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lished by the Mvislon of Research, C i v i l  Aeronautics Administration. 
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findings, but w i t h  a new method for the  Bnalysis of r e su l t s  obtained in 
investigations on t h e   s d e c t l m  of aviation personnel. 'To date, this 
method has been applied in the treatmart of data gathered in an invest& 

Pilots,  at the Baval A h  Station,  Peneacola, Florida, in cooperation w i t h  
gation conducted by the  Conmlttee on Selection and Training of A i r c r a f t  

.the  United States Navy, with funds povidsd  by the Civil  Aeronautios Admin- 
istration. 

The report  is not concerned priaarily with experimental 

Frequent  reference to the statistical technique rill be 
found in later reports  dealing with the analysis of data obtained in the  
examination of naval aviators  a t  Peneacola. The value of this method, io 
combination w i t h  correlational and other  t\echniques, is being further bmm- 
t igated in connection u i t h  the analysie of the findings of the Standard 
Testing Program ancl of the Midwest and Boston Rojects sponsored by the 
committee. 

In addi t ion  to  the main report by Dr. Framen, there I s  
presented, in A-diX "AD, a simplified revision of the method developed 
by Paul F. lasarsfeld, in collaboration w i t h  P. Franzan, which provides a 
s h o r t c u t  computational procedure f o r  the solution of problems involving the 

a categorical criterion. 
selection of the best combinstion of d l o h o ~ o u s  arrangements to distinguish 
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In presenting t h i s  report attention should again be 
dram to the fact  that it l e  devoted to the description of a ner method 
-oh 1s t o  be considered in cornpariaon with other tecbiques that are 

diaauaslon w i t h i n  the Coarmittee concerning the advnntnges of this as corn- 
arafl.ble far the treatment of dichotomous mahrial. There has been muoh 

pared with other methods, and there i s  no intention, in presenting t h i s  
report, t o  h?ly that the method should be substituted for the methods 
more commnly used in experimeatal studiea. 

very tnrly m a ?  

m:n 

Morris 8. Vitslee, C t m i m u m  

Training of Aircraft Pilots 
C d t t s e  on Selection and 

lpatlolldl Reeearoh Council 
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Introduction. 

The present  paper  provides a new method of combining test scores into a 
meaningfuL predictive bsttery. The p c r t i c u h r   m e r i t   i n   t h i s  method lies i n  
the fact  that it pemits  recoveIy of useful  predictive  materiel  from distri- 
butions of test scores which, if analyzed by the  more cornon techniques used 
in test construction, would be  discwded. It may be employed without  the 
usual assmptions and problems involved when the  conventional methods of 
test-selection  are employed in.the  construction of a test-battery.  Presented 
below ore  (a) & general   statement  of  the  type  of  test   si tuation i n  which t h i s  
method is useful and more generally  upplimble ttmn the more co~mon methods 

brief compsrisone with other  techniques. 
of analysis, and (b) a specif ic  example d i n g  use  of the method end some 

. .  

finding a t e s t  which is correlated  (linemly  or  curvl1inea'I.y)  with the' cri- 
terion. By these roethods it is possible t o  grzde or c less i fy  the indiyi- 
duals throughout,the  entire  range of t e s t  scores. Then a dichoto&~s  cri- 
t e r ion  is used, it i s  a l so  usually assumed that the  vari6ble is  ectual ly  
continuous end that  the  individuals  are normally distributed  within  the two k 

groups. Some analysis  of varihnce  within  the  groups i s  therefore needed. 
In  general,  three  types of s t a t i s t i c a l  techniques  are employed i n   t h e  above 
type of analysis: (a) Correlational methods - the   intercorrelet ions o f  the 
tes ts   theuselves  end their cri terion  correlations  are  studied. Those which 
show a s igni f icant   l inear  or curvil inear  correlation  with  t i le  cri terion are 
combined i n t o  a bat tery us ing  one or  nore of the  vmious  multiple-regression 
or maximizing techniques.  (b) 'CuCaffl procedures - this nethod, e o  usually 

but  does prosde  a c.ems by which scores on d i f fe ren t  tests m y  be considered 
employed, does not  determine  weights f o r  combining t h e   t e s t s   i n t o  a bcttexy, 

ployed and a point in the total   d is t r ibut ion  of  each selected t;t w h i c h  there 
together. Bere, those tests with s ign i f icmt   c r i te r ion   cor re la t ions   a re  em- 

then employed singly or i n  s r b i t r m y  combinations  (sometimes  ennifically 
seens t o  be t s igni f icmt   d i f fe rence   in   the   c r i te r ion  groups.  These tests e.re 

established) to preselect  the  subjects.  This  nethod of cutoff is, however, 
no be t t e r  than erecting a cut-off  score  bssed on the fiverage of the  standtxd 
scores, and still assuues  correlated  activity  throughout  the  range encom- 
passed by these  averages.  (c)  malysis  of.Vmiance - t h i s  technique is often 
used  alone  or i n  combination with the above  forms of analysis. Here em at- 
tempt is mde to enswer the question "How can we best  weight  the tests to   ge t  
a maximum standard  difference i n  the means?" One such procedure is  the 
Discriminative  Function  of R. A. Fisher. His nethod s e t s  up e l inea '   funct ion 
of the tests and swks to deternine  the  constants of these functions which 
rill pennit  the best possible  sepcration  of  the trio c r i t e r ion  groups. 

The aim underlying  the usual techniques  of test select ion is,that of 

Note here agujn that assumptions  of n o n d i t y ,   l i n e w i t y  o r  curvil inearity,  
md varlance within the   c r i te r ion  groups e re   p resent   in  d l  the  above nethods. 

ou t  i t s  en t i r e  range or provide a continuous, gad& c l rss i f ica t ion   of   the  total 
population.  Further, in those  cmes where the  cr i ter ion ;TOUP is 'fixed' or 
l t n i L y t  chtegorical, it i s  unnecessary t o  concern ourselves  with an e s t k t i o n  

It is, however, unnecessary t o  t s s u e  that 8 test nust c o r r e k t e  through- 
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.~.$::--’ of  variance w i t h i n  any aingle group though complete  treattnmt.  of  the data 
should include more than me form of  analysis. 

Suppose that a battery  of e x p e r i m e n t e l  tests has been given to a szlrple 
of indi@bds who fdl into a truly a t e g o r i c a l  dichotomy, i.e., the stetus 
of the c r i t e r ion  is  not a rb i t ra ry  and changing, but is  fixed and s b b l e  as 

dependable linear or curvilinear correls t ion w i t h  this categorical   cri terion. 
such. Suppose further, previous anclysis has &om that the  tests hwe no 

Itow. however. when the total distr ibut ions of tes t   scores  are r e - e n i n e d  it 
--be found-(as is  often the case) that certain  meas  within the totk dis- 
t r ibu t lon  seem to be related to the   c r i te r ion  while cer ta in  others are  not,  

~~ 

. Le. ,  the  scores f o r  one of the c r i t e r i o n   p u p s  a l l  tend to c lus te r  i n  one 
particular  area  of the total range, while the  acores  of the other of the 

cluded i n  s i m i f i c a n t  numbers i n  the  area embraced by the  first croup. This 
mea, i f  the sanple i s  representative, may then be used i n  preselecting 
those individunls who f a l l  into this limited range of  scores. This same 

i n  some degree a t  leaot,  a good se l ec to r   i n  itself. The problen now i s  t o  
s i tua t ion  could conceivably  be found f o r  a number of  tests,  esch one beinc, 

col.rbine these tests (which, aithoUg11 uncomelated  linezmly ond continuously 

nay as to eLdnate e a o d n u m  of one of the  cr i ter ion  emups md r e t a i n  a 
throu&out the   en t i re  range, show c e r k i n  treas of relationship) i n  such D 

maximum of the other. (The par t icu lcr   l eve l  of efficiency of  this elimina- 

ranges we can afford to sac r i f i ce  along with those in the  lover rengeti.) 
tion is primar- a Function  of how m y  of those individunls in the upper 

, -  c r i t e r ion  groups are scattered over the remainder of the range, but  not  in- 

. .  ~. 
. .  

One other-  consideration  a-ises  here as in the other nethods  of t e s t  con- 
otruction. Does passing in  one or more of the tests compensate f o r   f e 3 l w e  
in one or more other   tes ts ,  e.g., does mitin~: high  scores on psychonotor in- 
a ices  as a whole tend t o  o f f se t   f a i lu re  i n  a  general   intell igence  test ,  so 
t ha t  t h e  individual is  actually more l ike  the rgoodl  cr i te r ion  group than one 
would be l ed  to think if  only his inte1li;:ence  scores were considered? I t  
is  believed that the method offered i n  this paper more adequ&tely tinmers 
t h i s  question  of graded  compensation than the conventional  techniques. Fur- 
ther  couparisons w i t h  other  techniques  are,  of  course, needed before   t es t  

without  recourse  to other forms  of a n d p i s .   I n   t h e   i n t e r e s t  of compiete 
s i tua t ions  can be defined in which the r lu l t i p l e  chi technique is t o  be employed 

analysis of any data, as many Jethods as might conceivably  yield  useful  infor- 
mation  should be e1np;oyed. 

The proposed nethod makes use of the chi-squmed type  of nnolysis. 
Ilowmr, i n  ~ c t u a l  practice,  “chi” irnd not  “chi-quixed“ i s  used. Briefly: 
P a r t i a l  chis, involvlrrg passing  (a t  a point chosen statist ical;y) i n  any  number 
of tests together w i t h  failing ( a t  a point chosen s t a t i s t i c e l l y )   i n  any otirer 
nunber of   tes ts ,  are calculated. These partial chis &e i n v e s t i ~ c t e d   i n  all 
combinations and a t  all l eve l s  of e f f ic iency   un t i l  one arrangeaent  of suc- 

presents the best, possible  prediction  ‘of  the  categorical  cri enon.  This 
cesses and failures on the tests (as defined by the cut-offs) i s  found which 

noted here that uult iple ,   not   a l ternat ive,   use   of  the pa r t i a l   ch i s  is intended. 
l e t t e r  combination  of p a r t i a l s  is  called the  lmultiole chit) It should  be 

1 Full descriptions of terns and techniques  nentioned in  these  introuuctory 
p g e s  are presented i n   t h e  body of the pa?er. 
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tained  elements whlch suggested the  inclusion of t h i s  form of analysis  as 
The prediction of pass and f a i l  in flight trhining a t  Pensacole con- 

well as the  usual  procedures. After r e s u l t s  of the  experimental tests used 
on the  study of the  Pensacola  cadets had been analyzed by the  conventianal 
techniques,  the  present analysis was undertaken. Areas, such as those men- 
tioned  above, which seemed t o  be related t o  f a i lu re  were found In the  to ta l  
range  of  scores on t he   t e s t s  used in these studies. It was believed  also 
t h a t  the   c r i te r ion  of pass-fai l   in   t ra ining a t  Pensacola a t  the time of this 
project  could be validly  considered as ' t r u l y  categorical ' ;  a t  l ea s t ,  the 
c r i t e r ion  groups were not  erected on a - M  considerations of the  type of 
c r i te r ion  that m i g h t  be desirable. Criteria in studies of this kind must 
often be taken j u s t  as they  stand -- wash-outs VS. passers. 

There are,  then,  three good reasons for viewing the material  collected 
ut   Pensacoh from thie   point  of view as well as from that of  correlation 
throughwt the en t i r e  range.' 

guish the abilities of  the  upper half of the to t a l   d i s t r ibu t ion  are probably 
d i f fe ren t  in kind  from those that d i s tbny i sh  a 'wash-out' from a successh l  
candidate. In   o ther  words, the elements of the  dist inction  are  not  continu- ~ 

ous  throughout the whole range of  scores. 1 ,  

1. The psychological  factors ( a l l .  involved in learning) which dist in-  

2. There are  many compensatory traits, a b i l i t i e s ,  and aptitude0 which 
funct ioa  in   the upper half of the  dis t r ibut ion,  which are probbly  absent 
altogether  in  the lower ranges. 

t o   c l a s s i fy  or @ride success in t i e  upper ranks. This is  not meant t o  imply 
that this problem does not  aiso exis t ,   but   ra ther   that   the  methods here des- 
cribed are addressed  to  the  former ,problem and not   to  this other one. The 

are not shared by the p i l o t s  who are  successful. But this difference i n  res- 
required methoti ail1 find ways i n  which-wash-outs respond to test acorea which 

ponse  does not  necessarily imply &u average difference.  Ideally, when three 
t e s t s  are concerned, this method should cut  out  that   rectangular portian of a 
cube allose dimensions m e  the tlu-ae t e s t s  which would place  successful  candi- 
flutes a t  a minimum and wash-outs a t  a maximum, ra ther  than 'cry t o  get  a linear 
(triangular)  relhtionship. (App. B and pp. 9-9.) 

3. The immediate prac t ica l  problem is to   d i s t inkxish  wash-outs, not  

The following  discussion, with examples, provides  an  empirical way of 
achieving this r e s u l t  w i t h  more t e s t s  than three. It is ,  of  course,  possible 
to obtain a generalized  formula, b u t  as w i l l  be seen in the  discussion,  there 
a r e  many by-prociucts of en empirical  approach. 

6 ,. 

Which of the  Tests  Distinmiah ?-Rejected Group? 

A division of the pareat population  into two groups (one  enjoying SUCCES8 
. .  . i 

and  the  other  rejectad as incompetent)  provides  the  criterion  for  selecting 
some of  an eqerimental   battcrJ of tests wiiich were thought t o  measure charac- . . 

t .erist lcs  associated with this cr i ter ion.  The first step in the  analysis is  F 

t o  determine  the  probability of getting  the  obtained  divergence i n  one sample 
(those that were rejected) from corresponding theoretical values in the  parent 

'A short compsrison of the  efficiency of these two methods when applied t o  por- 
t ions of the Peasazola ckta is Given in Appendix a. 
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This i a  obtained by the ure of the chi-squared formula: ?-+ 
o z. tho  "obsrrved"  frequzacy of the c r i t s r ion  group a t  any 

wore  or score intersul. I 

e the "expected" freq>Lency a t  the  score or acore  interval. 

gel is obtained by appiying t.he percenttge  distribution of the scores 

G dis t r ibu t ion   for  the group idmt. ic&l wi th  that of the parent  population, 
o f  the  parent  populetion to the N of the c r i te r ion  group, thereby obtaining 

and against which the Dobuervedn dist r ibut ion is to  be measured. The o-e 
Value i s  t hen  the actual frsquency a t  any in te rva l  minus the frequency tha t  
would have occurred if the smple had beer, distributed  exactly a8 i ts  parent 
population. This method does n o t  masure the  association between variates. 

t h e  dis t r ibut ion of a gi'Jen imnaLU .?rill differ as much as t h i s  by chance. 
It freezes the parent  distribution and then measures the probabili ty that 

Tie p-value of chi-squared used at t h i s  point in the analysis  sh t e s  the 
odds that the rash-oute are a chance r i t hd r fmd  from the total  population. 

been made according to  in te rva ls  of t h e  standard deviation.  In  other words, 
the scores of a i l  tests s e r e  expressed as standard scores, fX - ad& and the 
freqaency  distributions are of thsse s k x i a r d  scores. 6 - X  

In a l l  of the examples  used in this discussion,  the  distributions have 

In the tables, therefore,  individual  scores,  cut-off  points, anti dis- 
t r ibut ion  intervals  on 'a l l  t e s t s  are comparable. The &am8 method of  tes t  

6cores are retained, but then  the values of cut-off  points a r e  more d i f f i -  
selection and determination of  cut-off  pointe loay be used when or iginal  

:?iiiculi i%&e. 
to n r i,. ~ and without comparable i n t m n l e ,   d i s t r i b u t i o n s  are more 

Examples A and B below present   i l lust rat ions of t h e  chi-squared tech- 
nique as it i e  emfioyeci i n  this stuay. Both significant and non-significant 
samples are  chosen: 

ExhlaDle A: Chi-aquared fo r  comparing a i s t r ibu t ion  of a sample with its parent 
dis t r ibut ion (no sifgificant  difference): 

Stanaara % of n 
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Emmule fbt C h i - e q u a r e d  fo r  comparing dietribution of a ample  with its 
parent  distribution (ripiflcant differencb)a 

Standard x of 

- Interval  Pop. (% x 35) 0 - e  ( 0  - e p  e 

.4 & above 5 
e 1  t o  .3 

38 04 13 4 -8.4 70.56 5.27 
4 11.1 3.9 .1 . 01 

0 to  -.3 
.out 

5 15.1 5.3 .3 -09 "M 
-.4 t o  -.6 8 
-.7 t o  -1.2 $ 

12.9 4.5 3.4 12.25 2.72 
13.1 4.0 3.4 u.56 2.51 

-1.3 & leas 2 3 

0 
Parent e lo  - '12 

2s- -41- 2.89 A 
T O h l  35 100.0 35.0 x2 = u.40 

P for 5 degreee  of freedom = .OW 

Example it, t h t t  the rejected group i s  very l ike  the  parent distribution. 
It is apparent from an inspection o f  the 101 and l e )  frequenciee of 

The P of .73 is a measme of  this likeness.  Seventy-three times out of 100 
a difference as large as t h h t  obtained between these two dist r ibut ions would 
occur when sclmples of t h i s  size were withdrawn from the  phrent  distribution 
a t  random. The difference,  therefore, 1s not  significant. 

in Example B are  more different  than in Example A. The rejected group ha8 
few in the upper end and many i n  the  lower end of the  dis t r ibut ion,  when 
compared with the  parent  population. 

It i s  also  apparent from inspection that the 1 0 )  and le' frequencie8 

The P of .OL3 i s  a mer~ure  of the  difference. Only four times out of 
one hundred would groups  of this .s iae ,   se lected at random, show ae large a 
difference as t h i s  from the "expected" distribution. The difference, therefme, 
may be a t t r ibu ted   to   the   ch~rac ter i s t ics   o f   the  sample. 

A t  What Point in the Scale Shall Test  Failure be Placed? 

In  order to determine  the  point  of  'cuboff"  defining wpaesR and 
two measures are used. Ffrst, a, in order  to determine the pint of cnt-off 
that yields the most significant  difference between the number  of the criterion 
group fa i led  a t  that point, and the number of the  parent  population  failed 
a t  tht poiat, i .e . ,  vwying degrees of solective  efficiency  are  not  considered. 
Only the  greatest  efficiency i a  tes ted  for  by showing the cut-off at which the 
pass and fa i l  division of the unsuccessful   p i lots   iamoet   different  from the 

aBefore  computation regular intervela  are combined eo that  no interval  of  
the 1 0 8  or  the distslbutieil has less than 3 caaae. , I  
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same division of z.11 p l l o t ~ . . ~  The formuhe for obthirjry; tireoret.ica: v,Ltle:. 
and f o r  ch i   i t se l f ,   remin   the  ssoe as when a p p l i e a  t o  t h e  distrioation, 
but chi ,  not chi-squared, i s  used o=cLube there i s  only one uegree of free- 
corn (two cl&;ses of each  variEbia) - 5  Second, percent of' f a i lu re   in   the   ?&rent  
population  since  the  test  discrimi:l;tion must oe severe enough to  eliminate 
only a smll proportion. As a rcu,h skndard of severity, bve h v e  hssumed 
that i n  order t o  l e  comidered, t cut-off on  one t e s t  o r  h combinktion of 
cut-ofis on a oLLtory of tects useu LS p e s e l c c t o r u ,  mut-.t not f h i l  more 
thm twenty  percent of those who are r e k i n e u  by experience. 

a sbmple 7.i i th categories 3f its perent, population (Uht,z from example J, 
ixamzleC:  Presenteu below is  ~ f l  cxam,mle o f  f o r  comsarink cite&ories 01' 

page 51, Before combining intetrvhls, the 6istriSution of the  cr i ter ion 
group and the expecteu uis t r ibut ion  are  cLlcultd,ed LS follows: 

Standard 
Deviation 
Interns1 0 e 

1.8 & above 
1.7 t o  1.5 
1.2 t o  1.0 
.Y t o  .? 
.6 t o  .4 
e a  t o  .l' 

0 

-.4 t o  -.6 
-.l t o  -.Y , . 

-.7 t o  -.9 
-1.0 t o  -1.5 
-1.5 t o  -1.7 
-1.8 1: leE8 

Total = 

1.6 
1.7 
2*6 
2.8 
4.5 

1.3 
4.0 
455 
2.8 
1.8 
1.7 u 

35 ,Q 



- .B Pass 9 18.6 ' 9.6 92.16 
Fail 26 16.L 9.4 

4.955 
92.16 5.620 

18.575 
3 e 2 5  

These chis  indicate t h t  -.A GI- -.I are t he   ' cu t s f f s "  yielding the most 
s i@if icaut  number of Rfailurean in the c r i te r ion  group (that i s ,  the group 
who were rejected by e?q?erienee). R t  -.kt 60 percent of the  rejected group 
and 35 percent oi' the pirent  popul.utioL &ro failed.  A falluro point a t  -.I 
net5 7b percent o f  the  rejected group &ad 47 percent of the  parent  ppulhtion. 

This one teat,  therefore, cwnot  bc: 'Jeer1 d o n e  t3 selact   cases having 
the  cheracteriatics of those who 1 m m  L-c~Gs~.& bjr experience. Although it 
shows a reliable  difference betwesn the  dlstrlbution of the  rejected and of 

at two cut-off points, both of these  points f a i l  too many of thc parent dis- 
the j x r e n t  group8 and a roLichle  d i f f e r a c o  in "parrsw end nfa:-lv categories 

tribution.6 

many a t  rsliabl~e "cut-off points ,*  it bec.m,es necesotlry In thi.8  situcltjon t o  
use more than one L e s t .  

Since  the other teata which oi~owed re3.inbls differences  also f a i l  too 
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rejected by exper iace  and  of the  parent  population. (See below.) 

Test P x2 

a (not  Test A of previous 

b (Test B of previous 

Degrees of 

diecuseim) .030 12.w 5 

discusaim) * 043 11.40 5 
C 00828 23.52 5 

The cut-off  points in cer tain  levels  in the-diatr ibut lona of standard 
acores show the  following  characteristics8 

Cut-off 
9& 

$ of fteiectad 9 of Total Pgp- 
Grow Failed ulatlon Falled 

iu!iL- -c zest  a Teet b Teet p 

-1.0 1.35  2.35 0.75 26 29 23 l8 15 18 
-.7 2.08 2.06 2.47 41 37 40 26 

55 60 
23 23 - .4 2.23 3.04 3.62 57 37 35 29 

68 -.l 2.66  3.25 3.95 74 74 45 17 w 

On a l l  of these  tes ts  -.& and -.l as cut-offs  yield  significant  chis. 
A l l ,  however, select'  too m a y  of zhe non-criterion  cases a t  these  points. 

Note that each of the  teats  alone  approximates a good selective  device, 

other is  the best standard  for f e i l ing  the  rejected group  without fa i l ing  too 
but it i s  not knom whether f a i lu re  on a l l   t h r e e   o r  on any tu0 and not the 

many of the ret,ained cases. 

a b i i i t y  demonstrated by another  tes t ,   then  fa i lure  on both tests will be a 
better standard  of  eliminhtion t i  f a i lu re  on e i ther  test used  alone. m e n  

increased. If passing either of  two tests compeneates for   fa i l ing  the  third,  
there are  three  tests,   the  possibil i t ies  for  determination of f a i l u r e  are 

should be investigated.   Satiefactory  abil i ty demonstrated by psssinp, one 
then wee-fai l - fa i l  and fail-pass-fail, hs weli as fail-fkil-fail standards 

of  the t h e e   t e s t s  may be a l l  tha t  i s  necessary t o  compensate far the handi- 

a l l  three  tes ts  w U  be required to predlct  the cr i ter ion  character is t ics .  
cap  indicated by f a i lu re  on the  others. If th ia  i s  the case  then  fhilure on 

As pert of t h i s  poblem of the proper  combination of pass and f a i l  on 

If superior performance on one t e s t   a c t s  as compensation for   the  infer ior  

each of the  three tests is the  question of the point on each test below 
which a score shall be considered as fa i lure .  All possible  combinations  of 
the three tests at a l l  possible succeas and f a i lu re  cut-off  points  (levels 
of elimination  in the dis t r ibu t ion)   a re   f i re t  analyzed in order to   f ind  the 
combination of cut-off p i n t s  vthich mill Yield the l a rges t  number of   fa i lures  

number of other failures among those  retained by experlence.7 
among those actually  rejected by experience accompanied by the smallest 

'This operation is  very laborious. A shorter, more pract ical  metllod, 
Saving a p e a t  d e a l  o f ' t h e  computcltional labor, appears Fn Appendix A,, 



I When only tu0  tes ta  are  considered, the problem i a  e a s i l y  presented i n  
a graphlc manner8 

-2 -1 0 j l  f2 

Teat 2 

l a rgea t  number of fa i lurea  (X'a) and the  malleat number of paasera (c i rc lea)?  
What rectangle or square in the  louer  left-hand corner n i l 1  encloae the 

Ifhen three t e s t a  are considered a graphic  description may be preaented 
by a cube. The X I 8  and c i r c l e s  are suapended in poaitiona  determined by 
the i r   re la t ion   to   the  scales on t h e   t k e e  dimenaions of the cube. What solid 
in the  corner, which represent6  the  lowest  acorea  of ahch test, will encloae 
the ' la rgea t  number of fa i lurea  (Xla) and  the  smalleat number o f  paasera 
(c i rc lea)?  

i 

x re jected caaea 

o all other caaea 

the  proportion of p s s  and fail  rejected cases and the  proportion of paaa and 
Fail retained  casea a t  various  definit ions of failure. These dsfinl t ibna an, 
a t  d i f f e ren t  levels of   the  dis t r ibut ion on different tea ta  in combination. . . . 

This problem, mathematically, is  one of testing the  difference between 

. 
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all pilots   ( total   populat ion) .  The problem now arises spec i f i c   t o   p i lo t  
selection  of how these  teats  may be used  to  dist inguish the wash-outs (tho89 
eliminated by experience) from those who are   re ta ined by experience  (passers), 
i.e., the problem is to   loca te  a point in aptitude (measured by the  tes ts)  
below which all p i l o t s  w i l l  be rejected  (unsuccessful  performance) and above 
rhich  they will be re ta ined   (a t  least adquate  performance). 

Up t o  this point  the  enalysis has deal t   en t i re ly  with wash-outs versua 

In order to investigate  these tests in combination as they  operate  to 
distinguish  msh-outs from successful   p i lots  the s u e   c h i  technique i s  ap- 
plied in the form of the  multiple  chi. This multiple  chi i s  arrived a t  by 
an analysis of all of the possible combbinations of t he   pa r t i a l   ch i s   i n  the 
t e s t  si tuation. 

gency table i s  as follows:  Let  the four vtlues (a, b, c,  and d) in the two 
The ch i  formula t o  test for associations between var ia tes  i n  a contin- 

categories  (rejected snd retained be indicated in a two-by-two contingency  table 
as follme: 

Falled Rot Failed 
by T o s t  by Test - Total 

Retained by experisnce 
Rejected by experience a 

C 
b a + b  
d o t d  

Total a t c  b ' +  d a t b t c t d  

In t h i a  situtuirtion the  formula for   chi ,  
becomes: 

table: 
Brample of  chi  to test for   associat ions between var ia tes  in a contingency 

Failed 
by Test 

Not Failed 
by Test - Total 

Rejected by experienoe 3 31 34 
l o t   r e j e c t e d  by experience 42 izzl 
Total 45 286 331 

c 

I 
cases Qll all three tes te ,   (a  t b) ( c  t 4 and (a f b + c + d) have the aame 
vdue throughout all combinations. 

since there are scores for 3.4 cr i ter ion  cases  and for 297 non-criterion 



The h b i o  on page 312 givos pass and f a i l  categoorlee and chis  obtaiaed 
f o r  dl possible  combinations  of  tho  three tests at  the -1.0 and less, -.7 
and l e s s ,  -.4 and less, and -.l and less, levels  of failure. 

i.:; , 

'~:*3 ~. 
.. . 

. ~ .  . 

uneupected direction. A negative  chi then indicates  that the  observed value 
A ch i  i s  given a negative  value i f  the difference it measures is  in the 

of cases fa i l ed  by t e s t  and rejected by criterion i s  less than the qwted 
value, i . e . ,  there are fever wash-outs and more of the p u p  retained bY ex- 
perience  selected by the given  pass-fail  level than would be arpechd f h m  
the   to ta l   d i s t r ibu t ion  of pilots .  

I t  i s  also possible that the seme level of  failure  should  not be used 

chis were computed far a l l  seven combinations w h e n  the failure l e v e l  was -.I 
on all th ree   t es t s .  I n  the materials being  used as examples, for  instance,  

wi th  the same fa i lu re   l eve l  on two of the tests, uhm i t  nes -.7 on the  other 
on tn, of the tests, but was -1.0 on the  other,   for nll the  seven combinations 

and also when i t  m a  -4 on the  othar.  There were then 63 such chis. A l l  of 
these must be considered  because  being  the best cut-off when a t e a t  i S  U s e d  
alone does  not  necessarily me- it is  best f o r   t h b t   t e s t  in combination wi th  
others. In  the   i n t e re s t s  of simplicity, hoaiever, this discussion will be 
l imited t o  the data in the   t ab le  where the same l eve l  of f a i l u r e  was used 
fo r  a l l  t h ree   t e s t s  i n  t h e i r  pass and fa i l  combbations. 

The chis  presented i n  the  preceding  table are in r e a l l t y  partial chis, 6 
fo r  by combining the fail  categories of different  combinations we may obtain 
any of the  following  composite  detormfnations  of  failure e t  any cut-off points 

Call: 
a.bc ( f a i lu re  on a but pass on b & c) 
b.ac (failure on b but pass on a & c 

ab.c ( f a i lu re  on a & b but pass on 0 
c.ab (faiiure on c but pass on a & b 

8c.b ( f a i lu re  on a & c but pass on b) 

abc ( f a i l y e  on a & b & c) 
bc.a (failure on b & c but pass on a) 

i 
A chi  then, i s  obtained for: 

Failure on a rithout  consideration of b & c 
Fai lure  on b wlthout  coneideration of a & c 
Fal lure  on c without  consideration of a & b , 
Failure on a t  l e a s t  one of a or b without 

consideration of c 
Failure on both a & b without  consideration of c 
Failure on a t  least one of a or c without con- 

Failure on both a & c w i t h o u t  consideration  of b 
Fai lure  on a t  l e a s t  one of b or c without con- 

Failure on both b k o without  consideration of a 
Failure on a t  l e a s t  one of a or b or c 
Failure on a l l  three  of a & b & c 

sideration of b '  

sideration of a 2, 3, 4 r  5, 6 ,  & 7 
6 & 7  
1, 2, 3, 4, 5, 6 ,  SI 7 
7 

h e  - Multiple rather than 'alternative' use of these partial chis is  in- 
tended. I n  the actual computational  process it i o  uunecessary t o  carry these 

c n r d a l d  and Raymond Fren~ar i s  presented i n  Appendix A. 
tlal measures though to  the final chi. A methematical  shortcut by P. F. 



COBLPARISOU OF PASS AND FAIL CA-ES OF -TED CBOW AND OF 8ON-BEJEcTED 
GROUP I.U ALL COMBINATIONS OF TESTS AT VARIOUS LE- OF FAILURE 

Combination 
of t e s t a  

(1) a.bc9 
Rejected  cases 
Retained  cases 

Chi 

(2) b.ac 
Rejected  cases 
Retained  cases 

chl 

(3) c.ab 
Rejected casea 
Retained casea 

chi 
(4) ab.c 10 

Rejected  caaea 
Retained  caaea 

Chi 

(5) ac.b 
Rejected  came 
Retained caaee 

Chi 

(6)  bo.a 
Rejected  cases 
Retafned caeea 

chi  

(7) a b  
Eejected  caaea 
Bbtained  casea 

Chi 

Failure LeveL on A l l  Three Testsr 

-1.0 & lese  -.7 & l e s s  -.4 & leag -.l & l e se  

Not  Not Not Rot 
Failed Failed Failed  Failed Failed Failed  Failed  Failed 

2 32 
31 266 
-.a 

6 28 
19 278 
2.35 

3 
29 268 

31 

- e 1 8  

6 Zql 
2 32 

1.39 

4 
10 287 

30 

2.31 

2 
ll.286 

32 

.62 

4 293 
- 34 

-.& 

4 
35 262 

30. 

-.003 

5 29 
2 9 2 6 8  .90 
3 
30 267 

u 
-.a 

l3 28.4 
3 31 

1.15 

6 28 
15 282 
2.85 

3 
13 284 

31 

1.15 

2 
7 2 9 0  

32 

1.20 

3 
42 255 

31 

-.86 

5 
33 264 

29 

.62 

2 
23 274 

32 

- e 3 9  

2 
27 270 

32 

-a62 

- 6  28 
17 280 
2.59 

4 
19 278 

30 

1.17 

8 
20 277 

26 

,3.33 

2 
33 264 

32 

-.94 

32 265 
5 29 

.69 

2 32 s 271 -. 57 

36 261 
3 31 

-.57 

5 29 
21 2% 

1.57 

b 
29 268 

30 

.37 

13 2l 
38 259 
3.89 

~ ~~ ~ ~ ~ ~~~ ~ ~~ ~ 

9a.ba means f a i lu re  is  defined as below fa i lure  level on Test a but 

l0abec means f a i lu re  i s  defined as below fa t lu re   l eve l  on Tests a end 
above f a i lu re   l eve l  on Testa b and c. 

b but  above f a i lu re  level on E. 
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i Thus at  -.l cut-off the chi   of   fa i lure  on a, rithout consideratlon of b or i 

~ c, is  obtained from the following teble: 

, 

r e j e c t e d   a t 1 ,  4 ,  5 ,  & 7 23 n -34 
I ~ retained at 1, 4 ,  5 ,  & 7 128 169 297 

2.72 

~ Failure on b, without  consideration of a or c, is  obtained from: i 
i I 

Failurea Pass- Wu 
r e j e c t e d   a t  2, 4 ,  6, & 7 25 9 34 j I retained a t  2, 4 ,  6,  & 7 UT 162 297 3.10 . 

S i m i l a r 4 ,  the  following  chis  are computed: 

Failure on c, Kithat  consideration of a or b. 

Failure on both a & b, without  consideration of C. 
Failure on a t  least one of a or b, without, consideration of C. 

Failure on both a & c,  without  consideration of  b. 
Fallure on a t  l e a s t  one of  a or c,  nithout  consideration of b. 

Failure on a t  least one of b o r  c;without  coneidoration of a. 
Failure on both b & c,  without  consideration of a. 
Failure on a t   l e a s t  one of a or b or C. I 

Failure on a l l  three of a & b & a (the  chi  appsaring on 
the  table). 

3 -61 
3.57 
2.75 
2.73 
4.32 
3.79 

3.53 
3-48 

3.89 

difference between the two groups in their  proportion of pass and f a l l .  
They are, of course,. much higher  (with  the  exception of abc which is the  
same) than those  under -.l on the thble because  there is  cornpeneation be- 
tween the  elements. When pasdag on one or more of the tests i s  part of 

parent that e i ther   fa i lure  on a l l  three, or f a i lu re  on  two with no consl- 
the composite  standard of fa i lure ,  then Ke obtain lower chis. It l e  a p  

deratioa of the  score on the  third,  w i l l  provide the  best  determinations 
of rejection. . 

Most of these  chis are high enough to  r e f l e c t  a very signif icant  

%his  on f a i lu re  on a,  without  consideration of b or c ;   f a l lme  on b, 
without  consideration of a o r  E; and f a l lu re  on c,  without  consideration  of 
a or b; may be compared with ti-& cumulative  two-place ch is   for  -.l cut-aff 
given on p. 8. They are s l igh t ly   d i f fe ren t  because the  formula used there 
ras one comparing a sample with its parent population. 



B b  -.1 on a & c without can- 
sideration of b 

Below -.l on e l t b r  b or o 
without  conaidorfition of a 

Below -.l on c  without  consider- 
a t ion of a & b 

Below -.1 on either a or b 
without considera on ai' o 

Below -.l on a or b or 32 

~. Belm -.la P & b & o 

Balorr - e 1  on b dr o Without 

Baler -.la b WlMout c o n s i b -  
aonsideration of a 

Below -.1 on a & b w i t h o u t  
ation of a or o 

Belor -.1 on either a or o dtb- 
consideration of 0 

out consideration of b 
Bela -.1 on a without  conaidara- 

tion of b & o 

4.32 
3.89 

3.79 

3.61 

3.57 
3.53 

3 4  

3.10 

2.75 

2.73 

2.72 

38 
53 

94 

n 
94 
100 

50 

74 

47 

85 

68 

a0 
u 

selected rlll detannine which  of the cmpositea to adopt. If the need is  ko 
The purposes of the particular problem for which the t e s t a  hnve been 

fail aa mauy as possible of the cams who rill be rejected by erpericqe, even. 
a t  the sac r i f i ce  of others,  then  test c alone would probably be eeleotad. If 
the*problem is the more usual one of failing a maximum of the  rejected  cases 
together with P minimum of those retained, then failure on both a and c is 
the moat acceptable  standard. If, on the other extreme, a rinimum ~arUloe 
of caaea i s  essential, then fhilure on a l l  three  tes te  should be requlred. 

to the fal3ure level of -.1. In the analysis from which this CllCBmple 'vas dram, 
For purposes of explanation, the anelyais of composites ha6 been limited 

the m e  procedure was followed fo r  lower f a i lu re  values and a l so  for differ- 
ing failure.values on the t e a t s  being examined. 
in reference to  the compinsatory relation among teeis. The calculations tell 

One important adPantag8 gained from this form of analysis is information 

you w h e t h e r  failure in  one or tw of the teste l a  as aighty related to the 
criteria as is the failure on all of them together. Assume now that two of 

intelligence teat .  %nowing that thew tests erle all related to the probnbil- 
tb, tests involved are psychomotor t e a t s  and that the o t h e r  one is a general 

ity of re jec t ion  by experience, r w l d  not reveal whether failure in general 
, \  

- .  ~. , . %a situaMon is mnalogous to the ' ~ ~ r d l a  xewl of cut-offs. 
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vice versa., When the analysis  described above is applied it might be found 
intel l igence i s  compensated by success In the  p8ychomotar examinations, or  

that mch compensation  does exis t .  It mould  them be knom that being lor 
in.psychonotor  ability,  but above average  intelligence, doe8 not  predict 
reject ion  near ly  as well as being low in both t ra i te .  Likewise it would 
be horn that being low in intelligonce,  but above average in psychomotor 
a b i l i t y  does  not  predict   rejection 8s well as being low in both.  Such ia- 
terpretat ions of compensation are possible for any number or any combina- 

direct evidence of  the mnnm of compensation is  doveloped. 
tion of tests. If the analysis  is done step by s tep  a8 autlined above, 

Summary of Conditions i n  Uhich The Multiple Chi Technicme Is More Generdlp 
Auuliceble Than The Usual Froced-. 

Briefly: The uae of  the  multiple  chi  technique of constructing 8 
bat tery of se lec t ion   tes t s  i s  warranted i f  the  following  cmditions or cir- 
cumstances are f0und.U 

(a) When the   c r i te r ion  is l truly'   categorical ,  Le. ,  i s  not  erected on - a prior& consideratione. 

c r i t e r ion  group within  the  categorical  breaks. 
(b) When, therefore, ne are not  concerned  with  the  variance in any single 

(c) When we wish only to dist inguish one group f r o m  the  other oven i f  
there is  no  average  difference. 

fa i lure ,  performance, e tc .  
(d) When we do not  w i s h  t o  grade, scale, or claasify degrees of success, 

( e )  When the  distributions  of Bcores show certain a r e a  within their 

are not,   yet  which do not   correlate  (show consistent and continuous  relation 
to t a l   d i s t r ibu t ions  that are re la ted  to the cr i t e r ion  and other areas that 

with the  criterion  throughout  the a t i r e  range of scores). 

reinforcment . ( f )  Where graded  compensation between teat   scores i s  mor'e important than 
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APPENDIX A 

Solution of the Selection  of the Bert CfJmbinations 
of Dichotomous Arrmgemmtr t0 DiatLnguiclh a 

Categorical Criterion 

Paul F. Lazarsfeld has contributed a simple and direct   solut ion of 
t&ia  problem. Instead  of wing par t ia l  chis a s  vas done i n  this report, 
he has suggested wing partial deltas. The a d w t a g e  is  in economy of 
computation. The del ta   indicates  the degree  of selationehip (lalue of 

binations  without computing each separate chi. Furthermore the   de l tas  
the chi) during the chi computation and thus a o r s  for   se lec t ion  of com- 

are auditive and therefore themselvee  produce the value f r o m  w h i c h  the 
deeired  conbind chi is  obtained. Computing many chis laving the same 
N by means of the del tes  de0 allows f o r  a simple tabular arrangement  of 
the data which f a c i l i t a t e s  computation. 

nate   the  four   cel ls  in a 2 by 2 contingenq tables 
The following  formulae  define delta, using a, b, E, and d to deaig- 

As an example of the uee  of delta in the problem of select ing cornbinationa 
of t e s t e  that wi l l  predict  f l y i n g  inaptitude  (being wanhed-out), l e t  us 
designate  passing on 8 teat with a given  criterion by plus, and f a i l i ng  on 
t h a t  game t e s t  with that same cr i te r ion  by minus. Thus, if below average 
is t o  be considered failing, then plus on T e s t 1  would mean that tbe case 
was above average and minus on Test 1 would mean that the case was below 
average. Plus on 1, 2, and 3 would msan passing on a l l  three tests.  Plue 
on 1 and 2 and mirms on 3 would mean passing 1 and 2 and f a i l i n g  3. Aftmr 
d1,combinations of pass and fa i l  on the three t en ts  have been tabulated 
we will have au arrangenent such as appears on page, The top row of 
numbers re fe r s  to the number of .ash-outa who h v e  each arrangement  of pass 
and fa i l  on the three testa. The lower row of numbers r e fe r s  to number6 of 
re tained  pi lots  who bare each arrangem6nt  of pass and f a i l .  For example, 
two wash-outs and 26 retained pilota passed (wore above average on) Tests 
1 and 2 and failed (below average)  Teet 3. 

The frequencies fo r  the cel la  are, of  course, obtained fron sorting. 



- Teat Combinations  of Peas (c) and F a i l  (-) on 3 teeta. - Tota l  

1 f + I i - - - - 
2 .c 4- - - + - - t 
3 + - + - c - t - 

Wa'aah-outa 0 2 5 4 2 5 ' 3  13  84 

Retained E2 26 32 29 33 21 36 59 297 

He may now consider a simple w a y  of expresaing  esch of these  pass-fail 
arrangements as a delta. The figures of  the top MI are the  e cel la   of  the 
various f a i l u r e  arrangementa of the teste and those of the bottom row are 
the c cella.  

each arrangeloent the  simple  transformation: ad - bc .i a (c+d) - c (a*) , 
since the  (c  + d) and (a f b) v a l u ~  the w e  for each  arrangwent. 

We want t o  ge t  ad - bc, but  we m y  avoid using the d and c Baluea of 

 is^ all wash-outa, or 34. In  fhe above 'table ( c  + d) is all rethined  ccsea, o r  297, and (a +b) 

top r o w  of figures by 297 and the b o t t o m  row of figures by 34 and then aub- 
t r a c t   ( s e e  below), 

Now t o  obtain a ( c  + a) &us c (a + b) we need only t o  multiply the 

- Teat Combinations of Pass (+) and Fail (-)on 3 Teats 

1 t + + c - - - - 
2 + t - - f - - t 
3 + - f - i * , r - 

a (a  t dl 0 594 1485 1188 594 1485  691 361 

c (a + b) 2788 ~844 Lo88 986 ll22 714 1224  1292 

D i f f  -2788 -290 397 202 328 771 -333 2569 





s I 

APPENDIX B 

me m i v e  at better results with tiiene (Pensecol.%) materiala by using .the 
ktal range bf the tests in corrshtJon w i t h  our accepted categoriceel cri- 

off  (Fig. 1) i s  obtained, %.e., t h ~ ~  people in the lined areas e m  rejeoted. 
terlon?" If the multiple regrsssion techniqca i s  uoed e tslanguler cut 

If the tUahiplQ chi irr ua& VB est E eqwre c u - ~ ~ f f  (Fig. 2), rejecting 
ti iose in the lined ,regionu. This i s  t r u e  of 6 cub0 (using  three tests) as 
well as of a tro-dimemsioaal S W ~ ~ C Q  (two tes ts ) .  

The f o l l o r h g  queation kras b o w  a s k x i  of the present metbod: "Can 
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