ear4 trials were utilised. 

conditions there did  not sxaotly duplicnte the  present ooiditiom. 
21This haa not heen t h e  0888 in M P  reseamb, altbon,@ tbe practiaa 
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.bother appraneh t o  t he  problgm of determining a doairable test 
length is i l l u s t r a t ed  in Table 6, nnich  presents  ccrreletions of succe8= 
d v e l y  longer a e p e n t s  of each b o t  with total test acorn, The results 
of G m p  A are  used; and only one divis ion-of-atbnt im measure I 6  am- 
played; For each t e s t ,  only enough coeff ioients  are computed t o  asce- 
tain when (i-e=, a t  w h a t  length) the sample is long eno%;h to oor re l a t s  
closely with total scorec The  desired  level  of correlation 0811 arbi- 
ily be set  again at "90. The data  of Table 6 mpport w h a t  wed said dter 
examination of Table 5, i . e . ,  that not only would t e a t s  h a l f  88 long aa 

t h e  shorter  test would plaee the subjeot in almost exaatly the same rank 
the present one3 be of a e t i s h e t o r y   r e l i a b i l i t y ,  but t h e   t o t a l  soore on 

in h i s  group as does hie  t o t a l  score'on the longer test. O f  speoial sig- 
nificance is the f a c t   t h a t  on .:he two-hand coordination  test ,   despite i t s  
lower sp l i t -ha l f   re l iab i l i ty ,   the  fjrst. t.bree segment8 combined ranked 
the mbjec te  jn very much tb9 stmm order a8 the total scamo 

I 

Ile_P&bilitp. o f  the Varioue TWR of Pan.chomotor Scorgg. In  Table 7 
are shorn sp l i t -ha l t  and es t ima ted   t o t a l   t e s t   r e l i ab i l i t y  ooefficienta I , 

for each. score computed, Since the  resnlts for  Groups P. and B turne&ut 
t o  be quite simllsr, data  for t h e  two groups combined are presented, 
The wmffloienta for gain soores w w m  obtained by ccrrelat ing  the gain 
from the sum of odd trials of a specified segment to the mm of odd triale 
on the second s p o i f i e d  segnent with  the  gala between' suma of wen trinls 
of the  a m  tm ssginenta. Snah a score for  a given  person m a y  be aubjeet 
t o   f a c t o r s  making f o r  un re l i ab i l i t y  ln e i t h e r  Begment, 

i 

Thls i a  the  firat point t o  be observed wbn T a b l e  7 is examined with 
a t t en t i cn  to comparisons of typas of score. All mea8urea of gain tend to 
ba unreliable; this is accentuated for the   cen t ra l  to findl gain (C-F), 
where the possible range of acorea wa'as r ea t r i c t ed  (see Table E-2, Appen- 
d i x  E) and w h e r e  motivation was probably more variable. Further compar- 

I TABU 6 

i 

was performed, and are omitted f m  Table 7. 
2%eaction time soorea were discarded for G r o u p  B .when t h io  W y S i S  
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' Isom of t F p s  of soore suggest that initis1 ssgrnent scare8 &e in  gen- 
e r a 1   l e s s  reliable then  central  or  final sagcent scores, w i t h   t l ~ e   t o t a l  
mare  baing th9 umt rel!.able oT a l l .  It is not surprising that the 1st- 
ter  is the cam, sincs a relatively long sample of perfomanae l a  the  cob- 
putat ional  base i ' o r ' t h i a   = l i ab i l i t y   coe f f i c jnn t .  Further, It, l e  perhepa 
notexorthy that the   r e l i ab i l i t y   o f   cen t r a l  and final segmnt soo1'es ShO&l 
be so high -ban t.he "length of   tes t"  on vhich  they ere based correepxh , ." 
t o  on3.4' 4 brief  w o ~ k  pe'-iod. The tuo  maawes; on which @-n scores w e  
r e l a t i v e l y   r e l i a b l e  are t h e  rot- pursuit t e s t  and d~v i s ion;~of -a~t . t e~~ icr ,  
t e s t  ( track t h e ) ,   t h e  latter being t h e  highest in  t i  table .  I n  cont r r s t .  
the   coeff ic iento for C-F gains on the erial coordinatfon and two-hand 
coordjnat ion  tes ts  m a  in effect zero. % 
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I n  compering t e s t s ,  it may be noted t h a t  the tao-:hand coordimttion 
t e s t  gives 8~0x1s which te3d   to  be r e l a t ive ly  unreliable, no matter what 
work period is'used, The serial coordinat ion  tes t ,   in  which a segment 
conta ins  four timos the work period contained by e sepenL of my other 
t e s t  o r  mhsum, is nevortheless not a8 Peliable e.9 either t he  r o t q  
p u r s u i t   t e s t  or the  t(Po divis ion-of-at tent ion  tes t  mmuress T h i s  pmb- 
ably mesne that n o t   t h e   t r i a l  length, but t h g  namOillltn of behavior actu- 
a l l y  rxo rded  is the  primary factor i n  x-eiiability, an8 the   t ao 'axe  nat 
perfe@t,ly related, Tiit l a ,  only a l imited Ember of mat,ches i s  recorded 
a8 the serial coordination s'Jore, while on the rotary pm3i l i t  a h w t  B V O T ~  
instant. in a trial e f fec t s   t he  score earned. Flar themre,  the subject 
is "pa~csd" by the m k r y  pursui t   t ,es t ,  ad m a t  pace  himself on the ser- 
ial  c s o r d k a t i c n   t e s t ,   m s u l t h g  i n  a less consist,snt perr'ormmce on the 
l a t t e r   t e s t .  



i+-J!.at.ud than tho iniP,iriL w:d eentmml s t ~ t . m  Eeord.6- Tho f'omer 8m 
~ 3 . 3 3 ~  togethor i n  tho  t e s t  p ~ r i c d  z:d me ir~ t ho  mma reliable portion 
QP the  1earrlng curve (see Tsblen .j !ud 7 j .  In i t i a l .  and centre1 3';atm 
Jcores ?.re more closely  related t h u a r i  Ln i t i a l  md f i t a l  ocorm (thn Por- 
m;" being c'latrer together) e Anothol InCerprststioa OP these two ae ts  of 
:acts j.s that there are d l f f o r e n t i a l s   i n  rate of Learnlng, e.g., i n i t l a l  
sta.t.us is only a moderately good indicatiou of status & t a r  nny (plWgreE- 
sively  larger)  mount of p r o c t i c .  Thesa-  Smematiow ere in accord 
ni th   the cr,mo% findi:lg that  adjacent sepmn'ks cf any performance are 
Likely to   co r re l a t e  more closely thnn non-adjacant, o r  distant  segmnta. ,  
(Note t h a t  t h e  tro-hsnd coordimtioc  tes t , ,   the   least  reliable of the psy- 
chomtor  test ,s ,   tends t u  show the  l.owest intra- tes t   coeff ic ients ,  and the  
ro ta ry   purmi t  test, the h ighwt . )  

J r; ?IP~L'; G; .the e6n.tm.i 75 5 .  r.::Cus CCCK:E !.YO m o m  clcsa1.y 

A furt.her  observation may ho d t h  r-wpect to correlat ions of 
t e s t  oagments with tstal score ! a e ~  Figure 10).  Both cen t r a l  and final 
sttatua 8ooros ?orrelate c losely with t o t s 1  score, the  former ahowing 
? l igh t ly  blghnr c o e f f i c i m t a ,  Rml these  correlations am sliglrt-ly higher 
than those  betmen init ial  and t o t a l  scor3s. These coef f ic ien ts  appear 
t o  be in line w i t h  the  Lnt.erpretstinn  that   tot .al  soom on theas t e s t s  is 
a function  of b t h  initial or t r a n a f e m d  s k i l l ,  end the "dist,anco" m e 3  
:from t h a t  E U O ~  (laarning,!. Both factors dettrrmim cent ra l  and final 
scores,  but only o m  is important i n  the iait5e.l s t a tus  score, wh:h'ch m- 
f l a c t s  improvement over onlg a very  l imited series cf trials. That cen- 
tral .status scorns should  corrblnte 1mro closely  than final scores w i t h  
t o t a l   s c o r e  is perhaps t o  bR expected In t h i o  study,  since  centrnl  scores 
are t h  indices which beet  indicate how quickly a subject  reaches a high 
score level. The height of  t h io  general scwe  l sve1 , thns   ro la tea  moat 
closely with tho tota l   score  of a long  series of tr iale. .  

A t h i r d  sys tomtkc   d i s t r ibu t jon  of  cooi'fioients m y  be  obsened in 

nore  closely  than  the  gain fmm central   s ta tus  t o  f i n d  (C-F) w i t h  mer- 
in the  first part of the test (I-Cj C O R ~ X L ~ S  w i t h  o ~ o r - a l l  gain (I-F) 

all gain. T h i s  is t o  be expected,  since  the range of gairs I s  greater 
,.larly In  the  practice  period, and the  1 4  ga1.n is  clffected someuhat by 
the  fa t igue mu R I O ' c i V E t i O d  changes dwiilg  the l a n t  par t  of  each  test.. 
:<n other words, there 16 more overlapping or duplication between gains 
I -C and X-F than there  I s  between C-F and I-F.  It may slso be noted that 

toe f f i c i en t s  a r e  negative in sign. This suggosts  tb!t t h e  more rapidly 
the 1-12 gain is  even less olonelp re la ted   to   the  C-F gain, nnd t h a t  the 

L h e  subject I q r o v ~ s  during the early trials the l e s s  rapidly cam he im- 
prove during t h e   l a t e r  trials, 

11. These indicate  hterrelationshi]-!s emong gain scores; The  gah 

In  Fig& 12 am shown the  relationships af gain measwes to t o t a l  
szore. A8 mntioned above, the  to+&l scme dependdo, in par t ,  on how f&- 
a subject moves away f r o m  hio i n i t i a l  scores. Themfore, I -C and I-F 
&ains   a re   poa i t ivo ly   cor re la ted   n i th   to ta l  more.  Also, the  oubjoct w i t %  
a high  score  in thb cen t r a l  segment continuas t o  p i l e  up a iwge t o t a l  

t ral  score contlnues t o  gciir, but h i s  t o t a l  score cannot be RO great. 
6,oore but shows l i t t l e  or no C-F gain, while the subjsct  wi th  R low ce2- 

i 
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: i . . ~ ~ ? ~ b i . ; ?  12 tonoe cf kZOWkddgQ S.ht-: t  'tt.: :':. +.r:(~ F>3rt:1?3 all thoqh d6Nr.a- 

c ' .  x~d!.untlon test corsplioats the pr.oXLex & 'Lntwpr-etat-ton, 
fexoa the t Ice1 imegativ~l~y p x e l w r d e d  cwve  (w Tu the t,wo-?land prp 

t := p;ncil-end-pRper k a t  are hero tmated as eeparate t e s t s ,  and the 
J u t a r t e a t  Correle.tions (PenciLmi-FaE) The six sub-parts of 

A::c~:correlations m a  presented i n  Tabla 8 .  kttent ion is c a l l e d   t o   t h e  
fnllnwing Pacts: (1) the h ighs t   co r re l a t ions  are between the two hid- 

astests;nnd between p h m i ~  c i r c u i t s  and nechanical oomprehen- 
r i m s  2) the  lowest  correlations am Between the visunl pursui t  test and 

of cer ta in   toa ts ,  from Croup A t o  G r o u p  a brit the direct ions of these 
cthers; (3) there  In a r a the r  luge change i n  degree of intercorrelat ion 

clmnges exhibit  no systematic  patternj (LI in ganeral, the   internorrela-  
t.lons are not 7ery high,  dthough  planning  circuits, path distance,  and 
~r~r:!!.mical comprehension tend ,*a f o m  B c lus te r ,  

swl fir 

2 . . ~ 2  the means, v a r i a b i l i t i e s ,  and r e l l cb i l i t , i s s  of ,the  pencil-end-paper 
t j z t : g ,  It may be pointed  cut that (1) the mean score on the  f b e t  hidden 
25.pxmt.d was nearly e perfect score, resulting in small stadard devia- 
t ; o m  and low spl i t -half   coeff ic ients ;  ( 2 )  on t h e  planning o i r c u i t s  and 
' tr le second  hidden figureettsste  the nean score was approximately iu  t he  
r en te r  of the chance-ta-perfect range, wl th  en appropriate  spread and a 
hlgher reliabil2t.y; (3) t hc  visual pursuit t e s t  shows a moan which is 

cmprehension tests were too  diffimibt.  It is probable that the latter 
somewhat low, and less var i ab i l i t y ,  uhile the  path distance end mechanical 

f az t a  ar0 a re f lec t ion  of lowered  mdtlvation; This could well occur, since 
tke pa th  d i s t a u m   t e a t  was ra ther  p o o ~ l y  printed,  and t he  v i s u a l  pursuit 
t e s t  just fallowing it was aleo a contri3utor t o   e p - e t r a i n , a n d  lessenad 
i r . t e res t .  The mechanical  comprehension test, c o w  18th) would &fer 
f m m  these  influences,   despite the f a c t  that its in t r ina lo   in te res t   va lue  
i s  probably higher than that of most of the  other  sub-teats.  In general, 
only the   planning  c i rcui ts   tes t   appears   highly reliable, although  the  cver- 
all r e l i a b i l i t y  f o r  combined tests is adequate. 

Some of these f a c t s  may be interpreted d,th the a i d  of  Table 9, which 

Table 9 indicates  that Group B y  whlch soored high& on t he  psyohomotcr 
tes t s   than  Group A, aleo  tended t o  score higher on the pencil-and-paper 
t a s t e ,  and to ahon a more reliable perfcnnanoe. The most marked increaee 
 PES in the mchanical comprehension test, w b e r e  the standard deviation in- 
cmmed qu i t s  markedly as well. Theae differences and ' the  increased reli- 
abilities make it seem likely that C r o u p  B differed Imm Group A In 
st rength end condatemy of motivation. -1s confirming evidenne of this 
interpretat ion,  the subjective and cpsual judgments of the experimenters: 
indicated that the  subjects  of Croup B d i d  leas complaining and s e e d  to 
cooperate more whole-hoartedly t h a n  cubjects in  Group A .  

Inter- teat  C-s ( P m c h o e ) .  ht of i~ldrge quant i ty  of 
d a h ,  o d y  genera fldhgs sill be m1eot.d for a t tan t ian ,  Fhia b 

f icnt lon @em 0 

aom by g r o u p - .  jp bt&te&aWTioieatc-aooefiing t o  curfain o l u r i -  

%.able E-& Appendix E ,  contains  the data upon uhich th i s   s ec t ion '  i s  
baaed, 
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providing  tentstivo  support for  the hypothes.;.s +&at in te r - tes t   cor re l s -  
t-iona  tend to rise if t h e   t e s t s  both given under  majsed conditions. 

a r e  shown in Figure 16. With the exosption 07 the tw measures ac the 
divinion-of-Bttention  test ,  ncna of the gains correlates  with any o t h e r  

bnnd,3- and Buxton, there  in l i t t l a  evideoce that a ganeral (atatis-- 
gain t.9 a very i e m t  d e p e ,  AB I:, t!m stwiles  by R ~ I I , ~  HW- 

tical) f a c t o r  of lemming  rate e lds te .  It any be rwntioned again. in  
passing,  that  gain  mores 89 here compstc.5 8-w r e l a t ive ly  m l i a b P e ,  m d  
a lso  tha t  these pwticuler Intersorreiat ions  differed &out  at,  rendon. p.6 

betreen Groups A m d  R , .  

The interrelat ionships  of ga!ns on t h e  several  psy5homtcr tosts 

59 

t o s t   co r re l a t ions  c m ' b e  ascertained fsoa Figure 17. ( P i p r e  15 m g  k e  
The f i n d  and most d i reo t ly  prsst.iZ3.i i r . f o m t i o u   a b u t   t h e  inlter- 

examined again for the sam puqmse,! In  t h i e  figwe, the   cor re la t iors  
of each test with every  other  test   (excluding gain scofe8) e m '  mprartmter!. 
That t he   t e s t   In t e rco r re l a t ions  are generall~y l o w  is desirable,  since COP 
ponent pa r t s  of a t e s t   b a t t e r y  s h o d 4  nct, comelate   c losely,  

rntary pursuit test is not clcsely reh. i .nd t o   t h e  two-hand coordination 
t e s t ,  with which it has previously cok-rel3tn6 a t  least moderately. An 
in te res t ing  and t es tab le   in te rpre ta tkm ut once prssonts Itself. Espa- 

massed, in fact  continuous, predice conditione. Therefore, in additim 
c i a l l y  i n  tos t ing  i n  the Anay Air Forcas, d l  t,ests have been given v n r ? . : ~  

t o  whatever  pacific faotora might othar?!.se P F ~ C C Q . ~ O I I  ta mcderste cor- 
relation ( 615 t c  .25)  between these t m  tats1. there is the commoa f w t c  
of "fatigz6blli5y"  of  the E u b j e o t o ~  Tiis might d s e  the i n t e r c o m l a -  
t i o n s  t o  .25 ar -35. In   the  present  n t d y ,  howts~mr, dis t r ibu ted   pmct ice  - 7  

e t  l e a s t ,  mre distributed  than t'mt s q : . o p d  SF the  Army Air Forcea -- i x g  
used, so t ha t  t he  mmon  fac tor  of fz+.igphili ty is l e s s  significmt. E ~ R c ~ ,  
the greater spec i f ic i ty  of lndiv idvd d2fisro~cas, i . e . ,  lower  intercci-re- 

a t  a rather l o r  level ,  erocpt when t o t a l  SWK is  t.he 'mni3 f o r  the eta:- 
l a t i on ,  (2) The ,tmo-.ha?d corrdinat??;1 t z e t  tend; to cor re la te  w:th othorc 

ficient. Both f a c t s  are i n  llae with ?,he r o l i & 3 l i t g  data on t h i s  Gnet 

Apart f r o m  t h i s  general point,, four s tke r s  mq' be mader (1) The 

. '. 







h3lstionehiDs Betqpan P e n n i l - f & u d  Pmc-gr Teetg. Tabie 
1 r;maents intercorre3ot iers  betweon the  pencil-and-paper  teste and t o t a l  

.?::cres on the  psychomotor t a s t e .  i7cnpsrison of colums shows t h a t  only 
t k e e  pencil-and-paper twts !Planning Circui ts ,  Hidden F i g w m  11, and 
kchanical Comprohaneion) bear apprsciebls   re la t ionship  to   the psycho- 
rator tests, t h e  highost  coefficients msembljng the highest  coefficients 

In  general, the present  conwlatlons show a tenderay t o  be s l ight ly   higher  
! found i n  the analyses of inter- teat   re la t ionships  of psychomotor tea'to. 

. ,  for Group B than f o r  Group A, as w e m  t h b   t e s t   r e l i a b i l l t i e s  (see Table 9 ) .  

Comparison of rows In   the  present   tsble  shows t h a t  no psychomtor 
tes t   cor re laWs mow than  moderately wi th  pesoil-and-paper  tests, "d, as 
Kight be expected, na psychomotor hat ,   shars   odrrelet ions of consistent 
s:ze with a l l  pencil-and-paper  teats. Tne rotary pursuit test tends t o  
show the lowest  correlatiops, md t w o - h a n d  coordination,  the  highest. 
There i s  l i t t l e   fu r the r   i n fo rma t ion  jn t h i s  table to indioate what tests 
might best be used in an &clusive  battery.39 

Intra-oriterlon Correlations and Criterion &mlysig. As indioated 
in Table 11, all four   c r i te r ion  soores are qui te   c loeely  interrelated,  
It has been  mentionbd previously  that   these  correlations may be somwhat 
i d l a t a d .  A and C are  booth based on maneuver ratings,  A on all of them, 
C on those of the  "last-10' lessons. Since C is cot~taipad in A, t h e i r  
intercorrelat ion is t o  a cer ta in   ex ten t  spuriouly high. B and C are 
b&h based on the  nlaat-LQ lessons, C bel- maaeuver ratinga and B the 
average over-all percentage grade. 3.e ins t ruc tor  sppposdly derived'B 
from C a muputat ion  specif ied  in  tb* logbook8 t he  failure of the two 

38Seaahore, R: i, O p o b i t ,  (Seq Footnote 31 of this report.) 

39The a l igh t  tendency of these complex payohomotor t e s t a   t o  relate 
t o  one of the hidden figures testa supporh  the suggestion that a spem 
perception faotor is  t o  be found in motor a k i l l s  performanoes. See; 
Seashore, R. H., Burton C. E., and HoCollon, I. N, Ou. c is ,  (See Foot- 
note 3 of this rep0rt.j 
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upsn inter-instructor correlnticns. The prenent data d i d  not penult the 
A more rignificank  eatinate of c r i te r ion  reliabili€y w o u l d  be baaed 

a t ra ight fomrd  oor re l r t ion  of two inatmators rnt ing the aam men, &e t o  
-insufficient nambar of ca8eB. The closeat approxbatiou m a  the  correlation 
Iwt,mBen a given  instmsttur's ratin@ of a group of c8dets d ra t ings on 
the ERIW aadeta by several di f fe ren t  instrnotora, eaoh of r h  rated but a 
Pew of the IpBn. This m a s  done for four "kef inatructors  on CrIterj.cn C,  
m d  the wooefficiente of agreemsnt' were: .72, .So, .19, and .67. Appar- 
ent ly  nome instmctors   agree fairly closely in their ratings,  mhile athera 
do not, 

http://CrIterj.cn




3 26-30 
2l-25 

-3t-30 - 1 1 





:: 



-0s-05 3 : 3 1  



I 

12 

ISI' 



Ln Figwe 22,, It m a y  be no-tzci that! (1) b o t h  c r i t a r l a  a x  discriminated 
7.0m sharply thar wss the  cam for   the  tOtwy  pursui t  tests; (2) f o r  th 

of t a s t  scores, OA Cr l t s r i cn  A, but (possibly) in the  upper score ranges . 
quartile cut-off pain: ' h e  discrimination i s  sharpest   in  the lower rages  

on CritsrPon C ;  ( 3 )  f o r   t h e  rredinn cut-off point, t he  u per Nnd loW6r 
ranges or moras seen dmost  squally dismimlnet4.!1g; (&  P a c n r v i l q a r  
re la t ionship ;?ay  o ; ~ J s . Z  fcr Criterion A ( e t a  = ch'7, r .- 031), but probably 
not for   Cr i te r ion  C ( c i a  ,,52, r "49) .  

The F r d i c t i v e  efficiency of tho se-ial coord iua t ion   tes t   i a  sh0e;l 

Inspctl.cn of F i g m e  23 en tho  tm-h&d aoordigntion kt& shura t h n t r  
(1) the lower ranges of t e a t  s w r a  are tho moat discrisrinatorg f o r  e i the r  
c r i t e r ion  or f o r  e i t h e r  cut-off point; (2) over  tho whole ranga of t e s t  
ecoren, neithor criterion o r  neSthsr   cuboff   poixt   cm be said wit& an7 
corfidence ta bs prsdic~ted more e f f i c i en t ly .  If there i s  any difference ' 
the graph shws it t o  be i n  favor of Cri ter ion 1, There is nore .of a 
c u r n i l h e a r  rela€ion betwoen the two-hmd coordination test and Criter ion 
Cieta t .18, r * 26) than between the test and Criter ion A ( e t a  = c459 
r = 0 3 3 ) .  

. .L 
~I 

Figure 24 presents   the  resul ts   of  a similar  malysis of net t h e  

test discr iminstas   both  cr i ter ia   bet ter  in the  upper mngee o f   t e s t  score; 
scores on the dividon-of-at tent ion t e s t .  It is  prohabla tha t ;  (1) this .: 

I (2) Cri te r ion  A is discrimfnatod  better  than  Criterion C $  (31 In general, 
t he  test predicts  the medim, cut-off  point  sl ightly  better  than  the qnm- 
t i l e  cut-off  pin53 ( 4 )  tbre 13 some curv i l inear i ty  in the  relation be- 
tmen the  division-of-attention  teat  and Critei-ion A ( e t a  = ..??, r = -27) 
and ra ther  =ked cwvi1iilearit.y i n   t he   r e l a t ion 'be twem  fhs  test and C r i -  
t e r ion  C ( a t a  = .bo, r = .19). 

, 

t i l l n e a r  r e l a t iomhip  between t e s t  end c r i t e r ion  is simplest to deal.  with, 
I n  e m m y ,  it cnn be s ta ted  t i t :  (1) on the assmpt ion  'tht a rec- 

i . e . ,  %hat r i s  the  desired  insex of tes t -c r i te r i sn   re la t ionship ,   Cr i te r ion  
A (mean over-all f l i g h t  maneuver ratlng) is  pradicted more eff ic ient ly '  t b s n  
Criter ion c (man maneuver ra t ing,  "Past-10" ieesons) in three of tlra four  
a a s e s ~ ~  (2) on the  assumption  that the shap of regression l ines  is see- 
on- i n  importance, i . e . ,  t h a t  eta i s  the  desired M e r  of mlationahip,  

411n other aorcirr, whon t,& most reliable t e s t  score i a  employsd, the ' I 

c r i t e r i o n  which in  general  has baen declared  previously t o  bs most s table ,  
e tc . ,  i s  t he  one predicted  best. 

http://Inspctl.cn
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exceptiom.,  the  revised gnfn scores -= raw gain during the Rahorteln test, 
or per cent gain -- are of lower predictive officienoy than the origindl 
gain scores.. The revised total score likeriee is  in the main inferior to 
other statue scores,, The only probable improvement in the  revised SQOring 
seem t o  be i n  t h e  t w o - h d  coordination test, shere inolusion of all early 
trials in the, total  core very s l lghtly Improves the  prediction mer the 
origlni l  central statua and total score  predictions, The revision w8 not 
attampted f o r  Group B o r  for combined groups, 

The msults of these analyses are shorn in Table 13.43 With few t 

'3 

Test Order apd PreJietivo Efficienup, It dl1 be recal led that two 
orders w e r e  employed i n  t e s t i n a  Groups A and In order I. the  rotary 
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Track T i m  C, 3-U .25 *YJ .I7 -23 -17 .2P "14 "16 
. *  C, TrI& 1-14 c . 2 e  .17 .17 n.rJ. 

Seg. 3 Seg. 1 .05 "09 -10 <.OL ,03 ..02 
% G a i n  .co 03 - .01 = .03 ! 

,.03 -.01 
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COIlRELBTIOlJs OF'MTAL X'GREs OR PSYCAOIID'IDR TESTS KITE 
CRITFXION A, IN TWO TEST-ORDER 0H)UPS ,'- 

. - a ~  

Rotary Serial  h 0 - R  ami Division-of- 
order I E+ Pllrsui$ Coordinatloq Coordinatiog  Attention 

I R n 18 .a -22 
I1 , 79 

.18 .27 .31 .tu .n 
,p, 

*me test-order  notation -8s miss- an tno  recorda. 
, I  

~ .. 
? 

are somewhat better predlotors of the c r i t e r i a  than are cen t r a l  o r  final 
status scoresa The generalization is limited, however., t he   f ao t  thut 
the  superiority  occura malniy i n   t h a  C r o q  B reaul ts .  (2 As seen in m a  
.4 a d  5, the three-variable  maltiple  'including  track t h e  (final s t a tus  score) 
tends e0 d i f f e r  l i t t l e  in predictive significance f o r  all 
t e r i a  from the three-variahle  multiple  Including net time F final On statu Lmth score). nri- 
(3)  'One combination of gain sooma- -- t he  m o s t  proai8ing of  those  obtaimd 
f o r  Group A -- does  not  stand up in mocessive samplihgs (see row 6 ) .  There 
is a suggestion that a status scorn and a gain score combin&, OIL the ser- 
lal ooordlnation test (see r o w  7 )  has some s t ab i l i t y .  However, it is doaht- 
ful  whether the finding will atand up in later investigations,  since  the C-P 
gain involved baa a r e l i ab i l i t y   o f  approximately zero. (I) The oombinatioc 
of  the  three  beat  predictors among the pnci2-and-paper teat8 (see row 8 )  is 
about equal t o  the best psychomotor ma8ms (see rows 1, 2, 3) .  (5) A corn- 
blnation c f  two of t h e  best pencil-and-paper t e s t a  with rttatua  scores f r o m  
paychomtor tes ts  (see rows 9, 10, ll) is about as e f f i c i en t  in predicting 
the  c r i t e r i a  as is a combination of two psychomtor acorns and one pencil- 
and-paper measure ( see rows 12, 13, I&) . ( 6 )  A f ivekar iab le   mul t ip le  has 
l i t t l e  more predictive  value.than  certain  three-vmLable  aon,biMtiona. 
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It is of   in te res t  to note   that  a number o f  the multiple  corrclutioh c u -  
sfilnients w t t h  Criter'lon A 1.n Table 15 are in the .LO'S, f o r  %ha ccnbhw 
groupsI and many of the  c o e f f l c i m t s  vith Crltsrlon C a r e  in the .30's, F w -  
tbemore, f o r  g~0uD.B on both c r l ix r i a   co r t a ln   wef f i a imts   r aach  the level . .: 
of .50. In a ~ r e c e n t   s t u d y  bjr t h e  AAF i t  bas been Indiiatscl that the d u e  
a f  "50 is rather typical  f o r  cmbinations of 12 pencil-and-perpar tests o r  
six psyclmmo2er t m t s  i n  P A F  york, Ccaff1c:ents for smdiller numbers of 
t e s t s  or fo r  specadin teat.* ha7e not been published, but it iu quite p 3 -  
sible that Lhe mvltiple oorre1at:on coefflciants ?cud In this study apprx:. i 
mat6 to soma extant those obtained by the 

~ l ; ,  

One further evaluation of the multiple  correlvtior  coefficients is 
shown in Table 16, i n  which a r e  preseatal multiple correlations f o r  Croupn 
A and E, obtained by .the application  of the beta welgkbs from each smple 
t o  the other. The Inaxhized multiples  of  Table 15 arc repeated t o  make it 

45kee: Staf f .  Psychologicnl activit*aes i n  t h o  training corned, 

. .  

-- -I_ .- . 1 I_ 

Air Forces. Psychol, B u l l . #  19A5, iz, :4?-5L. . ,  
. ,  
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~ L E  included as A cheek on carrelattons r5th Criterion 6 ,  
sn~~ierr to observe the shiakage.  ' 3nlg a few of' the combinations 

ion A i n  Table 16, F i r s t ,  the  single inachncu of greatest shrinkage 

i a4  coosdination  test  (1-4) and two-hand, aoardination. t e a t  (C-P), with 
{see r o w  6) is i n  t he  su l t i p l e   co r r s l a t fon  a? the two gain 8 ~ 0 ~ s ~  881- 

this cr i te r ion ,  Secolvl, psrticularly in  regard t o  Criterion A the  8hr1.nkm 
axe appears someuhat leas when a l l  the tests i n  8. combination are  c9i'ihar 
:jencil-and-papsr (see r o w  8 )  or psychomotor (see rows 3. t o  5, inchsive) 
t h a n  when the two typos of t e s t  8I-e rspresmted in a given combination 
(see rows 9 to lq, inclusive).   'Third,   the  cornelations based on the  five- 
t ea t  battery did  not ahoa less shrinkagcll t h w  t h r~   co r re l a t iom based on 
the three- tes t  battery: 

Three points cab be rude  concerning thb somelatiomA6 with Criter- 

In rmmary  of ' these e r d y s e s  it may be said t h a t ,  just as 'the zero- 
order correlations with the   c r i to r ia  did -not reaclily pmit  ChOiCSS among 
',he predictors, t h e  multiple ogrrelat?.ons auggeat t,hat several   d i f ferent  

of t ea t   econoq,  it is probable t h c t  same pencil-and-paper measures s h o d  
::oathations of meaeures are of about equal vdue. From the  point of view 

be combined r i t h  a feu psychomotor m~sures. Apparently the exact ohoice 
of measures and score# will depecd i n  part on the type of scoring of the 
f l i g h t  ad ta r ion .  Certain of the  multiple  comelntions shm 8om shrink- 
age whe'n b t a  weight8 8.m apf l i ed   t o   ho the r  sample; the amount of  shrink- 
age is  apparently in par t  a fund ion  of the r e l i a b i l i t y  of the zero-order 
P a .  

SWBRf 

Four coaplex psychomotor t e s t a  and a pencil-and-paper test containing 
, six eub-tests mare admhisterad to 153 War Rain ing  Serviaa cadete. Data -- 

'%r. Leon Featingar s e c u k  the  multiples  with the new weightings 
according t o  the fomula derived b e l o w .  S i n m  the eamplea were re la t ive ly  
mall, mightings In %-soore form 'were applied, to reduce  the  var iabi l i ty  
due to fluctuation of sample sigmas. 

= &1 + b;! "2 t .....,...".. % %  
Them jio = pnedicted  cri terion in s-score form, 
and b = a rb i t r a rg   we igh t lqs  



on elementary f l i g h t   t r a i n i n g  were &o secumd. An attempt .as d e  t o  
eva l?~ate  and compare the  several  tests, includbg  varioud of S C O P  

f l i g h t   t r a i n i n g  auccesa. The pencil-&-paper t e s t e  were p r e m d  to 
lng performances on the psychomotor t e s t a ,  8s instrunsents for predioting 

IPB~SUTC aspeato of  perceptual skill and of mechsniaal  comprehension, and 

reactlon time, smoothness cf control, and speed of deQieion, an components 
the psychomotor t e s t s  were presumed t o  masum such f ac to r s  M Mteadiaem, 

in compXex performance. 

Psychomtor   t es t s  employed, and lengths  of'work and red perid8 011 
each, were M follows: rotary pu3.sait test, 10 seconds work, 20 SeoOndS 
rest? eerial ooordinatios test, 120 seconds work, 15 ewondn r o S p  ta0-W 
ocordination. ttmt,. 30 B C U O C ~ ~ . ~ ~ @ ,  30 aaconds ,rest& dbls ion-e iba t ten t ion  
t e a t ,  30 seconds work, 30 seconds r e s t   ( n e t  time, t r a m  tiee, d rsaet ion 
time measares wore taken simultaneously on the anme p e r f o m ~ e ' ) .  Each 
t e s t  was eaored in seven rags8 i n i t i a l ,  central, and fin4 statup aco~%s, 
t o t a l   s co re ,  early gain, later gain, and over-dl gain. T h e  aerial aoordin- 
at ion test practice wa8 r e l a t ive ly  mfmsed, dl otbera  re la t ively  dis t r ibuted.  

Included i n  the pencil-and-paper test vem the  sub-tegtar , p l a n i n g  
circuits; hidden figurea I, 111 path diatanoe; viwdl pursa i t ;  aeohaniaal 
comprehension,. 

maneuver during Stages A and B of e lementary  f l ight  t ra in ing ,  and an over- 
all percentage &de for  the  5 t o  20 maneuvers of each lesson. Pour scor- 
ings of  these  data were  developed: mean f l i g h t  aaneuver rating, mean per- 

leseons centaga ? dll three being  corrected for instructors8 mean and variabbilfty), 
and uncorrected mean percentage grade on "hat-10"  lessone. 

Gri tef lon  data  conaisted of ratings (on a 5-point sca le )   for  every 

rede on 'last-lOU leasone, mean maneuver rating on 'Jast-lOB 

A general surrrmmy of the fiadings of t%s stady i a  an foUoraI 

of prac t ice  and rest on various tests showed that (a) there WM claw-cut 
1, A atudy  of psychomotor perfornonce recorda over 25 t o  40 minutes 

'i rovement in averaga  score; (b) aU c w m s  mere negatively  aocelereted; (3 a limit a p p a r a t l y  0'88 being nppwached i n  some c n ~ e s .  

menta of t h e   p s y c b w t o r  tes te  ahowed,that (a) in three CMSB adequate 
r e l i a b i l i t y  (.90 or better) was reachhd halfway through the   t e s t   pe r lod  
o r  e a r l i e r ,  viz. ,  after 16 trials on the rotary pur su i t   t e s t ,  6 on the 
ae r i a l   cood ina t ion  test, and 16 on the division-of-attention test; (b) 
the  two-hand coordination  teat ,  full length (30 t r i a l s ) ,  a mplit-half 

2,, S p l i t - h d   r e l i a b i l i t y   c o e f f i s i e n t s  f o r  successively  longer s e g  

. coef f ic ien t  of only .73. 

3-  Corralations of  suoceasively longsr segments with  tot&  acorn 

coordination  teat   did not prevent i t a  cormletions from reaching tb 
showed, nevertheless, that the  rel8tive m e l i a b i l i t y  of the.tTo-haad 

leve l  of .90 as ear ly   as  for all other   t ea t s ,  j.8.) at abed hdf-length, 
or l eas ,  

-% , 

n 

.'. 
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SUPPIZS%TARX UTA,  GROW C, ARD CoyPdRISORS KITB 
DATA OF GKUUPS A AND B 

INTRODUCTIOI3 

were introduced just a t  the  time the first cadet olass of Group C (I4 = 5 6 )  
began its f l igh t   t ra in ing .  It 188 f e l t   t h a t  i t - w a s  not justifiable t0 
uae the data of Group C i n  analyaes where they rare e x m t l y  comprable t o  
the earlier groupe, but to omit them where they dlffered (any analysis 
involving the flight cr i te r ion) .  This appendix therefore C O M i & s  of 
graphs and mnmcary tables f o r  Group C separately, presented in the 
order aa f o r  Groups A and B, with a nmning commentary on how these finel 
data compare with  the earlier ones. (Several of the  detai led analyses 
have not been done again  became it w a a  feLt they could  add l i t t le  to what 
had been presented  previoualy.) A l l  s c o r e   d e f i n i t i w  and t e s t s  are ex- 
a c t l y  l i k e  those for the earlier data, except in instanaes where c r i t e r i a  
m e  analyzed. 

It vill be recalled that a new logbook and flight r a t ing  procedure 

U Y S I S  OF THE GROW G DATA ARL' COWL%sO!?S OF THESE 
FINDINGS WITH DATA PROM CRDIJPS A AND B 

The trial-by-trial mans for the  rotary pursu i t   t ea t  are p r e s e n t d  
in Figure 25. %e raw scores ( i n  "001 m i n .  units) have been trrin.glated 
i n t o  per cent  time-on-target  valuea. Comparison witkFigure  5 of the main 
otudy shows that Croup G is very s l i g h t l y   s u p r i c r  to Groups A and B corn- 
bined, although their i n i t i a l   e c u m s  are an almost  exact duplicate of  those 
f o r  the earlier cmbined group.  

, 1  

The learning curve fo r   t he  aerial coardination  teat  is ahom i n  F i g u r e  
, :  

26, and is t o  be compared with Plgu~ti. 6 of the  u d n  study. Group C has 
slightly higher initial status   than Group3 P, and 13 oombined, and ends its 
prac t ice  period s l i g h t l y  inferior t o   t h e  earlier groups. 

On the two-hnud coordinat ion  tas t  (oompare Figure 2'7 wi th  F i g u r e  7 
i n  t h e  main study) Gmup C i n i t i a l l y  is about qual in s k i l l  t o  G r o u p s  A ' 
and B chbined ,  but is s l i g h t l y  inferior from about trial 19 t o  t h e  end of 
practice.  , 

Figure 28 t o  be compared with P i p e s  Sa and 8b of the  mah study, 
shows that on both t5e track  tima and nut tirno measures fo r  the division- 
of-attention test, Group G s ta r ted  at about the came level as Groups A and 
B combined, but  throughout most of the practice thereaf te r  w a s  somewhat in- 
ferior t o   t h s  combined groups, 

In s m r y ,  Group C s ta r ted  each of the f i v e   t e s t s  or measures at al- 
, ,  

most the same level of skill as  did the  earlier combined poups.  In   the  
rotary pursui t  test, Gmap C bcaag   somahat  superior, in t h e  remnlnder 

? 
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As in the earlier groups c e n t r a l  and final stat& scores are tlm m o s t  
closely re lated (nee Table 8-2). I n i t i a l  aml final score8 are in each test 
s l i g h t l y  more closely  related  than are initial cent+ soores J- a re- 
versa l  of the tendency in Cmupa A and B. This reversdl coaes.about pri- 
marily thmugh an increase In the size of t h e   i n i t i a l   v s . . f h l   c o e f f i c i e n t s .  

. ,: 

No re- explanation for  t h i s  increase is apparent. Table A-1 ehws that 
range of ta len t  m q  be p l i g h t l y  greater i n  Group C, but the   s lgni i icance of 
t h i s  for the  correlation  pattern of Table A-2 is not  clear. 

1 ~. 
. .  

, .; 

, .  

Rotary Pursuit I 74* 
Serial  Coordination 

.89 .62 .a 
ho-Rand Coordination .66 "79 

Net Time 
Division-of-Attentionr 

.54 
Track T h e  63 

.a 

.a3 

.n .& 

.76 

.66 .68 
*In t h i s  and in a l l  succeeding tables ,   the  5 per cent level of 
confldence for  r i s  "26 (B - 56). 

As In the earlier data, initial scoree cor re l a t e   a t  a high level with 
' t o t a l  scowa, but nevertheleas not  quite  as  high aa t o   cen t r a l  and final 

correlat ions wi th  to ta l   score  than do central soowe, a reversal  of the  
8cores (see Table A-3). In  each test, final scorns show s l i g h t l y  higher 

through  increases in  sine of the final t o t a l  ria, 
sl ight   t rend in the e a r l i e r  data. The reversal probably comes aboat 

Early gain relates more closely  to  ovar-ell gain (see Table A-4)  t h m  
doee late gab, as in Groups A and E. As before,   the   cornlat ione betreen 
early & . l a t e  gains are lop. arnd negative. There seem t o  be a great ai* 
ilarity in the pattern of P a  88 re lated to specific t es ta ,  when ths s a ~ l f e r  

I data are cnmparad with these., 

TABLZ A-3 





n 22 
* 17 
"35 

-*23 -'.23 
= .w .07 - .2P -.15 

In Table A&, for- example, the  wb:ects hav i i i  higher   central  scores 
on the rotarg p u r s c l t   t e s t  had obtaincd them by having  th9 larger I 4  sins 
( r  = .@); thars  was not mch improvement in tht)  pkp 83 a whole, after 
this cen tml   pa in t ,  -2. tkm C-F @ins were dist r ibuted in a somewhat in- 
vsrae fashion ascng thous he?ing ei ther   high or low cehtml status (r = 
--..Oh). T h e  1 4  g d n  is the maZn o r  ovarlapping component in  I-F 55.116 
(r = .72, a m  Tabla B-kij 83 the latter aro a h 0  poSitiQely  related.  to 
aentral  statun ( r  = .45). Those of high statu0 et tna c e s t r a l  eegment 
a a i n t a i n d  it i n  the f h l  score (r = .89, see T 6 b b  A=?), and I-C gain 
as a l a rge  component of 14' gain detelvlines f i n d  statue, so that in the  
p r e s m t   t a b l e  fLm2 status and I -C gain correlate "61. Further, subjects 
sho ha2 high cent ra l  3mms and tharafore  high f!nd scores ere t h e  ones 
who ahow least C-P ~ f l l n ;  and  it 13 possible fGT f i n d  StAtUS and C-F g a i l s  
t c  c o r m l a t e  -,51. L ~ z t l y ,  final status and over-aE gaim correl.ate pos- 
i t i v e l y  ( r  = .25). $his len@hy a r d p i s  e o d d  'ce a7plled to each of t h e  
remaining masures i n  Fable 4-6 to offer oom3,r:;qport fcr t b s  argument, 
t ha t   i n t r a - t ee t  correlat ions are a finctioa of degree of ovorlap betwoen 
msesures a d  of the shape o f  the learning CUF~ cu whi& the  measures are , , 1, 
based. 

I ,' 

As i n  the previonn  data, tEo of t h e   h i g h e s t   c o r n l a t i m a  are btmm 
' the two hiddon f i v e s  t e s t a  and betwsen plmning   c i rcu i t s  and mechanical 

distance and machicel  oompreiimsion 3,s higher than for Groups an3 B. 
coupmhens'lon (see, TaXe A-71. In Gmup G ,  ?lonever, the r between path . , j, 

I n  genorsl, the visual pursuit tes t   appears  a@n t o  be t he   l ea s t   c lo se ly  . 
re lated to the ' other sub-tests. Tim fluctuations from previous corrals- 

.~ 

,< 
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P1arm:ng C i d b  
Bidden Figures I 
Bidden Pigurea I1 
Path  Distance 
visual Fursuit  

Id9UI 26.7 22.7 U,,6 12.6 U . 2  
Standard Deviation 9.3 3.3 A.3 '3.3 2.0 

3-24 
6.3 

:, 1 

t ione  , t o  the correlations re&rted in Table A-7 are  abut  of  the sme 

great enough to corneal the general  trends mentioned above. 
' . '  magnitude as changes from Group A to Group B. S&S fluctnationo are not 

As i n   t he  earller study, psychomotor meQaures intercorrelate  at  a 
relatively lw lave1 (sea Table A-6) .  Bowever, the correlation  coeffi-  
a ien ts  based on t o t a l  3core ( i . e v ,  the moat re l iab le  sc01.e) tend to be 
the  highest  for the   vmloua  tes te  Or'measures correlated.  Further, theisre 
is DO evidenee for a systematic ~ I I C ~ E ~  in size of intarcorrelat ions f n x  
early t o  later stages of practice.  

Again,~r i th   the  except ion of the  r bstween two scores on the  divisiow 
o f - a t t d i o n  test, no pia correlation is very large (see Table A-9) e 
There i a  no ready explanation,  exoept,in terns of chance f luctuat ions,  far 
t h e  preddnanae of negative coeff ic ients  in the C-F gain ' column. It msy 
b& i o r t h  recslllug t h a t  t h  rotary  pursui t   teat  a d  the  %--hand coordiri- 
t i on  t e s t  leamlng curve3 & o w e d  l i t t l e   i m p r o v e m t   f o r  Crorlp C beyoad the  
cent ra l  score8. When such C-F gains ar&,CO1~6k'ced with. thcss  on tests R ~ W -  

Ing greater  improvenent, nther low internorrelat iom are t o  bs oxpcted,  
but not systematically  negative  coefficients. 

CFiITEPJOB BNALY3ES 

Two different ways of scoring tha   c r i te r ion  chta ssemed feasible.  
The first of these i s  cal led CritaTion A ' ,  because it ia exactly. a n d o -  
gous t o  Cri ter ion A of the main stadp in 631 ze$p8ct~ but one, i.e., the 



Total 

, .r$ 

28 

.?,I 

25 

.29 

.28 

.f+5 



Net lime 
YE" 

TraGk Tlma 



, 





Cain - I-F Tota_a 

.05 .21 
-,.Is "36 
-.,& .,a 
-.11 .x3 
-.05 n31 

r i t h  data from Cronp B, nu gain scorn on tho serial coordination teat  seams 
to hold much predictive promise. 

1 
I The findings of Tabla A-12 contraat mre with prwioas data than i o  

the  case for m y  .other comparison. The mechanical comprehension test is 
8' fairly good predictor, and hidden figures I1 4 poor prediotor. The cor- 

1 ,  TABLE 8-32 

CORF3LATIGIJS BETKEEH PaCIL-ATD-PAPER TESTS 
W D  c m m ,  CmUP c 

Test c ' ,  - X Criterion 

Hidden Figures I 
PlmlY& C i I W U i t 6  * 35 "38 

Bidden Figures I1 .08 
-07 . 

0 10 
no3 

Pnth Distance .15 
V i S l l R l  Pursuit 

19 
.29 

Meohaniod Comprehension 
-26 

-22 I 28 
Yechauioal Comprehemion + 

Path ,Dfstaacs .22 ~.2a 
Mechanical Ccwprehension- 

Hidden Figures I .21 
.Total  Smre  .P 

+a 
.35 
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8 ,  Each m ~ n  comes. twice per reek for  t.0 weeks, S p n d i G  an hour a t  
each 0; the   four   t es t  sessions. I n  addition, he takes two hours of 
pmcil-and-paper t es ta .  

8 , .  A t  the first sessio;1, the t H 0  msn per hour are given the  steadiness 
t e s t  and the rutary pursuit b e t .  The steadiness test is  a buffer  -- 
t he  men shmld 883- it counts, but it ac tua l ly  w i l l  not. About 10- 
15 minutes 8hcu.U be consumed iB giving the  instruct ions for t h i s  t e s t  
t& t he  t e s t  (10 30-see. tri,als, =rely holding  the  stylua in  the smll.-~ 

f o r  50 trials cn Condition D (10 sec. work, 20 sec. r e s t r c l e a r  the 
est, hole -- see ins t ruc t ion  sheet) Then to the rotary a u i t  t e a t ,  

clocks &er each t r i a l ,  Be su:m t o  fill out the first two lines on 
the m t r q  pursui t  d a t a  sheet -- the  third is not  neceasary, because 
we ctm get  It from loghoks .  Assign t he  ss at randm t o   o r d e r  I o r  
o r d m  I ? ,  BO ‘chat any subaequentg will know w h a t  t e s t s   t o   g l v e  a 
a t  my appcintmnt.. An order - l i s t  m i l l  be kept i n  the  waiting mm. 

C, If a man has test-order I, his next   t ea t  is  the  dj-vision-of-attention 
t e s t ,  After b t r u c t i u n s  a m  given, the test i s  sex-administering. 
Thirty 40-oec, trilrls with 33-sec. rest. Clear clocks between triala. 

E ,  If a man hsu test-order 11, Xis second t e s t  is the  Mashburn (ca l led  
”sorial coordination”). Use a 2-mia1 p r e = t r i a l   ( t r i a l  0 on the  data  
sheet) ,  then 16 Z-III~IL  trials w i t h  W-sec, rests i3tervening, Be 
anpeicilelly caraful  e0 learn dl operat ional   t r icks   with t h i s  test, 

E.. The t h i r d  t e s t   f o r  a d   UP is the l a the ;  30 30-ser:. tr ihs ,  with 
30-aec, rest between trials., This  0r.e is t r i c q ,  toQ. 

F. The f o h h  t e s t  is t,he remaining one idl .~ision-of-attention or serlal 
coordination) ~ 

C. Notes: 

i On all t e s t e  t8‘x;r tho firet cnly the m m d ~  name needs to- he 
entered CH t he  da.t,s 5 k m t 3  

2. .  No marr i R  t,o ke irolfl, any sdore: if it, is requested, mke a non- 
connuitsl izswer. jndicating that. yon m-3 not  permitted  to  give 
the  infomatinn.  X&+ no compnisons of man, end. use only su& 
ancouragzmnt, as is necessary t o  keep each man trying t o  do h i s  
best. 



n 1,s: . 
, ,  

A. "This is a t e s t  of your a b i l i t y  to follow a moving target .  
'. f ' This blacli  disc  (point) rill ro ta te  in a clockwise  direction." . 
.. (Exminer  traces nwtion  with finger.) "Your task  Is to keep I .  

the  point of t h i s   s ty lus   (po in t )  in Fontact w i t h  t he  round 
brass target  (point)   while the disc  is turning. Your score 
is the amount. of tlm the s ty lus  is on the  target.* 

! 

j, 

B. S t a r t   u n i t  motors,  Condition D, Unit 1 off; unit 2 on. 

C. "The stylua is t o  be held   l igh t ly  i n  your preferred hand in 

ing  stylus.) "Iiold the b r k  of the  band up with a3.i four 
t h i a  manner." (Examiner' demnst ra tes  aorrect manner of hold- 

fingers and the thumb grasping, the handle. . Bold the  cord in 
your other hand." (Examiner follows moving target   with stylus.) 
'Follow the   t a rge t  like t h i s ,   t ry ing  to s tay  i n  contact  with it 
f o r  88 great a time as possible. You rlll do best i f  yo0 de= 
velop a m o t h ,  free-sringing motion of your am and shoulder 
like this," (Demonstrate.) \ 

D. Reset clocks3 check voltage. 

E ,   you^ w i l l  notice  khhat,the sty lus  is made 80 t h a t  you a m o t  
easily put  pressure on its point. Do not  attempt  to  ut  pres- 
8u-e on the  point  by turning  the  handle like t h i s  fdemon- 
s t r a t e ) ,  by t i l t i n g   t h e   e t y l u s  l i k e  t h i s  deabnatrate) , o r  by 
putting your f inger  on t h e  metal md Uke this (demcnstrate) ., 

'How pick up your stylcses  end place them an t h e  target." 
(Examine each mtn'a grip on h i s  stylus and correot it by re- 
peating  appropriate part.0 of the instruatfons.) 

~. 
F. Vou rlll,b given a long series of t e d t s  and r e n t s .  When the  

disc  starts, p u t   t h e   s t y l w  on the target and try t o  keep it 
1 there. Your BCOI'R does m.t begin to count until the buzzer 
' .  n o d s .  When the   disc   s tops,  'rut the stylus off the   t a rge t  

and  keep it off u n t i l   t h e   d i s c  s t a r t s  again. Are there  any 
questions?  There I s  to be no t a l k i n g  during the test , '  

G, units 1 and 2 on. 

fI. "Reraembar, your score is the.amount of time that the   s ty lus  is 
actual ly  in contaat with the target .  It all1 be t o  your advan- 
tage to do the best you e m .  Ready e . e I) 



1 





(E&erimenter takes sca t  at  control  box and gives following 

donut touch it u n t i l  1 t o l l  you what t o  do," PrequenZly 
instructions):  nBor tske p u r  plaaes at the a paratus. Bat 

necessary to repeat t h i s  instmation.)  

'Pbr, using your riaht hand ?nip on the upper handle, move 

Let go of the upper handle. lor, using pur left hand o m  
the button aho-ut an inch off tbe target a i d  back on again, 

on the lower handle egah mve the  button about an inch off 
the t a r g o 2  and back on again.  Yov let go of t h e  handlesow 

T u u , w i l l  bs given a long ser iea  of short work periods ad 

of f  the target, gat  bsck oh aa qulakly as possible and then 
r ea t  periods. A t  the end of each work period, if you are 

take your hands off tho handles and.wait for the ready sig- 
nal"" 

DRbbn I say ree$g, grasp the handles but do not turn them. 
Rhen I say gg, the  target^ rill begin t o  mve. Tou try to 
stay on It, Elever release the handles i n  order t o  spin 
them (ezplain t h i s  a ta t emnt  npon requsst). A r e  there any 
questions? There Is t o  be no talking during t h e  test .  It 
dll ?x t o  your advantage to do the  vnry best you cmUn 

quizes) "Get back an tha target. Then take your handa off  
(At the end of first trial and later ae the   s i tua t ion  re- 

ttm handles and m a l t  for the ready 

T! 
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r n ' r n r n C ' P I O A  

tude" data we= d y z e d   t o  dstsraine if t h e m  any r a h t i o n s h i p  be- 
heen vnrioua msaems of learnin(3 on a aorles of F)Hyohonotor t8&e d 
c r i t e r i a   o f  flight aptitude. One of the m e a m s  eonslbsred. in this 

between certain a r b i t r a r i l y  choncn trisls on the psychomotor t e s t s .  The 
atudy u a ~  the gain score. The gain 8oore i a  the inommnt  of  parfOI-Pb9n56 

gain more was considered  to be a measure of the rats of learning, and 
I t s  re lat ionship t o  t h e  c r i t e r ion  meemrea rae imes2igatedc 

In the   s tudy  ent i t lod "An Appraisal of Certain Temb of P i l o t  Apti- 

As a redt of omta in  o b j e o t i o r d  t o   t h e  w e  of the gain aoores 

meaaure of ralo of learning, The other m e a 0 u r e  m ~ e t Q d  ms the  alcpe 
as they were measured, it was deemd  advisable t o  develop some other 

of a ourve f i t t e d   t o  t h e  individual 'e performanoe scorns on a p a r t i o u h r  
t e s t .  Thls rns89tu-s i a  obtained  tuking  the first, derlmtlvcr of tho 
equation of th f i t t e d  o m e o  Amthar IWRCIUI.B aomidemd to be of value 
w a a  the  trial at ubi& the fjtteil lealvLng carve m&md 8 marlmum. 

An a prslimlnsrry t c  applylng  these  teohniqms to the e n t i r e  test 
battery, t h i e  ,technique was appUsd t o  ths data on the m r i d  ocordina- 
tion t e s t ,  To the  CeP,a fo r  ea& subject was f i t t e d  8 curve of  ths iowr 

y ~ n d 4 b * ; ? + o x + d  

The f i r &  derivative for ea& of t h e m  curves w a a  taken and ita v a l e  
at the a d ,  &h, a& 6th trlalln was d e t e d n d ,  The l a t t e r  measurea were 

urea. In addition, t o  each s e t  cf data f o r  a subjeek, h curve was f l t t a d  
the rate of learning meamms tiist were correlated  with the criterion maaa- 

of the form 

and Mr. Davld Balian, Stet€s%icd Unit, Udvar s i ty  of Rooheater. bokno~l- 
edgmnt is made t o  Dr. P ~ p n c l  Franaen, Convdtant to the  COmIithe on 
Selection and Trdning of Airoraft Pilo2e, for f i t t h g   t h e   s l o p a s  of t he  
a w e s  t o   t h e  learning data. 

47Pert..ts I and I1 of Appendix D were prepared by Dr. Seymour Wqner 

aAa  poiated out i n  Footnote 17 the  gain mmre,was critiaiaed on the  

pendent of the  oorrelatione of the ini.t,iel E& termindl p i n %  with  the 
ground t h a t  i t s  correlat ion  with  the  cr i ter ion is n o t   s t a t i s t i c a l l y  irdc 

oriteria, w h e r e  these initial end teznlnnl points  are wed in caloulating 
the gain ~ o o r s ~  

? 

. i 
', 





TABLE D-1 

Rr3.f.e on 
h a  T r i a l  

Criterion A B A+B 

A 
B 

.In -.ll -,01 
C 

12 ,01 .08 

D 
"12 -,,02 
.u :a1 "09 

B 90 63 153 

Gain "4 
Criterion , A R A+B 



Criterion Grow A Crouw B CrOM A 4  

B 
E 
C 
D 

-.u -A7 -,a 
-,OB - .03 "02, 

. -15 .w 

*Cases chaPacteriaed e.8 havlug e i ther  a mxhm or m l n i m a m  in 
the f i t t e d  curves. 

-If the man of m.d.mm cane8 was higher than t h e  moan of min- 
imum w e e ,  the coefficient was considered  positive. 

TABm D-3 

CORRELATIONS OF GAIN UEiA.mT(Es RITE FATE MEASURES 
(Ser id  Coordination %mt.) 

Caln 1 4  Gain e-F Cain I-F 
Critsriog A B A+R A B A+B A B A+B 

Rate on 2nd trial .62 .39 .50 ' ' .& -.05 .ll .66 .34 $ 5 2  

Rate on 4th trial .83 -71 "77 
Rate on 6th trial .79 -79 .79 -,n -.33 -.a -05 -.23 -.W 

I. 50 'o 51 ,.SO 
-72 -851 u6k 

A 90 . 6 3  153 90 63 153 90 63 153 

For the  purpose of exposition 1st. UB aeswm 'that the means of trial8 1 
gram. IigpotbtlW our?eB for ta0 oubjecta shnn In Pigare 310 

and 2 fo r  both subjects ie the  gam, and that the means of the  initial 
(1 and 2j,  c e n W  (ll aud a), and finsl  600res (15 and 16) coincide ex- 
' ac t ly  kith the f i t t e d  o w e s .  A t  trlal 6 the tangeuta of .* cymea hva 
been dram. Curve A hae an I-C g a b  greater  than the 1 4  gain of Curve B 
by a; and i t s  I-F gain is, gmater then the  I 4  gain of Curve B by ao. It 
is  evident' frma t h i s  diagram that ' 8 8  a or a' are added t o   t h e  @in score4 
of Curve E, all other faatore rercajnlng the  same, the  slope of the   tmgent  
of C u r v e  B a t  trial 6 rill tend ta increase. T h i s  simultaneous increme 
d the slope 'of the tingent and gain soom I s  ref leatad In the  coeffloients 
of correlation  betwen gain BCOFBE a d  rate  scores. 

. 
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end marim trial scoras presented i n  t h i a  cmalysis ere not very useful 
From the remit4 presented It is fairly certain t h a t  the rate SCOYBE 

vhich nuy be operative i n  detemloing the lax values of the  coefflcienta 
in predicting the   c r i te r ion  mcamret3. Emwar, there are several factora 

of cornlation. 

tween these c r i t e r i a  and rate of learnlng as measured by the  serial co- 
ordinat ion  tes t ,  

1. Them IB the poss ib i l i ty  .that there is actually no relation te- 

2, The e t a t i s t f o a l  proaedures used in this analpie mag ke such ~3 
not to   ind ica te  th relationship betmen rate of leerning on the serf& 
coordination test and the crit.eria beawe  ( a )  the  ourve c h o c n  t o  Ba 
f i t t e d  to the data, t h a t  is, the curve of tho f o w - y  = ax3 + & + cr + C r  

urea of rate of learning,5O and (bj th,a,  p i n t a  chosen at vhich t o  d e k ~  
i s  uot  sufficiently similar to the Porn o f t h e  data t o  f ie ld va l id  m ~ a s -  

ah0  t he  rates of learning are not tb ones that would give tlae hi@nt 
mhtionship ta t h e   c r i t e r i a .  

\ 

. 
5%idence suggested thnt a god P i t  was =de with t h e  -e usad, 

After fitting the learning U~UVBB, each cnrrfe mas hwn. The goodness of 
fit w a a  then  tested by inspection. In instmeas where the  g o d e a t  of fli 

, ,  
r e s  auspeat, tests of goodnesn oT f i t  rere 
Xendall, Y. G. An in t roduct ion   to   the  thoom 
London: Charles GyifPln'B Co., 1940, pp. 

. ,  them auffiaient reason to r s j ec t  t,he curve. 
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THE RGLBTIOBSEIF E5TWZ.l FLI5IT CRITERIA bAD FiATES 
OF FITTED LEBRRIAG CURVFS 

.Fm I1 
. .  

INTKIDUCTION 

I n   P a r t  I ,  P.ppendix Dl m analyaie w a s  made of the   re la t iomhip  be- 
taeen t h e  slopes a t  p a r t i c u l a r   p o i n t s   o f   f i t t e d   c m o s   t o  learning da ta  
and c e r t a i n   f l i g h t   c r i t e r i a ,  The dhta w e d  in t h i s  analysis mere thb 
p e r f c m c e  records of  cadets on the  serial coordination  teat .  . T h e  anal- 
ysis was i n i t i a t e d  heca*lse of   cer ta in   object ions  ra ised  against  the use 
of gain s k r e s  a8 measures o f  r a t e  of learning where these rate measure8 
were to be correlated with  another measure, It will be recalled thst it 
was suggested a bet ter~measure .of ra te   of  learning would be the  s l o p  of 
a curve fitted t o   t h e  10arnIng data, 

1 

. .  

In Par t  I the first der ivat ives  were taken and evaluated a t  trials 
2, 1;, ar.d 6,. The rates 30 determined were then  correlated  with  th9  f l ight 
criteria, Eowever, on the basis cf the  andpis it was found t h a t  t he  
correlat ions between the  slope8 at the points  thlten and t h e  flight criterja 

t lve,  resulting i n  t h e  low c o r n l a t i o n  coeff ic ients ,  among which was o m  
sere  very low. I t  was suggeoted that several factors may have been ape-a- 

factor  'capable of furlher investigation (see 2, b, of Discussion, Part I) I 

Therefore, this analysis was undertaken +XI explore the   poss ib i l i ty  t h a t  
tbe re lat ionship might bs higher between r a t e  of learn- and the c r i t e r h  
a t  other  pointa on t h e  f i t t e d  1eaJming curve.. 

EX'I'IiOD OF AHALYSlS I 

In  order t o   f a c i l i t a t e  the determiilation of the  correlat ion r o d f i -  
c i cn t s  between the rates of tho curve3 at each  of the learning trials and 

.by m e a n s  of this formula, t o  omit the s t e p  of taking each of the leriqcl- 
the f l i g h t   c r l t e r i s ,  c g5mre.l formula we3 dweloped,f'I It was possible, 

tives and evaluating ht each point. Instead e set of constants was devel- 
oped f u r  the whole set of Cata, md by proper  substi tution i n  the  fornula,  
the  desired  comelat ion  meff ic ients  were obtained. A check on tts velid- 
i t7  of the fornula was prov idd  by checking the  "forda-derivedm coefft- 
c ieu ts  ai th  t h e  coefficients  derived hy the long sethoc! presented i n  the 
preliminary report.. 

. .  
, 

,~ 

. .  

Un3:versity of Iowa and ~eho later mceivod  f l ight  t ra ining.  The ff.r.0t group 

51"he genera l   t e rn   fc r   the  coofficieni o f  wrrelf l t ion between t h e  rut0 

The poplilatim  studied consisted of two groups  of m n  t6sted a t  the 
, 

--- a- 

of a, fi t ted  we and another neasura v ~ 3  obtained by the  following forrmfk: 



' FSSULTS 

! <  

Table E-,!, presan%s t h e  correlation coefficients between the rntes 
OP the f i t t ed  m a s  and the f l i g h t  criteria for each trial. 

Examidation of t h e  table m e a l s  that the highest corrolati,on mef- 
' ficiemt obtained, disregarding sign, is -19, This value o o m  a t  the, 
12tb and 13th trials for G r o u p  E!, Criterion D, Thia value is not signlf -  
icant e 

either pradminantly positive or negative, Them mem t o  be E- tand- 
There is no marked tendenoy for the correlation coefficients t o  be 

5%Jrltinued) r a  - 
d z Z - i G i 2  J377GF . (1). 





m e y  for tha  caefflcients of Group E to be negative, md the coefficients 
of Gmup A t o ' &  p s i t l v o .  Homer, in view -of the low magnitude of the 
oosffioienta, l i t t le  signifieanos sbould ?m assigned to t h i s  fsct. 

xd.&borbwd of tbe 13th trial; and tbe largest coefficients for Croup A 
In the neighborhood of the 4th t r i a l .  A g a i n ,  due t o  the. lou Isaa;nitde of 
the correlation  cmffialer?ts,   l i t t le  eignii ' icance oey be  signed t o  t h i s  
f a c t  (. 

The larest coefficients f o r  Group B tend tA l i e  somenbra i n  the 

5i(Ccntinwd) The chief advantage of t h i a  foremla (3) is t ha t   t he  values of 
tb  cozs tmts  in it need be debreined ht once for the  set of data, and the 
value bf r may be d e t e m h d  for my point on t h e   f i t t e d  curv0 between tim 
slope at that, pint md the w a r n s  by sabstituting the value of the pint 
i n  the formula. It should also be indicated that the d u e s  needed to gat 
the constante in f d a  (3)  can be verJr readily determined with the m e  of 
an 1 . B . L  tabulator, sorter, and an adding machine. The critical valnes 
that need be punched i n t o  cards aim anly a, b, c, and X. From thia all the 
RWE of cross-products and muma of aquaras can be obtalned. 

Examination of the  constants in f o e  (3) M i c a t e s  t h n t  the come- 
letion  coefficient. between tbn f i t t e d  curve and the measure 18 a fnwticm 
of the Intercorrelr t lons of the  constants a, b, and o, and of the correla- 

values of rsp,,, a x r  or roy, the larger rill be the value of the aomlat ion  
tiona of a, b, and o with the measure. It 9s appsrent that the larger the 

between the  rate of the  Pitted  curve and the meaema, Furtimnmra, the 

correlat ion betmen the rate of the   f i t t ed  curve and the measure. 
larger the  Value of rat,, raU, and w, tb  lower will be the wd.ue of the 
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