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ABSTRACT 

AN I N V E S T I G A T I O K  O F  h CONFIGUIWL APPfiOACEl TO 

D I F F E R E N T I A L  P R E D I C T A B I L I T Y  

J. C .  Kent S i l z e r  

When w e  seek t o  p r e d i c t  measures of human t r a i t s  o r  

behaviors  on t h e  b a s i s  of one o r  more o t h e r  measures of t r a i t s  

o r  behaviors  we f requen t ly  f i n d  t h a t  t h e  techniques we employ 

a r e  more s u c c e s s f u l  with some ind iv idua l s  than they a r e  w i t h  

o t h e r s .  A cons iderable  amount of e f f o r t  has  been expended i n  

a t tempts  t o  e l u c i d a t e  t h e  dimension of d i f f e r e n t i a l  p red ic t -  

a b i l i t y .  A major t h r u s t  of t h i s  e f f o r t  has  been d i r e c t e d  

toward t h e  discovery o r  development of v a r i a b l e s  t h a t  index 

t h i s  dimension. Such v a r i a b l e s ,  known g e n e r i c a l l y  a s  moderator 

v a r i a b l e s ,  have t y p i c a l l y  been found t o  be s p e c i f i c  t o  p a r t i c -  

u l a r  s i t u a t i o n s  and c r i t e r i a .  The p resen t  s e r i e s  of inves t iqa -  

t i o n s  were proposed as  a  means of i n v e s t i g a t i n g  t h e  u t i l i t y  

of an index of p r e d i c t a b i l i t y  independent of any p a r t i c u l a r  

c r i t e r i o n ,  based on t h e  e x t e n t  t o  which an i n d i v i d u a l ' s  

p r e d i c t o r  v a r i a b l e  p r o f i l e  resembles t h a t  most c h a r a c t e r i s t i c  

of an o r i g i n a l  c a l i b r a t i o n  sample. 

A measure of the  d i s s i m i l a r i t y  of an i n d i v i d u a l ' s  

p r e d i c t o r  v a r i a b l e  p r o f i l e  and t h e  mean c a l i b r a t i o n  group 

p red ic to r  v a r i a b l e  p r o f i l e  was obtained using t h e  ~ a h a l a n o b i s  

D~ based on p r e d i c t o r  v a r i a b l e  means and t h e  inverse  of t h e  

pred. ic tor  v a r i a b l e  covariance matr ix .  The means and covar- 

i a n c e ~  employed were der ived i n  two d i f f e r e n t  ways. I n  one 

condi t ion  they were based on  t h e  i n t a c t  c a l i b r a t i o n  groups. 

I n  t h e  o t h e r  cond i t ion  they were based on s t a b l e  subse t s  of 

(iii) 



i n d i v i d u a l s  from the  c a l i b r a t i o n  yroups. The subse t s  were 

e s t ab l i shed  using an i t e r a t i v e  procedure based on success ive  

e l iminat ion  of s u b j e c t s  on the  b a s i s  of re -ca lcula ted  d i s t a n c e s .  

Four d i f f e r e n t  da ta  s e t s  were employed. Each was 

randomly halved and al.1 procedures were repeated i n  each h a l f  

t o  provide f o r  complete double c ross  v a l i d a t i o n .  Within each 

h a l f  da ta  s e t ,  p r e d i c t o r  means and covariances were f i r s t  oh- 

ta ined i n  the  manner descr ibed above. Subjec ts  were then 

c l a s s i f i e d  a s  being e i t h e r  "near"  o r  " f a r "  on the  b a s i s  of 

d i s t a n c e s  solved f o r  using these  parameters.  An a l t e r n a t e  

c l a s s i f i c a t i o n  was made on t h e  b a s i s  of each d i f f e r e n t  s e t  of 

parameters.  c r i t e r i o n  v a r i a b l e s  were next  included and raw 

score  l i n e a r  r eg ress ion  weights were obtained f o r  t h e  i n t a c t  

h a l f  d a t a  s e t s  and f o r  each derived subgroup. S p l i t t i n g  

procedures and regress ion  weights were evaluated by applying 

c a l i b r a t i o n  parai-ueters based on a  given c a l i b r a t i o n  subsample 

t o  an independent hold-out sample. U t i l i t y  was i n f e r r e d  from 

near  group e r r o r s  of p r e d i c t i o n  t h a t  were smal ler  than cor res -  

ponding f a r  grGup e r r o r s  of p r e d i c t i o n  and from e r r o r s  assoc- 

i a t e d  with c ross  v a l i d a t i o n  when no grouping procedure was 

a ~ p l o y e d  . 
The u t i l i t y  of t h e  s p l i t t i n g  procedures inves t iga ted  

was observed t o  vary from da ta  source t o  da ta  source .  In  no 

ins tance  was i t s  use a s soc ia ted  with l a r g e  decrements i n  

p r e d i c t i v e  accuracy f o r  t h e  near groups, although i n  s e v e r a l  

s i t u a t i o n s  i t  was observed t o , h a v e  had l i t t l e  e f f e c t .  On the  

b a s i s  of the  evidence a t  hand, s e l e c t i o n s  of t h e  type employed 

seem most a p t  t o  have t h e i r  des i red  e f f e c t  when one o r  more of 

the  following condi t ions  e x i s t :  p r e d i c t o r  d i s t r i b u t i o n s  a r e  

badly skewed, c a l i b r a t i o n  samples a r e  r e l a t i v e l y  sma 11, and 

mul.tiple c o r r e l a t i o n s  between p r e d i c t o r s  and c r i t e r i a  a r e  



l a r g e .  I t  would seem t h a t  s u f f i c i e n t  p romise  w a s  demons t ra ted  

t o  w a r r a n t  f u r t h e r  r e s e a r c h  aimed a t  a  more e x a c t  d e l i n e a t i o n  

of t h e  c o n d i t i o n s  under  which s p l i t t i n g  i s  a p t  t o  y i e l d  

s i g n i f i c a n t  g a i n s .  U n t i l  s u c h  s t u d i e s  have  been c o n d u c t e d ,  

p r o c e d u r e s  of t h e  t y p e  h v e s t i g a t e d  c a n n o t  be recommended f o r  

g e n e r a l  u s e .  
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Chapter I 

In t roduct ion  

The ~~roblern :  

Tlie r e d i c t i o n  of n:easures of huzan t r a i t s  or  S c k v -  

i o r s  on the  b a s i s  of one o r  nore o t h e r  measures of t r a i t s  o r  

behaviors has long been a  concern of psycho log i s t s .  Because 

the  dec i s ions  t h a t  a r i s e  a s  a  consequence of such p red ic t ions  

a r e  f r equen t ly  c r u c i a l  both t o  the  development of theory ,  

and the  exi2loi ta t ion of empir ica l  r e l a t i o n s h i p s  i n  appl ied  

s e t t i n g s ,  any energies  expended t o  improve the  accuracy of 

such predic t ions1  may be considered we l l  s p e n t .  To t h i s  end, 

a t t e n t i o n  cont inues t o  be given t o  t h e  development and 

s e l e c t i o n  of b e t t e r  p r e d i c t o r s .  Given t h e  b e s t  of a v a i l a b l e  

p r e d i c t o r s ,  e f f o r t s  t o  e x p l o i t  the  lawful r e l a t i o n s  inheren t  

i n  da ta  may y e t  be hampered by inadequacies i n  the  a n a l y t i c a l  

models most o f t e n  employed. In  r ecen t  yea r s  much a t t e n t i o n  

has been d i r e c t e d  t o  t h e  development of a l t e r n a t e  models and 

i t  i s  t o  t h i s  aspect  of p red ic t ion  t h a t  t h i s  t h e s i s  i s  addressed.  

The t r a d i t i o n a l  a p x ~ a c h  t o  psychologica: predict ior l  

has involved the  determinat ion of the  s i n g l e  l i n c a r  r eg ress ion  

funct ion  most d e s c r i p t i v e  of the r e l a t i o n s h i p  between one or  

more p r e d i c t o r  v a r i a b l e s  and a c r i t e r i o n .  I f  we a r e  t o  er,~ploy 

t h i s  model, w e  n u s t  be w i l l i n g  t o  assume t h a t  a l l -  eleirlents 

of the  p r e d i c t o r  s e t  have s i m i l a r  degrees of i n ~ ~ ~ o r t a n c e  f o r  

a l l  . individuals i n  r e l a t i o n  to  p a r t i c u l a r  behaviors 1 outcomes. 

1. The p r e d i c t i o n s  d e a l t  with a r e  those involving t h e  de te r -  
mination of loca t ion  on continuous d i s t r i b u t i o n s  and not  
problems of l o c a t i o n  with r e spec t  t o  a c u t t i n g  p o i n t .  



To t h e  e x t e n t  t h a t  such an assumption i s  not  j u s t i f i e d ,  t h e  

adequacy of any p red ic t ions  made may bc unnecessar i ly  l i m i t e d .  

t o  t h e  simple l i n e a r  model, many suppor t ing  the  b e l i e f  expressed 

by Dunnetke (1963) when he s t a t e d :  

"The f i r s t  s t e p  toward enhancing t h e  2redict j -on 
of human behavior must, t h e r e f o r e ,  be t o  accept  
t h e  c o r n ~ l e x i t i e s  of human behavior and adopt a 
p r e d i c t i o n  model which i s  a p p r o ~ r i a t e l y  conplex",  

I n  t h e  next  few pages w e  s h a l l  cons ider  s e v e r a l  

attern2ts t h a t  have been made t o  d e v e l o i ~  a l t e r n a t i v e s  t o  t h e  

simpl-e l i n e a r    nod el. At tent ion  w i l l  be focused on t h e  s o  

c a l l e d  "moderator v a r i a b l e  " models and on problems assoc ia ted  

with t h e i r  use .  The d i scuss ion  w i l l  conclude with a  proposal  

f o r  a  moderator model based on p r e d i c t o r  p r o f i l e  s i m i l a r i t y  

t h a t  may overcome some of t h e  problems assoc ia ted  with o t h e r  

moderator models. 

c u r r e n t  Yodels : ------ -A ------ - - 
The nlodcls w e  a r e  t o  cons ider  may c o ~ v c n i e n t l y  be 

c l a s s i f i e d  i n t o  two d i s t i n c t  t y n e s .  On t h e  one hand we f ind  

1:odels that s t r i v e  t o  improve l e v e l s  of p r e d i c t i o n  through 

t h e  determinat ion of funct ions  more r e p r e s e n t a t i v e  of r e l a t i o n -  

s h i p s  between p r e d i c t o r  and c r i t e r i o n  v a r i a b l e s  than  is  t h e  

genera l  l i n e a r  nodel .  I f  complex r e l a t i o n s h i p s  a r e  not  t o  

be found, most such models w i l l  reduce t o  t h e  ord inary  l i n e a r  

model. The second type of model we w i l l  cons ider  s t r i v e s  t o  

i s o l a t e  those s u b j e c t s  with whom a  p a r t i c u l a r  model, most 

o f t e n  t h e  l i n c a r  nxodel, may be expected t o  succeed p a r t i c -  

u l a r l y  we l l .  I n  the  p resen t  context  t h i s  l a t t e r  type of 

model w i l l  bc reEerred t o  a s  t h e  "moderator v a r i a b l e "  nlodel. 

Picccw-ise r cq rcss ion .  Piecewise r eg ress ion ,  a s  

descr ibed by Wainer ( 1971) , r ep resen t s  a cornpara t i v c l y  minor 



depar tu re  from t h e  usual  l i n e a r  model. Rather than employing 

a s i n g l e  l i n e a r  func t ion ,  piecewise r eg ress ion  allows f o r  

breaks i n  t h e  regress ion  funct ion  by f i t t i n g  a  number of 

d i f f e r e n t  l i n e a r  funct ions  t o  r e s t r i c t e d  regions of t h e  

p r e d i c t o r  range. Preliminary r e p o r t s  of the  model's u t i l i t y  

i n d i c a t e  some promise a s  we l l  a s  a t t e n d a n t  d i f f i c u l t i e s ,  

p a r t i c u l a r l y  probl-ems assoc ia ted  with the  s e l e c t i o n  of 

appropr ia t e  c u t t i n g  po in t s  e s t a b l i s h i n g  boundaries between 

consecut ive func t ions .  In a d d i t i o n ,  i t  i s  conceptua l ly  

d i f f i c u l t  t o  g e n e r a l i z e  t h e  procedures employed t o  s i t u a t i o n s  

employing more than one p r e d i c t o r  v a r i a b l e .  Because of i t s  

comparatively r ecen t  emergence i n  t h e  psychological  l i t e r a -  

t u r e ,  a  genera l  eva lua t ion  of t h e  model's u t i l i t y  would seem 

premature a t  t h i s  time. 

Saunders '  moderated req ress ion .  Saunders (1956),  ----- - 
i n  the  a r t i c l e  i n  which he intrcd uced the  term "moderator 

v a r i a b l e " ,  descr ibed an a p p o a c h  which d e v i a t e s  from t h e  

simple l i n e a r  rnodel t o  a  somewhat g r e a t e r  e x t e n t  than does 

piecewise r eg ress ion .  E s s e n t i a l l y ,  h i s  procedure involves 

the  a d d i t i o n  of a  "moderating" v a r i a b l e  and i ts  cross-product 

with t h e  o t h e r  p r e d i c t o r  v a r i a b l e  t o  the b i v a r i a t e  r eg ress ion  

equat ion .  The a d d i t i o n  of the  cross-product term allows t h e  

r eg ress ion  su r face  t o  be deformed by causing the  r e l a t i o n s h i p  

between the  o r i g i n a l  p r e d i c t o r  and c r i t e r i o n  t o  vary a s  a  

funct ion  of the  l e v e l  of the  moderating v a r i a b l e .  

Saunders '  i l l u s t r a t e d  an a p p l i c a t i o n  of h i s  model. 

with d a t a  obtained from Frederiksen and Melv i l l e  's (1954) 

s tudy.  The r e s u l t s  he reported appeared encouraging and 

seemed even more s o  i n  view of the  success  he repor ted  i n  

c r o s s  v a l i d a t i o n .  With few except ions however, h i s  major 

ga ins  appear t o  have been r e a l i z e d  by v i r t u e  of the  simple 



, a d d i t i o n  of a  second p r e d i c t o r  v a r i a b l e  i n  h i s  equa t ions .  I n  

genera l ,  t h e  moderated m u l t i p l e  c o r r e l a t i o n s  were lower t han  

were t h e  z e r o  o r d e r  c o r r e l a t i o n s  ob ta ined  when t h e  most p rc -  

d i c t a b l e  s u b j e c t s  were t r e a t e d  i n  i s o l a t i o n  ( t h e  moderator 

va r i ab l e  was used t o  dichotomise  t h e  sample) .  ~ a u n d e r s '  

x model may be c r i t i c i s e d  on t h e o r e t i c a l  a s  w e l l  a s  p r a c t i c a l  
! 
1 grounds. The i n t r o d u c t i o n  of a  c ross -produc t  term may be  
I 

! expected t o  compl ica te  t h e  r e l i a b l e  e s t i m a t i o n  of r e g r e s s i o n  

parameters f o r  r ea sons  t h a t  w i l l  b e  d i scus sed  s h o r t l y .  ~ f  
I 

it is t o  be i nc luded ,  then  a s  Lord & Novick (1968,  p. 273) 
? 

observe,  t h e r e  is probably 

"..... l i t t l e  j u s t i f i c a t i o n  f o r  no t  cons ide r -  
i n g  t h e  f u l l  second-order r e g r e s s i o n  f u n c t i o n " .  

Reqress ign models employinq complex f u n c t i o n s .  What 

then a r e  t h e  consequences of employing more complex r e g r e s s i o n  

func t ions?  c l e a r y  (1966, p.  215) p rov ides  some i n d i c a t i o n  

when she  r e f e r s  t o  a  s t u d y  of Ward's (1954) and w r i t e s :  

"A second a t t empt  t o  improve p r e d i c t i o n  was 
t h a t  of Ward who t e s t e d  t h e  p r e d i c t i v e  e f f i c -  
i ency  of  equa t ions  which assumed l i n e a r ,  
s q u a r e d  , and second-order p a r a b o l i c  j o i n t  
f u n c t i o n a l  r e l a t i o n s h i p s  among independent var -  
i a b l e s ,  and compared t h e s e  complex equa t ions  
w i t h  t h e  u s u a l  m u l t i p l e  r e g r e s s i o n .  I n  t h e  
o r i g i n a l  samples,  c o r r e l a t i o n s  were h i g h e s t  
f o r  t h e  p a r a b o l i c  j o i n t  f u n c t i o n  and tended 
t o  d e c r e a s e  a s  t h e  complexi ty  decreased .  
I n  t h e  c r o s s - v a l i d a t i o n  samples ,  however, 
t h e  sh r inkage  i n  t h e  c o r r e l a t i o n  between t h e  
p r e d i c t e d  and observed c r i t e r i o n  .scores  was 
g r e a t e s t  f o r  t h e  more complex f u n c t i o n s .  
Thus, t h e  p r e d i c t i v e  e f f i c i e n c y  was g e n e r a l l y  
h i g h e s t  f o r  t h e  u s u a l  m u l t i p l e  r e g r e s s i o n  
equa t ion  and tended t o  dec rease  a s  t h e  
complexi ty  of t h e  equa t ion  i n c r e a s e d . "  

e .  
Problems a s s o c i a t e d  wi th  t h e  r e l i a b l e  e s t i m a t i o n  

I 

i Of r e g r e s s i o n  parameters  a r e  widely  recognized a s  be ing  much 



magnif ied when t h e  number of parameters t o  be est imated is 

increased ,  a s  w i l l  be  the  case  when complex func t ions  ( i . e . ,  

powering and c r o s s  products)  a r e  employed. In  view of t h i s ,  

~ ~ a r d ' s  r e s u l t s  a r e  ha rd ly  s u r p r i s i n g .  In  an a rea  plagued 

with problems of measurement e r r o r s ,  models making g r e a t e r  

demands on our  measurements may be expected t o  have l imi ted  

u t i l i t y .  Although i t  i s  p o s s i b l e  i n  p r i n c i p a l  t o  in t roduce  

cor rec t ions  f o r  u n r e l i a b i l i t y  i n t o  t h e  p r e d i c t i o n  equat ions ,  

t h i s  would r e q u i r e  more accura te  e s t ima tes  of r e l i a b i l i t y  

than a r e  t y p i c a l l y  a v a i l a b l e .  

C lea ry ' s  model. Cleary (1966) has  presented another  

type of complex model. She seeks t o  make allowance f o r  

ind iv idua l  d i f f e r e n c e s  i n  the  p a t t e r n s  and l e v e l s  of v a l i d i t y  

and t o  t h i s  end has developed a  procedure t h a t  permits  a  d i f -  

f e r e n t  s e t  of r eg ress ion  weights t o  emerge f o r  each person. 

~ e s p i t e  t h e  promise indica ted  i n  h e r  o r i g i n a l  a r t i c l e ,  concern 

about t h e  s t a b i l i t y  of t h e  person weights coupled with t h e  

model's computational complexity have r e s u l t e d  i n  i t s  having 

seen very l i t t l e  use.  For t h i s  reason aga in ,  it i s  d i f f i c u l t  

t o  f u l l y  eva lua te  i ts  u t i l i t y .  

Confiqural  models. Configural  techniques r ep resen t  

a depar ture  from the  type of model we have j u s t  considered 

i n  t h a t  they tend t o  make minimal demands on d a t a .  Typica l ly ,  

r e c u r r i n g  p a t t e r n s  ( p r o f i l e s )  among the  p r e d i c t o r s  a r e  

i s o l a t e d  and p a r t i c u l a r  > a t t e r n s  a r e  a s soc ia ted  with s p e c i f i c  

p r e d i c t i o n s .  To make use of t h i s  model, one need only l o c a t e  

t h e  appropr ia t e  p a t t e r n  by fol lowing r u l e s  de f in ing  minimal 

condi t ions  f o r  t h e  acceptance of type membership, and once 

t h i s  is  done, u t i l i z e  a  common p r e d i c t i o n  f o r  a l l  members of 

the  type.  No assumptions concerning t h e  na tu re  of meta- 

r e l a t i o n s h i p s  wi th in  t h e  p r e d i c t o r  s e t  a r e  requi red .  



~t l e a s t  two s e r i o u s  l i m i t a t i o n s  of such techniques 

a r e  immediately apparent .  Whenever d a t a  i s  capable  of 

suppor t ing  s t r o n g e r  r e l a t i o n s h i p s ,  a d d i t i o n a l  and p o t e n t i a l l y  

va luable  information w i l l  be l o s t .  A t  t h e  same t ime,  t h e  

number of d i f f e r e n t  p a t t e r n s  of i n t e r e s t  can very r e a d i l y  

become p r o h i b i t i v e l y  l a r g e ,  p a r t i c u l a r l y  when t h e r e  a r e  

s e v e r a l  p r e d i c t o r  v a r i a b l e s .  con•’ i g u r a l  methods may we l l  be 

the techniques of choice i n  those  a r e a s  cha rac te r i zed  by low 

degrees of lawfulness .  P s y c h i a t r i c  s t a t e s  predic ted  by s e l f -  

r e p o r t  inven to r i e s  may be one such a r e a .  In  t h i s  r e s p e c t ,  

a t l a s e s  such a s  those published by Marks and Seeman (1963) 

and G i l b e r s t a d t  6; Duker (1965) have won wide acceptance.  On 

t h e  o t h e r  hand, Goldberg (1969) i n  summarizing research  r e l a t -  

i n g  t o  c o n f i g u r a l  r e l a t i o n s h i p s  and p e r s o n a l i t y  assessment,  

concluded t h a t  conf igura l  techniques have shown l i t t l e  

rea 1 promise. 

Moderator v a r i a b l e s .  A s  mentioned previous ly ,  

moderator v a r i a b l e s  ( a s  def ined below) rep resen t  another  

c l a s s  of model aimed a t  improving p r e d i c t a b i l i t y .  I n  t h i s  

con tex t ,  moderator v a r i a b l e s  a r e  v a r i a b l e s  used t o  s e l e c t  

groups of i n d i v i d u a l s  who can be t r e a t e d  s u c c e s s f u l l y  with 

a  given p r e d i c t i o n  method. This use is  c o n s i s t e n t  with a  

d e f i n i t i o n  suggested by Banas (1964, p. 5) who wrote: 

",... . it i s  proposed t h a t  moderator v a r i a b l e  
be accepted a s  t h e  genera l  term t o  r e f e r  t o  a l l  
v a r i a b l e s ,  q u a n t i t a t i v e  and q u a l i t a t i v e ,  which 
improve t h e  use fu lness  of a  p r e d i c t o r  by 
i s o l a t i n g  subgroups of ind iv idua l s  f o r  whom 
a p r e d i c t o r  o r  s e t  of r eg ress ion  weights 
a r e  e s p e c i a l l y  appropr ia t e  " . 

L i t e r a t u r e  reviews r e l a t i n g  t o  moderator v a r i a b l e s  a r e  t o  be 

found in :  Banas ( l 9 6 4 ) ,  Guion ( l 9 6 7 ) ,  and Zedec (1971) . 
For purposes of t h e  p resen t  d i scuss ion ,  a  few examples 



i l l u s t r a t i n g  some of t h e  major approaches employing moderator 

v a r i a b l e s  should  s u f f i c e .  

Compulsivity a s  a node ra to r  v a r i a b l e .  Perhaps t h e  

most f r e q u e n t l y  c i t e d  s e r i e s  of s t u d i e s  i n  t h e  a r e a  of d i f f e r -  

e n t i a l  p r e d i c t a b i l i t y  have been t h o s e  i nvo lv ing  r e l a t i o n s h i p s  

between g rade  p o i n t  averages  and i n t e r e s t  s c o r e s  a s  "moderated" 

by co'mpulsivity t r a i t s .  Of t h e  f i r s t  s t u d y  i n  t h e  s e r i e s ,  

~ r e d e r i k s e n  and M e l v i l l e  (1954) r e p o r t e d  : 

" I t  was found t h a t  t h e r e  i s  a  tendency f o r  t h e  
c o r r e l a t i o n s  between i n t e r e s t  s c a l e s 2  and 
freshman average g rade  i n  eng inee r ing  t o  be  
h i g h e r  f o r  noncompulsive s t u d e n t s  ( t h o s e  who 
d i d  n o t  resemble accoun tan t s  on t h e  S t rong  
Accountant  s c a l e ,  and whose r ead ing  speed 
i s  h i g h  i n  r e l a t i o n  t o  a b i l i t y  a s  measured 
by a  vocabulary t e s t )  ". 

Of t h e  second s t u d y  i n  t h e  s e r i e s ,  F rede r ik sen  & G i l b e r t  (1960) 

r e p o r t e d :  

"The s t u d y  was r e p l i c a t e d  u s i n g  freshman 
s t u d e n t s  i n  t h e  c l a s s  of 1962 a t  t h e  s choo l  
of Engineer ing a t  P r i n c e t o n .  The f i n d i n g  
t h a t  noncompulsive s t u d e n t s  a r e  more pre-  
d i c t a b l e  t han  compulsive s t u d e n t s ,  a s  
judged by c o r r e l a t i o n s  between average 
g rades  and S t rong  Blank s c o r e s ,  seems t o  
ho ld  on ly  f o r  t h e  occupa t iona l  keys most 
l o g i c a l l y  r e l a t e d  t o  eng inee r ing  - Mathema- 
t i c i a n ,  P h y s i c i s t ,  Engineer ,  and Chemist - 
when t h e  o t h e r  groups a r e  de f ined  on t h e  
b a s i s  of r ead ing  speed r e l a t i v e  t o  vocab- 
u l a r y .  

A f u r t h e r  r e p l i c a t i o n  i s  r epo r t ed  by S t r i c k e r  (1966) 

who aga in  found t h e  g e n e r a l  r e l a t i o n s h i p s  r epo r t ed  

2. The i n t e r e s t  s c a l e s  were drawn from t h e  S t rong  
I n t e r e s t  Blank f o r  Elen. 

by 

Voca t i o n a  1 



~ ~ e d e r i k s e n  t o  hold f o r  a  d i f f e r e n t  sample of engineering 

freshmen. Two a r e a s  of except ion were, however, noted.  

The p a r t i c u l a r  i n t e r e s t  s c a l e s  e f f e c t  by compulsivi ty  were 

not t he  s c a l e s  previous ly  repor ted .  In  a d d i t i o n ,  compul- 

s i v i t y  was not  found t o  moderate t h e  c o r r e l a t i o n  between 

grades and i n t e r e s t  sco res  when t h e  same procedure was 

attempted with a  sample drawn from l i b e r a l  a r t s  freshmen. 

In t ra - ind iv idua l  v a r i a b i l i t y  a s  a  moderator v a r i a b l e .  

~ n t r a - i n d i v i d u a l  v a r i a b i l i t y ,  a s  it i s  conceived of a s  occur- 

r i n g  i n  t h e  absence of change i n  t h e  c h a r a c t e r i s t i c  beiny 

measured, has been proposed a s  another  p o s s i b l e  moderator 

v a r i a b l e .  To the  e x t e n t  t h a t  some ind iv idua l s  d i s p l a y  a 

tendency t o  such v a r i a b i l i t y  ( t o  t h e  e x t e n t  t h a t  it has some 

s t a t u s  a s  a  p e r s o n a l i t y  t r a i t ) ,  any at tempt  t o  u t i l i z e  meas- 

u res  based on t h e i r  responses a s  p r e d i c t o r  v a r i a b l e s  w i l l  be  

l imi ted  by t h e  e x t e n t  t o  which the  same responses a r e  inde te r -  

minate. Before i n t r a - i n d i v i d u a l  v a r i a b i l i t y  can be employed 

a s  a  moderator v a r i a b l e ,  i t s  parameters must f i r s t  be d e l i n -  

ea ted .  In  p a r t i c u l a r ,  we r e q u i r e  sone means of r e l i a b l y  

ass igning  v a r i a b i l i t y  values t o  ind iv idua l s  a s  we l l  a s  sone 

knowledge of t h e  e x t e n t  t o  which these  values index genera l  

response t r a i t s .  

F i ske  & Rice (1955) , i n  an e x c e l l e n t  review a r t i c l e ,  

discussed many of t h e  i s s u e s  involved with i n t r a - i n d i v i d u a l  

v a r i a b i l i t y  bu t  were unable t o  draw any f i rm conclusions 

regarding i t s  y e n e r a l i z a b i l i t y .  F iske  (1357a) pursued t h i s  

i s s u e  and concluded : 

"There i s  probably no s i n g l e  genera l  t r a i t  of 
v a r i a b i l i t y .  V a r i a b i l i t y  kendencies a r e  l a r g e l y  
s p e c i f i c  t o  t o t a l  c o n s t e l l a t i o n s  of s t i m u l i  and 
cond i t ions  " . 

This lack of g e n e r a l i z a b i l i  t y  does not  r e q u i r e  t h a t  p a r t i c u l a r  



t 
i measures of in t r a - ind iv idua l  v a r i a b i l i t y  a r e  n e c e s s a r i l y  

u n r e l i a b l e .  F iske  (l957b) reported r e l i a b i l i t i e s  based on 

odd-even i tem c o r r e l a t i o n s  of between .46 and -96 f o r  t h e  

same v a r i a b i l i t y  scores  on which he based h i s  conclusions 

about y e n e r a l i z a b i l i t y .  

Berdie (1961, 1969a, 1969b) has been t h e  major pro- 

ponent of i n t r a - i n d i v i d u a l  v a r i a b i l i t y  a s  a  t r a i t  indexing 

ind iv idua l  p r e d i c t a b i l i t y .  Although he is unable t o  r e f u t e  

~ i s k e ' s  c laim t h a t  i n t r a - i n d i v i d u a l  v a r i a b i l i t y  appears no t  

to  rep resen t  a  genera l  response c h a r a c t e r i s t i c ,  he does 

produce evidence f o r  i t s  u t i l i t y  a s  a  moderator v a r i a b l e  i n  

a t  l e a s t  some few s i t u a t i o n s .  

Empir ical  moderators. Rather than seek v a r i a b l e s  

t h a t  index p r e d i c t a b i l i t y ,  o t h e r  i n v e s t i g a t o r s ,  most notably  

G h i s e l l i  (1956, 1960a, 1960b, 1963), have sought t o  develop 

s c a l e s  t h a t  w i l l  s e r v e  t h e  necessary indexing func t ion  by 

employing techniques such a s  i tem ana lys i s .3  Once again ,  

some measure of success  has been repor ted  f o r  models of t h i s  

type.  Again a s  we l l ,  t h e  moderator v a r i a b l e s  developed i n  

t h i s  way have tended t o  prove u s e f u l  only  i n  those  s i t u a t i o n s  

f o r  which they were developed. ~ h i s e l l i  & Sanders (1967) 

recognized t h i s  and remarked : 

". .... i t  is  pa ten t  t h a t  moderator scores  a r e  
s p e c i f i c  t o  t h e  t e s t s  i n  ques t ion  and t o  t h e  
s i t u a t i o n  i t s e l f ,  and t h a t  t h e i r  r e l a t i v e  
mer i t s  must be looked a t  i n  t h e  l i g h t  of each 
s p e c i f i c  problem. " 

This s ta tement ,  perhaps b e t t e r  than any o t h e r ,  r e f l e c t s  t h e  

c u r r e n t  s t a t e  of the  a r t  a s  i t  r e l a t e s  t o  moderator v a r i a b l e s .  

3 .  such s c a l e s  a r e  o f t e n  r e f e r r e d  t o  a s  empir ica l  moderators 
and a r e  t o  be d i s t ingu i shed  from r a t i o n a l  moderators 
which seek t o  employ i d e n t i f i a b l e  t r a i t s .  



c h a p t e r  I1 

An A l t e r n a t e  Model 

The moderator v a r i a b l e  models we have considered t o  

t h i s  p o i n t  have f o r  t h e  most p a r t  been concerned with t h e  

b i v a r i a t e  form of t h e  genera l  l i n e a r  r eg ress ion  func t ion :  

Given mul t ip le  p r e d i c t o r s  which a r e  not  s t a t i s t i c a l l y  indep- 

endent,  t h e  l i n e a r  r eg ress ion  weights ( b i )  w i l l  be  a  func t ion  

not  only of t h e  v a l i d i t i e s  of t h e  ind iv idua l  p r e d i c t o r  v a r i a b l e s ,  

b u t  of  t h e  c o r r e l a t i o n s  between p r e d i c t o r  v a r i a b l e s  a s  we l l .  

P red ic t ions  based on any such equat ion may be  expected t o  

succeed i n  d i r e c t  propor t ion  t o  t h e  degree t o  which t h e  p a t t e r n  

of r e l a t i o n s h i p s  t h a t  gave r i s e  t o  t h e  observed i n t e r - p r e d i c t o r  

c o r r e l a t i o n s  (and on t h e  b a s i s  of which t h e  equat ion i t s e l f  

was der ived)  resembles t h a t  found among t h e  same v a r i a b l e s  i n  

t h e  sample of s u b j e c t s  t o  whom t h e  equat ions a r e  t o  be app l i ed .  

Before at tempting t o  employ a  r eg ress ion  equat ion 

f o r  purposes of p r e d i c t i o n ,  a  reasonable precaut ion  might 

involve a  comparison of t h e  i n t e r - p r e d i c t o r  c o r r e l a t i o n s  i n  

t h e  c a l i b r a t i o n  and p r e d i c t i o n  samples. Should the  p a t t e r n s  

of r e l a t i o n s h i p s  observed be q u i t e  d i f f e r e n t ,  we a r e  faced 

with t h e  choice  of e i t h e r  abandoning our equat ion o r  l i m i t i n g  

p r e d i c t i o n s  t o  a  subse t  of ind iv idua l s  i n  t h e  p r e d i c t i o n  

sample who d i s p l a y  i n t e r - p r e d i c t o r  r e l a t i o n s h i p s  s i m i l a r  t o  

those  i n  t h e  c a l i b r a t i o n  sample. In  most ins t ances  t h e  l a t t e r  

a l t e r n a t i v e  i s  a p t  t o  be t h e  more a t t r a c t i v e .  Should we op t  

f o r  i t  we then r e q u i r e  some means of determining which indiv id-  

u a l s  might most appropr ia t e ly  be t r e a t e d  with our  equat ion.  

I n  b r i e f ,  we r e q u i r e  a  moderator v a r i a b l e  t o  provide a  b a s i s  

f o r  t h e  s e l e c t i o n .  A measure of t h e  e x t e n t  t o  which an 
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individual ' s  pat tern of responding is atypical  of the cal ibra-  

t ion group should be idea l  for  t h i s  purpose. Given such a  

measure and a  ru le  f o r  i t s  application,  i n  the prediction 

sample, it should then be possible t o  r e t a in  only those sub- 

jects displaying response patterns s imilar  t o  those associated 

with the ca l ibra t ion  group and hence t o  a t t a i n  some degree 

of assurance tha t  application of equations based on the 

ca l ibra t ion  group w i l l  be appropriate. 

An  obvious measure of the atypicalness of a  person's 

responding i s  t o  be found i n  the extent t o  which h i s  inclusion 

in  the ca l ibra t ion  sample would a l t e r  the inter-correla t ions  

between predictor variables.  However i f  the ca l ibra t ion  

sample is large,  the addition of any one individual may be 

expected t o  have an a l l  but negligible e f fec t  on the resu l t ing  

correla t ions .  A procedure which i s  independent of the s i z e  

of the ca l ibra t ion  sample would therefore seem t o  be cal led 

for .  

A measure of the atypicalness of an individual ' s  

responding which meets the above condition may be obtained 

by comparing h i s  predictor response p r o f i l e  with a  response 

p ro f i l e  representative of the ca l ibra t ion  group of subjects .  

The reference a r t i c l e  i n  the area of evaluating methods of 

assessing p ro f i l e  s imi la r i ty  is tha t  of Cronbach & Gleser 

(1953). They develop three p ro f i l e  parameters: elevation,  

s c a t t e r  and shape, and proceed t o  r e l a t e  these t o  the indices 

of s imi la r i ty  tha t  had been proposed t o  tha t  time. Within 

the same context,  Helmstadter (1957) evaluated an expanded 

l ist  of methods. On the basis of both a r t i c l e s  it would seem 

tha t  a  generalized distance function such as  Mahalanobis' 

D ~ ,  which simultaneously considers not only the aforementioned 

three p ro f i l e  parameters, but a l so  and more importantly, the 

covariances among the variables prof i led,  is l ike ly  t o  provide 
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the p a t t e r n  a n a l y t i c  nethod most c l o s e l y  r e l a t e d  t o  t h e  a l t e r a -  

t i o n  i n  c o r r e l a t i o n  discussed above. Ins tead  of express ing  

t h e  a typ ica lness  of an i n d i v i d u a l ' s  responses i n  terms of t h e  

e x t e n t  t o  which h i s  inc lus ion  i n  t h e  c a l i b r a t i o n  sample would 

a l t e r  the  observed c o r r e l a t i o n s  between p r e d i c t o r  v a r i a b l e s ,  

w e  can ob ta in  e s s e n t i a l l y  t h e  same r e s u l t  by us ing  D2 t o  

l o c a t e  him with r e s p e c t  t o  the  c a l i b r a t i o n  grouds p r e d i c t o r  

v a r i a b l e  c e n t r o i d .  . The Mahalanobis D2 is a  squared mult i -  

dimensional s tandard s c o r e  and a s  such is independent of 

both t h e  c a l i b r a t i o n  sample s i z e  and t h e  s c a l i n g  of t h e  

v a r i a b l e s .  

The model t o  be inves t iga ted  is one employing 
2 Mahalanobis 3 , based on p r e d i c t o r  v a r i a b l e  responses,  a s  a  

moderator v a r i a b l e .  I t  is c o n f i g u r a l  i n  t h a t  p r o f i l e  s i m i l a r i t y  

( d i s t a n c e  from c e n t r o i d )  i s  t h e  c r i t e r i o n  determining inc lus ion  

i n  t h a t  group of s u b j e c t s  f o r  whom pred ic t ions  w i l l  be made. 

Unlike most of t h e  o t h e r  moderator v a r i a b l e s  we have considered,  

D~ need not  be viewed a s  a measure of some t r a i t  o r  cha rac te r -  

i s t i c  i n  i t s  own r i g h t ,  but  r a t h e r  a s  a  d i r e c t  expression of 

p r o f i l e  d i s s i m i l a r i t y .  Because we pro2ose t o  develop i t  only 

on t h e  b a s i s  of p r e d i c t o r  v a r i a b l e s ,  it w i l l  be c r i t e r i o n  

independent. Again, because i t  i s  not  regarded a s  n e c e s s a r i l y  

indexing a  s p e c i f i c  t r a i t  t h e r e  i s  reason t o  hope t h a t  i t s  

a c t i o n  w i l l  no t  be a s  s p e c i f i c  t o  c e r t a i n  s i t u a t i o n s  a s  i s  

the  a c t i o n  of o t h e r  moderator v a r i a b l e s .  

A moderator v a r i a b l e  depending on p r o f i l e  s i m i l a r i t y  

i s  a ~ t  t o  be most a p p l i c a b l e  when t h e r e  a r e  s e v e r a l  p o i n t s  

i n  t h e  p r o f i l e s  t o  be compared .4 For t h i s  reason t h e  co l lbc -  

4. Although the  method a s  presented i s  express ly  m u l t i v a r i a t e  
a  s i m i l a r  procedure can be employed when only one p red ic to r  
v a r i a b l e  is  a v a i l a b l e .  In t h i s  ins tancc  D~ becomcs the  
u n i v a r i a t e  s tandard score  "z  ". 



t i o n  of a d d i t i o n a l  p r e d i c t o r  information w i l l  sometimes be 

advisable .  Because such v a r i a b l e s  can be s e l e c t e d  on the  

b a s i s  of t h e i r  p a r t i a l  v a l i d i t i e s ,  t h e i r  a d d i t i o n  may be 

expected t o  inc rease  t h e  power of our  equat ions .  Another 

advantage of models of t h e  type we are  developing i s  t h e i r  

a b i l i t y  t o  d e a l  with more than one c r i t e r i o n  v a r i a b l e  assoc- 

i a t e d  with a  p a r t i c u l a r  s e t  of p r e d i c t o r s .  This again stems 

from t h e i r  c r i t e r i o n  independence. F i n a l l y ,  because d i s t a n c e s  

can be based on d i f f e r e n t  c e n t r o i d s  involving t h e  same 

v a r i a b l e s ,  should s u b s t a n t i a l l y  d i f f e r e n t  equat ions be requi red  

f o r  d i f f e r e n t  groups of i n d i v i d u a l s ,  i t  should be p o s s i b l e  t o  

s o l v e  f o r  d i s t a n c e s  from each c e n t r o i d  and t o  s e l e c t  t h e  

equat ion assoc ia ted  ,with t h e  s m a l l e s t  d i s t a n c e  with some 

assurance t h a t  i t  w i l l  be t h e  one most a p s r o p r i a t e .  

The use of t h e  Mahalanobis D2 a s  a  moderator v a r i a b l e  

i s  no t  without  i t s  l i m i t a t i o n s .  The computation of D2 is 

somewhat involved and may be imprac t i ca l  i n  many s i t u a t i o n s  

i f  a computer is  not  a v a i l a b l e .  Another l i m i t a t i o n  (shared 

with some o t h e r  moderator methods) may be found i n  the  

procedure 's tendency t o  exclude from cons ide ra t ion  those 

i n d i v i d u a l s  f o r  whom e i t h e r  very l a r g e  o r  very smal l  c r i t e r i o n  

va lues  would be p red ic ted .  This ob jec t ion  i s  a p t  t o  f i n d  

substance only i n  t h e  t e s t  u s e r ' s  p r e d i l e c t i o n  t o  c e r t a i n  

types of e r r o r  i n  preference  t o  o t h e r s .  I t  i s  g e n e r a l l y  

accepted t h a t  l a r g e r  s tandard  e r r o r s  of p r e d i c t i o n  w i l l  be 

a s soc ia ted  with persons whose scores  d e v i a t e  markedly from 

p r e d i c t o r  means. The dec i s ion  t o  be made, and t h i s  a p p l i e s  

t o  most models a t tempting d i f f e r e n t i a l  p r e d i c t i o n ,  is  one of 

being w i l l i n g  t o  s a c r i f i c e  some p o t e n t i a l l y  accura te  predic-  

t i o n s  f o r  g r e a t e r  confidence i n  our  p red ic t ions  i n  genera l .  

Before proceeding t o  desc r ibe  t h e  methodology 

employed i n  t h e  i n v e s t i g a t i o n s ,  i t  may be appropr ia t e  t o  



provide a  b r i e f  example of a  s i t u a t i o n  i n  which a  model of 

t h i s  type might prove u s e f u l .  Let  us  assume t h a t  we a r e  t r y -  

ing  t o  p r e d i c t  phys ica l  endurance on t h e  b a s i s  of measures 

of h e i g h t  and weight and t h a t  we have derived an equat ion 

g iv ing  approximate equal  weight t o  t h e  s tandardized  form of 

each v a r i a b l e  by us ing  employed cons t ruc t ion  l abore r s  a s  our  

c a l i b r a t i o n  group. By us ing  t h e  equat ion d i r e c t l y  we might 

wel l  p r e d i c t  s i m i l a r  l e v e l s  of endurance f o r  ind iv idua l s  of 

average he igh t  and weight,  f o r  t h e  very  t a l l  and emaciated 

and f o r  t h e  very s h o r t  and p o r t l y .  A measure of p r o f i l e  

s i m i l a r i t y  might be expected t o  exclude t h e s e  l a t t e r  two 

groups. 



Chapter I11 

Method 

Data: 

An e f f o r t  was made t o  l o c a t e  da ta  s e t s  t h a t  were 

a t  once of reasonable s i z e  and a t  t h e  same time broadly rep- 

r e s e n t a t i v e  of a r e a s  i n  psycholo3y i n  which reg ress ion  has 

been app l i ed .  Of the  d a t a  s e t s  a v a i l a b l e ,  four  were s e l e c t e d  

(Job S a t i s f a c t i o n ,  M . M . P . I . ,  P s y c h i a t r i c ,  Grade P r e d i c t i o n ) .  

Each was ed i t ed  i n  an e f f o r t  t o  e l imina te  missing d a t a  and 

each e d i t e d  da ta  s e t  was randomly divided i n t o  two nea r ly  

equal  p a r t s .  A l l  ana lyses  reported a r e  based on t h e s e  e i g h t  

halved da ta  s e t s .  The v a r i a b l e s  included i n  t h e  "Job S a t i s -  

f a c t i o n "  d a t a  s e t  a r e  l i s t e d  i n  Table I. They include s i x  

e s s e n t i a l l y  demographic v a r i a b l e s  and seven measures of 

s a t i s f a c t i o n  with work and l i f e .  The former v a r i a b l e s  were 

always used a s  p r e d i c t o r s  while the  l a t t e r  were used a s  both 

p r e d i c t o r s  and c r ' i t e r i a .  This d a t a  was o r i g i n a l l y  used t o  

provide norms f o r  t h e  "Job Descrpt ive Index" ( JDI ) ,  a s c a l e  

developed a s  p a r t  of "The Cornel l  Un ive r s i ty ' s  S tudies  of 

Retirement P o l i c i e s " .  The c o l l e c t i o n  of t h i s  da ta  is descr ibed 

i n ,  The Measurement of s a t i s f a c t i o n  i n  Work and Retireme=, 

by Smith, Kendall ,  & Hulin (1969).  

Af te r  e d i t i n g I 5  d a t a  was a v a i l a b l e  f o r  1954 male 

s u b j e c t s .  From t h i s  l a r g e  da ta  s e t ,  two smal ler  da ta  s e t s ,  

r e f e r r e d  t o  a s  p a r t s  1 and 2 ,  were formed by an odd-even 

s o r t  on the  l e a s t  s i g n i f i c a n t  d i g i t  of a v a r i a b l e  t h a t  was 

5. Afte r  t h e  s tudy had been completed i t  was discovered t h a t  
an e r r o r  had been made i n  e d i t i n g  with the  r e s u l t  t h a t  values 
were missing f o r  four  persons on v a r i a b l e  one and f o r  s i x  
persons on v a r i a b l e  two i n  t h e  f i r s t  p a r t .  



no t  used. The groups s o  formed contained 869 and 859 s u b j e c t s  

r e s p e c t i v e l y  . 
M.Il.P.1. d a t a  s e t s .  The v a r i a b l e s  comprising t h e  

"M.M.P.I. I' d a t a  s e t  a r e  l i s t e d  and defined in  Table 11. This 

da ta  was o r i g i n a l l y  c o l l e c t e d  by D r .  L. M. Kendall and rep- 

r e s e n t s  an at tempt  t o  p r e d i c t  behaviora l  outcomes on t h e  b a s i s  

of p e r s o n a l i t y  v a r i a b l e s .  Af te r  e d i t i n g ,  da ta  f o r  2434 male 

s u b j e c t s  was a v a i l a b l e .  Two h a l f  d a t a  s e t s  were forrned by 

means s i m i l a r  t o  those employed with the  Job S a t i s f a c t i o n  

d a t a .  These h a l f  d a t a  s e t s ,  again r e f e r r e d  t o  a s  p a r t s  1 and 

2 ,  contained 1231 and 1203 s u b j e c t s  r e s p e c t i v e l y .  

P s y c h i a t r i c  da ta  s e t s .  Table I11 l i s t s  and de f ines  

t h e  v a r i a b l e s  making up t h e  "Psych ia t r i c"  d a t a  s e t s .  The 

s u b j e c t s  were a l l  persons who received p s y c h i a t r i c  s e r v i c e s  

from publ ic  sources i n  t h e  province of Saskatchewan dur ing  t h e  

year  1967 and who were no t  c h r o n i c a l l y  h o s p i t a l i z e d  a t  t h a t  

time (two years  of continuous h o s p i t a l i z a t i o n )  . Complete 

d a t a  were a v a i l a b l e  f o r  7496 people. Subjec ts  were ordered by 

a  r e g i s t r a t i o n  code on the  o r i g i n a l  record and t h e  two h a l f  

d a t a  s e t s ,  each rep resen t ing  3748 s u b j e c t s ,  were formed by 

a l t e r n a t i n g  assignments t o  the  two groups. 

Grade Pred ic t ion  da ta  s e t s ,  The f o u r t h  and f i n a l  

d a t a  s e t  r ep resen t s  an at tempt  t o  p r e d i c t  academic performance 

on the  b a s i s  of age,  high school  average,  and a p t i t u d e  measures. 

The v a r i a b l e s  employed a r e  l i s t e d  i n  Table I V .  The da ta  were 

c o l l e c t e d  by D r .  L .  M. Kendall i n  1965 a t  Simon F r a s e r  ~ n i v e r -  

6 .  See Neufeldt (1969) f o r  a  d e s c r i p t i o n  of t h e  da ta  
c o l l e c t i o n .  



TABLE I 

Index of Variables  i n  the  Job Sa t i s f ac t i on  Data Sets  

Variable 

1 Age 

2 Education 

3  Socia l  Economic S ta tus  

4 Job Permanence 

5 Economic Maturity 

6 Family Obligat ion 

7 Job Descr ip t ive  Index - s a t i s f a c t i o n  with work 

8 - Sa t i s f ac t i on  with pay 

9 - Sa t i s f ac t i on  with p r o m ~ t i o n s  

10 - Sa t i s f ac t i on  with supervision 

11 - Sa t i s f ac t i on  with co-workers 

1 2  Sa t i s f ac t i on  with Job i n  General 

13 Sa t i s f ac t i on  with L i fe  i n  General 



TABLE I1 

Index of Variables i n  the M . M . P . I .  Data Sets  

Variable 

Age Group: 1 = 16 - 20  years 
.2 = 2 1  - 24 years 
3 = 25 - 29 years 
4 = 30 + years 

Education i n  Years 

M Score (I.Q. equivalent) 

M.M.P.I. L sca le  (raw sca le  scores)  

F s ca l e  (raw sca le  scores)  

K s ca l e  (raw sca le  scores) 

. H s  sca le  (raw sca le  scores)  

D s ca l e  (raw sca le  scores) 

Hy sca le  (raw sca le  scores)  

Pd sca l e  (raw sca le  scores)  

Mf sca le  (raw sca le  scores)  

Pa sca le  (raw sca le  scores) 

P t  sca le  (raw sca le  scores) 

Sc sca le  (raw sca le  scores)  

Ma sca le  ( r a w  s ca l e  scores)  

~ermina t ion  Status:  1 = very unsat isfactory 
2 = unsat isfactory 
3 = sa t i s f ac to ry  



TABLE I11 

Index of Var i ab l e s  i n  t h e  P s y c h i a t r i c  Data S e t s  

v a r  i a b l g  

1 Age - i n  months 

Sex: 1 = m a l e  

2  = female 

 ducati ion: 1 = none 
2  = 1 - 6 y e a r s  
3 = 7 - 9  y e a r s  
4 = 10  - 12 y e a r s  
5 = 10 - 12 y e a r s  + t e c h n i c a l  t r a i n i n g  
6 = u n i v e r s i t y  
7 = u n i v e r s i t y  degree  

P s y c h i a t r i c  S t a t e :  1 = symptoms u n c o n t r o l l e d  
2  = syrnptoms p a r t i a l l y  c o n t r o l l e d  
3 = symptoms c o n t r o l l e d  
4 = symptom f r e e  

A t t e n t i o n  P r i o r  t o  1967: 1 = no record  
2  = a s  an o u t - p a t i e n t  
3 = a s  an  i n - p a t i e n t  

Number of Recorded Admission t o  H o s p i t a l  P r i o r  t o  1967 

Somatic Handicap: 1 = permanently i n f i r m  o r  handicapped 
2 = some deg ree  of handicap  
3 = no handicap  

Nunber of t r a n s a c t i o n s  wi th  P a t i e n t  i n  1967 

Number of Days i n  H o s p i t a l  from 1967 



TABLE I V  

Index of Variables i n  the Grade Prediction Data Sets 

Variable 

2 High School Average 

3 Scholastic Aptitude Test - verbal sca le  

4 - Quant i ta t ive  sca le  

5 Grade point i n  Psychology 

6 Grade Point Average 



s i t y  and the  d a t a  s e t  employed r e p r e s e n t s  an at tem2t  t o  p r e d i c t  

~ r a d e  po in t  averages f o r  a  sample of 224 male s t u d e n t s  t ak ing  

an in t roduc to ry  course i n  psychology. TVJO h a l f  da ta  s e t s ,  each 

conta in ing  1 1 2  s u b j e c t s ,  were formed by s h u f f l i n g  t h e  computer 

cards  conta in ing  the  raw d a t a  and then dea l ing  them i n t o  two 

p i l e s .  

c a l c u l a t i o n  of Sauared Distances : 

A l l  s e l e c t i o n  procedures employed were based on 

measures of t h e  squared d i s t a n c e  between an i n d i v i d u a l ' s  

p r e d i c t o r  v a r i a b l e  p r o f i l e  and group mean p r e d i c t o r  v a r i a b l e  

p r o f i l e s  ( c e n t r o i d s )  . Squared d i s t a n c e s  (d2i)  were obtained 

us ing  t h e  r e l a t i o n s h i p :  

where: t h e  s u b s c r i p t  " i "  r e f e r s  t o  an 
individua 1 

t h e  s u b s c r i p t  "jl' r e f e r s  t o  a  
p r e d i c t o r  v a r i a b l e  

X r e f e r s  t o  a  raw score  

xi r e f e r s  t o  a  vec to r  with 
elements ( x i  j-Zj) 

c-l r e f e r s  t o  t h e  inver se  of t h e  
matr ix  of covariances between 
p r e d i c t o r  v a r i a b l e s .  

Ini t ia l -Means and Covariance Matrices:  

Because the  c a l c u l a t i o n  of squared d i s t a n c e s  dek)ends 

on the  presence of p r e d i c t o r  v a r i a b l e  means and covar iances ,  

i t  was f i r s t  necessary t o  compute these .  This process ing  was 

done i n  s e v e r a l  ways and r e s u l t s  a s soc ia ted  with the  d i f f e r e n t  

methods were l a t e r  compared. 

The f i r s t  of the methods employed, r e f e r r e d  t o  a s  

t h e  "no i t e r a t i o n "  cond i t ion ,  saw means and covariances c a l -  

cu la ted  using a l l  s u b j e c t s  i n  each h a l f  da ta  s e t .  The covar- 



iance  matr ix  once obta ined ,  was inver ted  and t h i s  inve r se  

toge the r  with t h e  p r e d i c t o r  v a r i a b l e  means were then used i n  

subsequent s t a g e s  of processing.  

The o t h e r  methods employed a r e  c o l l e c t i v e l y  r e f e r r e d  

t o  a s  " i t e r a t i o n "  condi t ions  and d i f f e r  from t h e  no i t e r a t i o n  

cond i t ion  in  t h a t  t h e  means and covariances they gave r i s e  t o  

a re  based on some and not  a11 of t h e  persons i n  t h e  h a l f  d a t a  

s e t s .  They d i f f e r - f r o m  each o t h e r  i n  t h a t  d i f f e r e n t  c u t t i n g  

po in t s  ( i t e r a t i o n  c r i t e r i a )  were employed. The means and 

covariance matr ices  a s soc ia ted  with t h e  i t e r a t i o n  condi t ions  

were obtained through use of a  r e p e t i t i v e  procedure t h a t  

began with means and covariances based on a l l  s u b j e c t s  i n  t h e  

h a l f  da ta  s e t .  A t  each s t a g e  i n  the  process  d i s t a n c e s  were 

solved f o r  by us ing  t h e  parameters from the  previous s t a g e  and 

ind iv idua l s  were temporari ly  el iminated i f  they l a y  f u r t h e r  

from the  p r e d i c t o r  v a r i a b l e  cen t ro id  than t h e  i t e r a t i o n  c r i t e r i o n  

i n  use  would al low.  Means and covariances der ived us ing  only 

those s u b j e c t s  n o t  excluded were passed on t o  the  next  s t a g e  

of processing.  Distances tended t o  s t a b i l i z e  a f t e r  a  few 

cyc les  and when s t a b i l i t y  was a t t a i n e d  ( a s  ind ica ted  by per- 

sona l  d i s t a n c e s  t h a t  d id  not  vary from s t e p  t o  s t e p )  t h e  

c u r r e n t  means and covariance matr ix  inverse  were output  f o r  

f u r t h e r  p r o c e s s i n j .  I f  convergence f a i l e d  t o  occur a f t e r  30 

i t e r a t i o n s  a message was output  and no f u r t h e r  process ing  

was done using t h e  method involved i n  t h a t  p a r t i c u l a r  h a l f  

da ta  s e t .  

The same computer program was employed f o r  a l l  

methods. An o u t l i n e  of the  algori thm used is  given i n  

Appendix A .  

Calibra t ion  : 

Severa l  d i f f e r e n t  s e t s  of r eg ress ion  weights were 

obtained from each c a l i b r a t i o n  sample (halved d a t a  s e t ) .  The 



f i r s t  sets were based on t h e  i n t a c t  c a l i b r a t i o n  samples.  O the r  

s e t s  were ob ta ined  by f i r s t  d i v i d i n g  each o f  t h e  c a l i b r a t i o n  

samples i n t o  s e v e r a l  "near " (comprised of  i n d i v i d u a l s  a r b i t -  

r a r i l y  nea r  t h e  group c e n t r o i d )  and " f a r "  (comprised of i nd iv -  

i d u a l s  n o t  i n  t h e  "near"  groups)  subgroups by u s i n g  t h e  sets 

of p r e d i c t o r  v a r i a b l e  means and cova r i ances  developed i n  t h e  

preceeding s t e p  a s  a  b a s i s  f o r  t h e  c a l c u l a t i o n  of i n d i v i d u a l  

D2 v a l u e s .  ~ d d i t i o n a l  s e t s  of r e g r e s s i o n  weights  were ob ta ined  

f o r  each d i f f e r e n t  near  and f a r  subgroup. Multip1.e c o r r e l a t i o n s  

between a l l  p r e d i c t o r  v a r i a b l e s  and each c r i t e r i o n  v a r i a b l e  

were ob ta ined  i n  a s s o c i a t i o n  wi th  each s e t  of r e g r e s s i o n  

weights .  Root Mean Squared e r r o r s  (RMSe's) were ob ta ined  i n  

a s s o c i a t i o n  wi th  t h e  m u l t i p l e  c o r r e l a t i o n s .  

I n  most i n s t a n c e s  t h e  va lues  chosen a s  t h e  c u t t i n g  

p o i n t s  f o r  c l a s s i f i c a t i o n  of i n d i v i d u a l s  i n t o  n e a r  and f a r  

groups were t h e  same va lues  p r e v i o u s l y  r e f e r r e d  t o  a s  i t e r a t i o n  

c r i t e r i a .  I n  t h e  f i r s t  s e r i e s  of s t u d i e s ,  t h e  c u t t i n g  p o i n t s  

used i n  t h e  n o - i t e r a t i o n  c o n d i t i o n s  were approximat ions  of t h e  
2 median D~ v a l u e s .  I n  t h e  second s e r i e s  of s t u d i e s ,  mean D s 

were used i n  t h e  n o - i t e r a t i o n  c o n d i t i o n s .  The n e a r  and f a r  

subgroups s o  formed a r e  expected t o  d i f f e r  i n  t h a t  t h e  nea r  

group should b e  more homogeneous i n  t h e i r  p a t t e r n s  of respond- 

i n g  and hence , in  p r i n c i p a l  a t  l eas t ,more  p r e d i c t a b l e .  F a r  

groups were inc luded  i n  t h e  p rospec t  t h a t  some advantage might 

be  gained by t r e a t i n g  them a p a r t  from t h e  l a r g e r  group.  

Cross V a l i d a t i o x  

A complete double  c r o s s  v a l i d a t i o n  des ign  was employed 

Each hold-out d a t a  s e t  was d iv ided  i n t o  two p a r t s  ( n e a r  and 

f a r )  on t h e  b a s i s  of  d i s t a n c e  s c o r e s  c a l c u l a t e d  wi th  t h e  u s e  

of t h e  c a l i b r a t i o n  sample ' s  means and cova r i ances .  ~ e y r e s s i o n  

weights  based on t h e  c a l i b r a t i o n  sample d a t a  were a p p l i e d  t o  



t h e  e n t i r e  ho ld -ou t  sample and t o  t h e  n e a r  and f a r  subgroups  

of  t h e  ho ld -ou t  sample.  R e g r e s s i o n  w e i g h t s  h a v i n g  t h e i r  o r i g i n s  

i n  t h e  n e a r  and f a r  subgroups  o f  t h e  c a l i b r a t i o n  sample ,  w e r e  

a p p l i e d  o n l y  t o  t h e  c o r r e s p o n d i n g  subgroups  of  t h e  h o l d - o u t  

sample .  Th i s  p r o c e s s  was r e p e a t e d  once  f o r  e a c h  i t e r a t i o n  

c r i t e r i o n  employed. 

C r i t e r i o n  v a l u e s ,  e s t i m a t e d  by means o f  t h e  r e g r e s -  

s i o n  f u n c t i o n s  employed, w e r e  compared w i t h  obse rved  v a l u e s  

f o r  t h e  same c r i t e r i a  and c r o s s  v a l i d a t i o n  s t a t i s t i c s ,  

r e f l e c t i n g  t h e  e x t e n t  o f  agreement ,  w e r e  c a l c u l a t e d .  C o r r e l a -  

t i o n s  between e s t i m a t e d  (p) and obse rved  (y )  c r i t e r i o n  v a l u e s  

a r e  o b t a i n e d  u s i n g :  

where: x = a p r e d i c t o r  v a r i a b l e  

b = a  v e c t o r  of  r e g r e s s i o n  w e i g h t s  

c and c = c o v a r i a n c e s .  

Mean s q u a r e d  e r r o r s  of  e s t i m a t e  (MSe) were  o b t a i n e d  u s i n g :  

MSe = s2y + s29 + (F - ?)*  - 2  syp 
where: s A = c ' y x  b .  

YY 
B i a s :  d e f i n e d  a s  t h e  a b s o l u t e  d i f f e r e n c e  between obse rved  and - x p r e d i c t e d  c r i t e r i o n  means ( ) y  - y ) ) ;  was o b t a i n e d  w h i l e  comput- 

i n g  t h e  mean s q u a r e d  e r r o r  b u t  was n o t  e x p r e s s e d .  I n s t e a d  t h e  

b i a s  v a l u e s  r e p o r t e d  were o b t a i n e d  u s i n g  t h e  t a b l e d  v a l u e s  and: 

J I ~ s ~  - s~ (1 - 1x2) . 

A n a l y s i s  : 

The model was e v a l u a t e d  on t h e  b a s i s  o f  s i m p l e  

compar isons  among t h e  c o r r e l a t i o n s  and r o o t  mean s q u a r e d  



e r r o r s 7  t ab led  i n  the  next  s e c t i o n .  Because the  model i s  

intended t o  apply t o  s i t u a t i o n s  i n  which a c t u a l  p r e d i c t i o n s  

a r e  made, a measure of predictive accuracy such a s  t h e  WISe 

is a p t  t o  be of more i n t e r e s t  than are t he  c o r r e l a t i o n  

c o e f f i c i e n t s  by themselves. To the  e x t e n t  t h a t  t h e  model i s  

v i a b l e ,  t h e  ~ l l S e ' s  a s soc ia ted  with one and p re fe rab ly  both 

of t h e  subgroups formed from a h a l f  da ta  sdt should be smal ler  

than t h e  wSe assoc ia ted  with t h e  e n t i r e  h a l f  group on c r o s s  

v a l i d a t i o n .  I f  only one subgroup RMSe i s  t o  be smal l e r  than 

t h a t  a s soc ia ted  with t h e  e n t i r e  h a l f  d a t a  s e t ,  then t h e  l o g i c  

employed d i c t a t e s  t h a t  i t  be t h e  iUGe assoc ia ted  with t h e  

"near " subgroup. 

7 .  N o  convenient t e s t  for the s i g n i f i c a n c e  of d i f f e r e n c e s  
between Root biean Squared e r r o r s  of the  type t ab led  
e x i s t s  and Cor t h i s  reason s i g n i f i ~ a n c e s  of d i f f e r e n c e s  
were not  t e s t e d  and a r e  not  repor ted .  



C h a p t e r  I V  

R e s u l t s  - F i r s t  S e r i e s  of  I n v e s t i g a t i o n s  

me F i r s t  S e r i e s  of  I n v e - s t i q a t i o m  

I n  t h e  f i r s t  series o f  i n v e s t i g a t i o n s  a n  e f f o r t  was 

made t o  s i m u l a t e  the t y p e  o f  s i t u a t i o n  i n  which m u l t i p l e  

r e g r e s s i o n  might  a c t u a l l y  be u s e d .  To t h i s  end,  v a r i a b l e s  

were d e s i g n a t e d  a s  b e i n g  e i t h e r  p r e d i c t o r s  o r  c r i t e r i a  on t h e  

basis o f  what was assumed t o  be t h e i r  more u s u a l  role  i n  s u c h  

s i t u a t i o n s .  Each d a t a  se t  was s u b j e c t  t o  a  "no i t e r a t i o n "  

c o n d i t i o n  employed w i t h  approx imate  median s p l i t s  based  on 

2 D s.  I n  a d d i t i o n ,  each  d a t a  s e t  was i t e r a t e d  u s i n g  i t s  mean 

D~ and was s p l i t  usin'g t h i s  same v a l u e .  A l l  d a t a  s e t s ,  w i t h  

t h e  e x c e p t i o n  of t h e  "grade  p r e d i c t i o n "  d a t a  s e t s ,  w e r e  f u r t h e r  

* t r e a t e d  u s i n g  b o t h  0.5 and 2 .0  t i m e s  t h e i r  mean D ~ S  a s  i t e r a -  

t i o n  and s p l i t t i n g  c r i t e r i a .  These v a l u e s  w e r e  a r b i t r a r i l y  

s e l e c t e d  i n  a n  e f f o r t  t o  g a i n  some i n f o r m a t i o n  c o n c e r n i n g  t h e  

e f f e c t  o f  d i f f e r e n t  i t e r a t i o n s .  

Job S a t L s f a c t i o n  Data  S e t s  : 

I n  b o t h  h a l f  J o b  S a t i s f a c t i o n  d a t a  s e t s ,  v a r i a b l e s  

one  t h r o u g h  s i x  ( a g e ,  e d u c a t i o n ,  s o c i a l  economic s t a t u s ,  job  

permanence,  economic m a t u r i t y ,  and f a m i l y  o b l i g a t i o n )  w e r e  

employed i n  a n  e f f o r t  t o  p r e d i c t  t h e  f i v e  J o b  D e s c r i p t i v e  Index  

measures o f  s a t i s f a c t i o n  a s  w e l l  a s  measures o f  s a t i s f a c t i o n  

w i t h  J o b  and L i f e  i n  G e n e r a l  ( v a r i a b l e s  seven  t h r o u g h  13:  see 

Tab le  1; Tab le  V l is ts  and e x p l a i n s  t h e  symbols used  i n  t h e  

" t a b l e s  o f  r e s u l t s " ) .  R e s u l t s  a r e  r e p o r t e d  s e p a r a t e l y  f o r  

each  c r i t e r i o n  v a r i a b l e  i n  T a b l e s  V I  th rough  X I I .  ~ p p e n d i x  

B p r e s e n t s  means, s t a n d a r d  d e v i a t i o n s  and c o r r e l a t i o n s  f o r  t h e  

data  sets .  



TABLE V 

~ x p l a n a t i o n  of Symbols Used i n  Tables of Resul t s  

( ) - number i n  pa ren thes i s  a f t e r  v a r i a b l e  name corresponds 
t o  t h e  number of t h e  v a r i a b l e  a s  given i n  t h e  index 
t o  t h e  da ta  ' s e t  

I t e r .  - i t e r a t i o n  c r i t e r i o n  used i n  ob ta in ing  t h e  covariance 
matr ix  on which the  s p l i t  was based 

G - a sub-grouping: T = t o t a l  group 

N = near  sub-group 

F = f a r  sub-group 

B - t h e  source of t h e  r eg ress ion  weights used 

M - t h e  number of s u b j e c t s  i n  the  group o r  sub-group 
referenced 

R - t h e  mul t ip le  c o r r e l a t i o n  between a l l  p r e d i c t o r  
v a r i a b l e s  and t h e  c r i t e r i o n  v a r i a b l e  

RMSe - t h e  Loot Bean zquared g r r o r  of p r e d i c t i o n  

Bias 
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I n  t h e  c a l i b r a t i o n  por t ions  of t h e  Job S a t i s f a c t i o n  

~ a b l e s  t h e r e  appears a  tendency f o r  t h e  mul t ip le  c o r r e l a t i o n s  

a s soc ia ted  with the  s p l i t  d a t a  s e t s  t o  d i f f e r  from t h e  same 

c o r r e l a t i o n s  developed us ing  t h e  i n t a c t  ( h a l f )  d a t a  s e t s .  In  

almost a l l  i n s t ances  t h e  c o r r e l a t i o n  assoc ia ted  with t h e  " f a r "  

s p l i t  is  l a r g e r  than t h a t  a s soc ia ted  with t h e  f u l l  da ta  s e t  and 

i n  most ins t ances  i s  a l s o  l a r g e r  than t h e  c o r r e l a t i o n  assoc ia ted  

with t h e  "near" s p l i t .  This l a t t e r  c o r r e l a t i o n  tends t o  be 

smal l e r  than e i t h e r  " f a r "  o r  " t o t a l  " c o r r e l a t i o n s .  This observa- 

t i o n  concerning t h e  r e l a t i v e  magnitude of c o r r e l a t i o n s  is  no t  

unexpected. The s p l i t t i n g  procedure employed, by s e l e c t i n g  on 

t h e  b a s i s  of d i s t a n c e s  from group c e n t r o i d s ,  has  t h e  e f feck  of 

r e s t r i c t i n g  the  p r e d i c t o r  v a r i a b l e s '  range and hence a l s o  t h e i r  

var iance  i n  t h e  "near"  group. This e f f e c t  may be seen i n  Appen- 

d i x  B. To the  e x t e n t  t h a t  var iances  a r e  r e s t r i c t e d ,  r e l i a b i l i t i e s  

w i l l  be c u r t a i l l e d  and t o  t h e  e x t e n t  t h a t  r e l i a b i l i t i e s  a r e  

a t t e n u a t e d ,  c o r r e l a t i o n s  with o t h e r  v a r i a b l e s  w i l l  i n  t u r n  be 

e f f e c t e d  . B y  t h e  same token, t h e  s e l e c t i o n  procedure ' s  tendency 

t o  anuclea te  ( e l imina te  va lues  near  t h e  mean) p r e d i c t o r  v a r i a b l e s  

i n  t h e  " f a r "  s p l i t s  w i l l  r e s u l t  i n  l a r g e r  var iances  and by 

extension t h e  p r o b a b i l i t y  of l a r g e r  c o r r e l a t i o n s .  To t h e  e x t e n t  

t h a t  t h e  usual  p a t t e r n  of mul t ip le  c o r r e l a t i o n s  does n o t  apply 

i n  every ins tance ,  we may expect p e c u l i a r i t i e s  i n  t h e  way i n  

which t h e  c r i t e r i o n  v a r i a b l e s  concerned a r e  d i s t r i b u t e d  with 

r e spec t  t o  t h e i r  p r e d i c t o r s .  

Dif ferences  among t h e  RMse's repor ted  i n  t h e  c a l i b r a -  

t i o n  por t ions  of t h e  foregoing t a b l e s  a r e  f o r  the most p a r t  

minor. An examination of a l l  seven t a b l e s  f i n d s  t h a t  3 6  of 

t h e  46 R M S ~ ' S  a s soc ia ted  wi th  t h e  near s p l i t s  and 30 of t h e  

56 RMSe's a s soc ia ted  with t h e  f a r  s p l i t s  a r e  a t  l e a s t  somewhat 

h , 
smal ler  than t h e  RMSe's assoc ia ted  with the  i n t a c t  d a t a  s e t s .  

i'.! 

This  f ind ing  i s  somewhat a t  var iance  with t h a t  concerning 



the  correla t ions .  The s i z e  of a  RMSe is  inversely re la ted t o  

the multiple correla t ion between the predictors and a  c r i t e r i o n  

and to  the c r i t e r i o n  var iable 's  variance. Although they w e r e  

not employed as par t  of the s p l i t t i n g  procedure, there appears 

a  tendency f o r  the variances of c r i t e r i o n  variables i n  the near 

groups t o  have been attenuated and fo r  the variances of these 

same variables t o  have become somewhat larger  i n  the f a r  groups 

 his e f f e c t  was often su f f i c i en t  t o  counteract the influence 

of the correla t ions .  

The d i f f e ren t  i t e r a t i o n  methods employed would 

appear t o  have had l i t t l e  e f fec t  on the overal l  r e su l t s .  One 

of the more cixious observations concerns the way i n  which the 

n e a r  s p l i t s  succeeded be t t e r  in pa r t  1 and the f a r  s p l i t s  b e t t e r  - 
i n  pa r t  2 when 7 and 2 x D~ were employed as i t e ra t ion  and 

s p l i t t i n g  c r i t e r i a .  Differences among c r i t e r i o n  variables a re  

a l so  apparent but these reveal no obvious pat terns .  

The degree of success with cross validation when 

s p l i t t i n g  procedures were not used, may be the most noteworthy 

observation to  be drawn from an examination of the cross valida- 

t ion portions of the Job Sat isfact ion Data tab les .  When t o t a l  

group RMSe's i n  the cal ibrat ion and cross validation portions 

of the tables a re  compared, no large differences a re  found. 

The correla t ions  associated with the near and f a r  

s p l i t  data s e t s  i n  the cross validation portions of the 

preceeding tables  appear t o  be dis t r ibuted in  much the same 

manner as a re  the corresponding correla t ions  i n  the ca l ibra t ion  

portions of these same tables although the tendencies remarked 

on e a r l i e r  a re  l e s s  pronounced. Again, the select ion procedures 

by means of which the near and f a r  groups were formed would 

lead u s  to  expect the correla t ions  associated with the near 

groups to  be somewhat attenuated and those associated wit.h the 



f a r  groups t o  be somewhat augmented. The e x t e n t  t o  which t h i s  

e f f e c t  i s  l e s s  pronounced i n  t h e  c r o s s  v a l i d a t i o n  s t a t i s t i c s  

may i n  p a r t  he a t t r i b u t e d  t o  d i f f e r e n c e s  i n  the  two covariance 

matr ices  and s e t s  of means used. 

An examination of t h e  c r o s s  v a l i d a t i o n  RMSels again 

r evea l s  tendencies  s i m i l a r  t o  those encountered among t h e  

c a l i b r a t i o n  RMSe's and again t h e s e  tendencies  appear l e s s  marked 

than they d id  i n  t h e  c a l i b r a t i o n  por t ions  of the  t a b l e s .  None 

of t h e  s p l i t  group RMSe's d i f f e r e d  markedly from t h e i r  co r res -  

ponding t o t a l  group KMSe's. 

Bias was occas iona l ly  a  major component of t h e  RMSels 

and appears t o  have had i t s  major e f f e c t  on some of t h e  f a r  

groups under the  2 x D~ i t e r a t i o n  condi t ion .  The use of regres-  

s i o n  weights based on l i k e  groups a s  opposed t o  t h e  use of weights 

based on t h e  t o t a l  groups would appear t o  have had an almost 

n e g l i g i b l e  e f f e c t  on outcomes. S imi la r ly  t h e  s p l i t t i n g  method 

employed would seem n o t  t o  have e f f e c t e d  r e s u l t s  very much. 

In  t h e  p a r t  1 d a t a  s e t  c r o s s  v a l i d a t i o n  appears t o  

have succeeded b e s t  wi th in  t h e  near  s p l i t  groups while t h e  f a r  

s p l i t  qroups were a s soc ia ted  with more successes  i n  p a r t  2 .  - 7 

This e f f e c t  was most pronounced when D~ and 2 x D~ s p l i t s  were 

made use  o f .  This observat ion  c l o s e l y  p a r a l l e l s  t h a t  made con- 

cern ing  t h e  c a l i b r a t i o n  por t ions  of t h e  t a b l e s .  Because of 

t h i s  c l o s e  p a r a l l e l i s m ,  t h e  e f f e c t  would seem due t o  some 

proper ty  oE t h e  d a t a  s e t s  and not  t o  t h e  r eg ress ion  weights 

der ived from t h e  d a t a  s e t s .  

The r e s u l t s  obtained s o  f a r  c o n s t i t u t e  no recommenda- 

t i o n  f o r  the  proposed model. Although ga ins  i n  accuracy were 

observed more o f t e n  than were l o s s e s  when near  s p l i t s  were 

employed ( 3 0  of 56 times with both near and t o t a l  group B ' s )  

t h e s e  ga ins  were i n v a r i a b l y  smal l .  Taen f a r  s p l i t s  were included,  



f a i l u r e s  outnumbered successes  over a l l  poss ib le  comparisons 

with t o t a l  group K M S ~ ' S  ( t h e r e  were 100 out  of 2 2 4  p o s s i b l e  

s u c c e s s e s ) .  In add i t ion  t h e r e  appears  no obvious b a s i s  f o r  

p r e d i c t i n g  success .  

w.M.P .1 .  Data Se t s :  

Age, educat ion,  i n t e l l i g e n c e  and 12 M . M . P . I .  v a r i a b l e s  

were employed i n  an e f f o r t  t o  p r e d i c t  t h e  perr'or~nance r a t i n g s  

of employees on thei ' r  s epa ra t ion  from t h e i r  employment ( see  

Table 11). Resul-ts a r e  repor ted  i n  Table X I I I .  Means, 

s tandard  dev ia t ions  and t h e  c o r r e l a t i o n s  among v a r i a b l e s  a r e  

t o  be found i n  A2pendix C .  

In  t h e  c a l i b r a t i o n  por t ion  of Table X I 1 1  t he  c o r r e l a -  

t i o n s  a s soc ia ted  w i t h , b o t h  near and f a r  s p l i t s  tend t o  be some- 

what l a r g e r  than t h e  t o t a l  group c o r r e l a t i o n s .  A s  expected those  

c o r r e l a t i o n s  a s soc ia ted  with t h e  f a r  s p l i t s  tend t o  be l a r g e s t  

of a l l .  The RIV1Se 's f o r  t h e  most p a r t  show smal ler  v a r i a t i o n s  

than do the  c o r r e l a t i o n s .  The one notable  exception t o  t h i s  r u l e  - 
i s  found with the  f a r  s p l i t  a s soc ia ted  with the  2 x  D~ i t e r a t i o n .  

In  both p a r t  da ta  s e t s  these  RI4Se's a r e  apprec iably  smal l e r  

than t h e  t o t a l  group RMSe's with the  g r e a t e s t  d i f f e r e n c e s  occur- 

r i n g  i n  P a r t  2 .  with t h i s  one except ion,  t h e  i t e r a t i o n  procedure 

employed would appear t o  have made l i t t l e  d i f f e r e n c e  a s  f a r  a s  

outcomes a r e  concerned. 

The c o r r e l a t i o n s  reported i n  t h e  c r o s s  v a l i d a t i o n  

por t ion  of Table XI11 a r e  f o r  t h e  most p a r t  s l i g h t l y  smal ler  

than t h e i r  corresponding numbers i n  the  c a l i b r a t i o n  por t ion .  No 

l o s s  i s  apparent  i n  the  RMse's from the  t o t a l  group on c r o s s  

v a l i d a t i o n .  The s e v e r a l  s p l i t t i n g  procedures employed and t h e  

ir choice of regress ion  weights would appear t o  have had very l i t t l e  

e f f e c t  on outcomes. Again we have no evidence of t h e  e f f i c a c y  

of t h e  proposed model. 
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psych ia t r i c  Data S e t s :  

Seven demographic v a r i a b l e s  ( s e e  Table 111), des- 

c r i b i n g  the  s t a t u s  of p a t i e n t s  p r i o r  t o  t h e i r  f i r s t  recorded 

=on tac t s  with pub l i c  p s y c h i a t r i c  f a c i l i t i e s  i n  1967, were used 

i n  an e f f o r t  t o  p r e d i c t  t h e  number of records  such con tac t s  

generated i n  1967 ( s e e  Neufeldt ,  1969) and t h e  number of days 

ind iv idua l  p a t i e n t s  were h o s p i t a l i z e d  during and a s  t h e  r e s u l t  

of admiisions dur ing  1967. Resul t s  a r e  reported i n  Tables X I V  

and XV. Variable  means and s tandard  dev ia t ions  a s  we l l  a s  

c o r r e l a t i o n s  among v a r i a b l e s  a r e  repor ted  i n  Appendix D . 
The c o r r e l a t i o n s  found i n  both c a l i b r a t i o n  and c r o s s  

v a l i d a t i o n  por t ions  of Tables X I V  and XV a r e  uniformly small .  

Only s i x  of t h e  84 c o r r e l a t i o n s  a s soc ia ted  with t h e  s p l i t  d a t a  

s e t s  a r e  l a r g e r  than t h e i r  corresponding i n t a c t  group c o r r e l a -  

t i o n s .  With t h e  except ion of t h e  no i t e r a t i o n  cond i t ion  repor ted  

i n  t h e  c a l i b r a t i o n  por t ions  of t h e  t a b l e s ,  almost no f a r  group 

c o r r e l a t i o n s  a r e  l a r g e r  than t h e  corresponding near  group va lues .  

In  t h e  c r o s s  v a l i d a t i o n  por t ions  of t h e  t a b l e s  t h e  c o r r e l a t i o n s  

a s soc ia ted  with f a r  s p l i t s  based on i t e r a t e d  funct ions  of D~ 

a r e  t y p i c a l l y  very small  and tend almost t o  vanish p a r t i c u l a r l y  

with v a r i a b l e  n ine .  An examination of the  s tandard  dev ia t ions  

repor ted  i n  Appendix D r evea l s  t h a t  t h e  s e l e c t i o n  procedures 

did not  have t h e i r  expected e f f e c t  on a l l  p r e d i c t o r  v a r i a b l e s  

i n  t h e  near and f a r  d a t a  s e t s .  This observat ion  may p a r t i a l l y  

expla in  the  c o r r e l a t i o n s  t h a t  were obtained.  A more adequate 

explanat ion awai ts  a  d iscuss ion  of t h e  d i s t r i b u t i o n a l  cha rac te r -  

i s t i c s  of t h e  c r i t e r i o n  v a r i a b l e s .  

In  t h e  c a l i b r a t i o n  por t ions  of Tables X I V  and XV 

t h e  near IWSels a r e  uniformly smal ler  and t h e  f a r  RMsels uniformly 

l a r g e r  than a r e  t h e  KMSels a s soc ia ted  with t h e  corresponding 

i n t a c t  da ta  s e t s .  A 1 1  of these  d i f f e r e n c e s  a r e  comparatively 
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l a r g e .  Dif ferences  among R M S e ' s  a r e  c l o s e l y  p a r a l l e l e d  by 

d i f f e r e n c e s  among s tandard  dev ia t ions  and both s e t s  of d i f f e r e n c e s  

a r e  b e s t  explained by an examination of t h e  e f f e c t s  of s p l i t t i n g  

on d i s t r i b u t i o n a l  c h a r a c t e r i s t i c s  of the  d a t a  s e t s .  

Both c r i t e r i o n  v a r i a b l e s  a r e  very markedly skewed 

i n  t h e  p o s i t i v e  d i r e c t i o n  ( c o e f f i c i e n t s  based on t h e  d i s t r i b u -  

t i o n s  second and t h i r d  moments a r e  r e spec t ive ly :  3.44 and 3 .52  

f o r  v a r i a b l e  e i g h t  p a r t s  1 and 2 ,  and 6.91 and 7.54 f o r  v a r i a b l e  

n ine  p a r t s  1 and 2 ) .  In  each ins tance  t h e  d i s t r i b u t i o n s  mode 

is a l s o  i t s  lower l i m i t .  P red ic to r  v a r i a b l e  s i x  (number of 

h o s p i t a l i z a t i o n s  p r i o r  t o  1967),  t h e  only p r e d i c t o r  v a r i a b l e  

t o  be much e f f e c t e d  by s e l e c t i o n ,  i s  s i m i l a r l y  p o s i t i v e l y  

skewed and has a s  i t s  mode,its lower l i m i t .  The s p l i t t i n g  

procedures,  p r imar i ly  it would seem because of v a r i a b l e  s i x ,  

had t h e  e f f e c t  of i s o l a t i n g  t h e  c r i t e r i o n  v a r i a b l e s '  t a i l s  i n  

t h e  f a r  groups. I n  those ins tances  i n  which i t e r a t i v e  methods 

were employed, t h e  RMSe's and s .d . s  a r e  observed t o  fol low t h e  

p a t t e r n  one might expect .  A s  t h e  f a r  s e l e c t e d  d a t a  s e t s  become 

smal le r  they come inc reas ing ly  t o  r ep resen t  only  those  indiv id-  

u a l s  with t h e  most a t y p i c a l  responses.  In  consequence of t h i s ,  

var iances  i n  both near  (because more a t y p i c a l  ind iv idua l s  a r e  

being added) and f a r  (because even fewer ind iv idua l s  a r e  a l i k e )  

groups tend t o  become l a r g e r .  It is  r a t h e r  more d i f f i c u l t  t o  

inc lude  t h e  no i t e r a t i o n  condi t ion  i n  t h i s  d i scuss ion  although 

h e r e  again t h e  s p l i t t i n g  method (based on a  poor approximation 

t o  t h e  median D ~ )  appears t o  have served t a  i d e n t i f y  t h e  f a r  

group w i t h  the t a i l s  of t h e  c r i t e r i o n  v a r i a b l e s '  d i s t r i b u t i o n s .  

c r o s s  v a l i d a t i o n  employing t o t a l  group regress ion  

weights i n  t h e  i n t a c t  da ta  sets appears t o  have succeeded very 

we l l  a s  f a r  a s  both c o r r e l a t i o n s  and RMSe's a r e  concerned. A l l  

d i f f e r e n c e s  between s p l i t  and corresponding t o t a l  group R M S ~ ' S  



F 

a r e  comparatively l a r g e  and t h e  RMSe's a s soc ia ted  with t h e  

near  s p l i t s  a r e  uniformly smal ler  while  those as soc ia ted  with 

t h e  f a r  s ~ l i t s  a r e  uniformly l a r 3 e r  than a re  t h e  correspondlny 

values a s soc ia ted  with t h e  i n t a c t  d a t a  s e t s .  

I n  t3e d a t a  s e t s  s p l i t  by i t e r a t i v e  means t h e  tend- 

ency f o r  both RMSe's and s . d . s  t o  become l a r g e r  a s  t h e  f a r  

s p l i t  groups become smal ler  is again i n  evidence.  Far  s p l i t s  

perform p a r t i c u l a r l y  badly and tend t o  r ep resen t  no improvement 

over t h e  simple use of means a s  is evidenced when t h e i r  RMSe's 

a r e  compared with t h e i r  s tandard  dev ia t ions .  No one i t e r a t i o n  

c r i t e r i o n  is  n e c e s s a r i l y  s u p e r i o r  t o  another .  Within t h e  

range of values explored t h e  choice would seem t o  hinge on our 

wi l l ingness  t o  exclude ind iv idua l s  from t h e  near  s e l e c t  groups 

i n  order  t o  ga in  g r e a t e r  confidence i n  t h e  p r e d i c t i o n s  we make 

concerning these  groups, and ass ign  them ins tead  t o  cond i t ions  

i n  which we a r e  unable t o  improve on t h e  use of c r i t e r i o n  means 

a s  our b e s t  e s t ima to r s ,  

A choice between i t e r a t e d  and non-i terated methods 

would appear more e a s i l y  made and should almost c e r t a i n l y  favor  

t h e  us2 of the  i t e r a t e d  methods. Despi te  i t s  having y ie lded  

t h e  smal les tnear  groups,  the  RMSe's a s soc ia ted  with t h e  no i t e r -  

a t i o n  near groups were not  s m a l l e s t .  This would appear t o  

r e f l e c t  r a t h e r  poor d i f f e r e n t i a t i o n  between near and f a r  grou,ps 

and seems l i k e l y  t o  have a r i s e n  because of t h e  no i t e r a t i o n  

condi t ions  v u l n e r a b i l i t y  t o  t h e  inf luence  of extreme values .  

The source of regress ion  weights  again seems t o  have 

had l i t t l e  e f f e c t  on t h e  success  of c ross  v a l i d a t i o n .  Bias 

again appears t o  have made but  a  minor con t r ibu t ion  t o  t h e  s i z e  

of t h e  FWSe's. There does however, appear t o  be a  tendency 

f o r  t h e  b i a s  values a s soc ia ted  with t h e  f a r  s p l i t  groups t o  be 

l a r g e r  than those  as soc ia ted  with near  s p l i t s .  This may i n  

=. p a r t  be a  r e f l e c t i o n  of the  d i f f e r e n t  sample s i z e s .  

- 



Grade Pred ic t ion  Dattta Se ts  : 

Age, high school 
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averaqes,  and S.A.T.  s co res  were 

used i n  an e f f o r t  t o  p r e d i c t  grades i n  an in t roductory  psychol- 

ogy course and freshman grade po in t  averages.  Variables  a r e  

l i s t ~ d  i n  Table IV. Resul t s  a r e  repor ted  i n  Tables XVI and 

X V I I .  Cor re la t ions  among v a r i a b l e s ,  v a r i a b l e  means and 

v a r i a b l e  s tandard dev ia t ions  a r e  reported i n  Ap2endix E .  

In  t h e  c a l i b r a t i o n  por t ions  of Tables XVI  and X V I I  

most of the  near  group c o r r e l a t i o n s  a r e  solvewhat a t t enua ted  and 

most of the  f a r  group correlations somewhat augmented with 

r e spec t  t o  the  t o t a l  group c o r r e l a t i o n s .  The p a r t  2 d a t a  s e t  

and no  i t e r a t i o n  condi t ion  provides an except ion t o  t h i s  genera l  

p a t t e r n .  Here augmented near group c o r r e l a t i o n s  and r e s t r i c t e d  

c r i t e r i o n  variances combine t o  produce t h e  ( r e l a t i v e l y )  small-  

e s t  KIGe's i n  the c a l i b r a t i o n  por t ions  of the  t a b l e s .  Although 

near group RMSe's a r e  usua l ly  smal ler  than a r e  t o t a l  group 

RMSe's, t h e  only d i f f e r e n c e  t o  a t t a i n  s i g n i f i c a n c e  is  t h a t  

between the  near non- i te ra ted  and t o t a l  group va lues  f o r  

v a r i a b l e  s i x .  

Losses through d i r e c t  c r o s s  v a l i d a t i o n ,  a s  evidenced 

by c o r r e l a t i o n s  t h a t  a r e  smal ler  and IWSe's t h a t  a r e  l a r g e r ,  

a r e  g r z a t e r  f o r  t h e  Grade Pred ic t ion  da ta  s e t s  than they were 

i n  d a t a  s e t s  from o t h e r  sources .  Near group c o r r e l a t i o n s  a r e  

l a r g e r  and RMSe's a r e  smal ler  than a r e  t o t a l  group values thus  

i n d i c a t i n y  t h a t  s p l i t t i n g  i s  having the  des i red  e f f e c t  on c r o s s  

v a l i d a t i o n .  Severa l  of t h e  d i f f e r e n c e s  between X ~ S ~ ' S ,  p a r t i c -  

u l a r l y  i n  the  p a r t  2 da ta  s e t  a r e  s u b s t a n t i a l .  ~ i f f e r e n c e s  

between i t e r a t e d  and non- i te ra ted  near  grou;? RMSe's a r e  

genera l ly  small .  The f a r  i t e r a t e d  ~ M s e ' s  on t h e  o t h e r  hand 

a r e  t y p i c a l l y  much l a r g e r  than a r e  t h e i r  non- i te ra ted  p a i r s .  

Most (seven of e i g h t )  of thc  f a r  group i t e r a t e d  R M S ~ ' S  a r e  
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apprec iably  l a r g e r  than t h e i r  t o t a l  group comparisons while 

only one of the  non- i te ra ted  KMSe's approaches them i n  s i z e .  

Bias is  occas iona l ly  a  major c o n t r i b u t i n g  f a c t o r  and appears  

t o  e f f e c t  t h e  f a r  groups more than the  near .  Once again t h e  

source of t h e  regress ion  weights used appears  t o  have had 

l i t t l e  e f f e c t  on outcomes. 

A d i r e c t  comparison of i t e r a t e d  and non- i te ra ted  

cond i t ions  i s  d i f f i c u l t  because of d i f f e r e n c e s  i n  the  s i z e s  of 

t h e  near  and f a r  s p l i t s  generated.  On t h e  b a s i s  of t h e  m a t e r i a l  

repor ted  a  case  might be made favor ing  t h e  i t e r a t i v e  method 

over  the  non- i t e ra t ive .  The former procedure produced a  l a r g e r  

near  group than did t h e  l a t t e r  but  one with an average RMSe 

t h a t  was no l a r g e r .  Evidence is  no t  a v a i l a b l e  although it  

would seem u n l i k e l y  t h a t  t h e  non- i te ra ted  c u t t i n g  p o i n t  could 

be relaxed s u f f i c i e n t l y  t o  equa l i ze  t h e  near  group s i z e s  without 

a t  t h e  same time inc reas ing  t h e  near  groups '  RMSe's. A s  it 

i s ,  c o l l a p s i n g  over a l l  near  and f a r  s p l i t s  wi th in  a method, 

r e v e a l s  average e r r o r s  t h a t  a r e  almost i d e n t i c a l .  
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C h a p t e r  V 

R e s u l t s  - Second S e r i e s  o f  Investi-gat ions 

The Second S e r i e s  o f  I n v e s t i q a t i o n s :  

The low m u l t i p l e  c o r r e l a t i o n s  be tween  p r e d i c t o r s  and  

c r i t e r i o n  v a r i a b l e s  p r o v i d e  a p o s s i b l e  e x p l a n a t i o n  o f  the 

r a t h e r  ambiguous r e s u l t s  o b t a i n e d  w i t h  t h e  Job S a t i s f a c t i o n  

and  M.M.P.I. d a t a  sets. A prior c o n d i t i o n  f o r  t h e  s u c c e s s  o f  

a n y  attempt a t  p r e d i c t i o n  i s  t h e  e x i s t e n c e  o f  a  r e l a t i o n s h i p  

be tween  p r e d i c t o r ( s )  and  p r e d i c t e d  t h a t  c a n  be c a p i t a l i z e d  

upon.  I f  a  s p l i t t i n g  s t r a t e g y  is t o  s u c c e e d ,  t h e n  t h e  n a t u r e  

o f  t h i s  r e l a t i o n s h i p  must  d i f f e r  f o r  t h e  d i f f e r e n t  g r o u p s  

formed.  R e l a t i o n s h i p  r e m a i n s  a p r i o r  c o n d i t i o n  and  i n  a n  

e f f o r t  t o  a s s u r e  a s u f f i c i e n t  d e g r e e  o f  r e l a t i o n s h i p  d a t a  

sets were r e o r g a n i z e d  t o  p r o v i d e  l a r g e r  m u l t i p l e  c o r r e l a t i o n s  

be tween  p r e d i c t o r s  and  c r i t e r i a .  T h i s  r e o r g a n i z a t i o n  t o o k  

p l a c e  w i t h  l i t t l e  r e g a r d  t o  m a i n t a i n i n g  v a r i a b l e s  i n  t he i r  

t r a d i t i o n a l  roles. V a r i a b l e s  w e r e  r e d e f i n e d  i n  t h e i r  roles  

a s  p r e d i c t o r s  o r  c r i t e r i a  and  t h e  s i t u a t i o n s  t h a t  r e s u l t e d  a r e  

r a t h e r  more a r t i f i c i a l  t h a n  t h o s e  employed i n  t h e  f i r s t  ser ies  

o f  i n v e s t i g a t i o n s .  

O n l y  t h e  J o b  s a t i s f a c t i o n  and  M.M.P.I. d a t a  sets  

were employed i n  the  s e c o n d  series o f  i n v e s t i g a t i o n s .  Both  

d a t a  sets  were a g a i n  s u b j e c t  t o  a  no  i t e r a t i o n  c o n d i t i o n  

a l t h o u y h  i n  t h i s  i n s t a n c e  means w e r e  s u b s t i t u t e d  f o r  t h e  medians  

t h a t  had b e e n  employed as  s p l i t t i n g  c r i t e r i a .  Because  t h e  

c h o i c e  o f  a n  i t e r a t i o n  c r i t e r i a  a p p e a r s  t o  h a v e  had  l i t t l e  

i n f l u e n c e  on t h e  c o n c l u s i o n s  t h a t  c o u l d  b e  drawn f rom p r e v i o u s  - 
i n v e s t i g a t i o n s  o n l y  t h e  ~2 i t e r a t i o n  was r e t a i n e d .  



Job S a t i s f a c t i o n  - Hiqh Co-?re]-ation Data Se t s  : --- ------ 

In t h e  Job S a t i s f a c t i o n  da ta  s e t s  the seven v a r i a b l e s  

t k a t  had ~ r e v i o u s l y  been empl~yed a s  c r i t e r i a  w e r e  r e t a i n e d  

a s  such. The p r e d i c t o r  s e t s  were expanded t o  include a l l  

c r i t e r i o n  v a r i a b l e s  o t h e r  than t h a t  under cons ide ra t ion  a t  a 

p a r t i c u l a r  t ime.  Separate  p r e d i c t o r  means and inver ted  covar- 

iance  matr ices  were obtained f o r  each d i f f e r e n t  s e t  of 15 

p r e d i c t o r  v a r i a b l e s .  Resul ts  a r e  reported i n  Tables XVIII 

through XXIV.  Means, s tandard  dev ia t ions  and c o r r e l a t i o n s  

among v a r i a b l e s  may be found i n  Appendix F .  

In  t h e  c a l i b r a t i o n  por t ions  of Tables X V I I I  through 

XXIV d i f f e r e n c e s  between c o r r e l a t i o n s  a r e  observed t o  occur 

more c o n s i s t e n t l y  i n  t h e  expected manner but  a r e  i n  genera l  

of l e s s e r  magnitude. Dif ferences  between p r e d i c t o r  s tandard 

dev ia t ions  on the  o t h e r  hand tend t o  be g r e a t e r  than those 

previous ly  observed with near  s . d . s  tending t o  be a t t enua ted  

and f a r  s .d.s augmented with r e spec t  t o  t h e  t o t a l  groups ' 
s .d . s .  With t h e  exception of v a r i a b l e  nine (Table XX) a l l  

near  group R M S ~ ' S  a r e  equal  t o  o r  smal ler  than corresponding 

t o t a l  group RWe's .  Almost a l l  (except ion:  p a r t  1 v a r i a b l e  

8 and v a r i a b l e  9 )  f a r  grou? RKSe's a r e  l a r g e r  than t h e i r  

corresponding i n t a c t  group numbers. None of the  d i f f e r e n c e s  

between RWe I s  a r e  l a r g e .  There appears a s l i g h t  b u t  consis-  

t e n t  tendency f o r  d i f f e r e n c e s  t o  be g r e a t e r  i n  t h e  i t e r a t e d  

cond i t ions .  

D i r e c t  c ross  v a l i d a t i o n ,  a s  indica ted  by comparisons 

between c a l i b r a t i o n  and c r o s s  v a l i d a t i o n  t o t a l  group c o r r e l a -  

t i o n s  and ~ I s e ' s ,  was again q u i t e  success fu l .  With the  excep- 

t i o n  of v a r i a b l e  n ine  where s p l i t t i n g  had an oppos i te  e f f e c t ,  

near group c r i t e r i o n  s tandard dev ia t ions  a r e  c o n s i s t e n t l y  

smal ler  than a r e  f a r  group c r i t e r i o n  s . d . s .  The c o r r e l a t i o n s  
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assoc ia ted  with t h e  s p l i t  da ta  s e t s  a r e  d i s t r i b u t e d  without  

obvious p a t t e r n .  Again with t h e  except ion of v a r i a b l e  n ine ,  

a l l  near  group XblSc's a r e  smal ler  and a11 f a r  group RMSe's 

a r e  l a r g e r  than a r e  t h e i r  corresponding t o t a l  group va lues .  

Many of these  d i f f e r e n c e s ,  p a r t i c u l a r l y  those involviny t h e  

i t e r a t e d  da ta  s e t s ,  a r e  l a r g e .  Although v a r i a b l e  n ine  m i s -  

behaves, none of t h e  d i f f e r e n c e s  involving i t s  s p l i t  group 

RMSe's a r e  of much consequence. 

M.M.P.I. - Hiqh Cor re la t ion  Data Se t s :  

The M.M.P.I. da ta  s e t s  were used again with v a r i a b l e s  

four  through 11 (M.M.P.I. v a r i a b l e s :  L ,  F ,  K ,  H s ,  D l  Hy, Pd, 

and Mf) being used a s  p r e d i c t o r s  and v a r i a b l e s  1 2  through 15 

(M.M.P.I. v a r i a b l e s :  P a ,  P t ,  Sc, and Ma) being used a s  c r i t e r i a ,  

Resul t s  a r e  reported i n  Tables XXV through X X V I I I .  Correla-  

t i o n s  between v a r i a b l e s ,  v a r i a b l e  means and s tandard  dev ia t ions  

a r e  presented i n  Appendix G.  

The r e s u l t s  obtained with t h e  M . M . P . I .  - High Correla-  

t i o n  d a t a  s e t s  a r e  very s i m i l a r  t o  those obtained with t h e  

Job S a t i s f a c t i o n  - High Cor re la t ion  d a t a  s e t s .  The mul t ip le  

c o r r e l a t i o n s  and c r i t e r i o n  v a r i a b l e  s tandard  dev ia t ions  

repor ted  i n  t h e  c a l i b r a t i o n  por t ions  of Tables XXV through 

X X V I I I  c o n s i s t e n t l y  fol low t h e  expected p a t t e r n .  All near  

group RMSe's a r e  smal l e r  and most f a r  group RMSe's a r e  l a r g e r  

than a r e  t h e  corresponding e r r o r  terms assoc ia ted  with t h e  

i n t a c t  groups. Several  of t h e  d i f f e r e n c e s  between RMse's 

a r e  l a r g e  p a r t i c u l a r l y  those involving v a r i a b l e s  13 and 14 

(Tables XXVI and U V I I )  which a l s o  have t h e  h i g h e s t  mul t ip le  

c o r r e l a t i o n s .  

Di rec t  c r o s s  v a l i d a t i o n  was again very s u c c e s s f u l  

with a l l  l o s s e s ,  indica ted  by smal ler  c o r r e l a t i o n s  and l a r g e r  

RMSe's, being smal l .  The s p l i t t i n g  techniques tended t o  



T
A

B
L
E
 
X
X
V
 

M
M

PI
 

D
a

ta
 
- 

H
ig

h
 

C
o

rr
e

la
ti

o
n

 
- 

V
a

ri
a

b
le

 
=

 M
M

PI
 

P
a 

S
c

a
le

 
(1

2
) 

P
a

r
t 

1
 

P
a

r
t 

2
 

I
te

r
 

G
 

B
 

M
 

S
 

R
 

R
M

S
e 

B
ia

s
 

M
 

S
 

R
 

R
M

Se
 

B
ia

s
 

C
 

T
 

1
2

3
 1
 

3
.2

0
 

-4
5

 
2

.8
6

 
A

 
L

 
I
 

N
 

7
6

8
 

2
.9

6
 

.3
7

 
2

.7
4

 
B

 
N

o
n

e 
R

 
F

 
4

6
3

 
3

.4
6

 
.5

0
 

3
 -

0
0

 
A

 T
 

1
 
-
 

N
 

8
1

6
 

2
.7

9
 

-3
4

 
2

.6
3

 
0

 
~
2
 

N
 

F
 

4
1

5
 

3
.6

5
 

.4
8

 
3

.2
0

 



C
 

R
 

0
 S S
 

V
 

N
o
n
e
 

A
 L
 
I
 

D
 
A
 T
 
I
 

0
 
-
 

N
 

~2
 



T
A

B
L

E
 
X
X
V
I
 

M
M

PI
 

D
a

ta
 
- 

H
ig

h
 C

o
r

r
e

l
a

t
i

o
n

 -
 V

a
r

i
a

b
l

e
 =

 M
M

P
I 

P
t

 S
c

a
le

 
(1

3
) 

P
a

r
t 

1
 

P
a

r
t

 2
 

I
t
e
r
.
 

G
 

B
 

M
 

S
 

R
 

R
M
S
e
 

B
ia

s
 

14
 

S
 

R
 

R
M
S
e
 

B
i

a
s

 



c n a m d '  
m m N N  . . . 
m m d d  

. - l o C 0 c n  
d d O O  . . 
m m d d  

Kt' 
m  

L 



4 

P 
N 
W 
P 

0 
. P 
P 

a3 
P 

W 
. 4 
ul 

I-' 
N 
0 
W 

0 

03 
I-' 

a3 
N 

W 
. C3 
cn 

cn 
n 
P, 
I-' 
ID 



T
 

N
 
N
 

N
o

n
e 

T
 

F
 

F
 



T
A

B
L

E
 

M
M

P
I 

D
a

ta
 -

 H
ig

h
 C

o
r

r
e

la
ti

o
n

 -
 V

a
r

i
a

b
l

e
 =

 M
M

P
I 
N
a
 

S
c

a
le

 
(1

5
) 

P
a

r
t

 1
 

P
a

r
t

 2
 

I
te

r
. 

G
 

B
 

M
 

S
 

R
 

R
M

S
e 

B
i

a
s

 
M

 
S

 
R

 
R
M
S
e
 

B
ia

s
 

C
 

T
 

A
 

L
 

I
 

N
 

B
 

N
o

n
e

 
R

 
F
 

A
 

T
 



N
o
n
e
 

7
 



produce  t h e  d e s i r e d  r e s u l t s  and most n e a r  g r o u p  R M s e ' s  a r e  

obse rved  t o  b e  a t  l e a s t  somewhat s m a l l e r  t h a n  a r e  t h e  c o r r e s -  

ponding t o t a l  q r o u g  &YSe's. F a r  g r o u p  RMSe's t e n d  t o  be l a r g e r  

t h a n  t o t a l  g roup  v a l u e s  and many o f  t h e  d i f f e r e n c e s  i n v o l v i n g  

compar isons  between n e a r  o r  f a r  g r o u p  W1Se's and t h o s e  a s s o c -  

i a t e d  w i t h  t o t a l  g r o u p  a r e  s i g n i f i c a n t .  T h i s  is  a g a i n  

p a r t i c u l a r l y  t r u e  f o r  compar isons  i n v o l v i n g  v a r i a b l e s  1 3  and 14. 

When methods o f  s p l i t t i n g  d a t a  sets  a r e  compared, 

a v e r y  s l i g h t  s u p e r i o r i t y  may have  t o  be conceded t o  t h e  u s e  

o f  the i t e r a t e d  c o v a r i a n c e  m a t r i x .  T h i s  method once  more 

a p p e a r s  t o  have  t h e  p r o p e r t y  o f  i n c l u d i n g  more s u b j e c t s  i n  

t h e  n e a r  g roups  w i t h o u t  i n c r e a s i n g  e r r o r s  o f  p r e d i c t i o n .  The 

s o u r c e  of  t h e  r e g r e s s i o n  w e i g h t s  a g a i n  seems t o  have  been o f  

l i t t l e  consequence  and b i a s  i s  n o t  a  major  f a c t o r  c o n t r i b u t -  

i n g  t o  t h e  RMSe's. 
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Chapter V I  

Discussion 

I t  would seem t h a t  no one f a c t o r  can adequately 

account f o r  the  p a t t e r n  of r e s u l t s  repor ted  i n  t h e  foregoing 

s e c t i o n .  Rather d i f f e r e n t  p r o p e r t i e s  of the  s e v e r a l  da ta  

s e t s  appear t o  have con t r ibu ted  t o  t h e  outcomes observed. 

Those p r o p e r t i e s  which appear t o  have cont r ibuted  most t o  t h e  

successes  obtained tend no t  t o  be p r o p e r t i e s  shared by s e t s  

of d a t a  from d i v e r s e  sources .  

The grea tes t  ga ins  a t t r i b u t a b l e  t o  t h e  segregat ion  

of ind iv idua l s  were observed when t h e  P s y c h i a t r i c  d a t a  s e t s  

were considered.  The c r i t i c a l  f a c t o r  i n  t h i s  i n s t a n c e  was 

almost c e r t a i n l y  the '  e x t e n t  t o  which the  d i s t r i b u t i o n s  of 

s e v e r a l  v a r i a b l e s  were peaked and skewed. The r e s u l t s  obtained 

may have heen somewhat f o r t u i t o u s  i n  t h a t  t h e  p r e d i c t o r  v a r i a b l e  

with g r e a t e s t  z e r o  o rde r  v a l i d i t y  ( v a r i a b l e  5) was a l s o  t h e  

p r e d i c t o r  v a r i a b l e  with t h e  most abe r ran t  d i s t r i b u t i o n  and was 

t h e r e f o r e  t h e  s i n g l e  g r e a t e s t  c o n t r i b u t o r  t o  t h e  s p l i t t i n g  

procedure. To t h e  e x t e n t  t h a t  t h e  d i s t r i b u t i o n s  of p r e d i c t o r  

v a r i a b l e s  a r e  unusual i n  e i t h e r  t h e i r  k u r t o s i s  o r  skewness 

t h e  values assigned t o  a  r e l a t i v e l y  few extreme ind iv idua l s  

w i l l  d i s p r o p o r t i o n a t e l y  e f f e c t  r e l a t i o n s h i p s  with o t h e r  var- 

i a b l e s .  Cor re la t ions  with c r i t e r i a  may be unduly high i f  t h e  

same ind iv idua l s  c o n t r i b u t e  t o  b i a s e s  i n  the c r i t e r i o n  v a r i a b l e s  

o r  unduly low i f  t h i s  i s  not  t h e  case .  In  e i t h e r  even t ,  

e s t ima tes  of c r i t e r i o n  values a r e  a p t  t o  be biased away from 

t h e  l a r g e r  group of s u b j e c t s  i n  response t o  t h e  scores  of a  

r e l a t i v e l y  small  number of people.  Any method t h a t  is  capable  

of d e t e c t i n g  those  ind iv idua l s  who c o n t r i b u t e  most t o  d i s t r i b u -  

t i o n s  dev ia t ing  markedly from t h e  normal form may t h e r e f o r e  

he expected t o  o f f e r  t h e  p o t e n t i a l  of increased accuracy i n  

p r e d i c t  ion.  



The r e s u l t s  obtained with t h e  Grade Pred ic t ion  d a t a  

s e t s  provide a d d i t i o n a l  support  f o r  t h e  u t i l i t y  of t h e  proposed 

model.. I n  t h i s  ins t ance  t h e  performance observed would seem 

b e s t  a t t r i b u t e d  t o  t h e  comparatively small  s i z e  of t h e  d a t a  

s e t s .  To khe e x t e n t  t h a t  samples drawn from a  populat ion a r e  

smal1,we expect t h e  v a r i a b i l i t y  between sampl-es t o  be l a r g e .  

To t h e  e x t e n t  t h a t  samples d i f f e r ,  t h e  regress ion  weights 

obtained from one sample a r e  a p t  not  t o  apply a s  we l l  t o  o t h e r  

sarnples. Gains r e a l i z e d  through u t i l i z a t i o n  of t h e  s e l e c t i o n  

procedure a r e  expected because of i t s  grouping s u b j e c t s  on 

t h e  b a s i s  of t h e i r  s i m i l a r i t i e s  t o  t h e  o r i g i n a l  c a l i b r a t i o n  

sample. 

Resul t s  fav-oring t h e  s p l i t t i n g  model inves t iga ted  

were obtained r a t h e r  c o n s i s t e n t l y  when the  "high c o r r e l a t i o n "  

p a i r s  of d a t a  s e t s  were considered although e f f e c t s  were f o r  

t h e  most p a r t  l e s s  pronounced than those as soc ia ted  with t h e  

aforementioned s e t s  of d a t a .  In  t h i s  ins t ance  t h e  r e l a t i v e l y  

high c o r r e l a t i o n s  between v a r i a b l e s  would seem b e s t  t o  account 

f o r  the  r e s u l t s  observed f o r  t h e  reasons o u t l i n e d  i n  t h e  

development of t h e  c o n f i g u r a l  model. 

Although successes  outnumbered f a i l u r e s  when t h e  

model was appl ied  t o  t h e  r e g u l a r  Job S a t i s f a c t i o n  and M . M . P . I .  

d a t a  s e t s  t h e  i n c o n s i s t e n t  r e s u l t s  obtained coupled wi th  t h e  

l imi ted  magnitude of most e f f e c t s  provide no evidence of t h e  

techniques u t i l i t y .  A genera l  absence of t h e  f a c t o r s  t h a t  

seem most l i k e l y  t o  have cont r ibuted  t o  t h e  previous ly  

observed successes ,  manifest  i n  l a r g e  d a t a  s e t s ,  r e l a t i v e l y  

low c o r r e l a t i o n s  between v a r i a b l e s ,  and no evidence of unusual 

d i s t r i b u t i o n s ,  may we l l  account f o r  t h e  anibiguous r e s u l t s  

observed. 

No one method of s p l i t t i n g  da ta  s e t s  proved s u p e r i o r  

i n  a l l  i n s t ances .  I f  a  recommendation i s  t o  be made on t h e  



b a s i s  of the  r e s u l t s  obta ined ,  t h e  i t e r a t e d  procedure us ing  

the  mean D~ value a s  an i t e r a t i o n  and inc lus ion  c r i t e r i o n  

should probably De regarded a s  t h e  f a v o r c d  t x h r i i q u e  . Althol.!gh 

t h e  method t h a t  did not  employ an i t e r a t e d  covariance matr ix  

performed wel l  i n  s e v e r a l  s i t u a t i o n s  and has the  v i r t u e  of 

r equ i r ing  fewer and s impler  computations, i t  c a r r i e s  with i t  

a weakness t h a t  was revealed when the  Psych ia t r i c  da ta  s e t s  

were i n v e s t i g a t e d .  I n  those ins tances  the  non-i terated method 

tended t o  c l a s s i f y  persons near  the  d i s t r i b u t i o n s '  modes a s  

a t y p i c a l  (members of the  f a r  g roups ) .  This would appear t o  

have been the  case  because of the  c e n t r o i d s  s e n s t i t i v i t y  t o  

extreme scores .  The i t e r a t e d  methods on t h e  o t h e r  hand a r e  

much more a p t  t o  l o c a t e  d i s t r i b u t i o n a l  modes and a r e  l e s s  

inf luenced by extreme values .  Defending a choice among t h e  

t h r e e  i t e r a t e d  s o l u t i o n s  considered i s  even more d i f f i c u l t  . 
Many of t h e  d i f f e r e n c e s  t h a t  were observed would seem t o  have 

been a t  l e a s t  a s  much a  proper ty  of t h e  s p l i t t i n g  c r i t e r i a  

employed a s  one of t h e  covariance inver se  used. Because i t e r a -  

t i o n  and s p l i t t i n g  c r i t e r i a  must be s e l e c t e d  without  knowledge 

of outcomes, t h e  use of the mean D~ value may be reconimended 

a s  a compromise. A s  knowledge of e f f e c t  i s  gained i t  becomes 

a  r e l a t i v e l y  easy matter  t o  i n v e s t i g a t e  a l t e r n a t e  c u t t i n g  

po in t s  and a  b a s i s  is  l a i d  f o r  f u r t h e r  cons ide ra t ion  of t h e  

most i d e a l  covariance matr ix  f o r  s e l e c t i o n .  

The s i t u a t i o n  r e l a t i n g  t o  a  choice of r eg ress ion  

weights i s  somewhat c l e a r e r  than t h a t  r e l a t i n g  t o  the  exact  

method of group s e l e c t i o n .  very few d i f f e r e n c e s  were observed 

between t h e  performances of " l i k e  group" and " t o t a l  group" 

regress ion  weights and those d i f f e r e n c e s  t h a t  were observed 

tended i n  genera l  t o  favor  the  use of weights developed us ing  

the  i n t a c t  groups. This observat ion would seem t o  i n d i c a t e  

t h a t  t h e  near  and f a r  sub-groups i s o l a t e d  d i f f e r  more i n  l e v e l  
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of v a l i d i t y  than i n  p a t t e r n  of v a l i d i t y .  This f a i l u r e  t o  f i n d  

d i f f e r e n t  p a t t e r n s  of v a l i d i t y  p a r a l l e l s  the  experience of 

Karas & Fenda l l  (1965) who repor ted  t h a t  th ree  regress ion  

equat ions were s u f f i c i e n t  t o  account f o r  most of the  r e l a t i o n -  

s h i p s  between p e d i c t o r s  of academic success  and academic 

success  when s tuden t s  from d i v e r s e  backgrounds applying t o  

d i f f e r e n t  co l l eges  and u n i v e r s i t i e s  were s tud ied .  

The f ind ing  t h a t  D~ o f t e n  se rves  t o  index l e v e l s  of 

v a l i d i t y  ( a t  l e a s t  a t  the  level-  of comparisons between near 

and f a r  groups) r a i s e s  another  p o s s i b i l i t y .  To t h e  e x t e n t  

t h a t  r e l i a b l e  inter-group d i f f e r e n c e s  a r e  found i n  l e v e l  of 

v a l i d i t y ,  t h i s  information can be incorporated i n  dec i s ion  

processes  such a s  t h a t  ou t l ined  by Einhorn & Bass (1971) and 

judgements can be tempered by knowledge of t h e  r i s k s  of e r r o r  

being e n t e r t a i n e d .  



Chapter V I I  

Conclusions and Kecommendations 

The ques t ion  of the  proi~osed model's u t i l i t y  remains, 

f o r  the  most p a r t ,  open. There a r e ,  a s  was demonstrated, 

s i t u a t i o n s  i n  which t h e  procedures employed may be expected t o  

d i f f e r e n t i a t e  between ind iv idua l s  on the  b a s i s  of expected 

e r r o r s  of p r e d i c t i o n .  The exact  circumstances under which these  

expecta t ions  w i l l  be f u l f i l l e d  have not  been we l l  d e l i n e a t e d .  

In  many of t h e  ins tances  i n  which t h e  methods inves t iga ted  were 

observed t o  work, t h e  magnitude of d i f f e r e n c e s  between observed 

e r r o r s  were smal l .  Expected ga ins  need t o  be evaluated a g a i n s t  

t h e  no t  incons iderable  a d d i t i o n a l  computational expense before  

any conclusions regardin9  u t i l i t y  a r e  reached. Yet another  

problem concerns t h e  d i s p o s i t i o n  of persons i n  the  f a r  o r  l e s s  

p r e d i c t a b l e  groups. Although they  c a r r y  the  expecta t ion  of 

g r e a t e r  e r r o r s  of p red ic t ion  when i n t a c t  group regress ion  

func t ions  a r e  employed, such func t ions  a r e  g e n e r a l l y  observed 

t o  c o n t r i b u t e  some information and super io r  a l t e r n a t e  func t ions  

appear not  t o  be r e a d i l y  a v a i l a b l e .  

The foregoing  may represen t  an unduly p e s s i m i s t i c  

a p p r a i s a l  of t h e  s i t u a t i o n .  C e r t a i n l y  enough promise was shown 

t o  warrant f u r t h e r  i n v e s t i g a t i o n s .  Such i n v e s t i g a t i o n s  should 

have a s  t h e i r  aim a  mapping of the  circumstances under which 

b e n e f i t s  might be expected t o  be derived from the  a p p l i c a t i o n  

of t h e  model. Data s e t s  with c a r e f u l l y  designed p r o p e r t i e s  

nay have t o  be emsloyed i f  some of the  p e r t i n e n t  ques t ions  a r e  

t o  be answered. Limited Monte Carlo procedures may answer 

ques t ions  regarding t h e  e f f e c t s  of sampling. Few p r a c t i c a l  

a p p l i c a t i o n s  of mul t ip le  regress ion  employ a s  many p r e d i c t o r  

v a r i a b l e s  a s  were commonly employed i n  the  s i t u a t i o n s  s tud ied  
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and f o r  t h i s  r e a s o n  i n v e s t i g a t i o n s  i n v o l v i n g  f e w e r  p r e d i c t o r  

v a r i a b l e s  would s e e m  t o  be c a l l e d  f o r .  The u s e  o f  D~ o r  a  

g roup ing  t e c h n i q u e  based on L12 as  a  means of i n d e x i n g  c o n f i d e n c e  

r e g i o n s  would seem t o  h o l d  c o n s i d e r a b l e  promise  and t h e r e f o r e  

d e s e r v e s  f u r t h e r  e x p l o r a t i o n .  I n  t h e  meantime, u n t i l  t h e s e  

and o t h e r  i s s u e s  a r e  r e s o l v e d ,  r o u t i n e  u s e  o f  g r o u p i n g  t e c h -  

n i q u e s  c a n n o t  b e  recommended. 

Should someone d e s i r e  t o  employ t h e  rc~odel a s  o u t l i n e d  

d e s p i t e  t h e  c a u t i o n s  p r o v i d e d ,  some g u i d a n c e  can  be g i v e n .  The 

methods i n v e s t i g a t e d  were obse rved  t o  b e  most e f f e c t i v e  when 

d i s t r i b u t i o n s  were b a d l y  skewed, c a l i b r a t i o n  samples  were s m a l l ,  

and m u l t i p l e  c o r r e l a t i o n s  between p r e d i c t o r s  and c r i t e r i a  were  

h i g h .  To t h e  e x t e n t  s t h a t  t h e s e  c o n d i t i o n s  a p p l y  t o  t h e  i n v e s t i -  

g a t o r s  d a t a ,  a p p l i c a t i o n  o f  t h e  proposed model may b e  r e a s o n a b l e .  

To t h e  e x t e n t  t h a t  s p l i t t i n g  is  obse rved  t o  have  t h e  d e s i r e d  

e f f e c t  i n  t h e  c a l i b r a t i o n  sample ,  t h e  p r o b a b i l i t y  of i t s  

u t i l i t y  on c r o s s  v a l i d a t i o n  would seem t o  b e  i n c r e a s e d .  If  

d i f f i c u l t y  i s  e x p e c t e d  w i t h  c r o s s  v a ' l i d a t i o n ,  p a r t i c u l a r l y  when 

t h e r e  is  r e a s o n  t o  b e l i e v e  t h a t  t h e  g r o u p  o f  i n d i v i d u a l s  t o  

whom a  f u n c t i o n  is  t o  b e  a p p l i e d  d i f f e r  i n  some mean ingfu l  way 

f rom t h e  c a l i b r a t i o n  sample ,  u s e  o f  a  model s u c h  a s  t h e  one 

proposed may be i n d i c a t e d .  I n  t h i s  and a l l  o t h e r  i n s t a n c e s , a t  

p r e s e n t  i t  would s e e m  s a f e s t  t o  employ t h e  mean DL v a l u e  a s  an  

i t e r a t i o n  c r i t e r i o n .  The c u t t i n g  p o i n t  used s h o u l d  b e  no 

s m a l l e r  t h a n  t h e  mean D2 v a l u e  and might  p r o f i t a b l y  b e  l a r g e r .  

I f  t h e s e  v a l u e s  a r e  employed, i t  would seem u n l i k e l y  t h a t  much 

p r e c i s i o n  c o u l d  b e  l o s t  under  t h e  w o r s t  o f  c i r c u m s t a n c e s .  The 

p o t e n t i a l  f o r  t h e  r e a l i z a t i o n  of  g a i n s  d e r i v e d  from t h e  e l im-  

i n a t i o n  of  i n d i v i d u a l s  w i t h  t h e  most ext reme p a t t e r n s  o f  s c o r e s  
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A P P E N D I X  A 

COMPUTATIONAL ALGO RITWi 

PROGRAM C O V I T  

( g e n e r a t e s  means and  cova r i ance  i n v e r s e )  



1. 7 : =  0  

count  : = 0  

f o r  i = 1, M 

W i  : = 1  

d t  : = 0 

xi, = t h e  s c o r e  ob ta ined  
by t h e  " i " t h  i n d i v -  
i d u a l  on t h e  " j " th  
v a r i a b l e .  

2 .  f l a g  : = 0  

count  = count  + 1 

4. f o r  j = 1, N 

FJ j  = xq W i  x i j / ~  
f o r  k = 1, j 

C j K  = ~ f z  W i  X i j  x i k / ~  - Pjuk 

5. f o r  i = 1, M 

3 : =  d; 

d: = xyxf: (x i  j - p j) cjK (Xik - pk) 

i f  / d f - ? / 7 E :  t h e n f l a g :  = 1 

a = z y d t  / M  

6. f o r i  = 1, M 

i f  dZ> adS; then  W i  : = 0,  o the rwi se  Wi : = 1 

i f  f l a g  = 1 and c o u n t <  max count :  go t o  s t e p  2 

7. w r i t e  all pj and C-I 

exit 



APPENDIX B 

J O B  SATISFACTION DATA 

MEANS 
STANDARD DEVIATIONS 

AND 
CORRELATIONS 



CORRELATIONS 
# 



JOE3 SATISFAGTION D A T A  - P A R T  1 

CALIBRATICIN ** I T E R A T I O N  = NlINE 
S P L I T  = A P P R O X I V A T E  M E D I A N  

435 S U B J E C T S  I N  NEAR GROUP 
- 

4 3 4 S u 6 JFTTSI N~F-AR-G~OUP 

/ CORRELATIONS ( N E A R  GROUP BELOW DIAGONAL - FAR GROUP ABOVE 1 

2__ 

NEAR FAR 
- V, MF4NS SOD,  S ** MEANS S,D,S 



er/' CRnSS V A L I D A T I O N  * I T E Q A T I Q N  = N9NF 
S P L I T  = A P P R O X I Y A T E  MEDIAq 

< 
403 S U B J E C T S  IN N F A R  G R W P  
466 SUBJECTS I N  FAR GROUP 

/ 

c, C O R R E L A T I O N S  ( N E A R  GROUP BELOW DIAGONAL - F A R  GROUP A B O V E )  



JOB SAT? SFACT13N DATA - P A R T  1 

C A L I R R A T I O N  ** I T E R A T I O N  = 0.5 X MEAN D SG)!JA9E 
S P L I T  = 0.5  X MEAN D SQUARE 

2 9 2  SUBJECTS I N  NEAR GROUP 
- - - -- -- 

577 SUBJECTS IN-FAR G R O U P  

/ CnRRELATIONS (NEAR GROUP BELOW DIAGONAL - FAR GROUP A B ' I I V E ) ~  

NEAR F A R  
V, MEANS S, 0. S *s( MEANS S - 0 , s  



J O B  S A T I S F A C T I O N  D A T A  - P A R T  1 
- --. 

1 
CROSS V A L I D A T I O N  ** I T E R A T I O N  = 0.5 X MEAN D SQUARE 4 I 

S P L I T  = 0.5 X MEAN !3 SQUARE ---- 

279 SUBJECTS I N  NEAR GROUP 
5 9 0 x 8 ~ ~ ~ ~ ~ s  -IN-FAR GR OF -- 

7 - 5  4 3 35  -5  5 4  39 44 38 33 100 53 
-- -- I- ::I -13 LO 19 -2 17 13 2 6  30 16 12 15 10 LOO 

-- 

NEAR F A R  
MEANS SOD, S w MEAYS S,D,S -- 



JOB SATISFACT13N DATA - PART 1 

-- 
C A L I  BRATION ** I T E R A T I O N  = MEAN D SQUARE 

S P L I T  = YEAN D SQUARE 

5 7 5  SUBJECTS I N  WEAR GROUP 
- - - - -- 

2 9 4 m ~ E C T s  IN -FAR-GROUP 

- - - - -. - - 
/-- CORRELATIONS (NEAR GROUP BELOW DIAGONAL - FAR GROUP A B O V E )  

c.___ -- 

NEAR FAR 
- V MEANS SOD. S $$ MFANS S.D.S 

-- 



. --. 

JOB SAT1 S F A C T I O Y  D A T A  - P A R T  1 
1* 

CROSS V A L I D A T I O N  ** I T E R A T I O N  = MEAN O SQUARE 
S P L I T  = Y F A N  D SQUARE - - - -- 

563 SUBJECTS I N  NFAR GROUP 
--- - -- 

306 SUKJECT~S IN F A R  GROUP 

/ C O R ~ F L A T I ~ ~ N S  I YEAR GROUP BELO'JJ D I A G O N A L  - F A R  G ~ P - A B W E  ) 

--- - -- - - -. 

NEAR F A R  
- Vo M F A q S  S - 0 , s  S t  MEANS S, 0, S 

--- 



-- 

JOB S A T I S F A C T I ~ N  DATA - PART 1 
- 

CALIBRATIOY ** I T E R A T I O N  = 2 X MEAN I3 SQUARE 
S P L I T  = 2 X Y E A N  D SQUAnE 

v. - -- 
MEANS SoD-S ** MEANS - . . -. S.3.S -- 



5 3 0  S A T i S F A C T l O Y  DATA - P A R T  1 
-. 

CROSS V A L I D A T I O N  ** I T E R A T I O N  = 2 X MEAN D SQUARE , 
S P L I T  = 2 X MEAN D SQUARE 

/- 
794 S U B J E C T S  I N  N F A R  GROUP 

-- - . 

- ~ ~ - ~ u B J E C T S I N  -FAR GRI IUP 

/ ~ G O N A L  - FAR GROUP A B O V E )  



M E A N S  - -  .- 





-. - 

Y E A R  F A '? 
Y F A Y C  S.D.5 f :: F4p 4'J 7 S.D.5 



J7 S e j T I S F A C T I ? ' d  "14TA - PART ? 

1- 103 -17 - 7 4  65 -14 - 4 3  :I 2 -3 13 
2- -46 130 73 -30 29 3 2  24 25 Lh 1 
3 -  - 1  56 103 -f3 4 5  7 4  49  29 2 4  l? 
4- 3 5  -37 4 103 2 -16 1 7  3 t 1 1  

.. - . - 

5 -  11 1 5  75- 13 13-0---11-33 i t ? -  7 7 - -  I t !  
6- - P 3  43 72 -65 -15 139 3 - 1  -7 -4  
7 - 1 2  4 ?'+ 1 1  Zh  -1 101 17 37 3,3 
R -  ? 5  - 3  2 0  7 q  3 4  -14 30 1 0 3  3 9  37 
9- 7 - 1 1  -7 -7 1 9 - 1 0  36 7 5  10'3 47 

1 3 -  13 - 1 3  2 5 10  - 6  + l  25 43 1 0 q  
- - . .-. - - - . 

1 1 -  3 -7 -7 6 3 -6 3 3  15 7 2 - - ? 7  
12- 13 -13 7 15 26 -14 44 37 26 3 3  
1 7 -  1 3  - 3  1 7  15 30 - 1 1  15 19 1 d 

- - - - 
N E A R  F A Q  

V, Y F A Y S  5.n.5 ti F 4 U 5 .7 .5  4. .G -+ ,a- 

- 







C 3 R ? E L i Z T J O ' . l S  ( ' J ' A ?  GDr1UP IS€L(J!d  319G?*d4L - FAR SPC!lP Ai3? 'J t )  



-- - -  - -  -- 

,/ C A L I  C \ Y A T J ' l 4 :  
* J. ...- 1 ~ 1 :  ( A T  I'I'J =- 7_ X >qEAI :  9 5 JLlh-?[ 

C P L T T  = 2 X ' ! E 4 V  D S O I J A ? r  

N F AR FA? 
V. Y F A U C  S.D. s *r" ':r nu s S .  9.7 

-- 









F A K  
t t ;Y1LANS SoL) ,S 







C A L I  k K A T  I O q  **  1 T t K A T i O N  = M t k l ~  3 S O U A k E  
S P L I T  = M t h J  U S Q U A R E  

79'3 SUbJtC.1 5 11.i i 4 t A k  GROUP 
43.2 S U d J E C I  S Ilk FAk GKJUP 

1- LC3 24 4 4  -2+  -32 -2 - 2 3  -21 -3 
2- 2 1 1 3 0  3 -5-31 4 - L O - 1 4 - 1 3  
3- 5 1  0 139 -4  -17 7 -19 -9 1 
4- -13 -1 -10 133 -5 47 5 25 32 
5- - 2 J  - 2 3  - 1 4  -11 1 3 3  - 2 0  26  18 - 1  
6- 10 10 19 4 5  - 3 9  13C -16 23 42 
7- -23 - 2 4  -16 -13 41 -30 13d 30  4 0  
d- - 1  -4 -15 15 14 7 25 100  39 
9- L3 -1 1 5  2 4 - 1 5  3 5  14 191U0 

LU- -Ll  -4 -11 - 2 1  2 7  -26 2 5  17 3 
1 1 -  3 1 13 -4 16-14 14 13 13 
12- 3 - 7  2 L L O  12 1 5  6 3 0  
13- -23 -16 -14 -41 43 -71 48 21 -20 
14- -22 - 2 3  - 1 2  - 3 4  Sd - 05  5 12 -23 
15- - 1  - l  7 -25 L - j  - 3 t  19 - 2 6 - I d  
16- 1 4 - 3  - 5 - 3  G 4 - 3  



i J  I: Ad F A R  
V. i f kANS ~ . J . S  ** IYL-ANS S.L).S 



C \ L  1 ~ 3 ~ k l ~ I i I ~ l  c * ~  I J F K A T I O N  = 2 X M t A N  a S O U A R t  
S P L I T  = 2 X M t A : d  U S O U A K F  

1- 1 ) 3  24 2 1  - 3 4  - 3 5  - 1 1  - 3 3  - 3 4  -40  - 2 4  
7- 2 1  133 2 5  1  - 3 4  - 1 4  1 4  - 2 0  - 4  -11 
3-  53 L 109 -12 - 1 5  -1L -LO -14 -2 1  
4 -  -15  -2  - 7  103 7 39 9 2 8  36  - 4  
5- -29 - 2 0  - 1 4  - 3  1 16 2 3  44 2 0  2 4  
6- 7 5 13 4 5  - 3 6  110 - 1 b  13 2b - 3 3  
7 -  - - h  - 7 1  -1 7 -4  3 7  -27 1 0 0  52 47 24 
9- -11, - 6  -11 19 13 13 2 4  100 6 3  28 
9- 7 - 6  9 2 7 - 1 2  5 1  24  L 4 l L ) d  ~ 1  

L O -  -0 - 3  -8 - 2 b  2 7  - 2 4  26  12 2 109 
11- 1  3 LO - 1  16 - 1 1  14 15  10 7 
1%- - j  - >  - 1  4 1 ; 22 10 2 3  14 
13- -17 -12 - i l  - 3 2  /td - 7 1  45 16 -22 37  
14- - 7  t - 1  7 i t  - 3  612 - 5 4  5 1  7 -16 3 7  
1 5 -  - A  - ?  , 2 - 2 3  2d - 3 6  1 3  - 2 5  -10 26 

16- 3 - 1  5 $1 3 - 4  13 4 -1  -9 

:\I ti A i? F A R  
V. ,4FA :J $ S. J. S ** ME 4rd S S , D . S  
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1- 103 12  3 3  - 1 d  - 3 3  14 - L ?  - 2 3  8 - 1 5  12 -12 -22 -31 - b  L U  

2- 16 13d 2 4 - 1 7  ~5 -18 1 -1 - L A  -3 -0 -21 -26 - 1 ~  -12 
3- 5 2  - 2  1d3 -3 -lo 13 -16 -16 I -1U 10 - 5  3 9 -1 3 
4- -3 C -6 1d3 -13 30 2 22 2 0  -25  3 7 - 3 6  -20 - 2 >  - 7  
5- -24 -14 -12 -17 1113 -it3 5 18 - 3  42 16 50 5 3  6 6  3 6  3 
6- 15 c, L A  5lt-40 13C-25 11 4 0 - 3 ?  -1 -9-71-64-42 - 2  
7- - 2  1 1 1 2  3 d  -32 luO 33 3 3  28 1 l  2 3  43 5 0  12 4 
8- - 1 3  13 - 1 0  25 4 2 5  LL LOO 3.2 18 15 20 1 14 -1'3 4 
9- 17 - L  1 5  29-16 3  14 L d  1Ci3 -1 22 17-18-11-19 1 
10- - 3  -5  1 - 1  27 -24 27 12 '9 103 I d  LO 47 46 3 d  - 2  
11- L - 3  6 - 2  2 5  -13 L L  A8 lo 1d 1 3 ~  22 1 3  LO 1 3 
12 - t - 3  2 3 2 3  5 18  20 27 15 2 7  100 25 32 3 -6 
13- -25 -17 -11 -41 5 J  -71 53 5 - 2 5  J 4  2 9  14 LOG 81 40 7 
14- - 2 6  - 2 3  -15 - 4 U  ol - b 6  54 0 - 2 2  ~4 LLI L1 82 100 47 2 
15- -5 -7 4 -31 3 i  -41 23 -34 -17 ~u 13 7 36 45 LOU O 
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' 5 Y C t i I A T s I C  D A T A  - P A 4 T  1 

d l  1 1 7 4 8  T U Y J F C T S  - .- . . . -- - 



- 

/- C A L  J H ~ ? A T I O ~ J  * *  ITFRATION = N 9 N f  
5PL I T  = A P P Q f I Y I M A T E  YEL)IAP\ I  

, 

1 6 9 3  S U B J E C T S  I N  NFAK GFOlJP 
2 0 5 5  S U B J E C T S  I K  F A R  G P O U P  



_/-- - ,- C R ~ ~ T  V A L I ~ A T I ~ N  * ITFRATION = YGUC 

S P L I T  = A P P Q O ' < I M A T E  M F D I A Y  

1708 S U S J F C T q  I N  NFAR G K O I I P  
2 0 4 3  S U B J F C T S  I f J  F A K  GKnUP 



I- P S Y f , H 1 A T F  IC l I A T 4  - P A R T  1 
- - - - - - - - - . - - -- - - - - - - - - - - 

/-- - C R ~ I S S  V A L  I ~ T I O N  * I T E R A T I O N  = 0.5 x M F A N  D SQUARE 
S P L I T  = 0.5 X K E A N  3 SQUARE 

I 

3 0 8 6  SURJFCTS I F !  NFAR GROlJP 
6 6 2  S U B J E C T S  I N  FAR GROUP 

7- 
C O R R E L A T I C N S  ( Y E A R  GRC1UP BELOW D I ~ ~ ~ N A L ~ -  FAR GGUP A 3 f l V E  1 



- . - . - -- - -- -- - -- . -- - - - 

C A L  I H R A T I O N  ** I T E R A T I O N  = MFAN D S Q U A R E  
SPLIT = M E A N  D SQUARE 

- 

3331 SUBJECTS IN N E A R  GRPUP 
417 SUBJECTS 1% F A R  G P O U P  

_C_ .. - - -  .- _ .. . - - - . .  - - .. - - - . . .  . . . . _ _  - ~- .. . .- - ~ 

N E A R  FAR 



- -- - - . - - - - - - - - . -- - -- - - -. - - - - - - - - 
/--- C P O 5 S  VALIDATTnN ** ITERATION = HEAU 0 SQUARE 

SPLIT = M E A N  O S Q U A P F  

3330  SUBJECTS I N  NEAR CROUP 
4 1 8  S U B J E C T S  I N  F A R  GROI IP  

_.--- 

CORRELATIONS ( Y E A R  GROUP BELQW D I A G O N A L  - FAR GROUP A B O V E )  

- - - - - - - - -. - 
N F AR 

M F A N S  S0D.S 

- - - -  -- . 

F A R  
MEANS S .  Dm S 



- - -  - -  - - - - - - - . . 

I T E R A T I O N  = 2 x M E A N  D SQUARE 
S P L I T  = 2 X MEAN O 5QUARE 

3 5 5 6  S U B J E C T S  I N  NEAR G R O U P  
197  S U B J E C T S  I N  FAR GROUP 

/- - C Q K R E L A T I f 3 N S  (NFAR GPOUP BELOW DlAGOYAL - F A R  GROUP ABf7VEl  

2 3 -12 2 -12 12 - 3  
LOO 1 - 2 2  - 2 3 - 2 3  -5 -2 

- 5  1 Q O  10 6 5 -9 - 1 5  
-5 12 100 19 20 11 8 - -7  . .  - 7 -8 - 9 . -_ 2 _- - .- _ -- . 

7 10 4 b 100 0 - 5  
-1  0 23 76  2 100 37  

0 3 15  16 1 3 8  190 



P S Y C Y I A T P I C  DATA - P A R T  1 
. - .  -- 

C R O S S  V A L I D A T I O N  **  I T E R A T I W  = 2 x ~ E A N  D S Q I J A R ~  
S P L I T  = 2 X M E A N  0 SQUA9F 

3 5 4 5  S U B J E C T S  IG N E A R  GROUP 
2 0 3  S U B J E C T S  I N  F A R  GROUP 

- 

I--- 

C f t R R F L A T I O N S  ( Y E A R  GROUP BELOW D IAGONAL - FAR GROUP A B O V E )  

5 
1 1  
-5 
-10 
1 0  

-1 0 
1 

L O O  
38 

- - - -_. . - - - - - -. - -- - -- - - -- - - -- - -- --- - - - - - -- - - - -. - - 

NEAR F A R  
-- - V. WEAS S . 0 . S  *9 V C A N S  S.D.S 



P S Y C H I A ' F I C  D A T A  - P A R T  

- - A L L  1 7 4 0  SrJRJECTS. 



P S Y C L ! I A T Q ! C  P A T 4  - D A R T  ? 
- - - - - - - - . - - - - - -- - - - - - --- - . -- - - - - - -- _ -- - - - - - - - .--- C A L  I R P  AT I <IN +* ITFRATICIN = NONE 

S P L I T  = A P P F O X I M A T E  M E D I A N  
/ 

1696 5 U R J E C T 5  I N  VFAR GROUP 
2 0 5 2  SUBJECT7 IN FAR G R O U P  

/- - 
CORRFLATIONS (NEAR GROUP BELOW DIAGONAL - FAR GROUP A i 3 O V E )  

- - 

NEAR 
MFAXS S.L). S 



, P S Y C ! i I A T U I C  D A T A  - P A * ?  2 
-- - - - -  - - - - - - -- - - - - - 

,----- C P ~ S S  VG I D A T I O N  a* I T E P A T ~ N  = N J N E  

/ 

S P L I T  = APPROXIFATE M F D I A N  

1689  SUBJECT5  I N  N F A R  GPOUP 
2059 S U B J E C T S  I &  FAR GROUP 

C 7 9 R F L A T I n b ! S  ( V F A R  GRCUP HEL9W DIAGONAL - F A R  GROUP ABOVE I 

- . - - . - - - - - - - - - - - - - .- - 

NFAR FAR 
F.I r A '\I s S . D .  s e* M F A F J S  S . D . S  



_- ,- F S Y C H I A T Y I C  D A T A  - P A R T  ? 

3100 S U B J E C T S  I N  NEAQ GROUP 
648  S U B J E C T S  I N  F A R  GROUP 

__ --- 
CqRQFLAT 1 ONS (NFAR GROUP RFLrIW DIAGONAL - - F A R  GROUP A U P V E  ) 



<- P S Y C H I A T R I C  C A T A  - P A q T  2 

3 3 3 6  SUdJFCT5 I N  NEAR GROUP 
417 SUBJECTS I Y  FAR G R O U P  

--- 
C r l R R E l A T I O N S  (NEAR GROUP RELOW D I A G O N A L  - F A ~  GRI)UP A'JOVE)  

- --- - -- - -- - - -. - -- - .- - - - 

1- 100 9 -9 -2  H 3 -8 -15 -4 

-- - 
3- 8 1 0 0  7 3 4 7 8 1 - 1  
3- 8 1 1  100 -3  - 1  1 -5 8 -1  - 4  

.- - 4- 2 - 4  - 3  100 - 8  -6  1 -6  -4  
5- 36  1 - 4  11 L O O  6 5 2 4 

- - -- .- - 6-- 37.- -2. :'+_-.11 -81. 1-00 - -1 1 0  9 - - __ _-._ - _ - 

7 - 1 2  5 8 5 5 1 0 0  3 8 
.- - - 8- 1 3  0 2 0  1 6  19 0 1 0 0  3 7  

9- 11 -3  - 7  2 10 11 -1 37  103 



3336 S U B J E C T S  I N  Y E A R  GROUP 
412  S U B J K C T ?  I N  F A R  GROUP 

_-- - -  
CgRRELATIONS TQEAP,  G901JP BELnW DIAGONAL - F A R  GROUP ABCIVE 



- -. . . - - - - - . - - - - - - - - - - -  

I T E R A T I O N  = 2 X Y E A N  D SQUARE 
SPLIT = 2 X M E A N  SQUAAE 

3 5 5 4  S U B J E C T S  I N  N E A R  GROUP 
194 S U 3 J F C T S  IN F A R  G R C U P  

- 
c-- 

C C I R R F L A T I O N S  (NEAR GROUP RELOW D I A G O N A L  - F A R  G H U U P  ABOVE) 

- 3  7 8 6 - 1 7  
- 2  7 9 5 12 

10~3 - 5  - 3 0  - 2 5  2 
- 3  100 -5 -5 6 
- 5  13 LOO 23 20 



- - - - - --.-- - - - 

C R n c S  V A L I D A T I i J Y  * a  I T E R A T I O N  = 2 X MFAN I3 SQUAQE 
S P L I T  = 2 X PEAY i3 SQUAKF 

3 5 5 7  SURJECTS I N  NFAR G R O U P  
191 S U i 5 J E C T S  IF,! F A R  GRCtUD 

--- 
C 7 R R C L A T I C N S  ( N E A R  GROUP EELDW DIAGONAL - FAR G90UP A S D V E I  

- - - 

NEAR 
~ ~ F A V T  s.n,s ** 

- - 

FAR 
PFANS S0D.S 





GARADE PREDICTION DATA - PART 1 
ALL 112 SUBJEmS 

CORRELATI OKs 



GRADZ P R E D I C T I O N  DATA - P A R T  1 

C A L 1 3 R A T I O N  ** I T E R A T I O N  = NONE 
S P L I T  = APPROXIMATE MEDIAN 

56 S U B J E C T S  I N  NEAR GROUP 
56 SUBJECTS I N  FAR GROUP 

NEAR 
V* MEANS S*D*S ** FAR 

MEANS S0D.S 



G M D Z  P R E D I C T I O N  DATA - PART 1 

C A L I B R A T I O N  ++ I T E R A T I O N  = MEAN D SQUARE 
SPLIT = MEAN D SQUARE 

90 SUBJECTS IN NEAR GROUP 
22 SUBJECTS I N  FAR GROUP 

CORRELATIONS (NEAR GROUP BELOW DIAGONAL - FAR GROUP ABOVE) 

NEAR 
MEANS S 0 D . S  ** FAR 

MEANS S 0 D . S  



GRADE PREDICTION DATA - PART 2 

ALL 112 SUBJECTS 

CORRELATIONS 

V. MEANS S0D.S 



GRAD3 P R E D I C T I O N  DATA - PART 2 

CALIBRATION ** ITERATION = NONE 
S P L I T  = APPROXIMATE MEDIAN 

54 S U B J E C T S  I N  NEAR GROUP 
58 S U B J E C T S  I N  FAR GROUP 

CORRELATIONS (NEAR GROUP BELOW DIAGONAL - FAR GROUP A B O ~ )  

FAR 

V. MEANS S .D.S uu MEANS S.D.S 



GRADE P R E D I C T I O N  DATA - P A R T  2 

CALIBRATION ** I T E R A T I O N  = MEAN D SQUARE 
SPLIT = MEAN D SQUARE 

90 S U B J E C T S  I N  N U R  GROUP 
22 S U B J E C T S  IN FAR GROUP 

NEAR 
V. MEANS S.D.S uw 

FAR 
MEANS S a D e S  





C C I ~ Q E L A T I O ' J "  9 A l A  - F A K T  1 V A R I A B L E  7 



. - - -- - --- -~ - - --- .- . . - .- 

L A 1  1 2 f  ~ T I  3*4 * *  I T t t ? A T I 9 h  = NOQF 
S P L I T  = MEAT4 3 SQUAEt  

5 2 1  5UHJELT '  1.4 Y E A R  GOCll.JP 
74i! S \ l ~ . J 1 ~ C ~ C  I f 4  T A R  GI?T)UP 

I---- , \ I I ( Y t  Ai? GROUP Y E L f I ' r i  91 AGJNAL --- F A R  C;h(lUP At3r)Vf ) - 



J7r3 S A T 1  '7kACT 10'4 " H I G H  C I i P R E L A 1  I 7hI" ; )A  I A - P A K T  1 V A R I A B L E  7 

4 6 d  SUdJ tCTS I N  NEAR GROUV 
4 0 1  SUt3JXCIt I V  F A R  GFO'JP 

, C c l ? - f L t r [ P P ? S  - ( Y E A R  G ' ? ~ ~ J F  B F L ~ ! J  D I A G ~ W A L  -- FAX G R ~ ~ J P  ABOVE) 

-- . V .  V F  i iN5 S.U.5 &$: ML A N S  s. TI. 5 



F A R  



















J i ' !  S A  1 I ' l f  f CT 10'4 " t i I G t +  C I ' : ' Q E L A T  I0r\l1' I A l  A - P A R T  1 V A R  I ABL t CI 

a 

Ci12-?!Il C T T L ' '  5 ( '4C 4 2  G-'CUP LiELCILrI 31 1 ;?hlAL - f AR - G R ~ I J P  A 3 3 V E  ) 



- - - -- - - 

1- 1 1 - 5  65 - 1  - 3 1  14  P 5 3 1.j 5 - 1 
- - 6 0 1 0 0  L 1 - 1 1  16 3 3 7 5 4 -8 4 -5  '- 

- - --- - 
7 > -17 

1 7 7  100 1 5  31  16 3 4  2 5  13 3 b 3 1 5  

- - 
4 -  - 5'4 - 3 1  -15 1 0 3  ? - 1 17 14, 2 7 If+ 7 - 1  - - -  - - - - - -- -- -- ---- - .- -- --- - - -  
5 -  -74 3f, 'tL -9 1 - 3  3 3  2 6  6 9 13 2 1  1 4  
6 -  -65  3 34 - 4 3  19 I Q O  -1 ? - i r  - 3  - 7  -1  

- 
0 

7 - - 1 7 '  1-3 3 3 6  7 100 37 7 3  2 2  4 4  17 4L 
? - 

- -- 
-7  2' 3 6  - 6  4 1  13 4 0 L'J  ? 4  37 14 34  

- - 
I 

1 1 -  ' 17  3 2  -2 2 1  2 41 5 1 ) 3  13  23 - 2  47 

- -  
11-- - 1 It 3 3  3 7 5  ct 3 8  32 i.t 101' 13 4 1 s  - . -. 
1 3 -  
A + (1 - /  - - 1  Zh  - 2  x1 39 3 1  -?% L O O - -  3 2 - 3 3  
13-  - I n  - 2 - I ?  Y) 2 z? 2 2  17 3 t . ~  100  n - 
- -7 f 1 3 - 1 3  7 3 3rt rt? 3 3  7 4  3 7  2 3 1 9 0  





36 
? 1 
18 
2 2 
2 7 
I t ,  
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