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Abstract

AN ANALYTICAL INVESTIGATION OF THE ROBUSTNESS OF 
THE RESTRICTION OF RANGE CORRECTION PROCEDURE

by

LYNN ELLEN FLEISCHMAN 

A d v is e r :  P r o f .  A lan L . G ross

The u se  o f  t e s t  s c o r e s  f o r  s e l e c t i o n  p u rp o s e s  i s  c o n t in u a l ly  

u n d e r l e g a l  s c r u t in y .  An o r g a n iz a t io n  m ust b e  a b le  to  s u b s t a n t i a t e  

th e  v a l i d i t y  o f  th e  t e s t .  O ften  t h i s  t a s k  i s  c o m p lic a te d  by th e  

p rob lem  o f  m is s in g  d a t a ,  i . e . ,  w h ereas  t e s t  s c o r e s  (x ) a r e  a v a i l a b l e  

f o r  a l l  a p p l i c a n t s ,  c r i t e r i o n  m easu res  (y) a r e  a v a i l a b l e  o n ly  f o r  

s e l e c te d  c a s e s .  T here i s  c u r r e n t l y  a  s t a t i s t i c a l  p ro c e d u re  t h a t  

su p p o sed ly  " c o r r e c t s ” f o r  r e s t r i c t i o n  o f r a n g e ,  t h a t  i s ,  i t  e s t i ­

m a te s  th e  x -y  c o r r e l a t i o n  f o r  th e  t o t a l  p o p u la t io n .  The c o r r e c t io n  

f o r  r e s t r i c t i o n  o f ra n g e  y i e l d s  a  s t a t i s t i c a l  e s t im a te  o f  th e  

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

I t  i s  o f te n  assum ed t h a t  t h i s  a d ju s tm e n t p ro c e d u re  i s  e f f e c t i v e ,  

i . e . ,  w i l l  p ro d u ce  an im proved e s t i m a te .  H ow ever, t h i s  r e s u l t  i s
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h ig h ly  d ep en d en t upon a  s e t  o f  s t ro n g  a ssu m p tio n s  ( l i n e a r i t y ,  homo- 

s c e d a s t i c i t y , and s e l e c t i o n  on th e  p r e d i c t o r  a l o n e ) .  In  p r a c t i c e ,  

th e s e  a ssu m p tio n s  a r e  o f te n  v i o l a t e d .  F u r th e rm o re , e m p ir ic a l  r e s e a r c h  

h a s  shown t h a t  d e p a r tu r e s  from  th e s e  a ssu m p tio n s  can  le a d  to  s i g n i f i ­

c a n t  e r r o r s  in  e s t im a t in g  th e  u n r e s t r i c t e d  p o p u la t io n  c o r r e l a t i o n .

The p rim ary  g o a l o f t h i s  r e s e a r c h  was to  i n v e s t i g a t e  a n a l y t i c a l l y  

th e  ro b u s tn e s s  o f th e  r e s t r i c t i o n  o f ra n g e  c o r r e c t i o n  p ro c e d u re  to  

v i o l a t i o n s  in  th e  a ssu m p tio n  o f  l i n e a r i t y .  T h is  a n a l y t i c a l  i n v e s t i ­

g a t io n  d e r iv e d  e x p re s s io n s  f o r  th e  b i a s ,  s ta n d a rd  e r r o r ,  and e x p e c te d  

mean s q u a re  e r r o r  o f  th e  sq u a re d  c o r r e l a t i o n  in  th e  s e l e c t e d  group  and 

th e  sq u a re d  c o r r e c te d  c o r r e l a t i o n  w here th e  r e g r e s s io n  o f th e  c r i t e r i o n  

on th e  p r e d i c t o r  i s  b o th  l i n e a r  and n o n l in e a r .

The f in d in g s  o f  th e  p r e s e n t  i n v e s t i g a t i o n  s u g g e s t  t h a t  th e  

c o r r e c t io n  fo rm u la  i s  o f l im i t e d  v a lu e  when sam p lin g  v a r i a b i l i t y  and 

v i o l a t i o n s  o f  th e  l i n e a r i t y  a ssu m p tio n s  a r e  c o n s id e r e d .  Only u n d e r 

c e r t a i n  c o n d i t io n s  i s  i t  a d v an ta g e o u s  to  c o r r e c t  f o r  r e s t r i c t i o n  o f 

r a n g e . These c a s e s  o ccu r f o r  l a r g e  sam ple s i z e s ,  l i b e r a l  s e l e c t i o n  

s t r a t e g i e s , and  h ig h  x -y  r e l a t i o n s h i p s  in  th e  t o t a l  g ro u p . Recom­

m e n d a tio n s  f o r  b o th  r e s e a r c h e r s  and p r a c t i t i o n e r s  a r e  d is c u s s e d .

In  a d d i t i o n ,  p o t e n t i a l  a r e a s  f o r  f u t u r e  r e s e a r c h  a r e  s u g g e s te d .
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C h ap te r I  

INTRODUCTION

W henever a  t e s t  s c o r e  (x ) i s  u sed  a s  a  b a s i s  f o r  s e l e c t i o n ,  

c e r t a i n  a p p l i c a n t s  w i l l  b e  e x c lu d e d . Those a p p l i c a n t s  who a r e  n o t 

a c c e p te d  w i l l  th e n  be u n a v a i l a b le  f o r  f u tu r e  e v a lu a t io n  on some c r i ­

t e r i o n  v a r i a b l e  ( y ) . As a  r e s u l t , d a ta  a r e  a v a i l a b l e  o n ly  from  

s e le c te d  a p p l i c a n t s  to  s u p p o r t  o r  r e f u t e  v a l i d i t y  c la im s  a b o u t th e  

r e l a t i o n s h i p  o f  y  to  x .  The p ro b lem  a r i s e s ,  f o r  exam ple, in  v a l i d a t i n g  

th e  M ed ica l C o lle g e  A d m issio n s  T e s t (MCAT) (x) a s  a p r e d i c t o r  o f th e  

c r i t e r i o n  m easurem ent, f i r s t - y e a r  m e d ic a l sc h o o l g ra d e s  ( y ) . P a ire d  

x -y  d a ta  a r e  o n ly  a v a i l a b l e  f o r  s e l e c t e d  a p p l i c a n t s .  T h is  m a jo r and 

u n a v o id a b le  s t a t i s t i c a l  p ro b le m , known a s  " r e s t r i c t i o n  o f r a n g e ,"  

p o se s  a  dilemma f o r  p r a c t i t i o n e r s  and r e s e a r c h e r s .  The u se  o f t e s t  

s c o r e s  f o r  s e l e c t i o n  p u rp o s e s  i s  c o n t in u a l ly  u n d e r l e g a l  s c r u t i n y .

An o r g a n iz a t io n  m ust b e  a b le  to  s u b s t a n t i a t e  th e  v a l i d i t y  o f th e  t e s t  

in  q u e s t io n ,  even  though  t h e r e  a r e  m is s in g  d a t a .  The s e a rc h  f o r  t h i s  

n eed ed  e v id e n c e  i s  h in d e re d  by th e  p ro b lem  of r e s t r i c t i o n  of r a n g e .

G iven th e  b e s t  o f  a l l  p o s s ib l e  w o r ld s ,  two a p p ro ach es  c a n , in  

th e o r y ,  be  em ployed in  overcom ing  th e  r e s t r i c t i o n  o f ra n g e  p ro b lem .

In  one m ethod , th e  a d m is s io n s  com m ittee  s e l e c t s  a l l  a p p l i c a n t s .  In  

th e  second  a p p ro a c h , th e  a d m is s io n s  com m ittee  s e l e c t s  a p p l i c a n t s  in  

a  p u re ly  random f a s h io n .  A lthough  b o th  o f  th e s e  p ro c e d u re s  a t te m p t 

to  c r e a t e  an u n r e s t r i c t e d  ra n g e  o f  s c o r e s ,  i . e . ,  a co m p le te  (x ,y )  

d a ta  s e t ,  i t  i s  o b v io u s  t h a t  su ch  s e l e c t i o n  s t r a t e g i e s  a r e  n o t  o n ly



u n r e a l i s t i c ,  b u t  im p r a c t i c a l  a s  w e l l .  The r e s e a r c h e r ,  t h e r e f o r e ,  m ust 

d e a l  w ith  th e  p ro b lem  o f  s t a t i s t i c a l l y  e s t im a t in g  t e s t  v a l i d i t y  when y 

s c o r e s  a r e  n o t  a v a i l a b l e  f o r  a l l  ex am in ees .

T here  i s  c u r r e n t l y  a  s t a t i s t i c a l  p ro c e d u re  t h a t  su p p o sed ly  " c o r ­

r e c t s "  f o r  r e s t r i c t i o n  o f  r a n g e ,  t h a t  i s ,  i t  e s t im a te s  th e  x -y  c o r r e l a ­

t i o n  f o r  th e  t o t a l  p o p u la t io n .  The s ta n d a rd  fo rm u la  to  c o r r e c t  f o r  

ra n g e  r e s t r i c t i o n  in  th e  tw o - v a r ia b le  c a se  i s  (Lord & N o v ick , 1968 , 

p .  1 4 3 ):

r2
2 * y s

rxyc ^ 2 ’ (1)
( r j y  + - ~ ( 1  -  r 2  ))^ s  q2 x y s

x t

2
w here r  = o b se rv ed  s q u a re d  c o r r e l a t i o n  betw een  x  and y in  th e  s e ­

xy s
l e c t e d  g ro u p ; s^  = v a r ia n c e  o f  x in  th e  s e l e c te d  g ro u p ; s^  “ v a r ia n c e  x s  x t

9
o f  x  in  th e  t o t a l  g ro u p ; r  = sq u a red  c o r r e l a t i o n  be tw een  x  and y inxyc
t h e  t o t a l  group c o r r e c t e d  f o r  r e s t r i c t i o n  o f r a n g e . T h is  c o r r e l a t i o n  

ta k e s  i n to  a c c o u n t th e  a c t u a l  c o r r e l a t i o n  c o e f f i c i e n t  o b ta in e d  from  th e  

r e s t r i c t e d  g ro u p , a s  w e l l  a s  th e  r e l a t i o n s h i p  betw een  th e  v a r ia n c e s  o f 

th e  r e s t r i c t e d  g roup  s c o r e s  and  t o t a l  group s c o r e s .  The c o r r e c t io n  p ro ­

c e d u re  i s  b a se d  on a  ty p e  o f e x t r a p o la t io n  p ro c e d u re  w here th e  unknown 

t o t a l  sam ple c o r r e l a t i o n  i s  i n f e r r e d  from  v a r io u s  sam ple s t a t i s t i c s  

com puted in  th e  s e l e c t e d  g ro u p . The c o r r e l a t i o n  p ro c e d u re  i s  b a se d  

on a  s e t  o f  a s s u m p tio n s . The f i r s t  a s su m p tio n , l i n e a r i t y ,  r e q u i r e s  

t h a t  th e  r e g r e s s io n  o f  th e  c r i t e r i o n  (y) on th e  p r e d i c t o r  (x ) i s  de­

s c r ib e d  by a  l i n e a r  r e l a t i o n s h i p .  The second  a ssu m p tio n , hom oscedas- 

t i c i t y ,  r e q u i r e s  t h a t  th e  c o n d i t io n a l  v a r ia n c e  o f y a round  th e  r e g r e s ­

s io n  l i n e  be c o n s ta n t  f o r  a l l  v a lu e s  o f th e  p r e d i c t o r .  The t h i r d



assu m p tio n  s t a t e s  t h a t  s e l e c t i o n  i s  b a se d  on th e  t e s t  s c o re  a lo n e ,  

o r ,  i f  b a se d  on x and a d d i t i o n a l  v a r i a b l e s ,  th e s e  a d d i t i o n a l  v a r i a b l e s  

a r e  c o n d i t io n a l ly  in d e p e n d e n t o f y g iv e n  x .

The r e g r e s s io n ,  d i s t r i b u t i o n ,  and  s e l e c t i o n  a ssu m p tio n s  a r e  

im p o r ta n t  c o n s id e r a t io n s  when u s in g  th e  r e s t r i c t i o n  o f  ra n g e  c o r r e c ­

t i o n  p ro c e d u re . P re v io u s  r e s e a r c h ,  m ost o f w h ich  i s  e m p i r i c a l ,  h a s  

su g g e s te d  t h a t  th e  p ro c e d u re  w i l l  y i e l d  a c c u r a te  e s t im a te s  o n ly  when 

th e s e  a ssu m p tio n s  a r e  v i o l a t e d  to  a  m ino r e x te n t  (B rew er & H i l l s ,

1969; G reen e r & O sb u m , 19 7 9 , 1980; G ro s s , 1982 ; G ro ss  & F le is c h m a n , 

1983 ; L in n , 1968; L inn  & D unbar, 1982; L in n , H a rn is c h ,  & D u n b ar, 1981; 

N ovick  & T h a y e r , 1969; R oe, 1 9 7 9 ). In  p r a c t i c e ,  th o u g h , d e v ia t io n s  

from  th e s e  a ssu m p tio n s  a r e  o f te n  n o te d .  I t  h a s  b een  shown t h a t  de ­

p a r t u r e s  from  th e s e  a ssu m p tio n s  can le a d  to  s i g n i f i c a n t  e r r o r s  in  

e s t im a t in g  th e  u n r e s t r i c t e d  p o p u la t io n  c o r r e l a t i o n .  F o r ex am p le ,

G ro ss  and F le isch m an  (1983) s im u lta n e o u s ly  v i o l a t e d  a l l  t h r e e  p r e m is e s . 

T h e ir  r e s u l t s  s u g g e s te d  t h a t  th e  c o r r e c t io n  fo rm u la  i s  n o t  r o b u s t  w ith  

r e s p e c t  to  v i o l a t i o n s  in  th e  a s su m p tio n s .

At p r e s e n t ,  th e  m ost commonly u sed  s o lu t io n  to  th e  r e s t r i c t i o n  

o f  ra n g e  p rob lem  r e l i e s  on th e  c o r r e c t io n  fo rm u la . The u se  o f  th e  

c o r r e c t i o n  fo rm u la  s t i l l  n e ed s  f u r t h e r  i n v e s t i g a t i o n .  The b u lk  o f th e  

w ork done in  t h i s  a r e a  h a s  b een  e m p i r ic a l .  V ery l i t t l e  s y s te m a t ic  an ­

a l y t i c a l  s tu d y  o f  th e  a c c u ra c y  o f th e  m ethod h a s  been  p r e s e n te d .  The 

p r im a ry  g o a l o f  th e  p r e s e n t  r e s e a r c h  i s  to  i n v e s t i g a t e  a n a l y t i c a l l y  

th e  ro b u s tn e s s  o f th e  r e s t r i c t i o n  o f ra n g e  c o r r e c t i o n  p r o c e d u r e .  More 

s p e c i f i c a l l y ,  we a n a l y t i c a l l y  s tu d y  th e  e f f e c t  o f  th e  v i o l a t i o n  o f th e  

l i n e a r i t y  a s su m p tio n . The a n a l y t i c a l  i n v e s t i g a t i o n  w i l l  y i e l d



g e n e r a l i z a b le  r e s u l t s ,  w h ereas  an e m p ir ic a l  s tu d y  i s  t y p i c a l l y  more 

l i m i t e d .

The e x p e c te d  v a lu e  o f  th e  s q u a re d  c o r r e l a t i o n  c o e f f i c i e n t  in  th e
9

t o t a l  g roup  E (r  ) d e f in e s  a  p a ra m e te r  w hich can  b e  ta k e n  to  r e p r e s e n t  
x y t

th e  v a l i d i t y  o f  x  a s  a  p r e d i c t o r  o f  y  in  th e  a p p l i c a n t  g ro u p . I f  we
2  a  o

d e n o te  an  e s t im a te  o f E(r^L. ) a s  E (rV , ) ,  th e  b i a s  o f  th e  e s t im a te  i s
x y t  x y t

d e f in e d  a s  th e  d e v ia t io n  o f th e  e x p e c te d  v a lu e  o f  th e  e s t i m a t e ,  i . e . ,

E (E (r2 ) )  from  th e  e x p e c te d  v a lu e  E ( r 2 ) :
* y t  ^ t

BIAS -  E ( £ ( r 2 ) ) - E ( r *  ) .  (2)
* y t  y t

The s ta n d a rd  e r r o r  (SE) o f  th e  e s t i m a te  can b e  e x p re s s e d  in  th e  

fo l lo w in g  m anner:

SE = [E [E ( r2 ) - E(E (r*  ) ) ] 2 ]%,  (3 )
x y t  y t

The e x p e c te d  mean s q u a re  e r r o r  (EMSE) can  be d e f in e d  a s  th e  e x p ec te d  

v a lu e  o f  th e  sq u a re d  d i f f e r e n c e  b e tw een  th e  e s t im a te  and  E ( r 2 ) :

EMSE -  E [E (r*  ) - E ( r 2 ) ] 2 . (4)
y t  y t

The b i a s ,  SE, and  EMSE in d ic e s  a r e  u se d  to  m easu re  th e  a c c u ra c y  o f
a  o  2

E (r  ) a s  an e s t im a te  o f  E (r^  ) .  In  th e  p r e s e n t  r e s e a r c h ,  two e s -
x y t

t im a te s  o f  E ( r 2 ) a r e  c o n s id e re d :  r 2 ( th e  s q u a re d  xy c o r r e l a t i o n
x y t  *VS

in  th e  s e l e c t e d  g ro u p ) and  r 2 ( th e  sq u a red  c o r r e c t e d  c o r r e l a t i o n ) .
xy c

E x p re s s io n s  a r e  d e r iv e d  f o r  th e  b i a s ,  SE, and EMSE o f each  e s t im a to r  

f o r  th e  s i t u a t i o n s  w here th e  u n d e r ly in g  r e g r e s s io n  m odel i s  l i n e a r ,  

and  a l s o  f o r  th e  c a s e  w here i t  i s  n o n l in e a r .  V ary in g  d e g re e s  o f  

v i o l a t i o n s  from  th e  u n d e r ly in g  l i n e a r i t y  a ssu m p tio n  a r e  s y s te m a t ic a l l y
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in v e s t i g a t e d  v i a  d a ta  s e t s  t h a t  ap p ro x im a te  r e a l  l i f e  s i t u a t i o n s .  The

9 2b e h a v io r  o f  r ^  and r  in  su ch  c irc u m s ta n c e s  i s  n o te d  a s  d i f f e r e n t  
xYs xyc

d e g re e s  o f  r e s t r i c t i o n s ,  d i s t r i b u t i o n s  o f x s c o r e s ,  n o n l i n e a r i t y ,  sam­

p l e  s i z e s ,  and  sq u a re d  c o r r e l a t i o n  c o e f f i c i e n t s  in  th e  t o t a l  g roup  a r e  

c o n s id e r e d .

The s tu d y  o f th e  r o b u s tn e s s  o f th e  r e s t r i c t i o n  o f ra n g e  c o r r e c ­

t i o n  p ro c e d u re  from  an a n a l y t i c a l  v a n ta g e  p o in t  sh o u ld  r e s u l t  in  n o t  

o n ly  a  g r e a t e r  u n d e rs ta n d in g  o f  th e  p r o c e s s ,  b u t  a l s o  a  p r a c t i c a l  g u id e  

to  d e te rm in e  u n d e r w hat c o n d i t io n s  i t  w i l l  y i e l d  a c c u r a te  e s t i m a t e s .  

T h is  a n a l y t i c a l  p ro c e d u re  w i l l  y i e ld  r e s u l t s  t h a t  a r e  more p r e c i s e  

th a n  p re v io u s  s t u d i e s ,  w hich  have  b a s i c a l l y  b een  e m p ir ic a l  in  n a t u r e .

The r e l e v a n t  r e s e a r c h  i s  rev iew ed  in  C h ap te r I I .  I n  C h ap te r  

I I I ,  th e  m ethod em ployed in  th e  i n v e s t i g a t i o n  i s  d e s c r ib e d .  The r e s u l t s  

a r e  p r e s e n te d  in  C h ap te r IV . F i n a l l y ,  C h ap te r  V d i s c u s s e s  and sum­

m a r iz e s  th e  f i n d in g s .



C h ap te r  I I  

REVIEW OF THE LITERATURE

T h is  re v ie w  p r e s e n ts  and sum m arizes a n a l y t i c a l  and e m p ir ic a l  

s t u d i e s  c o n c e rn in g  th e  r e s t r i c t i o n  of ra n g e  c o r r e c t io n  p ro c e d u re .  I t  

i s  im p o r ta n t  to  n o te  t h a t  th e  a n a l y t i c a l  s tu d ie s  have  fo c u s e d  on th e  

d ev e lo p m en t o f  s t a t i s t i c a l  c o r r e c t io n  p ro c e d u re s ,  w hereas th e  e m p ir ic a l  

r e s e a r c h  h a s  m ost t y p i c a l l y  i n v e s t ig a te d  th e  ro b u s tn e s s  o f th e  c o r r e c ­

t i o n  p ro c e d u r e s .

A n a ly t ic a l  S tu d ie s

P e a rs o n  (1903) d e r iv e d  fo rm u la s  f o r  e x p re s s in g  th e  t o t a l  

p o p u la t io n  v a r ia n c e  c o v a r ia n c e  m a tr ix  a s  a  fu n c t io n  of th e  p a ra m e te rs  

from  a  s e l e c t e d  s u b p o p u la t io n .  These fo rm u las  w ere c o n s t r u c te d  u n d e r 

th e  a s su m p tio n s  o f  a  m u l t i v a r i a t e  norm al p o p u la t io n .  U sing th e s e  

g e n e r a l  r e l a t i o n s h i p s ,  t h e  c o r r e c t io n  fo rm u la  can be c o n s t r u c te d .

Law ley (1934) showed t h a t  n o rm a li ty  i s  a  s u f f i c i e n t  b u t  n o t  n e c e s s a ry  

c o n d i t io n  f o r  d e v e lo p in g  th e  c o r r e c t io n  fo rm u la . The two a ssu m p tio n s  

u n d e r ly in g  L a w le y 's  d e r iv a t io n  w ere t h a t  th e  r e g r e s s io n  be  l i n e a r  and 

h o m o s c e d a s t ic .  The d e r iv e d  fo rm u la s  a re  b a se d  s o le ly  on p a ra m e te r  

v a l u e s ,  so  th e  u s e  o f L a w le y 's  fo rm u las  r e q u i r e s  d a ta  s e t s  l a r g e  

enough to  j u s t i f y  ig n o r in g  sam p lin g  e r r o r s .

B im baum , P a u ls o n , and Andrews (1950) p ro v id e d  fo rm u la s  to  

r e c o n s t r u c t  th e  m eans, s ta n d a r d  d e v ia t io n s ,  and  c o r r e l a t i o n  c o e f f i ­

c i e n t s  o f  an  o r i g i n a l  p o p u la t io n .  These fo rm u la s  a re  th e  same a s



L aw ley ’ s .  The u n d e r ly in g  a ssu m p tio n s  of t h e i r  p ro c e d u re  w ere  l i n e a r i t y  

and  h o m o s c e d a s t ic i ty  o f  r e g r e s s i o n .  To d e m o n stra te  th e  u s e  o f th e  

fo r m u la s ,  th e y  random ly o b ta in e d  a  sam ple o f 942 i n d i v i d u a l s .  F iv e  

v a r i a b l e s  w ere  m easu red  on each  i n d iv id u a l .  A subgroup  was th e n  

s e l e c t e d  by  u s in g  two o f  th e  v a r i a b l e s ,  le a v in g  647 i n d i v i d u a l s ,  o r  

a p p ro x im a te ly  69% o f th e  o r i g i n a l  p o p u la t io n .  P o p u la t io n  p a ra m e te rs  

w ere  th e n  " r e c o n s t r u c te d "  from  th e  s e le c te d  sam ple s t a t i s t i c s .  The 

" t r u e "  p o p u la t io n  p a ra m e te rs  w ere  a v a i l a b l e  and w ere com pared w ith  

th e  e s t im a te d  v a lu e s .  T h is  com parison  shows " a g re e m e n t,"  b u t  B im baum  

e t  a l .  c a u t io n e d  t h a t  th e  d e g re e  o f t h i s  "ag reem en t"  n eed ed  f u r t h e r  

i n v e s t i g a t i o n ,  su ch  a s  th e  s ta n d a rd  e r r o r s  o f th e  e s t im a te d  v a lu e s .

Cohen (1955) c o n s id e re d  th e  p rob lem  of e s t im a t in g  p a ra m e te r s  of 

a  b i v a r i a t e  n o rm al p o p u la t io n  from  r e s t r i c t e d  sam p le s . He d e r iv e d  

maximum l i k e l i h o o d  e s t im a to r s  to  d e te rm in e  t h i s  p o p u la t io n  c o r r e l a t i o n .  

Cohen d is c u s s e d  c e n s o r in g  and t r u n c a t io n  a s  two p ro c e d u re s  r e s u l t i n g  in  

s e l e c t e d  sa m p le s . A c e n so re d  sam ple a r i s e s  from th e  p ro c e s s  o f f i l l i n g  

a  f ix e d  num ber o f  o p e n in g s . T y p ic a l ly ,  a p p l ic a n ts  a r e  ra n k e d  on th e  

s e l e c t i o n  v a r i a b l e  and  th e n  ch o sen  a c c o rd in g  to  a  p a r t i c u l a r  s e l e c t i o n  

s t r a t e g y .  In  a  t r u n c a te d  sam p le , a  f ix e d  c u t  s c o re  d i s t i n g u i s h e s  

b e tw een  s e l e c t e d  and  u n s e le c te d  a p p l i c a n t s .  I t  was d e te rm in e d  t h a t  

th e  maximum l i k e l ih o o d  e s t im a te s  o f  th e  p o p u la t io n  c o r r e l a t i o n  h av e  

th e  same fo rm  r e g a r d l e s s  o f  th e  s e l e c t i o n  p ro c e d u re  em ployed , d i f f e r i n g  

o n ly  w ith  r e s p e c t  to  th e  e s t im a t io n  o f  th e  v a r ia n c e  in  th e  s e l e c t e d  

g ro u p . F o r th e  c e n s o re d  c a s e , C ohen1s maximum l ik e l ih o o d  e s t im a to r  

i s  e x a c t ly  th e  c o r r e c t i o n  fo rm u la  g iv e n  by e q u a tio n  ( 1 ) .



W a tte rso n  (1959) u sed  l i n e a r  l e a s t  sq u a re s  e s t im a t io n  on c e n so re d  

sam ples to  e s t im a te  p o p u la t io n  p a ra m e te r s .  The a d v a n ta g e s  o£ u s in g  

l i n e a r  l e a s t  s q u a re s  e s t im a t io n  a r e  t h a t  i t  y i e ld s  u n b ia se d  e s t im a to r s  

and  i s  s im p le  to  c a l c u l a t e .  The m a jo r c r i t i c i s m  o f W a tte rs o n f s  w ork 

i s  t h a t  h i s  p ro c e d u re  o f f e r e d  u n b ia se d  e s t im a te s  o n ly  f o r  f u n c t io n s  

o f  th e  p o p u la t io n  c o r r e l a t i o n  c o e f f i c i e n t .

Bobko and  R ieck  (1980) drew  on th e  o r i g i n a l  work o f  Moran (1 9 7 0 ) . 

They em ployed T a y lo r  s e r i e s  e x p a n s io n s  a s  a  v e h ic le  f o r  com puting  th e

s ta n d a rd  e r r o r s  o f  f u n c t io n s  o f  c o r r e l a t i o n  c o e f f i c i e n t s  in  th e  l i n e a r
\

c a s e .

A p r e d i c t i v e  p r o b a b i l i t y  d i s t r i b u t i o n  ap p ro ach  em ployed by 

G ross and P e r r y  (1983) y ie ld e d  c o n f id e n c e  i n t e r v a l  e s t im a te s  f o r  th e  

l e a s t  s q u a re s  r e g r e s s io n  w e ig h ts  and th e  r e s i d u a l  v a r ia n c e s  in  th e  

t o t a l  group  b a se d  on r e s t r i c t e d  d a t a .  In  a d d i t i o n ,  i n t e r v a l  e s t im a te s  

o f th e  d i f f e r e n c e  b e tw een  th e  mean in  th e  s e l e c te d  g roup  and th e  mean 

in  th e  u n s e le c te d  g roup  w ere  p r e s e n te d .  The u s e f u ln e s s  o f th e s e  i n ­

t e r v a l  e s t im a te s  was d e m o n s tra te d  u s in g  a  r e a l  d a ta  s e t . S e le c te d  

sam ples w ere  g e n e ra te d  by v a ry in g  th e  p r o p o r t io n  s e l e c t e d  from  .2 0  

to  .9 0 .  The c o n f id e n c e  i n t e r v a l s  o f i n t e r e s t  w ere th e n  com puted f o r  

e ach  c e n s o re d  sam p le . When th e  p r o p o r t io n  s e l e c te d  was a t  l e a s t  .5 0 , 

th e  c o n f id e n c e  i n t e r v a l  e s t i m a te s  a lw ay s c o n ta in e d  th e  " t r u e "  p o p u la ­

t i o n  p a ra m e te r  and  w ere  re a s o n a b ly  n a rro w .

Grows and  P e r r y  (1983) a l s o  c o n s id e re d  th e  p rob lem  o f i n f e r r i n g  

th e  c o r r e l a t i o n  i n  some " f u tu r e "  group b a se d  on d a ta  from  a  s e l e c t e d  

g ro u p . The q u e s t io n  o f i n t e r e s t  h e re  was n o t in  e s t im a t in g  th e  r e l a ­

t io n s h ip  in  th e  t o t a l  g ro u p , b u t  f o r  a  second  group  o f  a p p l i c a n t s ,  who,
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f o r  ex am p le , w ere  a p p ly in g  f o r  a d m is s io n . T h is  in v e s t i g a t i o n  d e r iv e d  

a  c o n f id e n c e  i n t e r v a l  e s t i m a te  f o r  th e  sq u a re d  c o r r e l a t i o n  c o e f f i c i e n t  

in  t h e  f u t u r e  g ro u p . The d e r i v a t i o n ,  a l s o  B ay es ian  in  n a t u r e ,  was 

b a se d  upon th e  c o m p u ta tio n  o f  th e  p r e d i c t i v e  p r o b a b i l i t y  d i s t r i b u t i o n  

f o r  th e  f u t u r e  g ro u p . R e a l l i f e  d a ta  showed e v id e n c e  of th e  a p p l i c a ­

b i l i t y  o f  t h i s  te c h n iq u e .  S p e c i f i c a l l y ,  a  s e l e c t e d  group o f 262 and a  

g roup  o f 524 f u t u r e  a p p l i c a n t s  w ere  c o n s id e re d .  I t  was o b se rv ed  t h a t  

a s  th e  r a t i o  o f  th e  s ta n d a r d  d e v ia t io n  o f  th e  p r e d i c to r  in  th e  f u tu r e  

group  to  t h a t  i n  th e  c u r r e n t  group  d e c re a s e d , th e  p r o b a b i l i t y  o f  th e  

sq u a re d  c o r r e l a t i o n  i n  t h e  f u t u r e  group e x ceed in g  th e  sq u a red  c o r r e l a ­

t i o n  in  th e  s e l e c t e d  g ro u p  in c r e a s e d .

S tu d ie s  o f R o b u stn ess

N o tin g  t h a t  r e a l  l i f e  d a ta  o f te n  v i o l a t e  b o th  l i n e a r i t y  and 

h o m o s c e d a s t ic i ty  a s s u m p tio n s , o th e r  s tu d ie s  i n v e s t ig a te d  th e  e f f e c t  

o f u s in g  th e  c o r r e c t i o n  fo rm u la  when c e r t a i n  a ssu m p tio n s  w ere v i o l a t e d .  

One such  s tu d y  was done by  L in n  (1968) , who d e m o n s tra ted  th e  e f f e c t s  o f 

s u b s t i t u t i n g  an  a v a i l a b l e  e x p l i c i t  s e l e c t i o n  v a r i a b l e  on t h i s  s ta n d a rd  

c o r r e c t io n  fo rm u la . E x p l i c i t  s e l e c t i o n  Im p lie s  t h a t  s u b je c ts  a r e  

s e le c te d  d i r e c t l y  on th e  b a s i s  o f t h e i r  o b se rv ed  s c o re s  on a  v a r i a b l e .  

I m p l i c i t  s e l e c t i o n ,  on th e  o th e r  h a n d , im p lie s  an i n d i r e c t  o r  i n c i d e n t a l  

s e l e c t i o n  p ro c e d u re .  A lth o u g h  L in n  v i o l a t e d  th e  s e l e c t i o n  a s s u m p tio n , 

he assum ed a  l i n e a r  r e l a t i o n s h i p .  He d e m o n s tra te d  th e  e r r o r s  t h a t  

a r o s e  when an  a v a i l a b l e  p r e d i c t o r  v a r i a b l e  (y ) was assumed to  b e  th e  

e x p l i c i t  s e l e c t i o n  v a r i a b l e  (x ) by s e t t i n g  Rxz = Ryz “  *60. Th® c o r r e ­

l a t i o n  be tw een  th e  a v a i l a b e  and  assum ed v a r i a b l e s  (Pxy) ran g ed  from



2 90 .0  to  1 .0 ,  and th e  ra n g e  o f th e  s e l e c t i o n  r a t i o  (ox /o Xg) u sed  was 

from  1 .1  t o  2 .0 .  pXy was d e te rm in e d  from  th e  c o r r e c t io n  fo rm u la  and 

th e n  com pared t o  th e  a  p r i o r i  v a lu e  o f .6 0 . The r e s u l t s  s u g g e s te d  

t h a t  th e  c o r r e c t i o n  fo rm u la  u n d e re s t im a te d  Pxy when pxz ^  .30  and 

t h a t  i t  o v e re s t im a te d  p ^  when pxz < .3 0 . As th e  s e l e c t i o n  r a t i o  

a p p ro ach ed  2 .0 ,  th e  d e g re e  o f u n d e r /o v e re s t im a t io n  in c r e a s e d .  A l­

though  L in n  o n ly  lo o k e d  a t  c e r t a i n  l im i t e d  s i t u a t i o n s ,  e r r o r s  w ere 

n o t  l a r g e r  th a n  .06 c o r r e l a t i o n  u n i t s  in  th e  ex trem e c a s e s  p r e s e n te d .

L in n , H a m is c h , an d  D unbar (1981) e m p ir ic a l ly  in v e s t i g a t e d  

c o n d i t io n s  r e s u l t i n g  i n  c o n s e r v a t iv e  c o r r e c t i o n s .  They s tu d ie d  th e  

com bined e f f e c t s  on c o r r e c t e d  e s t im a te s  o f v i o l a t i o n s  o f a ssu m p tio n s  

a s  w e ll  a s  s e l e c t i o n  on an  u n s p e c i f ie d  v a r i a b l e .  They u sed  th e  r e ­

s u l t s  from  more th a n  700 c r i t e r i o n - r e l a t e d  v a l i d i t y  s t u d i e s .  I f  th e  

s e l e c t i o n  v a r i a b l e  was u n s p e c i f i e d ,  th e n  u n d e re s t im a te s  o f  th e  c o r r e c ­

t i o n  r e s u l t e d .  T h e ir  f i n d i n g s  s u g g e s te d  c o n s e rv a t iv e  c o r r e c t io n s  even 

th ough  u n d e r ly in g  a ssu m p tio n s  w ere  v i o l a t e d  and t h a t  th e s e  v i o l a t i o n s  

te n d ed  to  o v e r c o r r e c t  in  c e r t a i n  s i t u a t i o n s . L a te r  r e s u l t s  (L inn  & 

D unbar, 1982) d is c u s s e d  th e  " d r a s t i c "  e f f e c t s  t h a t  s e l e c t i o n  on s e v e r a l  

v a r i a b l e s  can  h av e  on th e  e s t i m a te .  They r e p o r te d  th e  s ta n d a rd  d e v ia ­

t i o n s  and  i n t e r c o r r e l a t i o n s  f o r  th e  c r i t e r i o n  (g rad e  p o in t  a v e ra g e  

(GPA)) and  th r e e  p r e d i c t o r  v a r i a b l e s  (h ig h  sc h o o l g rad e  a v e ra g e  

(HSGA) and th e  v e r b a l  and m a th e m a tic s  s c o r e s  on th e  S c h o la s t ic  A p ti­

tu d e  T e s t  (SAT-V and SAT-M)). The d a ta  w ere b a se d  on a  sam ple o f 277 

c o l le g e  s tu d e n t s .  The p r e d i c t i v e  v a l i d i t y  o f  HSGA was .2 2 ,  and th e  

p r e d i c t i v e  v a l i d i t i e s  o f  SAT-V and SAT-M w ere s l i g h t l y  n e g a t iv e  ( - .0 8  

and  - . 0 2 ,  r e s p e c t i v e l y ) .  The a t y p i c a l  i n t e r c o r r e l a t i o n s  among th e
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p r e d ic to r  v a r i a b l e s  w ere  assum ed to  be due to  s e l e c t i o n  e f f e c t s .

W hereas L in n ’ s (1968) s tu d y  p ro d u ced  sm a ll e r r o r s ,  a s tu d y  by 

N ovick and  T h ayer (1969) s u g g e s te d  t h a t  e r r o r s  m ig h t even  be  more 

s e r i o u s .  The u n iq u e n e s s  o f  N ovick  and T h a y e r’ s  r e s e a r c h  was th e  

l a r g e  sam ple  s i z e s  th e y  w orked w i th .  R ea l d a ta  s e t s  o f  a p p ro x im a te ly  

20 ,000  s u b je c t s  made i t  f e a s i b l e  to  s im u la te  ex trem e  s e l e c t io n  y e t  

rem ain  w ith  a  l a r g e  sam ple  s i z e  i n  th e  s e le c te d  g ro u p . In  a d d i t i o n ,  

sam pling  e r r o r s  can  b e  d is r e g a r d e d  when th e  sam ple s i z e  i s  l a r g e .

When th e  p r o d u c t io n  c o r r e l a t i o n  was r e l a t i v e l y  l a r g e  (p ^  .AO) and 

th e  s e l e c t i o n  w as n o t  ex trem e  (Pg ^  .4 0 ) , e r r o r s  w ere a l l  s m a lle r  

th a n  .06 c o r r e l a t i o n  u n i t s .  F o r s m a l le r  (p < .4 0 ) p o p u la t io n  c o r­

r e l a t i o n s  and  m ore e x tre m e  s e l e c t i o n  schem es, c o r r e c t io n s  f o r  r e s t r i c ­

t i o n  o f ra n g e  w ere u n s a t i s f a c t o r y .  B oth  o v e r e s t im a t io n s  and u n d e r e s t i ­

m a tio n s  w ere  n o te d .  N ovick  and T hayer t r i e d  to  r e l a x  th e  h o m o sc e d a s ti-  

c i t y  a ssu m p tio n  in  an  a t te m p t  to  im prove th e  a c c u ra c y  o f th e  c o r r e c t io n .  

One te c h n iq u e  d is c a r d e d  th e  a ssu m p tio n  o f c o n s ta n t  e r r o r  v a r ia n c e ,  

w h ile  th e  o th e r  assum ed t h a t  th e  e r r o r  v a r ia n c e s  have  a  g e n e ra l  l i n e a r  

fo rm . T hese  a t te m p ts  d id  l i t t l e  to  in c r e a s e  th e  a c c u ra c y  o f th e  

e s t im a te .

G reen e r and  O sbum  c o n s id e re d  th e  a c c u ra c y  o f th e  e s t im a te  when 

b i v a r i a t e  n o rm a l i ty  c a n n o t b e  assum ed . In  one o f  t h e i r  s tu d ie s  (1 9 8 0 ) , 

th e  b ia s  o f  th e  c o r r e c t io n  f o r  r e s t r i c t i o n  o f ra n g e  due to  e x p l i c i t  

s e l e c t i o n  was i n v e s t i g a t e d  v i a  s im u la te d  d i s t r i b u t i o n s  t h a t  v i o l a t e d  

e i t h e r  th e  l i n e a r i t y  o r  h o m o s c e d a s t ic i ty  o f r e g r e s s io n  a ssu m p tio n s .

A sam ple s i z e  o f  4 ,0 0 0  was u sed  to  g e n e r a te  n in e  d i s t r i b u t i o n s ,  w ith  

n in e  c u to f f  p o in t s  ra n g in g  from  .10 to  .9 0 ,  and n in e  v a lu e s  o f p from
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.10 to  .9 0 . Three ty p e s  of d i s t r i b u t i o n s  w ere  s tu d ie d :  s ig m o id ,

f o o t b a l l ,  and fa n -s h a p e d . The s ig m o id  d i s t r i b u t i o n  d is p la y e d  a  r e ­

g r e s s io n  l i n e  t h a t  w as f l a t t e n e d  a t  i t s  t a i l s .  I t  was u sed  to  in v e s ­

t i g a t e  v io l a t i o n s  o f  l i n e a r i t y .  The f o o tb a l l - s h a p e d  d i s t r i b u t i o n  .. 

was c h a r a c te r iz e d  by  la r g e  c o n d i t i o n a l  v a r i a n c e s  o f th e  c r i t e r i o C  

g iv e n  th e  p r e d ic to r  n e a r  th e  mean o f th e  p r e d i c t o r  and  s m a lle r  v a r i ­

a n c e s  away from  th e  m ean. The fa n -s h a p e d  d i s t r i b u t i o n  p o s se s s e d  th e
-  - «*

c o n d i t io n a l  v a r ia n c e  o f  th e  c r i t e r i o n  g iv e n  th e  p r e d i c t o r  a s  an 

in c r e a s in g  f u n c t io n  o f  th e  p r e d i c t o r .  The l a t t e r  two d i s t r i b u t i o n s  

w ere g e n e ra te d  to  s tu d y  th e  v i o l a t i o n  o f  h o m o s c e d a s t i c i ty . The r e ­

s u l t s  su g g es te d  t h a t  f o r  m o d e ra te  d e g re e s  o f  r e s t r i c t i o n  ( l e s s  th a n  

40% u n s e le c te d )  th e  c o r r e c te d  c o r r e l a t i o n  p ro v id e d  a  good e s t im a te  

o f  p and  was b e t t e r  th a n  th e  u n c o r r e c te d  c o r r e l a t i o n . As th e  d e g re e  

o f r e s t r i c t i o n  in c r e a s e d ,  v i o l a t i o n s  o f l i n e a r i t y  o r  h o m o s c e d a s tic i ty  

r e s u l t e d  in  d e t e r i o r a t i n g  e s t im a te s  o f  th e  p o p u la t io n  c o r r e l a t i o n .

T h is  b i a s  became " u n a c c e p ta b le "  in  th e  d i r e c t i o n  o f o v e re s t im a te s  

o f  p i n  th e  f o o tb a l l - s h a p e d  d i s t r i b u t i o n .  I f  G reen e r and  O sb u rn 's  

w ork w ere  r e p l i c a t e d  u s in g  s m a l le r  sam ple  s i z e s , g e n e r a l i z a t io n s  o f 

t h e i r  r e s u l t s  to  m ore r e a l i s t i c  s i t u a t i o n s  would be p o s s i b l e .

In  a n o th e r  s tu d y  by G re en e r and  O sburn (1 9 7 9 ) , th e  a c c u ra cy  o f 

th e  c o r r e c t io n  fo rm u la  was exam ined  in  13 e m p ir ic a l  b i v a r i a t e  d i s t r i ­

b u t io n s  t h a t  c o n ta in e d  v i o l a t i o n s  o f e i t h e r  th e  l i n e a r i t y  o r  hom osce­

d a s t i c i t y  a ssu m p tio n . T h e ir  r e s u l t s  showed t h a t  f o r  r e l a t i v e l y  sm a ll 

u n r e s t r i c t e d  c o r r e l a t i o n s  ( .1 0  < p ^  .2 5 ) ,  th e  c o r r e c t e d  c o r r e l a t i o n  

was n o t  m ore a c c u r a te  th an  th e  u n c o r r e c te d  c o r r e l a t i o n ,  f o r  a l l  

t r u n c a t io n s  c o n s id e re d . The u n c o r r e c te d  c o r r e l a t i o n  ten d ed  to
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u n d e re s t im a te  p , w h ile  the  c o r r e c t e d  c o r r e l a t i o n  te n d e d  to  o v e r e s t i ­

m ate p .  T h is  c o n c lu s io n  h e ld  f o r  d i s t r i b u t i o n s  t h a t  d id  n o t  v i o l a t e  

th e  l i n e a r i t y  o r  h o m o s c e d a s tic i ty  a s s u m p tio n s . I t  was n o te d  t h a t  f o r  

l a r g e  u n r e s t r i c t e d  c o r r e l a t i o n s  ( .6 0  <  p <  .8 0 ) ,  th e  c o r r e c t e d  v a lu e  

was a lw ays a  b e t t e r  e s t im a te  o f  p th a n  th e  u n c o r r e c te d  s t a t i s t i c .  As 

th e  d e g re e  o f r e s t r i c t i o n  in c r e a s e d ,  th e  e r r o r  in c u r r e d  by u s in g  th e  

u n c o r re c te d  e s t im a te  a l s o  in c r e a s e d .  F o r m o d e ra te  p ( .3 0  ^  p ^  .5 5 ) ,  

t h e i r  r e s u l t s  w ere  s i m i l a r  to  th o s e  n o te d  f o r  th e  h ig h  u n r e s t r i c t e d  

c o r r e l a t i o n s  w here th e  c o r r e c t io n  fo rm u la  y ie ld e d  a  m ore a c c u r a te  e s t i ­

m ate  o f  p th a n  th e  u n c o r r e c te d  c o r r e l a t i o n .  G e n e r a l ly ,  th e  c o r r e c t io n  

d e t e r i o r a t e d  a s  t r u n c a t io n  in c r e a s e d .  F i n a l l y ,  t h e i r  d a ta  in d ic a te d  

t h a t  th e  c o r r e c t io n  was s e n s i t i v e  to  m odest d e p a r tu r e s  from  l i n e a r i t y .  

W ith r e s p e c t  to  d e p a r tu r e s  from  h o m o s c e d a s t ic i ty ,  h o w ev er, th e  c o r r e c ­

t i o n  was r o b u s t .  T h is  f in d in g  i s  c o n s i s t e n t  w ith  t h a t  o f  N ovick and 

T h a y e r 's .

G ross and  Kagen (1983) d e m o n s tra te d  th e  a d v a n ta g e  o f n o t  

c o r r e c t in g  f o r  r e s t r i c t i o n  o f ra n g e  in  c e r t a i n  I n s t a n c e s .  The u s u a l  

a ssu m p tio n s  o f  l i n e a r i t y ,  h o m o s c e d a s t ic i ty ,  and s e l e c t i o n  w ere s a t i s ­

f i e d .  The e x p e c te d  mean sq u a re  e r r o r  c r i t e r i o n  was u sed  a s  a  m easure  

o f  a c c u ra c y . E ig h ty -o n e  c e n s o re d  d i s t r i b u t i o n s  w ere  s im u la te d  from  a 

b i v a r i a t e  no rm al d i s t r i b u t i o n  by c o n s id e r in g  th r e e  sam ple  s i z e s  f o r  

th e  r e s t r i c t e d  group  (5 0 , 1 0 0 , and 2 0 0 ) , t h r e e  c u t o f f  p o in t s  ( .3 0 ,

.5 0 ,  and  .7 0 ) ,  and n in e  v a lu e s  o f p from  .10 to  .9 0 .  T h e ir  f in d in g s  

s u g g e s te d  t h a t  th e  c o r r e c t e d  c o r r e l a t i o n  was n e g a t iv e ly  b ia s e d .  T h is  

b i a s  was m ost n o ta b le  when l e s s  th a n  h a l f  o f th e  sam ple was s e l e c t e d ,  

when t h i s  s e l e c te d  group  c o n ta in e d  l e s s  th a n  30 s u b j e c t s ,  and when p



was l e s s  th a n  .5 0 . G ross and K a g en 's  r e s u l t s  a l s o  showed t h a t  even 

th ough  th e  e s t im a te  was l e s s  n e g a t iv e ly  b ia s e d  th a n  th e  u n c o r re c te d  

c o r r e l a t i o n ,  th e  e x p e c te d  mean sq u a re  e r r o r  f o r  th e  e s t im a te  was con­

s id e r a b ly  g r e a t e r  th a n  t h a t  f o r  th e  u n c o r r e c te d  c o r r e l a t i o n  in  c e r t a i n  

s i t u a t i o n s  w here p was l e s s  th a n  .50  and l e s s  th a n  20% o f th e  s u b je c t s  

w ere s e l e c t e d .  In  o th e r  w o rd s , even  though  th e  c o r r e c t e d  c o r r e l a t i o n  

y ie ld e d  a  m ore a c c u r a te  e s t im a te  th a n  th e  u n c o r r e c te d  c o r r e l a t i o n  in  

te rm s  o f b i a s ,  i t  may b e  l e s s  a c c u r a te  in  te rm s  o f mean s q u a re  e r r o r .

O f te n tim e s , s e l e c t i o n  i s  b a se d  on m ore th a n  one v a r i a b l e .  An 

a p p ro ach  to  d e a l  w ith  a  m u l t i v a r i a t e  s e l e c t i o n  p ro c e s s  i s  to  c o n s t r u c t  

a  s in g l e  s e l e c t i o n  v a r i a b l e .  The m a jo r f la w  in  t h i s  m e th o d , h ow ever, 

i s  t h a t  i t  i s  assum ed t h a t  a l l  o f th e  s e l e c t e d  v a r i a b l e s  a r e  known and 

can  b e  q u a n t i f i e d .  Roe (1979) d e s c r ib e d  a  l e a s t  s q u a re s  r e g r e s s io n  

e q u a t io n  p ro c e d u re  f o r  r e c o n s t r u c t in g  th e  a c t u a l  s e l e c t o r  v a r i a b l e .

He e x p la in e d  t h a t  a c t u a l  s e l e c t i o n  can  b e  d i f f e r e n t  from  in te n d e d  

s e l e c t i o n .  I t  i s  t h i s  a c t u a l  s e l e c t o r  v a r i a b l e ,  he  c o n te n d e d , t h a t  

sh o u ld  b e  u sed  in  c o r r e c t in g  f o r  r e s t r i c t i o n  o f r a n g e .  The l i m i t a t i o n  

o f R oe’s m ethod i s  t h a t  by  u s in g  r e g r e s s io n  w e ig h ts ,  v a r i a b i l i t y  o f  

sam p lin g  m ust b e  c o n s id e re d .  When t h i s  v a r i a b i l i t y  i s  ta k e n  in to  

a c c o u n t ,  th e  r e c o n s t r u c te d  s e l e c t i o n  v a r i a b l e  may f a i l  to  s a t i s f a c ­

t o r i l y  r e p r e s e n t  th e  t r u e  s e l e c t i o n  p r o c e s s .

Brew er and H i l l s  (1969) e v a lu a te d  th e  e f f e c t  o f  v a r io u s  l e v e l s  

o f  p o s i t i v e  skew o f th e  p r e d i c t o r  v a r i a b l e .  T h e ir  r e s u l t s  s u g g e s te d  

t h a t  th e  c o r r e c t io n  p ro c e d u re  sh o u ld  n o t  b e  u sed  when th e  p r e d i c t o r  

v a r i a b l e  i s  skew ed, a s  e r ro n e o u s  e s t im a te s  r e s u l t e d .  The c o r r e c t io n  

p ro c e d u re  sh o u ld  be u sed  o n ly  when i t  can  b e  assum ed t h a t  th e  d i s t r i -
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b u t io n  f o r  th e  p r e d i c t o r  v a r i a b l e  in  th e  u n r e s t r i c t e d  group i s  

" n e a r ly "  sy m m e tr ic a l . The d e g re e  o f r e s t r i c t i o n ,  a s  w e ll  a s  th e  s i z e  

o f  th e  c o r r e c t i o n  in  th e  t o t a l  g ro u p , d e te rm in e d  th e  a c c u ra c y  w ith  

w hich  p c o u ld  b e  e s t im a te d .  Brewer and H i l l s  n o te d  t h a t  th e  h ig h e r  

th e  c o r r e l a t i o n  was in  th e  t o t a l  g ro u p , th e  m ore a c c u r a te  th e  e s t i ­

m a te s  w ere  even  f o r  l a r g e  d e g re e s  o f r e s t r i c t i o n .  On th e  o th e r  h a n d , 

i n  c a s e s  w here p < .4 ,  a t  l e a s t  h a l f  o f th e  o r i g i n a l  group had  to  be  

in c lu d e d  in  th e  s e l e c t e d  group  in  o rd e r  f o r  r e a s o n a b le  e s t im a te s  to  

o c c u r .  I t  sh o u ld  b e  n o te d ,  how ever, t h a t  skew ness was con fo u n d ed  w ith  

th e  l i n e a r i t y  i s s u e .

R eco g n iz in g  t h a t  u n d e r ly in g  a ssu m p tio n s  have  b een  v i o l a t e d  i s  

one c o n s id e r a t i o n .  I t  i s  a l s o  im p o r ta n t to  i n v e s t i g a t e  how th e s e  

a ssu m p tio n s  h av e  been  v i o l a t e d .  T h ere  i s  some e v id e n c e  t h a t  s u g g e s ts  

t h a t  v i o l a t i o n s  can  o f f s e t  e ach  o t h e r .  G ross (1982) h a s  r e c e n t l y  shown 

t h a t  th e  c o r r e c t i o n  fo rm u la  w i l l  y i e l d  e x a c t v a lu e s  o f p even  f o r  no n ­

l i n e a r  h e t e r o s c e d a s t i c  r e l a t i o n s h i p s .  He d e s c r ib e d  a  s u f f i c i e n t  co n ­

d i t i o n  f o r  t h i s  to  o c c u r ,  w hich i s :

Q = (Se / s e ) / ( 8/Bs ) = 1 .  (5 )

w here Q = th e  q u a n t i ty  t h a t  w i l l  p ro v id e  a s u f f i c i e n t  c o n d i t io n  f o r  

th e  v a l i d i t y  o f  th e  c o r r e c t io n  fo rm u la  fo r  a  g iv en  s e l e c t i o n  p ro c e d u re ;

Se = s ta n d a rd  e r r o r  in  th e  t o t a l  p o p u la t io n ; s e  » s ta n d a rd  e r r o r  in  th e  

s e l e c t e d  p o p u la t io n ;  B i l i n e a r  s lo p e  c o e f f i c i e n t  in  th e  t o t a l  p o p u la ­

t i o n ;  and  Bs “  l i n e a r  s lo p e  c o e f f i c i e n t  in  th e  s e l e c t e d  s u b p o p u la t io n .

In  o th e r  w o rd s , n o n l i n e a r i t y  o f  r e g r e s s io n  can  be "co m p en sated "  f o r  

by h e t e r o s c e d a s t i c  v a r i a n c e s .  The im p l ic a t io n  o f t h i s  f in d in g  f o r
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p r a c t i t i o n e r s  i s  s i g n i f i c a n t :  th e  c o r r e c t io n  fo rm u la  can  now be

a p p l ie d  to  some d a ta  s e t s  w h ich  v i o l a t e  th e  u n d e r ly in g  a ssu m p tio n s  

p r e v io u s ly  th o u g h t n e c e s s a r y .  G ross f u r t h e r  e x p la in e d  how t o  p r e d ic t  

th e  d i r e c t i o n  o f  b i a s .  He n o te d  t h a t  when Q > 1 .0  a  h ig h ly  p o s i t i v e l y  

b ia s e d  e s t im a te  w i l l  r e s u l t .

O v e re s t im a tio n  o f  th e  c o r r e c t e d  c o r r e l a t i o n  h a s  b e e n  n o te d  in  

th e  l i t e r a t u r e  (L e v in , 1 9 7 2 ) . The p r a c t i c a l  im p l ic a t io n  o f th e  seem­

in g ly  p a ra d o x id a l  o c c u r re n c e  o f an  in c r e a s e  in  c o r r e l a t i o n  by r e s t r i c ­

t i o n  o f  ra n g e  i s  t h e  f a c t  t h a t  c o r r e l a t i o n s  in  s e l e c t e d  g ro u p s  need

n o t  b e  u n d e r e s t im a te s .  In  c o n t r a s t ,  when Q < 1 .0  an  u n d e re s t im a te  i s  
*

N .

t o  b e  e x p e c te d .  vU n d e re s t im a tio n  h a s  b een  th e  more common s i t u a t i o n .

G ro ss  and F le isch m an  (1983) s tu d ie d  th e  r e s t r i c t i o n  o f ra n g e  

c o r r e c t i o n s  when b o th  th e  d i s t r i b u t i o n s  and s e l e c t i o n  a ssu m p tio n s  

w ere s im u lta n e o u s ly  v i o l a t e d .  P re v io u s  r e s e a r c h  c o n s id e re d  th e  accu ­

ra c y  o f t h e  e s t im a te  when e i t h e r  th e  l i n e a r i t y  and h o m o s c e d a s tic i ty  

a s su m p tio n s  w ere  v i o l a t e d  (G reen er & O sburn , 1979, 1980; N ovick  &

T h a y e r, 1 9 6 9 ) , o r  th e  s e l e c t i o n  a ssu m p tio n  was v i o l a t e d  (L in n , 1 9 6 8 ). 

They s im u la te d  s e l e c t i o n  s i t u a t i o n s  by ch o o sin g  s u b s e ts  o f d a ta  from 

a l a r g e r  d a ta  s e t .  They th e n  com pared th e  u n c o r re c te d  and c o r r e c te d  

c o r r e l a t i o n  c o e f f i c i e n t s  b a se d  on th e  s e le c te d  s u b s e t  to  th e  known 

v a lu e s  f o r  th e  t o t a l  d a ta  s e t .  A sam ple o f 913 s tu d e n t s ' t e s t  s c o re  

d a ta  w ere a v a i l a b l e  w ith  in fo rm a t io n  on 19 v a r i a b l e s  f o r  e ach  s tu d e n t .  

S ix  d i f f e r e n t  d a ta  s e t s ,  e a c h  c o n s i s t in g  o f  913 c a s e s ,  w ere  th e n  

c r e a te d  fro m  th e  o r i g i n a l  d a ta  m a t r ix .  W ith in  each  d a ta  s e t ,  th e  

c r i t e r i o n  v a r i a b l e  ( y ) , th e  s e l e c t o r  v a r i a b l e  ( x ^ ) , and an a d d i t io n a l  

v a r i a b l e  t h a t  may b e  c o n s id e re d  in  s e l e c t i o n  p ro c e s s  (x 2) w ere sp e c if  i e d .



The c o r r e l a t i o n  be tw een  x j  and  X2 was a p p ro x im a te ly  .6 0 .  The c o r r e ­

l a t i o n  be tw een  th e  c r i t e r i o n  and e i t h e r  p r e d ic to r  was a p p ro x im a te ly  

e q u a l  in  th e  s i x  d a ta  s e t s .  F iv e  d i f f e r e n t  s e l e c t i o n  p ro c e d u re s  w ere  

g e n e r a te d  from  th e  s i x  d a ta  s e t s .  Each p ro c e d u re  was b a sed  on th e  

s e l e c t i o n  o f c a s e s  in  te rm s  o f  x ^ , X2 » o r  b o th .  V a rio u s  p r o p o r t io n s  

s e l e c t e d  from  .2 0  to  .90 w ere  a l s o  c o n s id e re d . In  o th e r  w o rd s , f o r  

t h e  e i g h t  s e l e c t e d  p r o p o r t i o n s ,  th e  f i v e  d i f f e r e n t  s e l e c t i o n  p ro c e d u re s  

w ere  a p p l ie d  to  th e  s ix  d a ta  s e t s .  The a c c u ra cy  of th e  e s t im a te  w as 

ju d g e d  i n  te rm s  o f  a  m easu re  o f  p e rc e n ta g e  e r r o r .  T h e ir  r e s u l t s  su p ­

p o r te d  th e  c o n c lu s io n  t h a t  th e  c o r r e c t io n  fo rm u la  i s  n o t r o b u s t  w ith  

r e s p e c t  to  s im u lta n e o u s  v i o l a t i o n s  in  th e  u n d e r ly in g  d i s t r i b u t i o n  and  

s e l e c t i o n  a s s u m p tio n s . T h e ir  f i n d in g s  a l s o  s u g g e s te d  th a t  when th e  

l i n e a r i t y  a n d /o r  h o m o s c e d a s t ic i ty  a ssu m p tio n s  were v i o l a t e d ,  th e  a d d i ­

t i o n a l  e f f e c t  o f  th e  v i o l a t i o n  o f  th e  a ssu m p tio n  t h a t  s e l e c t i o n  i s  

b a se d  s o l e l y  on x^ was to  d e c re a s e  th e  v a lu e  of th e  c o r r e c t e d  c o e f ­

f i c i e n t .  L a s t l y ,  th e y  n o te d  t h a t  th e  c o r r e c te d  c o r r e l a t i o n  c a n ,  b u t  

n e e d  n o t  n e c e s s a r i l y ,  p ro d u c e  m ore a c c u r a te  e s t im a te s  th an  th e  u n c o r­

r e c t e d  c o r r e l a t i o n  when b o th  th e  d i s t r i b u t i o n  and s e l e c t i o n  a ssu m p tio n s  

w ere  v i o l a t e d .

Two i n v e s t i g a t i o n s ,  F o r s y th  (1971) and G u llic k s o n  and H opkins 

(1 9 7 6 ) , a t te m p te d  to  p ro v id e  fo rm u la s  f o r  c o n f id e n c e  i n t e r v a l  e s t i ­

m a tes  o f  th e  p o p u la t io n  c o r r e l a t i o n .  Both o f th e s e  s tu d ie s  em ployed 

s im u la t io n  t e c h n iq u e s .  F o r s y th  g e n e ra te d  24 sam pling  d i s t r i b u t i o n s  

by  c o n s id e r in g  th r e e  sam ple s i z e s  f o r  th e  r e s t r i c t e d  group (2 5 , 5 0 , 

and  1 0 0 ) ,  fo u r  c u t o f f  p o i n t s  ( .1 0 ,  .2 5 ,  .5 0 ,  and .7 5 ) ,  and two 

v a lu e s  o f  th e  p o p u la t io n  c o r r e l a t i o n  ( .8 0  and .5 0 ) .  H is w ork
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d e m o n s tra te d  a  t r e n d  f o r  e x p e c te d  v a lu e s  o f th e  c o r r e c t e d  c o r r e l a ­

t i o n s  to  b e  n e g a t iv e ly  b ia s e d  e s t im a te s  o f th e  p o p u la t io n  c o r r e l a t i o n s .  

The am ount o f  e r r o r  was in d e p e n d e n t o f  th e  sam ple s i z e .  As th e  c u to f f  

p o in t  becam e m ore s t r i n g e n t ,  t h e  am ount o f e r r o r  I n c r e a s e d .  T h is  

means t h a t  th e  g r e a t e s t  e r r o r s  w ere n o te d  f o r  s t r i n g e n t  s e l e c t i o n  

p ro c e d u re s  and  low  p o p u la t io n  c o r r e l a t i o n s .  The c o n f id e n c e  i n t e r v a l  

e s t im a te s  f o r  th e  p o p u la t io n  c o r r e l a t i o n  c a l c u l a t e d  from  r e s t r i c t e d  

sam ples w ere  in a c c u r a t e .  In  a  s i m i l a r  f a s h io n ,  G u llic k s o n  and H opkins 

s im u la te d  240 d i s t r i b u t i o n s  by c o n s id e r in g  fo u r  sam ple s i z e s  (2 5 , 5 0 , 

100 , and 2 0 0 ) , s i x  c u t o f f  p o in t s  ( .1 0 ,  .2 0 ,  .4 0 ,  .6 0 , .7 5 ,  and .9 0 ) ,  

and te n  v a lu e s  o f  th e  p o p u la t io n  c o r r e l a t i o n  from  0 .0 0  to  .9 0 . They 

th e n  u sed  th e s e  d i s t r i b u t i o n s  to  c o n s t r u c t  24 c o n f id e n c e  i n t e r v a l  

e s t im a te s  f o r  p u s in g  b o th  a =  .01 and  o =  .0 5 . S e v e ra l  t r e n d s  w ere 

su g g e s te d  from  G u ll ic k s o n  and  H o p k in s ' r e s e a r c h :  th e  w id th  o f th e

c o n f id e n c e  i n t e r v a l  e s t im a te  d e c re a s e d  a s  th e  sam ple s i z e  in c re a s e d ;  

th e  w id th  o f  th e  c o n f id e n c e  i n t e r v a l  e s t im a te  in c re a s e d  a s  th e  p ro ­

p o r t i o n  s e l e c t e d  d e c r e a s e d ;  an d  th e  s lo p e  o f  th e  r e g r e s s io n  l i n e  de­

c re a s e d  a s  th e  sam ple  s i z e  and th e  e s t im a te  in c r e a s e d .  They w ere 

c a r e f u l  to  c a u t io n  p r a c t i t i o n e r s  o f  th e  " l i t t l e  p r a c t i c a l  v a lu e "  o f 

th e  e s t im a te  f o r  sm a ll sam p les  w ith  l a r g e  r e s t r i c t i o n s .  G u llic k so n

and  H o p k in s '  w ork a l s o  p ro v id e d  a  t e s t  o f th e  n u l l  h y p o th e s i s : p = 0 .

They s u g g e s te d  a g a in ,  th o u g h , t h a t  no t e s t  b e  made f o r  sm a ll sam ple 

s i z e s  w ith  l a r g e  r e s t r i c t i o n s .

L in n  (1983) h ad  c o n c lu d e d  t h a t  "K arl P e a r s o n 's  s e l e c t i o n

fo rm u la s  h a v e  b e e n  a ro u n d  f o r a  lo n g  tim e , b u t  th e  im p l ic a t io n s  of

th e  e f f e c t s  he  d e s c r ib e d  a r e  s t i l l  o n ly  p a r t i a l l y  u n d e rs to o d "  (p . 1 3 ) .



He recommended " th e  u se  o f m ore e l a b o r a t e  a n a l y t i c a l  te c h n iq u e s "  (p . 

13) as a  re q u ire m e n t f o r  a  m ore com p reh en siv e  u n d e rs ta n d in g  o f th e  

c o r r e c t io n  p ro c e d u re .

The b a s ic  r e s u l t s  o f  m ost o f  th e s e  s tu d i e s  w ere  t h a t  ( i )  th e  

g r e a t e s t  e r r o r s  w ere n o te d  f o r  s t r i n g e n t  s e l e c t i o n  p ro c e d u re s  and 

low  p o p u la t io n  c o r r e l a t i o n s ;  ( i i )  th e  c o r r e c t io n  fo rm u la  was n o t  

r o b u s t  w ith  r e s p e c t  to  s im u lta n e o u s  v i o l a t i o n s  in  th e  u n d e r ly in g  

d i s t r i b u t i o n  and s e l e c t i o n  a s s u m p tio n s ; and ( i i i )  th e  c o r r e c te d  

c o r r e l a t i o n  c a n ,  b u t  n eed  n o t  n e c e s s a r i l y ,  p ro d u ce  m ore a c c u r a te  

e s t im a te s  th a n  th e  u n c o r re c te d  c o r r e l a t i o n  when b o th  d i s t r i b u t i o n  

and  s e l e c t i o n  a ssu m p tio n s  w ere  v i o l a t e d .  One can  sum m arize th e  w ork 

in  th e  a r e a  by n o t in g  t h a t  th e  a n a l y t i c a l  s tu d i e s  h a v e  fo c u sed  on 

fo rm u la  d e r i v a t i o n ,  w h ile  th e  e m p ir ic a l  i n v e s t i g a t i o n s  have  q u e s ­

t io n e d  th e  r o b u s tn e s s  o f  th e  c o r r e c t i o n  p ro c e d u re . The p r e s e n t  s tu d y  

e x te n d s  th e  r e s e a r c h  on th e  q u e s t io n  o f r o b u s tn e s s  by em ploying a n a ­

l y t i c a l  r a t h e r  th a n  p u re ly  e m p ir ic a l  m e th o d s . The a d v a n ta g e  o f i n ­

v e s t i g a t i n g  th e  r o b u s tn e s s  o f th e  r e s t r i c t i o n  o f ra n g e  c o r r e c t io n  

p ro c e d u re  from  an a n a l y t i c a l  v a n ta g e  p o in t  i s  th e  g a in  in  g e n e r a l i z a -  

b i l i t y  o f  th e  r e s u l t s .  T h is  g a in  can  g iv e  r e s e a r c h e r s  a  g r e a t e r  

u n d e rs ta n d in g  o f th e  v a l i d a t i o n  p ro c e d u re .  The fo r th c o m in g  r e s u l t s  

w i l l  a l s o  h av e  a  p ra g m a tic  a p p l i c a t i o n ,  f o r  th e y  w i l l  e n a b le  one 

u s in g  a  t e s t  f o r  s e l e c t i o n  p u rp o s e s  to  make a  more c l e a r l y  d e f in e d  

d e c i s io n .



C h ap ter I I I  

METHOD

C o n sid e r th e  s i t u a t i o n  w here a  sam ple  o f  n  (Y i,X i)  p a i r s  i s  

o b s e rv e d . The v a r i a b l e  X i s  a  t e s t  an d  Y i s  a  c r i t e r i o n  v a r i a b l e .  

The sam ple o f s i z e  n  m ig h t b e  view ed a s  some a p p l i c a n t  g ro u p , e . g . ,  

n  in d iv id u a l s  a p p ly in g  f o r  a d m iss io n  who a r e  t e s t e d  on x  and  a f t e r  

a d m iss io n  o b se rv ed  on y .  The g e n e r a l  p ro b lem  i s  to  i n v e s t i g a t e  th e  

v a l i d i t y  o f  x  a s  a  p r e d i c t o r  o f  y ,  i . e . ,  to  i n v e s t i g a t e  th e  x -y  

r e l a t i o n s h i p  f o r  an a p p l i c a n t  group o f  s i z e  n .  I t  i s  assum ed t h a t  

g iv e n  th e  X-j_, th e  Y^ a r e  n o rm a lly  and in d e p e n d e n tly  d i s t r i b u t e d  w ith  

mean Bo+ x l i + ®2x l i  an^ v a r ia n c e  a ^ . When th e  p a ra m e te r  02 z e r o f 

th e  r e l a t i o n s h i p  betw een  x  and y can  b e  s a id  to  be  l i n e a r .  The c a s e  

w here 0 2 ^ 0  d e f in e s  th e  n o n l in e a r  c a s e .

When no s e l e c t i o n  p r o c e s s  i s  o p e r a t in g ,  one can  o b se rv e  th e  

t o t a l  o r  u n s e le c te d  sam ple o f  n  xy s c o r e s .  We can  d e s c r ib e  th e  r e l a ­

t io n s h ip  betw een  x and y in  t h i s  t o t a l  sam ple by th e  sq u a red  P e a rso n  

p ro d u c t moment c o r r e l a t i o n  c o e f f i c i e n t :

i ,  - A -

w here S x y ^ = th e  xy c o v a r ia n c e  in  th e  t o t a l  g ro u p , Sxt 0 th e  s ta n d a rd  

d e v ia t io n  o f x in  th e  t o t a l  g ro u p , and  S y = th e  s ta n d a rd  d e v ia t io n  

o f y in  th e  t o t a l  g ro u p . The e x p e c te d  v a lu e  o f t h i s  sq u a re d  c o r r e ­

l a t i o n  o v e r a l l  u n s e le c te d  sam ples o f  s i z e  n  [E(r^ ) ]  d e f in e s  a
x y t



p a ra m e te r  w hich can  be  ta k e n  to  r e p r e s e n t  th e  v a l i d i t y  o f x  a s  a
2

p r e d i c t o r  o f  y .  More s p e c i f i c a l l y ,  E (r  ) m easu res  t h i s  " a v e ra g e "
xy t

v a l i d i t y  o f  x  a s  a  ( l i n e a r )  p r e d i c to r  o f y in  an  u n s e le c te d  sam ple  of
2

s i z e  n .  S in ce  E ( r ”^ ) i s  an unknown p a r a m e te r ,  one i s  i n t e r e s t e d  in

e s t im a t in g  ih s  v a lu e .  I f  E (r^  ) i s  some e s t im a te  o f  E (r^  ) ,  t h e
x y t  xy^

A 9
a c c u ra c y  o f  th e  e s t im a te  E ( r  ) can b e  a s s e s s e d  in  te rm s o f  th exy t

fo l lo w in g  c r i t e r i a :  b i a s ,  s ta n d a rd  e r r o r ,  and  e x p e c te d  mean sq u a re

e r r o r .  S p e c i f i c a l l y ,  b i a s  o f th e  e s t im a te  i s  d e f in e d  a s  t h e  d e v ia t io n

A 2o f th e  e x p e c te d  v a lu e  o f th e  e s t im a te ,  i . e . ,  E (E (r ) )  from  th e
* y t2

e x p e c te d  v a lu e  E ( r  ) .  The s ta n d a rd  e r r o r  o f  th e  e s t im a te  i s  g iv e n
x y t

by e q u a t io n  ( 3 ) .  The e x p e c te d  mean sq u a re  e r r o r  i s  d e f in e d  a s  th e

e x p e c te d  v a lu e  o f th e  sq u a red  d i f f e r e n c e  betw een  th e  e s t im a te  and

E (r^  ) (s e e  e q u a t io n  ( 4 ) ) .  The d e r iv a t io n  o f e x p re s s io n s  f o r  th e s e  xy t

c r i t e r i a  w i l l  b e  d e s c r ib e d  l a t e r .

The q u e s t io n  m ig h t a r i s e  a s  to  why one i s  i n t e r e s t e d  i n  e s t i m a t ­

in g  th e  l i n e a r  c o r r e l a t i o n  when th e  form  o f th e  r e g r e s s io n  m ig h t 

a c t u a l l y  b e  c u r v i l i n e a r .  T here  a r e  s i t u a t i o n s  t h a t  may a r i s e  w here 

th e  e x a c t  form  o f th e  r e g r e s s io n  i s  unknown. In  su ch  c a s e s ,  one can  

f i t  a  l i n e a r  m odel a s  a  r e a s o n a b le  a p p ro x im a tio n . I t  s h o u ld  be n o te d  

t h a t  when c o n f ro n te d  w ith  th e  r e s t r i c t i o n  o f ran g e  p ro b le m s , one s im ply  

d o es  n o t  h av e  enough d a ta  to  a s c e r t a i n  w h e th e r o r n o t  th e  r e l a t i o n s h i p  

i s  n o n l in e a r .  F u r th e rm o re , N ovick and Jac k so n  (1 9 7 4 , p .  8 2 ) s t a t e  

t h a t  " i t  i s  c o n c e iv a b le  t h a t  we m igh t have a  j o i n t  d i s t r i b u t i o n  i n  

w hich th e  r e g r e s s io n  f u n c t io n  i s  n o t o r  n o t  known t o  be  l i n e a r ,  

b u t  s t i l l  demand to  u se  a  l i n e a r - p r e d i c t i o n  fu n c t io n  on th e  g round  

t h a t  th e  g a in  in  s im p l i c i t y  o u tw eig h s any p o s s ib le  l o s s  in  p r e d i c t i v e



e f f i c i e n c y

C o n s id e r  n e x t  th e  s i t u a t i o n  w here some s e l e c t io n  p ro c e s s  i s

o p e r a t in g ;  f o r  ex am p le , n o t  a l l  a p p l i c a n t s  a r e  a d m it te d .  In  o th e r

w o rd s , we h av e  a l l  x  s c o r e s ,  b u t  o n ly  have some y s c o r e s ,  and one i s

no lo n g e r  a b le  to  o b se rv e  a  t o t a l  sam ple o f  n xy s c o r e s .  One i s  s t i l l

i n t e r e s t e d  in  e s t im a t in g  th e  l i n e a r  xy r e l a t i o n s h i p ,  i . e . ,  E ( r  ) .xy t

The s o lu t io n  o f  t h i s  e s t im a t io n  p rob lem  i s  c o m p lic a te d  by two f a c ­

t o r s .  F i r s t ,  one  m ust d e a l  w ith  a  r e s t r i c t e d  g ro u p , i . e . ,  x  i s  

o b se rv e d  b u t  i s  o b se rv ed  o n ly  f o r  s e l e c t e d  c a s e s .  S e c o n d ly , when 

0 2 ^ 0  th e  m odel i s  a c t u a l l y  n o n l in e a r  and i t  becom es l e s s  l i k e l y

t h a t  a  l i n e a r  r e l a t i o n s h i p  f i t t e d  to  th e  s e le c te d  group w i l l  a c c u -
o

r a t e l y  e s t im a te  E (r  ) .  Two s t r a t e g i e s  a r e  commonly u se d  to  e s t i -
* y t2

m ate  E (r  ) from  a  r e s t r i c t e d  g ro u p . One such m ethod i s  to  u s e  th e  
x y t

s o - c a l l e d  r e s t r i c t i o n  o f ra n g e  p ro c e d u re  (s e e  e q u a tio n  ( 1 ) ) .  The

seco n d  m ethod i s  n o t  to  employ th e  c o r r e c t io n  f o r  r e s t r i c t i o n  o f
2

r a n g e ,  b u t  r a t h e r  s im p ly  u se  r  a s  an e s t im a te :x y s

s 2
r 2 = (7 )
^ s  s 2 s 2 *x s ° y s

2
w here  r  = o b se rv ed  sq u a re d  c o r r e l a t i o n  betw een  x and y i n  th e  

^ s
s e l e c t e d  g ro u p , s™  = th e  xy c o v a r ia n c e  in  th e  s e le c te d  g ro u p , s* =j  s  s

th e  s ta n d a rd  d e v ia t io n  o f x  in  th e  s e le c te d  g ro u p , and Sy = th e  s t a n -* s

d a rd  d e v ia t io n  o f  y i n  th e  s e le c te d  g ro u p . An im p o r ta n t q u e s t io n  to
2

c o n s id e r  i s  w hich one o f  th e  two e s t im a te s  o f E (r  ) i s  s u p e r io r .
x y t

One can  c o n s id e r  and com pare th e  a c c u ra cy  o f each  e s t im a to r  i n  te rm s 

o f th e  b i a s ,  s ta n d a rd  e r r o r ,  and  e x p e c te d  mean sq u a re  e r r o r  c r i t e r i a
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a s  p r e v io u s ly  d e s c r ib e d .  F u r th e r ,  one m igh t c o n s id e r  th e  c o n d i t io n s  

u n d e r  w hich  one e s t im a te  may b e  s u p e r io r .  T hese c o n d i t io n s  can  be 

d e f in e d  i n  te rm s  o f th e  sam ple s i z e  n ,  th e  amount of r e s t r i c t i o n ,  th e  

d i s t r i b u t i o n  o f  x  s c o r e s  i n  th e  t o t a l  g ro u p , and  th e  v a lu e s  f o r  3} and 

02*
0 2 2The th r e e  sq u a re d  c o r r e l a t i o n s  r ^  , r  , and r  can  a l l  be
x y t  xys  ^ c

v iew ed  a s  f u n c t io n s  o f  a  random  v a r i a b l e  h a v in g  e i t h e r  a  c e n t r a l ,  non­

c e n t r a l ,  o r  d o u b ly  n o n c e n t r a l  F d i s t r i b u t i o n .  By ex p an d in g  th e s e  fu n c ­

t i o n s  in  te rm s  o f  T a y lo r  s e r i e s  e x p a n s io n s , one can a p p ro x im a te  th e  

mean and v a r i a n c e  o f e ac h  e s t i m a to r .  T h is  te c h n iq u e  h a s  a l s o  been

u sed  by Bobko and  R ieck  (1980) in  th e  c a s e  w here 82 °  0 • T*16 m ethod

can  b e  d e s c r ib e d  in  th e  fo l lo w in g  g e n e r a l  way. Suppose x i s  some random 

v a r i a b l e  h a v in g  a  mean y and  a  v a r ia n c e  o ^ . Suppose g (x )  i s  some fu n c ­

t i o n  o f x .  We a r e  i n t e r e s t e d  In  f in d in g  th e  e x p e c te d  v a lu e ,  E [ g ( x ) ] ,  

and  th e  v a r ia n c e  o f  th e  f u n c t io n ,  VA R{g(x)]. Both o f^ -th ese  q u a n t i t i e s  

a r e  a p p ro x im a te d  in  te rm s  o f  p a r t i a l  T a y lo r  s e r i e s  e x p a n s io n s  a s  

f o l lo w s .

The e x p e c te d  v a lu e  o f  g ( x ) ,  expanded a b o u t y ,  i s  g iv e n  a s

E [ g ( x ) ]  = g ( y ) + £ ^ o 2 . (8 )

The v a r ia n c e  o f g ( x ) ,  expanded  a b o u t y ,  i s  g iv e n  a s

V A R[g(x)] = [ g ' ( y ) ] 2 o2 , (9 )

w here  g ' ( y )  ■ th e  f i r s t  d e r i v a t i v e  o f  g e v a lu a te d  a t  y ,  and g " (y )  » 

th e  second  d e r i v a t i v e  o f  g e v a lu a te d  a t  y .
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We now a p p ly  t h i s  m ethod in  o b ta in in g  th e  a p p ro x im a tio n s  f o r

ECrJ ) , VAR(r2 ) , E(r 2 ) , VARCr^ ) # E(r 2 ) ,  and  VAR(r2 ) . 
x y  £ x y  £  x y  g xy  g  x y  ^  x y  q

E(r ^ c ) .  V A R (r^ t >

The sq u a re d  c o r r e l a t i o n  in  th e  t o t a l  group r ^ .  can be 

e x p re s s e d  a s  f o l lo w s :

SS-
r 2 = -■   ¥-• "■. ( 10)
r x y t  SSy +  SSe

w here  S S y= th e  sum o f  s q u a re s  o f  e s t im a te d  y ,  and SSe » th e  sum o f 

s q u a re s  o f  e r r o r .  I f  we d iv id e  th e  n u m e ra to r and d enom ina to r th ro u g h  

by SSe » and. d iv id e  and  m u l t ip ly  by n t - 2 , i t  can be  r e p re s e n te d  a s

S S " / (S S e / (n t  -  2 ))  

r x y fc "  S S y / ( (SSe / (n t  -  2) ) +  ( l / ( n t  -  2 ) )  ’2 ----------- „ ----- L ,------- — ----- — ------- —  - ( 11 )

w here n t  = sam ple  s i z e  in  th e  t o t a l  g ro u p . I f  we l e t  F be d e f in e d  a s

F = SSy/(SSe / ( n t  -  2 ) ) ,  (12)

th e n  r2  i s  e x p r e s s a b le  a s  a  fu n c t io n  g o f  th e  F v a r i a b l e ,  
x y t

F / ( n t  -  2 ) w
g (F ) -  i  +  F / ( n t -  2) “  1 + FW* (1 3 ^

w here W“ l / ( n t - 2 ) .  U nder th e  a ssu m p tio n  t h a t  th e  a r e  n o rm a lly
2

and  in d e p e n d e n tly  d i s t r i b u t e d  w ith  mean Bo Blx l  ̂ +  ^2x i  ̂  an<* v a r i ­

an ce  c 2 , th e  v a r i a b l e  F h a s  a  d o ub ly  n o n c e n tr a l  F d i s t r i b u t i o n  

( S e a r l e ,  1 9 7 1 , p .  53) w i th  d e g re e s  o f  freedom  1 and n t  -  2 and non­

c e n t r a l i t y  p a ra m e te r s  Xj and \ 2 * w here
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, B*Xf (Z (Z f Z)- 1Z * -  E/n)X P  ̂ ( u )

2a2

w here X ■ n  x  3 d a ta  m a tr ix  w i th  a  le a d in g  colum n o f o n e s , a  second 

column o f x  s c o r e s ,  and  a  t h i r d  colum n c o n ta in in g  sq u a re d  x s c o r e s ;

Z » n x 2  su b m a tr ix  o f  X ( t h e  f i r s t  two co lum ns) ; and E = n x n  m a tr ix  

c o n ta in in g  o n e s ;  and

. B,X, ( I - Z ( Z , Z)~1 Z , )Xg n  „^9 a  ----- -r  ̂ (15 /
2a2

w here I  = n x n  i d e n t i t y  m a t r i x .  I t  sh o u ld  b e  n o te d  t h a t  i f  3 2 “ ®* 

th en  ^2 “  0 » and I f  “  &2 “  ®» th e n  X̂  = X2 “  0 •

I t  i s  u s e f u l  to  c o n s id e r  an a p p ro x im a tio n  to  th e  doub ly  non­

c e n t r a l  F d i s t r i b u t i o n .  The F v a r i a b l e  can  b e  v iew ed a s  th e  r a t i o  

o f two n o n c e n tr a l  random  v a r i a b l e s ,  each  d iv id e d  by i t s  d e g re e s  

of freedom :

X? ( d f 1 ,X1) / d f 1
F = " 2 ---------------------- • (16)

X̂ Ĉ f2»X2) /d f2

F u r th e r ,  e ach  n o n c e n tr a l  X2 c an  b e  ap p ro x im a te d  a s  a  c e n t r a l  X  ̂ a s  

f o l lo w s :

X i(d f i» X i) s c - j x 2 ^ ) ,  (17)

w here c^  and  d^ a r e  ch o sen  so  t h a t  x 2 (dfjL»Xi) and c ^ x ^ (di )  h ave  th e  

same mean and  v a r i a n c e .  The d o u b ly  n o n c e n t r a l  F v a r i a b l e  i s  th e n  

ap p ro x im a ted  a s  ( S e a r l e ,  1 9 7 1 , p p .  5 2 -5 3 ) :
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w here

F s  (n t  -  2) (“ ■“ ) (• j~ )F (d 1 ,d 2 ) = (n t  -  2 )T F (d 1 ,d 2) , (18)
2 2

1 +  4Xi
C1 = l  +  2X1 * (19)

(n t - 2 ) + 4 X 2

° 2 = (n t  -  2) +  2X2 * (20)

( l  +  2Xi) 2 

l  +  4Xj  *

[ ( n t - 2 ) + 2 X 2 ] 2

(21)

d2 “  (n t  -  2 ) +  4X2 * (22)

w here F (d ^ ,d 2) “ c e n t r a l  F v a r i a b l e  w ith  d e g re e s  o f freedom  d^ and d 2 , 

XI = s e e  e q u a t io n  (14) , and x2 58 s e e  e q u a tio n  (15) .

I f  we u se  th e  p a r t i a l  T a y lo r  s e r i e s  e x p a n s io n s  (8 ) ,  th e  e x p e c te d
2

v a lu e  o f th e  s q u a re d  c o r r e l a t i o n  in  th e  t o t a l  group E (r^  ) i s  g iv e n
x y t

in  g e n e r a l  a s

E (rw  > °  1 + (E g ) w  — — ( 23)xyt  1 +  E(F)W ( 1 + e ( f ) w ] 3

w here W = l / ( n t - 2 ) .  S u b s t i t u t i n g  E(F) in to  e q u a t io n  (23) y i e ld s
2

th e  a p p ro x im a tio n  f o r  E ( r“^  ) :  -
* y t

2 T E (F (d1 ,d 2 ) )  T2 VAR(F(d1 ,d 2 ) )

E (rx y t > "  1 +  T E (FW l ,d 2 ) )  -  (1 +  I E 0 ? ( d i , d 2 ) ) ) 3 '  (2 4 )

w here

c , d ,
T = 0  (/ )  . 

2 2
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and F (d ^ ,d 2) i s  an  o rd in a ry  F d i s t r i b u t i o n  and th e  d e g re e s  o f  freedom  

d^ and 62 a r e  g iv e n  by e q u a t io n  ( 1 8 ) .  In  e v a lu a t in g  e x p re s s io n  (2 4 ) ,  

one n eed s  b o th  th e  e x p e c te d  v a lu e  and  v a r ia n c e  o f F (d ^ ,d 2) .  These a re  

g iv e n  a s  ( S e a r l e ,  1971 , p .  48)

E (F (d 1 ,d 2) )  = d2 / ( d 2 - 2 ) ,  (25)

2d? d.
VAR[F(d1 (d2 ) ]  -  . (26)

U sing  th e  e x p re s s io n  f o r  th e  v a r i a n c e  g iv e n  by ( 9 ) ,  one can 

a p p ro x im a te  th e  d o ub ly  n o n c e n t r a l  F d i s t r i b u t i o n  a s  an  o rd in a ry  F
9

d i s t r i b u t i o n .  The e x p r e s s io n  f o r  th e  v a r ia n c e  o f r  i s  g iv e n  a s
x y t

VAR(r* ) = VAR[g ( f ) ] = --------—  r VAR(F) , (27)
^ t  (1 +  E(F)W)

w here VAR(F) i s  g iv e n  by ( 2 6 ) .

One o b se rv e s  t h a t  th e  e x p r e s s io n s  g iv e n  by (24) and (27 ) can 

b e  u sed  f o r  b o th  th e  l i n e a r  and  th e  n o n l in e a r  c a s e s .

E ( rx y s > ’ VAR<r * y s >
9  9

The e x p re s s io n s  E ( r  ) and  VAR(r ) a r e  i d e n t i c a l  to  th o s e  o f
^ s  x y s

E (r^ y  ) and  VAR(r^y ) ,  r e s p e c t i v e l y ,  w ith  th e  e x c e p tio n  t h a t  n t

becom es n s , r e p r e s e n t in g  th e  sam ple  s i z e  in  th e  s e le c te d  g ro u p .

E ( r ^ ) ,  VAR(r2y c )

The sq u a red  c o r r e l a t i o n  in  th e  s e l e c t e d  group  c o r r e c te d  f o r  

r e s t r i c t i o n  o f  ra n g e  r ^  can  a l s o  b e  e x p re s s e d  a s  a  f u n c t io n  o f
xy„
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a  v a r i a b l e  F h a v in g  a  doub ly  n o n c e n t r a l  F d i s t r i b u t i o n .  However, th e  

f u n c t io n  i s  no lo n g e r  g iv e n  by ( 1 3 ) .  The sq u a re d  c o r r e l a t i o n  c o e f f i ­

c i e n t  in  th e  s e l e c te d  group c o r r e c t e d  f o r  r e s t r i c t i o n  o f ra n g e  r^L
xy,

i s  g iv e n  by  (1) .

I f  we a g a in  d e f in e  F a s  f o l l o w s ,

c

SS£
SSe 7 ( n s - 2 )  »

w here th e  s u b s c r ip t  s d e n o te s  th e  s e l e c t e d  g ro u p , th e n

FA

(28)

r 2 =h(F)  __________ 1 +  FA___________ m — FA—  ^ 9)

< r f k + R V ( 1 - (i f k » >  R V + F A '

w here

A » 1 / (n s  -  2) .

U sing  th e  T a y lo r  s e r i e s  e x p a n s io n s ,  th e  e x p e c te d  v a lu e  o f th e  sq u a red  

c o r r e l a t i o n  c o e f f i c i e n t  c o r r e c t e d  f o r  r e s t r i c t i o n  o f ra n g e  i s  a p p ro x i­

m ated  a s

2RVA2

, 2 v AE(F) (AE(F) +  RV)J  f . 
xyc E(F)A +  RV----------- 2 VAR(F)

T E (F(d l .d 2) )  (RV)T^VAR(F(d!,d2) )  

TE<F(d1 , d 2) )  +  RT (TE(F ( d l i d2) )  +  ( r v ) ) 3

The e x p re s s io n  f o r  th e  v a r ia n c e  o f  *xyc i s  g iv e n  a s

0 RV^a^
VAR(r~_ ) = VAR[h(F) ] -  ----- ------------—VAR(F) .

(E(F)A+RV)

(30)

(31)
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A gain , th e  v a lu e  f o r  E ( F ( d i ,d 2) )  and V A R(F(d^,d2) )  a r e  g iv e n  by (25) 

and  ( 2 6 ) ,  r e s p e c t i v e l y .

I t  i s  Im p o r ta n t to  a g a in  n o te  t h a t  th e  e x p r e s s io n s  f o r  th e  ex ­

p e c te d  v a lu e s  and  v a r ia n c e s  g iv e n  by  e q u a t io n s  ( 2 4 ) ,  (27 ) , (30) , and

(31) a r e  b a se d  upon two a p p ro x im a tio n s .  F i r s t ,  th e  dou b ly  n o n c e n tr a l

9 2 2F v a r i a b l e  a p p e a r in g  in  th e  e x p r e s s io n s  f o r  r z , r  , and r  i sxy t  x y s  xyc

ap p ro x im a ted  by a  c e n t r a l  F v a r i a b l e .  S e c o n d ly , th e  t r u n c a te d  T a y lo r

s e r i e s  e x p a n s io n  i s  u sed  in  o b ta in in g  a p p ro x im a tio n s  f o r  th e  f i r s t  two

moments o f  th e  d i s t r i b u t i o n s  f o r  r ^  , r ^  , and  r ^  . We now c o n s id e rxy t * x y s  xyc

some p a r t i a l  c h ec k s  on th e  a c c u ra c y  o f th e s e  a p p ro x im a tio n s .

A p a r t i a l  check  o f th e  u s e  o f  a  t r u n c a te d  T a y lo r  s e r i e s  e x p an s io n  

can  b e  o b ta in e d  by c o n s id e r in g  th e  a c c u ra c y  o f e q u a t io n s  (24) and (27) 

f o r  com puting  th e  mean an d  v a r ia n c e  o f r  in  th e  s p e c i a l  c a s e  w here
x y t

no r e l a t i o n s h i p  betw een  x  and y  i s  p r e s e n t ,  i . e . ,  Bi = 32 = 0 anc  ̂ th u s  

Xl = X2 s3 0 * -to t h i s  c a s e ,  th e  e x a c t  d i s t r i b u t i o n  o f r ^  can  b e  o b ta in e d .
x y t

The d i s t r i b u t i o n  fo l lo w s  a  b e ta  d i s t r i b u t i o n  w ith  p a ra m e te rs  a  = .5 and 

b = ( n * . - 2 ) / 2  ( G r a y b i l l ,  19 6 1 , p .  7 9 ) . In  t h i s  c a s e ,  w here r ^  fo llo w s  

a  s im p le  b e ta  d i s t r i b u t i o n ,  th e  e x p e c te d  v a lu e  and  v a r ia n c e  f o r  r^
* y t

can  be  e x p re s s e d  a s

E r̂ Jv   ̂ "  i / f a t - 1 )

VAR(r£y ) -  ( ( n t - 2 ) / 2 ) / ( n J - n J - n t  +  l ) .

These e x a c t  v a lu e s  can  b e  com pared f o r  d i f f e r e n t  sam ple  s i z e s  to  th e  

a p p ro x im a te d  v a lu e s  o b ta in e d  fro m  th e  T a y lo r  s e r i e s  e x p an s io n  g iv en  

by e q u a t io n s  (24) and ( 2 7 ) .  T hese  r e s u l t s  a r e  p r e s e n te d  in  T ab le  1 .

F o r th e  s p e c i a l  c a se  when Bi = B2 !3®» r e s u l t s  in  T a b le  1 show th a t
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th e  T a y lo r  s e r i e s  e x p a n s io n , i . e . ,  e q u a t io n s  (24) an d  (27) y ie ld  good 

a p p ro x im a tio n s . A lthough th e  c a se  w here  8  ̂ £  0 and 8 2 ^ 0  w ere n o t  conr- 

s id e r e d  ( th e  e x a c t  d i s t r i b u t i o n s  in  t h i s  c a s e  i s  no lo n g e r  a  s im p le  

b e ta  d i s t r i b u t i o n ) ,  th e s e  r e s u l t s  s u g g e s t  t h a t  th e  u s e  o f  a  t r u n c a te d  

T a y lo r  s e r i e s  i s  an a p p r o p r ia t e  m e th o d .

T ab le  1

The A ccuracy o f t h e  T a y lo r  S e r ie s  A p p ro x im atio n
f o r  E ( r 2 ) an d  VAR(r2 ) x y fc'  x y t '

Sample
E ( r 2 ) x y t

VAR(rV
s i z e

E xact A p p ro x i­
m ation E x ac t A p p ro x i­

m a tio n

50 .0204 .0203 .0007839 .0092640

100 .0101 .0101 .0001979 .0002148

250 .0040 .0040 .0000318 .0000330

A ch eck  on th e  a c c u ra c y  o f  th e  c e n t r a l  F a p p ro x im a tio n  to  th e  

doub ly  n o n c e n t r a l  F d i s t r i b u t i o n  was a l s o  i n v e s t i g a t e d .  T h is  d i s t r i b u ­

t i o n  i s  th e  r a t i o  of two in d e p e n d e n t n o n c e n t r a l  c h i - s q u a r e  v a r i a t e s  

w ith  d e g re e s  o f  freedom  d^ an d  d2 an d  n o n c e n t r a l i t y  p a ra m e te rs  X  ̂ and 

X£. The a c c u ra c y  o f th e  a p p ro x im a tio n  can  b e  s tu d ie d  by com paring 

e x a c t  p e r c e n t i l e  p o in ts  f o r  a  doubly  n o n c e n t r a l  F d i s t r i b u t i o n  (B u l-  

g r e n ,  1 9 7 1 , p .  184) to  p e r c e n t i l e  p o i n t s  o b ta in e d  from  th e  a p p ro x i­

m a tio n .

C o n sid e r a  doubly n o n c e n t r a l  F v a r i a b l e  w ith  d e g re e s  o f freedom  

df^  and  d f 2 and n o n c e n t r a l i t y  p a ra m e te rs  X̂  and  X2 . We d en o te  t h i s
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v a r i a b l e  a s  F " . F o llo w in g  th e  p ro c e d u re s  d e s c r ib e d  by  e q u a t io n s  (1 6 ) -  

( 2 2 ) ,  t h i s  v a r i a b l e  i s  a p p ro x im a te d  by a  c e n t r a l  F v a r i a b l e  a s  fo l lo w s :

-  A ^ 2  c l ^ l
"  3 F ^ ^ d J F (d l » d2>» <32>

w here

d f 1 + 4X1 

C1 “  d f 1 +  2X1 *

d f 2 + 4X2 

C2 “  d f 2 +2X2 ’

( d f i  + 2X i) 2 

d l  "  d f ^  4Xj *

( d f 2 +2X 2 ) 2 
d2 "  d f 2 + 4X2 *

T hu s, i f  f  d e n o te s  th e  1 - a  p e r c e n t i l e  p o in t  f o r  F " (d f  i  , d f 2 ,Xj ,X2) » 

th e  a c c u ra c y  o f  th e  c e n t r a l  F a p p ro x im a tio n  can  be c o n s id e re d  by 

com puting  th e  v a lu e

f / k ,

w here

d f 2 cidj^ 

k  "  d f x c 2d2

and o b ta in in g  th e  p e r c e n t i l e  v a lu e  f o r  t h i s  p o in t  f o r  a  c e n t r a l  F 

v a r i a b l e  w ith  d^ and d2 d e g re e s  o f  freed o m .

I n .T a b le  2 th e  a c c u ra c y  o f t h i s  a p p ro x im a tio n  i s  s tu d ie d  f o r  

d i f f e r e n t  c a s e s  o b ta in e d  by v a ry in g  th e  d e g re e s  o f freed o m  ( d f i , d f 2 ) 

and  th e  n o n c e n t r a l i t y  p a ra m e te rs  (X^,X2) .  An in s p e c t io n  o f T ab le  2



32

shows t h a t  th e  a p p ro x im a tio n  g iv e n  by e q u a t io n  (32 ) to  th e  doub ly  non­

c e n t r a l  F d i s t r i b u t i o n  y i e l d s  v a lu e s  t h a t  a r e  r e a s o n a b ly  c lo s e  to  th e  

e x a c t  v a lu e s .  I t  sh o u ld  b e  n o te d  t h a t  t h i s  te c h iq u e  i s  a  r a t h e r  s t r i n ­

g e n t ch eck  on th e  a c c u ra c y  o f  th e  a p p ro x im a tio n  to  th e  d o ub ly  n o n c e n tr a l  

F d i s t r i b u t i o n .  T h is  i s  b e c a u se  th e  m ethod i s  a c t u a l l y  com paring  one 

e n t i r e  d i s t r i b u t i o n  to  a n o th e r ,  i . e . ,  c e n t r a l  F to  th e  d o ub ly  n o n cen ­

t r a l  F ; w h ile  th e  p r e s e n t  s tu d y  s o le l y  u s e s  th e  mean and v a r ia n c e  o f 

th e  c e n t r a l  F d i s t r i b u t i o n  a s  a p p ro x im a tio n s  to  th e  mean and  v a r ia n c e  

o f  th e  doub ly  n o n c e n t r a l  F d i s t r i b u t i o n .

T a b le  2

The A ccuracy o f  th e  C e n t r a l  F A p p ro x im atio n  to  
th e  Doubly N o n c e n tra l  F D i s t r i b u t i o n

d f l d f 2 X1 *2 f 1 -  a 
( e x a c t)

1 -  a 
(a p p ro x im a te )

2 4 1 .5 1 .5 6 .9 4 .93 .94

2 4 3 .0 3 .0 6 .9 4 .93 .95

2 4 1 .5 3 .0 6 .9 4 .96 .98

2 15 1 .5 3 .0 3 .6 8 .89 .84

2 4 6 .0 3 .0 6 .9 4 .87 .84

D ata  A n a ly s is

A d o u b le  p r e c i s io n  FORTRAN program  was w r i t t e n  to  c a l c u l a t e  (a )

th e  e x p e c ta t io n s  E (r^  ) ,  E ( r^  ) ,  and  E ( r^  ) ;  (b) th e  v a r ia n c e sxy £ xy  g xyc

VAR(r2 ) ,  VAR(r^ ) ,  and VAR(r^ ) ;  and (c )  th e  r e s p e c t iv e  mean xy^ x y s  xyc

s q u a re  e r r o r s  EMSE ( r^  ) and EMSE(r^ ) .  The v a lu e s  o f th e  a n a -xyc x y s
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l y t i c a l l y  d e r iv e d  e x p e c te d  v a lu e s ,  v a r i a n c e s ,  and mean sq u a re  e r r o r s  

w ere  th e n  s y s te m a t ic a l l y  i n v e s t ig a te d  a c r o s s  v a r io u s  c o n d i t io n s .

D i s t r i b u t i o n  o f x  S co res

F our d i s t r i b u t i o n s  o f x  s c o r e s  w ere i n v e s t i g a t e d  w here  -3  <  x <  3 . 

The f i r s t  d i s t r i b u t i o n  was norm al and  th e  l a s t  t h r e e  fo llo w e d  b e ta  d i s ­

t r i b u t i o n s :

1 .  Normal d i s t r i b u t i o n ,  w here E ( X )= 0 ,  V(X) = 1 ,  skew ness ( S ) = 0 ,  

and  k u r t o s i s  (K )=*3. The fo llo w in g  two e x p r e s s io n s  w ere u se d  to  c a l ­

c u l a t e  th e  skew ness (S) and k u r t o s i s  (K) o f th e  t h r e e  b e t a  d i s t r i b u t i o n s  

h a v in g  p a ra m e te rs  p and  q (Johnson  & K o tz , 1970 , p .  4 0 ) :

S » 2 (q  -  p ) / p -1  + q" 1 +  (pq) ” 1 • (p + q +  2) ”1 (33)

K ■ 3 (p  +  q +  l ) { 2 ( p  +  q) 2 +  p q (p  +  q - 6 )>

X [pq(p  +  q + 2) ( p  +  q + 3 ) ] - 1 . (34)

2 . R ig h t-sk ew ed  d i s t r i b u t i o n  ( p “ 5 , q = 1 0 ) ,  w here E ( X ) = 1 ,  V(X) =

.5 ,  S -  7 1 .8 7 5 1 , and  K = 1867 .7 6 4 6 .

3 .  L e ft-sk e w e d  d i s t r i b u t i o n  (p = 1 0 , q = 5 ) ,  w here E(X )<=1, V(X) =

.5 ,  S - -7 1 .8 7 5 1 , and K= 1867 .7 6 4 6 .

4 ., U niform  d i s t r i b u t i o n  (p = q «* 1) , w here  E ( X )= 0 ,  V(X) = 3 ,  S(X) =

0 , and  K “  1 . 8 .

In  th e  n o rm al c a s e ,  th e  x  s c o r e s  f o r  a  g iv en  d a ta  s e t  w ere 

o b ta in e d  by u s in g  th e  IBM S c i e n t i f i c  S u b ro u tin e  P ackage (IBM T e c h n ic a l 

P u b l i c a t io n s  D ep artm en t, 1968) r o u t i n e  GAUSS, w hich was u se d  to  g e n e r a te  

a  n o rm a lly  d i s t r i b u t e d  v a r i a b l e  (x) , w here E(X) = 0  and V(X) = 1 .  To 

o b ta in  a  sam ple o f  x s c o r e s  which fo llo w e d  a  b e ta  d i s t r i b u t i o n  w ith
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p a ra m e te r s  p an d  q , th e  fo l lo w in g  p ro c e d u re  was em ployed:

1 . U sing  GAUSS, g e n e r a te  2p and  2q in d e p en d e n t s ta n d a rd  norm al 

v a r i a b l e s  (x ^ , X2 » • • • X2p ■ ^ 2p+ l»  ^ 2p+2 » • • •» ^ 2p+2q ) •

2 . C o n s t r u c t

2p 9 2p+2q
Tx -  E x j ,  T2 = Z X t,  B = T1/ ( T 1 + T2 ) .  

i = l  i= 2p+l

The v a r i a b l e  B fo l lo w s  a  b e ta  d i s t r i b u t i o n  w ith  p a ra m e te rs  p and q .

3 .  To o b ta in  an  x  v a r i a b l e  on th e  i n t e r v a l  ( 3 , - 3 ) ,  th e  fo l lo w in g

tr a n s f o r m a t io n  i s  a p p l ie d :  6 B - 3 .

Sample S iz e

A sam ple  s i z e  o f  n t  = 5 0 , 1 0 0 , and 250 was c h o se n .

R e g re s s io n

T h ree  r e g r e s s io n  m odels (E (Y |x ) = B o + 3].X+B2X^) w ere c o n s id e re d  

w here  -3  ^  X 4  3 ( s e e  F ig u re  1 ) :

1 .  L in e a r  r e g r e s s io n :  So “ 3 , Bi = l ,  32 = 0 .

2 . N o n lin e a r  r e g r e s s i o n ,  convex : So = 1*5, S i ° l ,  S 2 = ‘166 .

3 . N o n lin e a r  r e g r e s s i o n ,  co n cav e : Bo = 4*5 , &i = l ,  B2 = ~*166.

S tr e n g th  o f  th e  R e la t io n s h ip

The e x p e c te d  v a lu e  o f  th e  sq u a red  c o r r e l a t i o n  c o e f f i c i e n t  in  th e  

t o t a l  g roup  E ( r^  ) was s e t  a t  th e  fo llo w in g  v a lu e s :  .1 ,  . 3 ,  and .5 .
xy t

R e s t r i c t i o n

The p r o p o r t io n  s e l e c t e d  Ps v a r ie d  a s  fo l lo w s :  .2 5 ,  .5 0 ,  and .7 5 .

The s e l e c t i o n  p ro c e d u re  c o n s is te d  o f s e l e c t i n g  th o s e  c a s e s  h ig h e s t  on x .



E(Y|X)

E q u a t io n s :

1 . E(Y |X)
2 . E(Y |X)

4 . 5 +  X -  .166X2 
3 .0  +  X

3 . E(Y |X) = 1 .5  +  X + .166X

Concave

L in e a r

Convex

3-3 x

F ig u re  1 .  S ch em atic  r e p r e s e n ta t io n  o f  th e  
shape  o f  th e  r e g r e s s io n  c u r v e s .
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G iven a  s p e c i f i c a t i o n  f o r  th e  v a lu e s  o f E (r^  ) ,  3q ,  3^ ,  $2 * n ^ ,xy  ̂

and  th e  X d a ta  m a t r ix ,  a  o^ was ch o sen  so  a s  to  a s s u r e  a  d e s i r e d  v a lu e
9

(V) f o r  E (r  ) .  A seco n d  FORTRAN program  was w r i t t e n  f o r  t h i s  p u rp o s e .
x y t

The s o lu t io n  f o r  a^ in v o lv e s  f in d in g  th e  r o o t s  o f th e  n o n l in e a r  e q u a tio n

E ( ( r 2 ) |X ,B0 *Bl »B2»n t » ° 2) “ V -  0 ,
* * t

w here x ,  3q ,  B]_> 6 2 » an<l n t  a r e  aH  f ix e d .

The fo l lo w in g  s p e c i f i c  q u e s t io n s  w ere c o n s id e re d :
o

1 .  How w i l l  th e  e s t im a te s  o f E ( r  ) be  a f f e c t e d  by th e  d i s t r i b u -
xy t

t i o n  o f  x  s c o r e s ?
2

2 .  How w i l l  th e  sam ple  s i z e  a f f e c t  th e  e s t im a te s  o f  E (r  )?
* y t2

3 . W ill th e  e s t i m a te s  o f  E ( r  ) be  a f f e c t e d  by th e  v i o l a t i o n
x y t

o f th e  l i n e a r i t y  a ssu m p tio n ?

4 .  How w i l l  th e  e s t im a te s  o f E (r^  ) b e  a f f e c t e d  by th e  v a lu e
xyt

2p r e s p e c i f i e d  f o r  E ( r  )?
* y t

5 .  How w i l l  th e  d e g re e  o f  r e s t r i c t i o n  a f f e c t  th e  e s t im a te s  of 

E ( r 2 )?
xy t

6 . I s  t h e r e  an  i n t e r a c t i o n  e f f e c t  be tw een  th e  d eg ree  o f n o n - 

l i n e a r i t y  an d  th e  form  o f  th e  d i s t r i b u t i o n  o f  x s c o re s ?
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C h ap te r  IV 

RESULTS

In  T a b le s  1 -5  th e  I n d iv id u a l  o r  o v e r a l l  e f f e c t  o f e ach  o f th e  

f i v e  in d e p e n d e n t v a r i a b l e s  ( d i s t r i b u t i o n  o f x s c o r e s ,  number of su b ­

j e c t s ,  s t r e n g th  o f th e  r e l a t i o n s h i p  in  th e  t o t a l  group  [E (r^  ) ] ,
^ t

form  o f th e  r e g r e s s i o n ,  and p r o p o r t io n  s e le c te d )  a r e  p re s e n te d  w ith  

r e s p e c t  to  th e  b i a s ,  v a r i a n c e ,  and  EMSE c r i t e r i a .  The b i a s  f o r  each  

e s t im a to r  i s  p r e s e n te d .  F o r th e  v a r ia n c e  and EMSE c r i t e r i a ,  d i f f e r ­

e n c e s  a r e  p r e s e n te d ,  i . e . ,

VAR(r2 ) -  VAR(r*  ) and EMSECr* ) -  EMSE ( r 'L  ) .x y  q x y  q  x y  g xy q

o
P o s i t i v e  d i f f e r e n c e s  t h e r e f o r e  i n d i c a t e  t h a t  r  i s  th e  b e t t e r

xyc
2

e s t i m a te ,  w h ile  n e g a t iv e  v a lu e s  show t h a t  r  i s  th e  fa v o re d
xy s

e s t i m a to r .

One can  draw  d i f f e r e n t  c o n c lu s io n s  o f  th e  s u p e r i o r i t y  o f  one

e s t im a to r  o v e r th e  o th e r  d ep en d in g  on th e  c r i t e r i o n  u sed  to  a s s e s s

a c c u ra c y . F o r ex am p le , in  th e  m a jo r i ty  o f c a s e s ,  r ^  h a s  a  s m a l le rxyc

b i a s .  However, r ^  a lw ay s  h a s  th e  s m a l le r  v a r i a n c e .  I t  sh o u ld  b exy s

n o te d  t h a t  o f  th e  t h r e e  c r i t e r i a  o f  a c c u ra c y  i t  can  be  a rg u e d  t h a t  

th e  EMSE i s  th e  m ost m e a n in g fu l c r i t e r i o n  a s  i t  ta k e s  i n to  a cc o u n t 

b o th  th e  b i a s  o f  an e s t i m a to r  a s  w e l l  a s  i t s  v a r ia n c e .  The EMSE 

c r i t e r i o n ,  th e n ,  a s  an  o v e r a l l  m easure  o f  th e  c lo s e n e s s  o f an e s t i ­

m ato r to  th e  p a r a m e te r ,  i s  t h e  m ost m e an in g fu l to  i n t e r p r e t .  T h ere ­

f o r e ,  i n  c o n s id e r in g  T a b le s  3 to  7 , th e  EMSE c r i t e r i o n  w i l l  be  d is c u s s e d .
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T a b le  3

A Com parison o f S e le c te d  and C o rre c te d  C o e f f ic ie n t s  
a s  a  F u n c tio n  o f th e  D i s t r i b u t i o n  o f x S c o re sa

D i s t r i b u t i o n of x  s c o re s

C r i t e r i o n
Normal U niform L e f t -

skewed
R ig h t-
skewed

BIAS<r x y s > - .1 0 0 3 - .0 6 3 0 -.1 6 5 1 - .1 8 6 7

BIA5 < i c ) .0543 .1335 - .0 0 7 3 - .0 2 1 9

VAR(r2 ) -  VAR(r2 ) x y s ' . xyc - .0 1 5 7 -.0 2 7 9 -.0 2 5 1 -.0 2 6 8

EMSE(r2 ) -  EMSE(r2 ) 
*y s A; c

- .0 1 6 6 - .0 5 3 7 .0001 .0090

aV a lu es  p r e s e n te d  a r e a v e ra g e d  o v e r 81 d i f f e r e n t  c o n d i t io n s .

An in s p e c t io n  o f  T ab le  3 shows th a t  r  i s  th e  b e t t e r  e s t im a to rx y g

f o r  th e  sym m etric  d i s t r i b u t i o n s  (n o rm a l, u n ifo rm ) . F o r th e  skewed d i s ­

t r i b u t i o n s ,  th e r e  i s  v i r t u a l l y  no d i f f e r e n c e  betw een  th e  two e s t im a to r s .  

In  T a b le  4 ,  th e  s e l e c t e d  c o e f f i c i e n t  r  i s  fa v o re d  f o r  sm a ll sam ple
* y s

T ab le  4

A C om parison o f  S e le c te d  and C o rre c te d  C o e f f ic ie n t s  
a s  a  F u n c t io n  o f th e  Number o f S u b je c ts a

C r i t e r io n
Number of s u b je c t s

50 100 250

BIAS( r 2 )
*y s

- .1 1 7 1 - .1 2 8 4 - .1 4 0 8

B I A S C r ^ ) .0366 .0423 .0400

VAR(r-L > -VARCrjL )
x y s

- .0 4 3 8 - .0 2 2 1 - .0 0 5 7

EMSE( r I  ) -  EMSE( r 2 ) 
s  y c

- .0 3 7 9 - .0 1 2 8 .0049

aValues presented are averaged over 108 different conditions.
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T ab le  5

A C om parison o f S e le c te d  and C o rre c te d  C o e f f ic ie n t s
a s  a  F u n c tio n  o f th e  S tr e n g th  o f th e  R e la t io n s h ip  in

th e  T o ta l  Group [ E ( r 2 ) ] a
xy^.

C r i t e r i o n

B IA S(r2 )
x y s

BIAS<r|rc>
VAR(r2 ) -V A R (r2 )x y s

EMSE(r2 ) -  EMSE(r2
* y a x y c

S tr e n g th  o f r e l a t i o n s h i p [E(r 2y t ) ]

.1 .3 .5

.0158 - .1 3 2 4 -.2 6 9 7

.1351 .0336 -.0 4 9 8

- .0 2 8 7 - .0 2 3 9 -.0 1 9 1

- .0 6 6 3 - .0 1 9 0 .0395

a V alu es  p r e s e n te d  a r e  a v e ra g e d  o v e r 108 d i f f e r e n t  c o n d i t io n s .

sam ple s i z e s  (n  ^  100) . When th e  sam ple s i z e  in c r e a s e s  (n = 250) , no

d i f f e r e n c e  i s  n o te d  b e tw een  th e  c o e f f i c i e n t s .  T ab le  5 shows t h a t  th e  
o

u se  o f r  i s  a d v a n ta g e o u s  when th e  s t r e n g th  o f th e  r e l a t i o n s h ip  in
xys

T ab le  6

A C om parison  o f  S e le c te d  and  C o rre c te d  C o e f f ic ie n t s  
a s  a  F u n c tio n  o f th e  Form o f th e  R e g re s s io n 3

C r i t e r i o n
Form of th e  r e g r e s s io n ■

L in e a r Convex Concave

B IA S(r2 ) - .1 3 0 0 - .0 5 9 7 -.1 9 6 6
*ys

B IA S(r2 ) .0485 .1540 -.0 8 3 5
*yc

V A R (r^ s ) - V A R C r ^ ) - .0 2 4 1 - .0 1 8 5 -.0 2 9 0

EMSE(r2 ) -  EMSE(r2 ) 
xy s c

- .0 1 1 2 -.0 3 6 6 .0020

aValues presented are averaged over 108 different conditions.



th e  t o t a l  group i s  weak [E (r^L  ) ^  . 3 ] .  As th e  r e l a t i o n s h i p s  in  th e
x y t
2 2t o t a l  g roup  s t r e n g th e n s  [ E ( r “, r ) = . 5 ] ,  r z becomes th e  b e t t e r  e s t i -
* y t  xyc

m a to r . When th e  l i n e a r i t y  a ssu m p tio n  o f th e  r e s t r i c t i o n  o f ran g e
9

c o r r e c t io n  p ro c e d u re  i s  m et (T a b le  6 ) ,  r  i s  s l i g h t l y  p r e f e r r e d .xys
2When t h i s  a ssu m p tio n  i s  v i o l a t e d ,  r*  i s  fa v o re d  f o r  th e  convex
xy s

r e g r e s s io n ,  b u t  n o t  f o r  th e  co n cav e  r e g r e s s i o n ,  w here no d i f f e r e n c e  

in  th e  c o e f f i c i e n t s  i s  n o te d .  F i n a l l y ,  T ab le  7 c o n s id e r s  th e  c o e f ­

f i c i e n t s  a s  a  f u n c t io n  o f th e  p r o p o r t io n  s e l e c t e d .  I t  i s  n o te d  t h a t

when s t r i n g e n t  s e l e c t i o n  schem es a r e  u sed  (Ps < .50) , r ^  i s  th e
xy s

s u p e r io r  e s t i m a to r .  When th e  p r o p o r t io n  s e le c te d  in c r e a s e s  (Ps =
o

.7 5 ) ,  r  i s  s l i g h t l y  m ore a d v a n ta g e o u s .

T ab le  7

A Com parison o f  S e le c te d  and  C o rre c te d  C o e f f i c i e n t s  
a s  a  F u n c tio n  o f th e  P r o p o r t io n  S e le c te d 3

.25

P ro p o r t io n  s e le c te d  

.50 .75

BIA S(r2 ) . 
x y s

-.2034 -.0705 -.1124

B IA S(r2 ) -.0082 .1307 -.0036

VAR(r* ) -  VAR(rl_ )
s

-.0639 -.0068 -.0010

EMSE (r2 ) -EMSE(r2 )xyc -.0215 -.0385 .0141

aV alu es  p r e s e n te d  a r e  a v e ra g e d  o v e r 108 d i f f e r e n t  c o n d i t io n s .

I t  was o f  p a r t i c u l a r  i n t e r e s t  t o  i n v e s t i g a t e  th e  i n t e r a c t i o n s  

betw een  th e  form  o f th e  d i s t r i b u t i o n  of x  s c o r e s ,  th e  number o f sub­

j e c t s ,  and  th e  p r o p o r t io n  s e l e c t e d  (T ab le  8 ) ,  b e ca u se  th e s e  a r e  t h r e e



Table 8
A C om parison o f S e le c te d  and C o rre c te d  C o e f f ic ie n t s  
In  Terms o f EMSE(*xyg) -  EMSE(rxyc ) a s  a  F u n c tio n  o f 

th e  D i s t r i b u t i o n  o f x  S c o re s , th e  Sample S iz e ,  and 
th e  P ro p o r t io n  S e le c te d a

D is t r i b u t io n  
o f x  s c o r e s

P r o p o r t io n  s e le c te d

.25 .50 .75

Number o f 
s u b je c ts

Number o f  
s u b je c ts •

Number o f 
s u b je c ts

50 100 250 50 100 250 50 100 250

Normal - .0 6 9 9 - .0 0 4 4 .0239 - .0 4 9 6  - .0 4 1 8 - .0 3 4 1 .0072 .0096 .0100

U niform -.0 7 3 6 - .0 5 7 9 .0114 - .1 2 2 3  - .1 3 0 9 - .1 3 1 2 .0092 .0056 .0066

R ig h t-sk ew ed . - .0 9 0 3 - .0 1 0 1 .0459 - .0 1 3 0  .0087 .0075 .0015 .0186 .0223

L eft-sk ew ed - .0 7 2 5 - .0 0 4 6 .0444 - .0 1 2 6  .0279 .0297 .0209 .0258 .0221

aValues presented are averaged over 9 different conditions.
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v a r i a b l e s  t h a t  can b e  o b se rv e d  in  a  r e a l  l i f e  s tu d y .  To re d u c e  com­

p l e x i t y ,  o n ly  EMSE v a lu e s  w i l l  b e  p r e s e n te d  (T a b le s  8 -1 2 ) .  An in s p e c ­

t i o n  o f T a b le  8 shows t h a t  an  i n t e r a c t i o n  i s  p r e s e n t . S p e c i f i c a l l y ,

when th e  p r o p o r t io n  s e l e c t e d  i s  s t r i n g e n t  (Ps  -  .2 5 ) ,  r  i s  advan­
c e

ta g e o u s  o n ly  when th e  sam ple  s i z e  i s  l a r g e  (n = 250) . T h is i s  t r u e  

r e g a r d le s s  o f  th e  d i s t r i b u t i o n  o f x  s c o r e s .  As th e  p ro p o r t io n  s e le c te d  

in c r e a s e s  (P s  » .5 0 ) ,  r ^  i s  fa v o re d  f o r  th e  sym m etric  d i s t r i b u t i o n s
*ys

r e g a r d le s s  o f  th e  sam ple  s i z e .  For th e  skewed d i s t r i b u t i o n s ,  r^
xyc

becom es fa v o re d  a s  sam ple s i z e  i n c r e a s e s .  When th e  p ro p o r t io n  

s e l e c te d  in  l i b e r a l  (P s = .7 5 ) ,  th e  c o r r e c t io n  p ro c e d u re  i s  alw ays 

f a v o re d ,  e s p e c i a l l y  f o r  th e  skewed d i s t r i b u t i o n s  and l e s s  so  f o r  th e  

sym m etric  d i s t r i b u t i o n s .

T a b le  9

A C om parison o f S e le c te d  and C o rre c te d  C o e f f ic ie n t s  in  
Terms o f EMSE(rxys ) -  EMSE(rxyc ) a s  a  F u n c tio n  o f th e  

D i s t r i b u t i o n  o f x S c o re s  and th e  Form o f th e  R e g re s s io n a

D i s t r i b u t i o n  
o f x  s c o re s

Form o f 

L in e a r

th e  r e g r e s s io n  

Convex 1Concave

Normal - .0 1 3 3 -.0 4 5 8 .0095

U niform - .0 5 7 9 -.0 8 6 1 - .0 1 7 1

R ig h t-sk ew ed .0095 -.0 1 4 5 .0053

L e ft-sk e w ed .0169 -.0 0 0 1 .0102

aV a lu es  p re s e n te d  a r e  a v e ra g e d  o v e r 27 d i f f e r e n t c o n d i t io n s .

I t  was a l s o  o f  i n t e r e s t  to  I n v e s t ig a t e  th e  i n t e r a c t i o n  betw een 

th e  form  o f  th e  d i s t r i b u t i o n  o f x  s c o r e s  and th e  form  of th e  r e g r e s ­

s io n  (T ab le  9 ) .  An in s p e c t io n  o f  T ab le  9 shows t h a t  th e re  i s  an
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i n t e r a c t i o n .  F o r th e  l i n e a r  an d  convex c a s e s ,  r ^  i s  s u p e r io r  f o rx y s

th e  sym m etric  d i s t r i b u t i o n s ,  w h ile  no m a jo r d i f f e r e n c e  betw een  th e  e s ­

t im a te s  i s  n o te d  f o r  th e  skewed d i s t r i b u t i o n  ty p e s .  H ow ever, f o r  th e  

concave d i s t r i b u t i o n ,  m a jo r  d i f f e r e n c e s  betw een  r ^  and r ^  w ere
xys xyc

a b s e n t  f o r  a l l  d i s t r i b u t i o n s  c o n s id e r e d .

The i n t e r a c t i o n  b e tw een  th e  d i s t r i b u t i o n  o f x  s c o r e s  and th e

r e g r e s s io n  form  i s  f u r t h e r  i n v e s t i g a t e d  by c o n s id e r in g  t h i s  i n t e r a c t i o n

a t  v a r io u s  E (r^  ) v a lu e s  (T ab le  1 0 ) .  In  T ab le  1 0 , a  t h r e e - f a c t o r  i n -  
c t

t e r a c t i o n  i s  o b se rv e d . When th e  x -y  r e l a t i o n s h i p  i s  weak [E (r£  ) = . 1 ] ,
xy t

r ^  i s  th e  b e t t e r  e s t im a to r  r e g a r d l e s s  o f  th e  form  o f th e  x  s c o re  d i s -
xy  s

t r i b u t i o n  and  th e  r e g r e s s i o n  f u n c t i o n .  When th e  x -y  r e l a t i o n s h i p  i s

9 2m odera te  [E (r^  ) = . 3 ] ,  r  i s  s u p e r io r  o n ly  f o r  sym m etric  x d i s t r i ­
c t  c s

b u t io n s ,  and  th e r e  i s  b a s i c a l l y  no d i f f e r e n c e  betw een  r ^  and r^
x” s  xyc

f o r  th e  skewed d i s t r i b u t i o n s .  H ow ever, when th e  s t r e n g th  o f  th e

r e l a t i o n s h i p  in  th e  t o t a l  g roup  i s  h ig h  [E (r^  ) = .5 ] ,  i t  i s  g e n e r a l lyxyt

a d v an ta g e o u s  to  c o r r e c t  f o r  r e s t r i c t i o n  o f  r a n g e . T h is  p re fe re n c e  f o r  

2
xyc
9

r  i s  m ost n o ta b le  f o r  th e  skew ed d i s t r i b u t i o n s .

The i n t e r a c t i o n  b e tw een  th e  x  d i s t r i b u t i o n s  and r e g r e s s io n  fo rm s 

i s  a l s o  i n v e s t i g a t e d  a t  d i f f e r e n t  sam ple s i z e  v a lu e s .  The r e s u l t s  a r e  

p re s e n te d  in  T a b le  11 a n d  p a r a l l e l  th o s e  o f  T ab le  1 0 . F o r a  sm all 

sam ple s i z e  (n = 50) , r ^  i s  th e  b e t t e r  e s t im a to r  r e g a r d l e s s  of th e

form  o f  th e  x s c o re  d i s t r i b u t i o n  and th e  r e g r e s s io n  f u n c t io n .  When
2

th e  sam ple s i z e  i n c r e a s e s  ( n = 100) ,  r  i s  s u p e r io r  o n ly  f o r  th e
x y s

sym m etric  x  d i s t r i b u t i o n s ,  and th e r e  i s  b a s i c a l l y  no d i f f e r e n c e  b e -

2 2
tw een r  and r  f o r  t h e  skew ed d i s t r i b u t i o n s .  However, when th e  

C s x y c
sam ple s i z e  i s  l a r g e  (n  = 2 5 0 ) , i t  i s  g e n e r a l ly  b e t t e r  to  u se  th e  

c o r r e c t io n  fo rm u la .



Table 10
A Com parison o f  S e le c te d  and C o rre c te d  C o e f f i c i e n t s  
In  Terms o f EMSE(rxys ) -EM SE(r£yc ) a s  a  F u n c tio n  o f  
th e  D i s t r ib u t io n  o f  x  S c o re s , th e  Form o f th e  R e g re s s io n , 

and  th e  S tr e n g th  o f th e  R e la t io n s h ip  [E (r£ y t ) ] a

S tr e n g th  o f th e  r e l a t i o n s h i p

.1 .3 .5

D i s t r i b u t io n  
o f  x  s c o r e s

Form o f th e  
r e g r e s s io n

Form o f  th e  
r e g r e s s io n

Form o f  th e  
r e g r e s s io n

L in e a r Convex Concave L in e a r Convex Concave L in e a r Convex Concave

Normal - .0 6 8 3 - .0 8 9 6  - .0 3 6 9 - .0 1 1 3 - .0 4 4 9  .0070 .0396 - .0 0 3 1  .0585

U niform -.1 4 6 2 - .1 1 3 5  - .0 6 7 3 - .0 5 9 3 - .1 0 2 4  - .0 1 4 6 .0318 - .0 4 2 3  .0307

R ig h t-sk ew ed - .0 4 8 7 - .0 7 3 0  - .0 2 7 6 .0058 - .0 1 9 1  - .0 0 0 3 .0713 .0488 .0440

L ef t-sk ew ed - .0 3 7 3 - .0 5 4 4  - .0 3 2 9 .0083 - .0 0 2 6  .0059 .0799 .0566 .0576

aValues presented are averaged over 9 different conditions.



Table 11
A C om parison o f  S e le c te d  and C o rre c te d  C o e f f i c i e n t s  In  

Terms o f  EMSE(r£ys ) -EM SE(r^yc ) a s  a  F u n c tio n  o f th e  
D i s t r i b u t i o n  of x  S c o re s , th e  Form o f  th e  R e g re s s io n , 

and th e  Number o f S u b je c ts 3

D i s t r i b u t io n  
o f  x  s c o r e s

Number• o f  s u b je c t s

50 100 * 250

Form o f  th e  
r e g r e s s io n

Form o f th e  
r e g r e s s io n

Form o f  th e  
r e g r e s s io n

L in e a r Convex Concave L in e a r Convex Concave L in e a r Convex Concave

Normal - .0 3 2 3 - .0 5 9 3  - .0207 - .0 1 0 2 - .0 4 4 1 .0178 .0025 -.0 3 4 2  .0315

U niform -.0 6 0 5 - .0 8 9 8  - .0363 - .0 6 8 3 -.0 9 0 8 - .0 2 4 2 -.0 4 4 9 - .0 7 7 6  .0093

R ig h t-sk ew ed - .0 2 4 5 - .0 3 5 3  - .0320 .0144 -.0 0 6 2 .0091 .0386 -.0 0 1 9  .0390

L e ft-sk e w ed -.0 1 5 2 - .0 2 5 8  - .0233 .0251 .0078 .0162 .0409 .0176 .0376

aValues presented are averaged over 9 different conditions.



Table 12
A Com parison o f S e le c te d  and C o rre c te d  C o e f f ic ie n t s  in  

Terms o f  EMSE(rxyg) -EM SE(r£yc J a s  a  F u n c tio n  o f th e  
S tr e n g th  o f  th e  R e la t io n s h ip  [E (rx y t ) ]  and 

th e  P r o p o r t io n  S e le c te d 3

E ( r 2 )
x y t

P r o p o r t io n  s e l e c t e d

.25 .50 .75

.1 - .0 8 1 5 -.1 1 6 9 - .0 0 0 6

.3 - .0 3 1 7 -.0 3 7 9 .0127

.5 .0487 .0394 .0303

aV a lu es  p r e s e n te d  a r e  a v e ra g e d  o v e r 36 d i f f e r e n t  c o n d i t io n s .

I t  sh o u ld  b e  n o te d  t h a t  m ore d e t a i l e d  r e s u l t s  a r e  p re s e n te d  in  

th e  t h r e e  a p p e n d ic e s . A ppendix A i s  an e x h a u s tiv e  co m parison  o f s e ­

l e c t e d  and c o r r e c te d  c o e f f i c i e n t s  in  te rm s o f  EMSE(r2 ) -E M S E (r2 )
xy  s  x y c

a s  a  f u n c t io n  o f  a l l  f i v e  in d e p e n d e n t v a r i a b l e s  s im u lta n e o u s ly ,  i . e . ,  

th e  d i s t r i b u t i o n  o f  x  s c o r e s ,  th e  number o f s u b j e c t s ,  th e  s t r e n g th  o f 

th e  r e l a t i o n s h i p  in  th e  t o t a l  group  [E ( r2 ) ] ,  th e  form  o f  th e  r e -
xyt

g r e s s i o n ,  and th e  p r o p o r t io n  s e l e c t e d .  Appendix B g iv e s  co m p ariso n s

o f s e l e c t e d  and  c o r r e c te d  c o e f f i c i e n t s  in  te rm s o f B IA S(r2 )
xy s

B IA S (r2 ) ,  and VAR(r2 ) - V A R (r2 ) that correspond w ith the  xyc xy s xyc

f u n c t io n s  in v e s t i g a t e d  in  T a b le s  8 -1 2 . Appendix C p r e s e n t s  th e  

r e s u l t s  o f  a  f i v e - f a c t o r  f a c t o r i a l  ANOVA. Appendix C was u sed  to  

d e te rm in e  i f  any h ig h e r  o rd e r  e f f e c t s  o th e r  th a n  th o s e  in v e s t i g a t e d  

in  T a b le s  8 -11  w ere  p r e s e n t .  The s i z e  o f  v a r io u s  e f f e c t s  can  be 

c o n s id e re d  in  te rm s o f th e  mean sq u a re  e r r o r  s in c e  th e r e  a r e  zero  

d e g re s s  o f  freedom  f o r  th e  w i th in  c e l l  sum of s q u a r e s .
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T h is  a n a ly s i s  showed t h a t  th e  e f f e c t s  p re s e n te d  in  T a b le s  8 -11  

e x p la in e d  m ost o f  th e  v a r ia n c e  w i th in  th e  c e l l s  o f th e  d e s ig n .  T a b le  

1 2 , f o r  ex am p le , i s  in c lu d e d  p u re ly  f o r  t h e o r e t i c a l  s p e c u la t io n ,  a s  i t  

was n o t o f  a  p r i o r i  i n t e r e s t .

An i n t e r a c t i o n  i s  o b se rv e d  be tw een  th e  s t r e n g th  o f th e  r e l a t i o n -  

s h ip  [E (r  ) ]  and  th e  p r o p o r t io n  s e l e c t e d  (T ab le  1 2 ) .  The s t r e n g th
xy t

o f  th e  r e l a t i o n s h i p  a f f e c t s  th e  e s t im a te  m ore when th e  p r o p o r t io n  

s e l e c te d  i s  s t r in g e n t /m o d e r a te  (Ps <  .5 0 ) th a n  f o r  l i b e r a l  s e l e c t i o n

(Ps « .7 5 ) .  S p e c i f i c a l l y ,  when a  w eak /m o d era te  r e l a t i o n s h i p  i s  o b -
\

se rv e d  [E (r^  ) <  . 3 ] ,  r ^  i s  s u p e r io r  f o r  s t r i n g e n t  and m o d era texy £ xy g

s e l e c t i o n  schem es (Ps  <  .5 0 ) ,  w h ile  no s u b s t a n t i a l  d i f f e r e n c e  i s  n o te d  

betw een  th e  e s t im a te s  when Ps = .7 5 .



C h a p te r  V 

SUMMARY AND DISCUSSION

The r e s t r i c t i o n  o f  ra n g e  c o r r e c t i o n  p ro c e d u re  i s  o f te n  s u g g e s te d  

a s  a  means f o r  e s t im a t in g  th e  v a l i d i t y  o f  a  t e s t  when d a ta  a r e  m is s in g  

on th e  y v a r i a b l e .  T h e o r e t i c a l l y ,  t h i s  a d ju s tm e n t p ro c e d u re  i s  e f f e c ­

t i v e ,  i . e . ,  sh o u ld  p ro d u ce  an im proved  e s t im a te  ( r e l a t i v e  to  r ^  ) when
xYs

c e r t a i n  u n d e r ly in g  a ssu m p tio n s  ( l i n e a r i t y ,  h o m o s c e d a s t ic i ty , and s e l e c ­

t i o n  on x  a lo n e )  h av e  b e e n  m e t. I n  p r a c t i c e ,  th o u g h , d e v ia t io n s  from  

th e s e  a ssu m p tio n s  a r e  o f t e n  n o te d .  F u r th e rm o re , e m p ir ic a l  r e s e a r c h  

h a s  shown t h a t  d e p a r tu r e s  from  th e s e  a ssu m p tio n s  can  le a d  to  s i g n i f i ­

c a n t  e r r o r s  in  e s t im a t in g  th e  u n r e s t r i c t e d  p o p u la t io n  c o r r e l a t i o n .

The p rim a ry  g o a l  o f  t h i s  r e s e a r c h  was to  i n v e s t i g a t e  a n a l y t i c a l l y  th e  

ro b u s tn e s s  o f  th e  r e s t r i c t i o n  o f  ra n g e  c o r r e c t io n  p ro c e d u re  to  v i o l a ­

t i o n s  i n  th e  a ssu m p tio n  o f  l i n e a r i t y .  T h is  a n a l y t i c a l  i n v e s t i g a t i o n

d e r iv e d  e x p re s s io n s  f o r  th e  b i a s ,  SE, and EMSE o f r2  an(i r 2 vdiere
X j s  ^ v c

th e  r e g r e s s io n  o f y on x  i s  b o th  l i n e a r  and n o n l in e a r .

One o f th e  m ain q u e s t io n s  u n d e r  i n v e s t i g a t i o n  in  t h i s  s tu d y  i s  

w h e th e r o r  n o t  th e  c o r r e c t i o n  p ro c e d u re  i s  r o b u s t  to  n o n s ta n d a rd  

s i t u a t i o n s ,  i . e . ,  n o n l in e a r  r e g r e s s io n s  a n d /o r  x  s c o r e s  t h a t  fo l lo w  

v a r io u s  nonnorm al fo rm s .

I t  i s  o b se rv ed  t h a t  th e  c o r r e c t i o n  p ro c e d u re  i s  a f f e c t e d  by 

th e  l i n e a r i t y  a s s u m p tio n . S p e c i f i c a l l y ,  when th e  l i n e a r i t y  a ssu m p tio n  

i s  v i o l a t e d ,  th e  r e s t r i c t i o n  o f  ra n g e  c o r r e c t io n  p ro c e d u re  h a s  a  l a r g e r  

EMSE th a n  *xya when th e  r e g r e s s io n  f u n c t io n  i s  co n v ex . H ow ever, f o r
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t h e  concave r e g r e s s io n  f u n c t io n  th e r e  i s  no p r a c t i c a l  d i f f e r e n c e

be tw een  th e  two c o e f f i c i e n t s .  When th e  l i n e a r i t y  a ssu m p tio n  i s  m e t,

r ^  i s  s l i g h t l y  p r e f e r r e d  (T ab le  6 ) .
^y  s

I t  can  a l s o  be n o te d  th a t  th e  c o r r e c t i o n  p ro c e d u re  i s  a f f e c t e d  by 

th e  form  o f t h e  d i s t r i b u t i o n  o f x  s c o r e s  (T a b le  3 ) .  O v e r a l l ,  th e  

c o r r e c t io n  p ro c e d u re  y i e l d s  a  h ig h e r  EMSE when th e  form  o f th e  d i s ­

t r i b u t i o n  o f x  s c o re s  i s  u n ifo rm . In  th e  c a s e  o f  th e  skewed d i s t r i ­

b u t io n s ,  how ever, no  s u b s ta n t iv e  d i f f e r e n c e  betw een  th e  two e s t im a to r s  

i s  s e e n . When th e  form  o f th e  d i s t r i b u t i o n  o f x  s c o r e s  i s  " s t a n d a r d ,"

i . e . ,  n o rm a l, r ^  i s  somewhat f a v o re d .
*y s

When b o th  th e  d i s t r i b u t i o n  o f x  s c o r e s  and th e  form  o f  th e  

r e g r e s s io n  a r e  j o i n t l y  c o n s id e re d  (T ab le  9 ) ,  a  somewhat d i f f e r e n t  

f in d in g  i s  o b se rv e d : r ? ,  i s  fa v o re d  f o r  th e  convex r e g r e s s io n

f u n c t io n  o n ly  when th e  x d i s t r i b u t i o n  i s  sy m m etric . A s i m i l a r  f in d in g  

i s  n o te d  f o r  th e  l i n e a r  c a s e .  No p r a c t i c a l  d i f f e r e n c e  b e tw een  th e  c o e f ­

f i c i e n t s  i s  n o te d  f o r  th e  concave r e g r e s s i o n .  I t  sh o u ld  b e  n o te d  t h a t  

i t  i s  t h e  co n cav e  r e g r e s s io n  f u n c t io n  t h a t  shows up m ore in  r e a l  l i f e  

s t u d i e s .  F o r ex am p le , i f  x  r e p r e s e n t s  th e  M edical C o lle g e  A dm issions 

T e s t  (MCAT) a s  a  p r e d i c t o r  o f  th e  c r i t e r i o n  m easu rem en t, f i r s t - y e a r  

m e d ic a l sc h o o l g ra d e s  ( y ) ; th e n  we w i l l  v e ry  o f te n  o b se rv e  a  r e g r e s ­

s io n  form  be tw een  x  and  y t h a t  in c r e a s e s  up to  a  c e r t a i n  p o in t  and 

th e n  te n d s  to  l e v e l  o f f .  T h is  p a r t i c u l a r  x -y  r e l a t i o n s h i p  i s  c h r r a c -  

t e r i s t i c  o f th e  concave  r e g r e s s io n  f u n c t io n .  I f  we a c c e p t  th e  p re m ise  

t h a t  th e  l i n e a r  and convex r e g r e s s io n  f u n c t io n s  do n o t  a p p e a r  a s  

f r e q u e n t ly  a s  does th e  concave fo rm , th e n  th e  u se  o f  th e  c o r r e c t io n  

p ro c e d u re ,  from  a  p r a c t i c a l  v ie w p o in t ,  i s  n o t  s u g g e s te d .
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A f u r t h e r  e x a m in a tio n  c o n s id e re d  th e  i n t e r a c t i o n  betw een  th e

fo rm  o f th e  d i s t r i b u t i o n  o f  x s c o re s  and  th e  r e g r e s s io n  form  f o r

v a r io u s  E (r^  ) (T ab le  1 0 ) . I t  i s  g e n e r a l ly  n o te d  t h a t  th e  c o r r e c -  
xy t

t i o n  p ro c e d u re  i s  recommended when th e  s t r e n g th  o f  th e  r e l a t i o n s h i p  

i s  h ig h  (E (r2  ) «* . 5 ) . T a b le  11 c o n s id e r s  th e  I n t e r a c t i o n  betw een
* y t

th e  form  o f  th e  d i s t r i b u t i o n  o f x s c o r e s  and th e  r e g r e s s io n  fo rm  f o r

d i f f e r e n t  sam ple s i z e  v a lu e s .  The c o r r e c t io n  p ro c e d u re  i s  a d v is e d

when th e  sam ple s i z e  i s  l a r g e  (n  = 250).

A nother im p o r ta n t  q u e s t io n  to  c o n s id e r  i s  how th e  c o r r e c t io n

p ro c e d u re  v a r i e s  a s  a  f u n c t io n  o f th e  sam ple s i z e ,  th e  s t r e n g th  o f

th e  r e l a t i o n s h i p ,  and  th e  p r o p o r t io n  s e l e c t e d .  One o f th e  m a jo r and

g e n e r a l  f in d in g s  o f t h i s  i n v e s t i g a t i o n  i s  t h a t  th e r e  a r e  a  w ide s e t

o f  c irc u m s ta n c e s  (d e f in e d  in  te rm s o f th e s e  th r e e  v a r i a b l e s )  w here

i t  i s  n o t  w o rth w h ile  to  u s e  th e  c o r r e c t io n  p ro c e d u re ,  i . e . ,  i t  i s

a d v an ta g e o u s  n o t  to  c o r r e c t  b u t  r a t h e r  to  u se  r^  a s  an e s t im a te .
xys

I n  g e n e r a l ,  th e s e  s i t u a t i o n s  a r e  d e s c r ib e d  by  sm a ll sam ple s i z e s

(n  < 100), low  E (r^  ) v a lu e s  (E (r^  ) <  . 3 ) ,  and f o r  s t r i n g e n tx y t  xy t

s e l e c t i o n  schem es (P s <  .5 0 ) .  Only u n d e r c e r t a i n  c o n d i t io n s  i s  i t  

a d v an ta g e o u s  to  c o r r e c t  f o r  r e s t r i c t i o n  of r a n g e . These c a s e s  o c c u r  

f o r  l a r g e  sam ple s i z e s  (n « 250) , h ig h  E (r^  ) v a lu e s  (E (r^  = . 5 ) ,
xy t  x y t

an d  l i b e r a l  s e l e c t i o n  s t r a t e g i e s  (Ps = .7 5 ) .  The re m a in in g  c a s e s  do 

n o t  show a  n o ta b le  d i f f e r e n c e  betw een  th e  e s t i m a t o r s .

The r e s u l t s  p r e s e n te d  in  T ab le  8 sh o u ld  b e  o f p a r t i c u l a r  i n t e r e s t  

to  p r a c t i t i o n e r s  who o f te n  have  im m ediate  know ledge o f th e  d i s t r i b u t i o n  

o f x s c o r e s ,  num ber o f s u b j e c t s ,  and th e  p r o p o r t io n  s e l e c t e d ;  b u t  n o t  

th e  r e g r e s s io n  f u n c t io n  o r  th e  s t r e n g th  o f th e  x -y  r e l a t i o n s h i p  in  th e



t o t a l  g ro u p . As a  g u id e  f o r  p r a c t i t i o n e r s ,  one can d e s c r ib e  th re e  

d i f f e r e n t  s i t u a t i o n s  in  te rm s  o f th e  o b serv ed  d i s t r i b u t i o n  o f x 

s c o r e s ,  th e  o b se rv e d  num ber o f  s u b j e c t s ,  and th e  o b se rv ed  p ro p o r t io n  

s e l e c t e d :

1 .  F o r s t r i n g e n t  s e l e c t i o n  (Ps « .2 5 ) ,  i t  i s  ad v an tag eo u s  to  

c o r r e c t  f o r  r e s t r i c t i o n  o f r a n g e ,  o n ly  when th e  sam ple s i z e  i s  l a r g e  

(n = 250) . T h is  recom m endation  h o ld s  r e g a r d le s s  o f th e  x s c o re  d i s ­

t r i b u t i o n .

2 . F o r m o d e ra te  d e g re e s  o f  s e l e c t i o n  (Ps = .5 0 ) ,  i t  i s  a p p ro p r i­

a t e  to  c o r r e c t  f o r  r e s t r i c t i o n  o f  ra n g e  when th e  sam ple s i z e  i s  

m o d e ra te / la r g e  (n  ^  100) , b u t  o n ly  i f  th e  x  s c o re  d i s t r i b u t i o n  i s  

skew ed.

3 . F o r l i b e r a l  s e l e c t i o n  schem es (Ps = .7 5 ) ,  th e  c o r r e c t io n  p ro ­

c e d u re  i s  f a v o r e d .  T h is  a p p l i e s  to  a l l  sam ple s i z e s  and x  sco re  d i s ­

t r i b u t i o n s ,  e s p e c i a l l y  th e  skewed d i s t r i b u t i o n s .

T hese  r e s u l t s  can  b e  u n d e rs to o d  in  te rm s  o f th e  e f f e c t i v e  sam ple

s i z e ,  i . e . ,  th e  num ber o f  c a s e s  f o r  trtiom b o th  x  and y a r e  o b se rv ed .

When t h i s  e f f e c t i v e  sam ple  s i z e  i s  s m a l l ,  r^  h a s  a  much l a r g e r
^ cO

sam pling  v a r ia n c e  th a n  r^  , and th u s  a  l a r g e r  EMSE v a lu e .  C onse-xy  s

q u e n t ly ,  r ^ ,  i s  f a v o re d  o n ly  when th e  e f f e c t i v e  sam ple s i z e  i s  s u f ­

f i c i e n t l y  l a r g e ,  i . e . ,  when th e  sam pling  v a r ia n c e  i s  re d u c e d .

The s p e c i f i c s  o f  th e  above recom m endations a r e  d is p la y e d  in  T ab le  

13 . I f  a  c o m p e t i t iv e  i n s t i t u t i o n ,  f o r  ex am p le , i s  i n t e r e s t e d  in  v a l i ­

d a t in g  th e  t e s t  i t  u s e s  f o r  a d m iss io n  and th e  fo llo w in g  in fo rm a tio n  

i s  known:



1 . le f t - s k e w e d  d i s t r i b u t i o n  o f x  s c o r e s ,

2 . n ® 5 0 ,

3 . p r o p o r t io n  s e le c te d ®  .2 5 ,

th e n  i t  i s  a d v is e d  t h a t  th e  c o r r e c t io n  p ro c e d u re  n o t  b e  em ployed . On 

th e  o th e r  h a n d , i f  a  l e s s  c o m p e t i t iv e  I n s t i t u t i o n  i s  c o n ce rn ed  w ith  t e s t  

v a l i d a t i o n  and  o b s e rv e s  th e  fo l lo w in g :

1 . r ig h t- s k e w e d  d i s t r i b u t i o n  o f x  s c o r e s ,

2 . n ® 250 ,

3 . p r o p o r t io n  s e le c te d ®  .7 5 ,

th e n  th e  u s e  o f  th e  c o r r e c t io n  p ro c e d u re  i s  s u g g e s te d .

T ab le  13

C ases Where r ^  I s  P r e f e r r e d  (C) o r  r ^  I s  P r e f e r r e d  (S )a  xyc x y s

D i s t r i b u t io n  
o f  x  s c o re s

P r o p o r t io n  s e l e c t e d

.25 .50 .75

Number o f 
s u b je c t s

Number o f 
s u b je c t s

Number of 
s u b je c ts

50 100 250 50 100 250 50 100 250

Normal S S C S S S C C C

U niform S S C S S S C C C

R ig h t-sk ew ed S S C S C C C C c  •

L e ft-sk e w ed S S C S C C C C C

a C ases p re s e n te d  a r e  a v e ra g e d  o v e r 9 d i f f e r e n t  c o n d i t io n s

In  o u r o p in io n ,  th e  r e s u l t s  o f th e  p r e s e n t  s tu d y  can  be a p p l ie d  

to  th e  f i e l d  o f  t e s t i n g .  S p e c i f i c a l l y ,  th e  u se  o f  t e s t  s c o r e s  f o r  

s e l e c t i o n  p u rp o se s  h a s  r e c e n t ly  b een  exam ined from  a l e g a l  p o in t  o f



v ie w . An i n s t i t u t i o n  m ust b e  a b le  to  s u b s t a n t i a t e  th e  v a l i d i t y  o f  th e  

t e s t  in  q u e s t io n ,  even  th ough  th e r e  i s  m is s in g  in f o r m a t io n .  As a  r e ­

s u l t  o f  r e s t r i c t i o n  o f  r a n g e ,  th e  v a l i d i t y  c o e f f i c i e n t  i s  t y p i c a l l y  a 

d e f l a t e d  o n e . In  th e  p a s t ,  th e  c o r r e c t io n  fo rm u la  was u se d  a s  a  way of 

im p ro v in g  th e  e s t im a te  o f  th e  c o r r e l a t i o n  in  th e  t o t a l  g ro u p . The 

t h e o r e t i c a l  j u s t i f i c a t i o n  f o r  t h i s  p ro c e d u re  i s  b a se d  on a  s e t  o f  s t ro n g  

a s s u m p tio n s . The f in d in g s  o f  th e  p r e s e n t  i n v e s t i g a t i o n  s u g g e s t  t h a t  th e  

c o r r e c t i o n  fo rm u la  i s  o f l im i t e d  v a lu e  when sam pling  v a r i a b i l i t y  and  

v i o l a t i o n s  o f  th e  l i n e a r i t y  a ssu m p tio n s  a r e  c o n s id e re d .

I t  sh o u ld  be  n o te d  t h a t  s e v e r a l  q u e s t io n s  a r e  n o t  c o m p le te ly  

an sw ered  by  th e  p r e s e n t  s tu d y .  A l i m i t a t i o n  o f th e  a p p l i c a b i l i t y  o f 

th e s e  r e s u l t s  i s  due to  th e  f a c t  t h a t  th e  x v a r i a b l e  was t r e a t e d  a s  

f i x e d ,  i . e . ,  E ( r ^  ) i s  c o n s id e re d  o v er a l l  sam ples a s  h a v in g  th e  same 

x  s c o re  d i s t r i b u t i o n .  A lth o u g h  i t  i s  of v a lu e  to  c o n s id e r  th e  c a s e  

w here x i s  a  random v a r i a b l e ,  th e  t r e a tm e n t  o f th e  c a s e  p r e s e n t s  some 

r a t h e r  com plex m a th e m a tic a l d i f f i c u l t i e s . The g e n e r a l i z a b i l i t y  o f  t h i s  

r e s e a r c h  i s  f u r t h e r  c o n s t r a in e d  by th e  l im i t e d  num ber o f l e v e l s  o f  th e  

in d e p e n d e n t v a r i a b l e s .  P e rh a p s  f u t u r e  r e s e a r c h  w i l l  c o n s id e r  a  w id e r 

c l a s s  o f  v a lu e s .  In  a d d i t i o n ,  th e  two o th e r  a ssu m p tio n s  u n d e r ly in g  

th e  c o r r e c t io n  p ro c e d u re , h o m o s c e d a s t ic i ty  and s e l e c t i o n  on x a lo n e ,  

w ere  n o t  u n d e r c o n s id e r a t io n  in  t h i s  i n v e s t i g a t i o n .  I t  w ould a l s o  be  

o f  i n t e r e s t  to  s tu d y  th e  e f f e c t s  o f  th e  v i o l a t i o n s  o f  th e s e  a ssu m p tio n s  

on th e  c o r r e c t io n  p ro c e d u re .



A ppendix A

IP ARISON OF 
A FUNCTION OF ID IST , NSUBJ, ER2T, IBETA,

AN EXHAUSTIVE COMPARISON OF AND r 2

fID IS T  “  th e  d i s t r i b u t i o n  o f  x  s c o re s
1 = n o rm al d i s t r i b u t i o n
2 = u n ifo rm  d i s t r i b u t i o n
3 « r ig h t- s k e w e d  d i s t r i b u t i o n
4 ■ le f t - s k e w e d  d i s t r i b u t i o n  

NSUBJ *» th e  num ber o f s u b je c t s
ER2T "  th e  e x p e c te d  v a lu e  o f th e  sq u a re d

c o r r e l a t i o n  in  t h e  t o t a l  group [ E ( r 2 )1
IBETA = th e  r e g r e s s io n  c u rv e  ^ t

1 = l i n e a r  r e g r e s s io n
2 = convex r e g r e s s io n
3 = con cav e  r e g r e s s io n

IP S  *» th e  p r o p o r t io n  s e l e c t e d



V a r ia b le
EMSE(r2 ) -  EMSE(r2 ) 

xys  xyc
Code Sum X SD V a r i­

an ce n

a b c d e f g

E n t i r e  p o p u la t io n - .4 9 5 0 2 -0 .0 1 5 3 0 .0790 0 .0 0 6 2 324

IDIST 1 .0 0 -1 .3 4 0 7 -0 .0 1 6 6 0 .0 6 5 1 0 .0 0 4 2 81
NSUBJ 5 0 .0 0 -1 .0 1 0 3 -0 .0 3 7 4 0 .0 6 9 5 0 .0 0 4 8 27

ER2T 0 .1 0 0 0 -0 .8 2 7 3 -0 .0 9 1 9 0 .0776 0 .0060 9
IBETA 1 .0 0 -0 .2 5 1 4 -0 .0 8 3 8 0 .0717 0 .0051 3

IPS 0 .2 5 -0 .1 3 3 1 -0 .1 3 3 1 0 .0000 0 .0000 1
IPS 0 .5 0 -0 .1 1 6 7 -0 .1 1 6 7 0 .0000 0 .0000 1
IPS 0 .7 5 -0 .0 0 1 6 -0 .0 0 1 6 0 .0000 0 .0000 1

IBETA 2 .0 0 -0 .3 5 6 8 -0 .1 1 8 9 0 .1054 0 .0 1 1 1 3
IPS 0 .2 5 -0 .1 3 4 0 -0 .1 3 4 0 0 .0000 0 .0000 1
IPS 0 .5 0 -0 .2 1 6 0 -0 .2 1 6 0 0 .0000 0 .0 0 0 0 1
IPS 0 .7 5 -0 .0 0 6 8 -0 .0 0 6 8 0 .0000 0 .0 0 0 0 1

IBETA 3 .0 0 -0 .2 1 9 1 -0 .0 7 3 0 0 .0 7 8 1 0 .0061 3
IPS 0 .2 5 -0 .1 5 5 9 -0 .1 5 5 9 0 .0 0 0 0 0 .0000 1
IPS 0 .5 0 -0 .0 6 2 5 -0 .0 6 2 5 0 .0000 0 .0000 1
IPS 0 .7 5 -0 .0 0 0 7 -0 .0 0 0 7 0 .0 0 0 0 0 .0000 1

ER2T 0 .3 0 0 0 -0 .3 7 0 3 -0 .0 4 1 1 0 .0 4 5 5 0 .0021 9
IBETA 1 .0 0 -0 .1 1 7 2 -0 .0 3 9 1 0 .0487 0 .0024 3

IPS 0 .2 5 -0 .0 9 1 1 -0 .0 9 1 1 0 .0000 0 .0000 1
IPS 0 .5 0 -0 .0 3 1 5 -0 .0 3 1 5 0 .0 0 0 0 0 .0000 1
IPS 0 .7 5 0 .0054 0 .0054 0 .0000 0 .0 0 0 0 1

IBETA 2 .0 0 -0 .1 8 9 3 -0 .0 6 3 1 0 .0 5 3 5 0 .0029 3
IPS 0 .2 5 -0 .0 7 2 9 -0 .0 7 2 9 0 .0 0 0 0 0 .0 0 0 0 1
IPS 0 .5 0 - 0 .1 1 0 0 - 0 .1 1 1 0 0 .0 0 0 0 0 .0 0 0 0 1
IPS 0 .7 5 -0 .0 0 5 4 -0 .0 0 5 4 0 .0000 0 .0000 1

[cont’d]



a b c d e f g

IBETA 3 .0 0 -0 .0 6 3 8 -0 .0 2 1 3 0 .0416 0 .0017 3
IPS 0 .2 5 -0 .0 6 8 9 -0 .0 6 8 9 0 .0 0 0 0 0 .0 0 0 0 1
IPS 0 .5 0 -0 .0 0 3 0 -0 .0 0 3 0 0 .0000 0 .0000 1
IPS 0 .7 5 0 .0 0 8 1 0 .0 0 8 1 0 .0 0 0 0 0 .0 0 0 0 1

ER2T 0 .5000 0 .1873 0 .0 2 0 8 0 .0213 0 .0 0 0 5 9
IBETA 1 .0 0 0 .0776 0 .0 2 5 9 0 .0119 0 .0001 3

IPS 0 .2 5 0 .0 1 5 0 0 .0 1 5 0 0 .0000 0 .0 0 0 0 1
IPS 0 .5 0 0 .0386 0 .0386 0 .0000 0 .0000 1
IPS 0 .7 5 0 .0 2 4 0 0 .0 2 4 0 0 .0000 0 .0000 1

IBETA 2 .0 0 0 .0129 0 .0 0 4 3 0 .0 0 8 8 0 .0 0 0 1 3
IPS 0 .2 5 0 .0144 0 .0144 0 .0 0 0 0 0 .0 0 0 0 1
IPS 0 .5 0 -0 .0 0 1 4 -0 .0 0 1 4 0 .0 0 0 0 0 .0 0 0 0 1
IPS 0 .7 5 - 0 .0 0 0 1 - 0 .0 0 0 1 0 .0 0 0 0 0 .0 0 0 0 1

IBETA 3 .0 0 0 .0968 0 .0323 0 .0308 0 .0010 3
IPS 0 .2 5 -0 .0 0 2 4 -0 .0 0 2 4 0 .0000 0 .0 0 0 0 1
IPS 0 .5 0 0 .0568 0 .0 5 6 8 0 .0 0 0 0 0 .0 0 0 0 1
IPS 0 .7 5 0 .0 4 2 4 0 .0424 0 .0 0 0 0 0 .0000 1

NSUBJ 1 00 .00 -0 .3 2 9 1 - 0 .0 1 2 2 0 .0 6 2 9 0 .0040 27
ER2T 0 .1000 -0 .5 5 8 3 -0 .0 6 2 0 0 .0696 0 .0048 9

IBETA 1 .0 0 -0 .2 3 0 2 -0 .0 7 6 7 0 .0 7 0 3 0 .0049 3
IPS 0 .2 5 -0 .0 9 6 0 -0 .0 9 6 0 0 .0 0 0 0 0 .0 0 0 0 1
IPS 0 .5 0 -0 .1 3 5 4 -0 .1 3 5 4 0 .0000 0 .0000 1
IPS 0 .7 5 0 .0 0 1 1 0 .0011 0 .0000 0 .0 0 0 0 1

IBETA 2 .0 0 -0 .2 5 3 8 -0 .0 8 4 6 0 .1034 0 .0107 3
IPS 0 .2 5 -0 .0 5 1 1 -0 .0 5 1 1 0 .0000 0 .0 0 0 0 1
IPS 0 .5 0 -0 .2 0 0 6 -0 .2 0 0 6 0 .0000 0 .0000 1
IPS 0 .7 5 - 0 .0021 - 0 .0 0 2 1 0 .0 0 0 0 0 .0 0 0 0 1

[cont’d]
LnON



a b c d e f g

IBETA 3 .0 0 -0 .0 7 4 3 -0 .0 2 4 8 0 .0245 0 .0006 3
IPS 0 .2 5 -0 .0 2 9 0 -0 .0 2 9 0 0 .0000 0 .0000 1
IPS 0 .5 0 -0 .0 4 6 8 -0 .0 4 6 8 0 .0000 0 .0000 1
IPS 0 .7 5 0 .0015 0 .0015 0 .0000 0 .0000 1

ER2T 0 .3 0 0 0 -0 .0 9 1 3 - 0 .0 1 0 1 0 .0354 0 .0 0 1 3 9
IBETA 1 .0 0 -0 .0 1 6 3 -0 .0 0 5 4 0 .0277 0 .0008 3

IPS 0 .2 5 0 .0096 0 .0 0 9 6 0 .0000 0 .0 0 0 0 1
IPS 0 .5 0 -0 .0 3 7 4 -0 .0 3 7 4 0 .0000 0 .0000 1
IPS 0 .7 5 0 .0116 0 .0116 0 .0000 0 .0000 1

IBETA 2 .0 0 -0 .1 1 5 7 -0 .0 3 8 6 0 .0463 0 .0021 3
IPS 0 .2 5 -0 .0 2 1 5 -0 .0 2 1 5 0 .0000 0 .0000 1
IPS 0 .5 0 -0 .0 9 1 0 -0 .0 9 1 0 0 .0 0 0 0 0 .0 0 0 0 1
IPS 0 .7 5 -0 .0 0 3 2 -0 .0 0 3 2 0 .0000 0 .0 0 0 0 1

IBETA 3 .0 0 0 .0406 0 .0 1 3 5 0 .0011 0 .0000 3
IPS 0 .2 5 0 .0135 0 .0135 0 .0000 0 .0 0 0 0 1
IPS 0 .5 0 0 .0 1 2 4 0 .0 1 2 4 0 .0 0 0 0 0 .0 0 0 0 1
IPS 0 .7 5 0 .0 1 4 7 0 .0 1 4 7 0 .0000 0 .0000 1

ER2T 0.5 0 0 0 0 .3 2 0 5 0 .0356 0 .0374 0 .0014 9
IBETA 1 .0 0 0 .1543 0 .0 5 1 4 0 .0254 0 .0006 3

IPS 0 .2 5 0 .0744 0 .0 7 4 4 0 .0 0 0 0 0 .0000 1
IPS 0 .5 0 0 .0557 0 .0 5 5 7 0 .0 0 0 0 0 .0 0 0 0 1
IPS 0 .7 5 0 .0241 0 .0241 0 .0 0 0 0 0 .0 0 0 0 1

IBETA 2 .0 0 -0 .0 2 7 5 -0 .0 0 9 2 0 .0 0 3 2 0 .0000 3
IPS 0 .2 5 -0 .0 0 9 0 -0 .0 0 9 0 0 .0000 0 .0000 1
IPS 0 .5 0 -0 .0 1 2 5 -0 .0 1 2 5 0 .0000 0 .0000 1
IPS 0 .7 5 -0 .0 0 6 0 -0 .0 0 6 0 0 .0000 0 .0000 1

[cont'd] Ui•vj



a b c d e f g

IBETA 3 .0 0 0 .1 9 3 7 0 .0646 0 .0176 0 .0 0 0 3 3
IPS 0 .2 5 0 .0696 0 .0696 0 .0000 0 .0 0 0 0 1
IPS 0 .5 0 0 .0 7 9 1 0 .0 7 9 1 0 .0 0 0 0 0 .0000 1
IPS 0 .7 5 0 .0450 0 .0 4 5 0 0 .0000 0 .0 0 0 0 1

NSUBJ 250 .00 - 0 .0 0 1 2 - 0 .0000 0 .0590 0 .0035 27
ER2T 0 .1 0 0 0 -0 .3 6 7 9 -0 .0 4 0 9 0 .0669 0 .0 0 4 5 9

IBETA 1 .0 0 -0 .1 3 3 4 -0 .0 4 4 5 0 .0 7 6 1 0 .0 0 5 8 3
IPS 0 .2 5 -0 .0 0 3 1 -0 .0 0 3 1 0 .0000 0 .0000 1
IPS 0 .5 0 -0 .1 3 2 3 -0 .1 3 2 3 0 .0000 0 .0000 1
IPS 0 .7 5 0 .0 0 2 0 0 .0020 0 .0000 0 .0000 1

IBETA 2 .0 0 -0 .1 9 5 5 -0 .0 6 5 2 0 .0975 0 .0 0 9 5 3
IPS 0 .2 5 -0 .0 1 6 6 -0 .0 1 6 6 0 .0000 0 .0 0 0 0 1
IPS 0 .5 0 -0 .1 7 7 4 -0 .1 7 7 4 0 .0000 0 .0000 1
IPS 0 .7 5 -0 .0 0 1 5 -0 .0 0 1 5  ' 0 .0000 0 .0 0 0 0 1

IBETA 3 .0 0 -0 .0 3 9 0 -0 .0 1 3 0 0 .0228 0 .0 0 0 5 3
IPS 0 .2 5 -0 .0 0 2 6 -0 .0 0 2 6 0 .0000 0 .0 0 0 0 1
IPS 0 .5 0 -0 .0 3 9 2 -0 .0 3 9 2 0 .0000 0 .0 0 0 0 1
IPS 0 .7 5 0 .0028 0 .0 0 2 8 0 .0000 0 .0000 1

ER2T 0.3 0 0 0 0 .0186 0 .0 0 2 1 0 .0 3 9 5 0 .0 0 1 6 9
IBETA 1 .0 0 0 .0 3 1 4 0 .0 1 0 5 0 .0345 0 .0012 3

IPS 0 .2 5 0 .0426 0 .0426 0 .0000 0 .0000 1
IPS 0 .5 0 -0 .0 2 5 9 -0 .0 2 5 9 0 .0000 0 .0000 1
IPS 0 .7 5 0 .0 1 4 7 0 .0147 0 .0000 0 .0000 1

IBETA 2 .0 0 -0 .0 9 9 0 -0 .0 3 3 0 0 .0449 0 .0 0 2 0 3
IPS 0 .2 5 -0 .0 0 8 8 -0 .0 0 8 8 0 .0000 0 .0 0 0 0 1
IPS 0 .5 0 -0 .0 8 4 8 -0 .0 8 4 8 0 .0000 0 .0 0 0 0 1
IPS 0 .7 5 -0 .0 0 5 4 -0 .0 0 5 4 0 .0000 0 .0000 1

[c o n t'd ]
Ln
00



a b c d e f g

IBETA 3 .0 0 0 .0 8 6 2 0 .0287 0 .0 0 4 7 0 .0 0 0 0 3
IPS 0 .2 5 0 .0 3 2 3 0 .0 3 2 3 0 .0 0 0 0 0 .0 0 0 0 1
IPS 0 .5 0 0 .0304 0 .0304 0 .0000 0 .0 0 0 0 1
IPS 0 .7 5 0 .0234 0 .0 2 3 4 0 .0000 0 .0000 1

ER2T 0 .5 0 0 0 0 .3 4 8 0 0 .0387 0 .0415 0 .0017
IBETA 1 .0 0 0 .1249 0 .0416 0 .0299 0 .0009

IPS 0 .2 5 0 .0748 0 .0748 0 .0000 0 .0000 1
IPS 0 .5 0 0 .0 3 3 3 0 .0 3 3 3 0 .0000 0 .0000 1
IPS 0 .7 5 0 .0167 0 .0167 0 .0000 0 .0 0 0 0 1

IBETA 2 .0 0 -0 .0 1 3 2 -0 .0 0 4 4 0 .0050 0 .0 0 0 0
IPS 0 .2 5 -0 .0 0 1 7 -0 .0 0 1 7 0 .0 0 0 0 0 .0000 1
IPS 0 .5 0 -0 .0 0 1 3 -0 .0 0 1 3 0 .0 0 0 0 0 .0000 1
IPS 0 .7 5 - 0 .0 1 0 1 - 0 .0 1 0 1 0 .0000 0 .0000 1

IBETA 3 .0 0 0 .2363 0 .0788 0 .0275  . 0 .0008
IPS 0 .2 5 0 .0 9 8 5 0 .0985 0 .0 0 0 0 0 .0000 1
IPS 0 .5 0 0 .0904 0 .0904 0 .0000 0 .0000 1
IPS 0 .7 5 0 .0 4 7 4 0 .0474 0 .0000 0 .0 0 0 0 1

IDIST 2 .0 0 -4 .3 4 8 3 -0 .0 5 3 7 0 .1026 0 .0105 81
NSUBJ 5 0 .0 0 -1 .6 7 9 8 -0 .0 6 2 2 0 .1 0 6 2 0 .0113 27

ER2T 0 .1 0 0 0 -1 .1 2 3 7 -0 .1 2 4 9 0 .1177 0 .0139
IBETA 1 .0 0 -0 .4 6 8 0 -0 .1 5 6 0 0 .1650 0 .0 2 7 2

IPS 0 .2 5 -0 .1 3 6 7 -0 .1 3 6 7 0 .0000 0 .0 0 0 0 1
IPS 0 .5 0 -0 .3 2 9 8 -0 .3 2 9 8 0 .0000 0 .0000 1
IPS 0 .7 5 -0 .0 0 1 4 -0 .0 0 1 4 0 .0000 0 .0 0 0 0 1

IBETA 2 .0 0 -0 .4 2 1 0 -0 .1 4 0 3 0 .1302 0 .0169
IPS 0 .2 5 -0 .1 5 4 2 -0 .1 5 4 2 0 .0000 0 .0 0 0 0 1
IPS 0 .5 0 -0 .2 6 3 0 -0 .2 6 3 0 0 .0000 0 .0000 1
IPS 0 .7 5 -0 .0 0 3 8 -0 .0 0 3 8 0 .0000 0 .0000 1

[cont'd]



a b c d e f g

IBETA 3 .0 0 -0 .2 3 4 8 -0 .0 7 8 3 0 .0785 0 .0 0 6 2 3
IPS 0 .2 5 -0 .1 5 8 3 -0 .1 5 8 3 0 .0 0 0 0 0 .0 0 0 0 1
IPS 0 .5 0 -0 .0 7 5 0 -0 .0 7 5 0 0 .0000 0 .0 0 0 0 1
IPS 0 .7 5 -0 .0 0 1 4 -0 .0 0 1 4 0 .0000 0 .0000 1

ER2T 0 .3 0 0 0 -0 .5 9 9 0 -0 .0 6 6 6 0 .0632 0 .0 0 4 0 9
IBETA 1 .0 0 -0 .1 9 8 2 -0 .0 6 6 1 0 .0 6 3 0 0 .0040 3

IPS 0 .2 5 -0 .0 8 4 6 -0 .0 8 4 6  ' 0 .0000 0 .0000 1
IPS 0 .5 0 -0 .1 1 7 7 -0 .1 1 7 7 0 .0000 0 .0 0 0 0 1
IPS 0 .7 5 0 .0041 0 .0 0 4 1 0 .0000 0 .0000 1

IBETA 2 .0 0 -0 .2 8 0 5 -0 .0 9 3 5 0 .0 7 8 3 0 .0 0 6 1 3
IPS 0 .2 5 -0 .1 0 2 9 -0 .1 0 2 9 0 .0000 0 .0 0 0 0 1
IPS 0 .5 0 -0 .1 6 6 7 -0 .1 6 6 7 0 .0000 0 .0 0 0 0 1
IPS 0 .7 5 -0 .0 1 0 9 -0 .0 1 0 9 0 .0000 0 .0000 1

IBETA 3 .0 0 -0 .1 2 0 3 -0 .0 4 0 1 0 .0 6 1 3 0 .0038 3
IPS 0 .2 5 -0 .1 0 4 9 -0 .1 0 4 9 0 .0000 0 .0000 1
IPS 0 .5 0 -0 .0 3 2 4 -0 .0 3 2 4 0 .0000 0 .0 0 0 0 1
IPS 0 .7 5 0 .0 1 7 0 0 .0 1 7 0 0 .0 0 0 0 0 .0 0 0 0 1

ER2T 0 .5 0 0 0 0 .0429 0 .0048 0 .0 9 6 5 0 .0 0 9 3 9
IBETA 1 .0 0 0 .1 2 1 4 0 .0 4 0 5 • 0 .0899 0 .0 0 8 1 3

IPS 0 .2 5 0 .1329 0 .1329 0 .0000 0 .0 0 0 0 1
IPS 0 .5 0 -0 .0 4 6 6 -0 .0 4 6 6 0 .0000 0 .0 0 0 0 1
IPS 0 .7 5 0 .0351 0 .0 3 5 1 0 .0 0 0 0 0 .0000 1

IBETA 2 .0 0 -0 .1 0 6 5 -0 .0 3 5 5 0 .1119 0 .0 1 2 5 3
IPS 0 .2 5 0 .0637 0 .0637 0 .0000 0 .0000 1
IPS 0 .5 0 -0 .1 5 6 8 -0 .1 5 6 8 0 .0000 0 .0000 1
IPS 0 .7 5 -0 .0 1 3 5 -0 .0 1 3 5 0 .0000 0 .0000 1

[cont'd]
CT>O



a b c d e f g

IBETA 3 .0 0 0 .0 2 8 0 0 .0093 0 .1106 0 .0 1 2 2 3
IPS 0 .2 5 -0 .1 1 7 3 -0 .1 1 7 3 0 .0000 0 .0000 1
IPS 0 .5 0 0 .0 8 7 3 0 .0 8 7 3 0 .0 0 0 0 0 .0 0 0 0 1
IPS 0 .7 5 0 .0 5 8 0 0 .0580 0 .0000 0 .0 0 0 0 1

NSUBJ 100 .00 -1 .6 4 8 9 -0 .0 6 1 1 0 .0961 0 .0092 27
ER2T 0 .1 0 0 0 - 1 .0000 - 0 .1 1 1 1 0 .1 0 2 1 0 .0104 9

IBETA 1 .0 0 -0 .4 5 3 3 -0 .1 5 1 1 0 .1538 0 .0236 3
IPS 0 .2 5 -0 .1 4 7 6 -0 .1 4 7 6 0 .0000 0 .0000 1
IPS 0 .5 0 -0 .3 0 6 6 -0 .3 0 6 6 0 .0000 0 .0000 1
IPS 0 .7 5 0 .0009 0 .0 0 0 9 0 .0000 0 .0000 1

IBETA 2.0 0 -0 .2 9 0 5 -0 .0 9 6 8 0 .0927 0 .0086 3
IPS 0 .2 5 -0 .1 0 3 9 -0 .1 0 3 9 0 .0000 0 .0000 1
IPS 0 .5 0 -0 .1 8 5 9 -0 .1 8 5 9 0 .0000 0 .0 0 0 0 1
IPS 0 .7 5 -0 .0 0 0 8 -0 .0 0 0 8 0 .0 0 0 0 0 .0 0 0 0 1

IBETA 3 .0 0 -0 .2 5 6 2 -0 .0 8 5 4 0 .0760 0 .0 0 5 8 3
IPS 0 .2 5 -0 .1 1 9 1 -0 .1 1 9 1 0 .0 0 0 0 . 0 .0 0 0 0 1
IPS 0 .5 0 -0 .1 3 8 7 -0 .1 3 8 7 0 .0 0 0 0 0 .0 0 0 0 1
IPS 0 .7 5 0 .0017 0 .0017 0 .0000 0 .0 0 0 0 1

ER2T 0 .3 0 0 0 -0 .6 2 2 9 -0 .0 6 9 2 0 .0900 0 .0 0 8 1 9
IBETA 1 .0 0 -0 .2 1 2 4 -0 .0 7 0 8 0 .0 9 1 1 0 .0 0 8 3 3

IPS 0 .2 5 -0 .0 5 9 3 -0 .0 5 9 3 0 .0 0 0 0 0 .0000 1
IPS 0 .5 0 -0 .1 6 7 1 -0 .1 6 7 1 0 .0000 0 .0000 1
IPS 0 .7 5 0 .0 1 4 0 0 .0 1 4 0 0 .0000 0 .0000 1

IBETA 2 .0 0 -0 .3 5 2 8 -0 .1 1 7 6 0 .1258 0 .0158 3
IPS 0 .2 5 -0 .0 8 8 5 -0 .0 8 8 5 0 .0000 0 .0000 1
IPS 0 .5 0 -0 .2 5 5 4 -0 .2 5 5 4 0 .0000 0 .0 0 0 0 1
IPS 0 .7 5 -0 .0 0 8 8 -0 .0 0 8 8 0 .0000 0 .0 0 0 0 1

[cont'd] O'H*



a  b e

IBETA 3 .0 0  -0 .0 5 7 7
IPS 0 .2 5  -0 .0 5 0 5
IPS 0 .5 0  -0 .0 2 0 1
IPS 0 .7 5  0 .0128

ER2T 0 .5 0 0 0  -0 .0 2 6 0
IBETA 1 .0 0  0 .0 5 1 2

IPS 0 .2 5  0 .0881
IPS 0 .5 0  -0 .0 4 7 9
IPS 0 .7 5  0 .0109

IBETA 2 .0 0  -0 .1 7 3 6
IPS 0 .2 5  -0 .0 2 1 6
IPS 0 .5 0  -0 .1 3 8 5
IPS 0 .7 5  -0 .0 1 3 4

IBETA 3 .0 0  0 .0964
IPS 0 .2 5  -0 .0 1 8 8
IPS 0 .5 0  0 .0819
IPS 0 .7 5  0 .0 3 3 3

NSUBJ 250 .00  -1 .0 1 9 6
ER2T 0 .1 0 0 0  -0 .8 1 9 6

IBETA 1 .0 0  -0 .3 9 4 8
IPS 0 .2 5  -0 .0 7 4 3
IPS 0 .5 0  -0 .3 2 2 2
IPS 0 .7 5  0 .0017

IBETA 2 .0 0  -0 .3 0 9 6
IPS 0 .2 5  -0 .0 4 5 2
IPS 0 .5 0  -0 .2 6 2 6
IPS 0 .7 5  -0 .0 0 1 8

d e f g

-0 .0 1 9 2 0 .0317 0 .0010
-0 .0 5 0 5 0 .0000 0 .0 0 0 0
- 0 .0 2 0 1 0 .0 0 0 0 0 .0 0 0 0

0 .0128 0 .0 0 0 0 0 .0000

-0 .0 0 2 9 0 .0 6 9 0 0 .0048
0 .0171 0 .0682 0 .0 0 4 7
0 .0 8 8 1 0 .0000 0 .0 0 0 0

-0 .0 4 7 9 0 .0 0 0 0 0 .0000
0 .0 1 0 9 0 .0000 0 .0000

-0 .0 5 7 9 0 .0700 0 .0049
-0 .0 2 1 6 0 .0000 0 .0000
-0 .1 3 8 5 0 .0 0 0 0 0 .0 0 0 0
-0 .0 1 3 4 0 .0000 0 .0000

0 .0 3 2 1 0 .0503 0 .0025
-0 .0 1 8 8 0 .0000 0 .0 0 0 0

0 .0 8 1 9 0 .0 0 0 0 0 .0 0 0 0
0 .0333 0 .0000 0 .0 0 0 0

-0 .0 3 7 8 0 .1 0 7 2 0 .0115
-0 .0 9 1 1 0 .1 1 9 3 0 .0142
-0 .1 3 1 6 0 .1694 0 .0287
-0 .0 7 4 3 0 .0 0 0 0 0 .0 0 0 0
-0 .3 2 2 2 0 .0000 0 .0000

0 .0 0 1 7 0 .0000 0 .0 0 0 0

-0 .1 0 3 2 0 .1398 0 .0 1 9 5
-0 .0 4 5 2 0 .0 0 0 0 0 .0000
-0 .2 6 2 6 0 .0000 0 .0 0 0 0
-0 .0 0 1 8 0 .0000 0 .0000

3
1
1
1

9
3
1
1
1

3
1
1
1

3
1
1
1

27
9
3
1
1
1

3
1
1
1
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a b c d e f g

IBETA 3 .0 0 -0 .1 1 5 2 -0 .0 3 8 4 0 .0427 0 .0018 3
IPS 0 .2 5 -0 .0 3 5 8 -0 .0 3 5 8 0 .0000 0 .0000 1
IPS 0 .5 0 -0 .0 8 2 3 -0 .0 8 2 3 0 .0000 0 .0000 1
IPS 0 .7 5 0 .0 0 3 0 0 .0 0 3 0 0 .0000 0 .0000 1

ER2T 0.3 0 0 0 -0 .3 6 5 0 -0 .0 4 0 6 0 .1 0 1 3 0 .0 1 0 3 9
IBETA 1 .0 0 -0 .1 2 3 1 -0 .0 4 1 0 0 .1137 0 .0129 3

IPS 0 .2 5 0 .0 3 7 2 0 .0 3 7 2 0 .0000 0 .0 0 0 0 1
IPS 0 .5 0 -0 .1 7 1 5 -0 .1 7 1 5 0 .0000 0 .0000 1
IPS 0 .7 5 0 .0111 0 .0111 0 .0 0 0 0 0 .0000 1

IBETA 2 .0 0 -0 .2 8 8 6 -0 .0 9 6 2 0 .1344 0 .0181 3
IPS 0 .2 5 -0 .0 2 8 9 -0 .0 2 8 9 0 .0 0 0 0 0 .0000 1
IPS 0 .5 0 -0 .2 5 1 0 -0 .2 5 1 0 0 .0000 0 .0000 1
IPS 0 .7 5 -0 .0 0 8 7 -0 .0 0 8 7 0 .0000 0 .0000 1

IBETA 3 .0 0 0 .0467 0 .0156 0 .0261 0 .0007 3
IPS 0 .2 5 -0 .0 1 3 8 -0 .0 1 3 8 0 .0 0 0 0 0 .0 0 0 0 1
IPS 0 .5 0 0 .0361 0 .0 3 6 1 0 .0000 0 .0000 1
IPS 0 .7 5 0 .0244 0 .0244 0 .0000 0 .0 0 0 0 1

ER2T 0 .5 0 0 0 0 .1651 0 .0183 0 .0784 0 .0061 9
IBETA 1 .0 0 0 .1 1 3 5 0 .0 3 7 8 0 .1086 0 .0 1 1 8 3

IPS 0 .2 5 0 .1556 0 .1556 0 .0000 0 .0 0 0 0 1
IPS 0 .5 0 -0 .0 5 8 3 -0 .0 5 8 3 0 .0000 0 .0 0 0 0 1
IPS 0 .7 5 0 .0162 0 .0 1 6 2 0 .0000 0 .0 0 0 0 1

IBETA 2 .0 0 -0 .1 0 0 4 -0 .0 3 3 5 0 .0076 0 .0 0 6 0 3
IPS 0 .2 5 0 .0 3 2 2 0 .0322 0 .0 0 0 0 0 .0000 1
IPS 0 .5 0 -0 .1 1 9 1 -0 .1 1 9 1 0 .0000 0 .0 0 0 0 1
IPS 0 .7 5 -0 .0 1 3 5 -0 .0 1 3 5 0 .0000 0 .0 0 0 0 1

[cont'd]
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IBETA 3 .0 0 0 .1 5 2 0 0 .0 5 0 7 0 .0244 0 .0006
IPS 0 .2 5 0 .0754 0 .0754 0 .0000 0 .0 0 0 0
IPS 0 .5 0 0 .0499 0 .0 4 9 9 0 .0 0 0 0 0 .0 0 0 0
IPS 0 .7 5 0 .0266 0 .0266 . 0 .0000 0 .0000

IDIST 3 .0 0 0 .0098 0 .0 0 0 1 0 .0666 0 .0044
NSUBJ 5 0 .0 0 -0 .8 2 6 7 -0 .0 3 0 6 0 .0656 0 .0 0 4 3

ER2T 0 .1000 -0 .6 4 7 6 -0 .0 7 2 0 0 .0654 0 .0 0 4 3
IBETA 1 .0 0 -0 .2 2 9 7 -0 .0 7 6 6 0 .0747 0 .0056

IPS 0 .2 5 -0 .1 5 3 8 -0 .1 5 3 8 0 .0 0 0 0 0 .0 0 0 0
IPS 0 .5 0 -0 .0 7 1 2 -0 .0 7 1 2 0 .0 0 0 0 0 .0 0 0 0
IPS 0 .7 5 -0 .0 0 4 6 -0 .0 0 4 6 0 .0 0 0 0 0 .0 0 0 0

IBETA 2 .0 0 -0 .2 4 5 9 -0 .0 8 2 0 0 .0697 0 .0049
IPS 0 .2 5 -0 .1 1 9 4 -0 .1 1 9 4 0 .0 0 0 0 0 .0 0 0 0
IPS 0 .5 0 -0 .1 2 4 9 -0 .1 2 4 9 0 .0 0 0 0 0 .0000
IPS 0 .7 5 -0 .0 0 1 6 -0 .0 0 1 6 0 .0000 0 .0000

IBETA 3 .0 0 -0 .1 7 2 0 -0 .0 5 7 3 0 .0787 0 .0062
IPS 0 .2 5 -0 .1 4 7 1 -0 .1 4 7 1 0 .0 0 0 0 0 .0000
IPS 0 .5 0 -0 .0 2 4 5 -0 .0 2 4 5 0 .0000 0 .0000
IPS 0 .7 5 -0 .0 0 0 5 -0 .0 0 0 5 0 .0 0 0 0 0 .0000

ER2T 0 .3 0 0 0 -0 .3 3 0 7 -0 .0 3 6 7 0 .0590 0 .0035
IBETA 1 .0 0 -0 .0 8 7 7 -0 .0 2 9 2 0 .0671 0 .0045

IPS 0 .2 5 -0 .1 0 6 7 -0 .1 0 6 7 0 .0000 0 .0000
IPS 0 .5 0 - 0 .0 1 0 2 - 0 .0102 0 .0 0 0 0 0 .0000
IPS 0 .7 5 -0 .0 0 8 8 -0 .0 0 8 8 0 .0000 0 .0000

IBETA 2 .0 0 -0 .1 3 2 5 -0 .0 4 4 2 0 .0431 0 .0019
IPS 0 .2 5 -0 .0 8 1 6 -0 .0 8 1 6 0 .0000 0 .0000
IPS 0 .5 0 -0 .0 5 3 9 -0 .0 5 3 9 0 .0000 0 .0000
IPS 0 .7 5 0 .0030 0 .0 0 3 0 0 .0000 0 .0000

8
2



a b c d e f g

IBETA 3 .0 0 -0 .1 1 0 5 -0 .0 3 6 8 0 .0 8 6 1 0 .0 0 7 4 3
IPS 0 .2 5 -0 .1 3 4 2 -0 .1 3 4 2 0 .0 0 0 0 0 .0 0 0 0 1
IPS 0 .5 0 -0 .0 0 5 1 -0 .0 0 5 1 0 .0 0 0 0 0 .0 0 0 0 1
IPS 0 .7 5 0 .0 2 8 9 0 .0289 0 .0000 0 .0 0 0 0 1

ER2T 0 .5000 0 .1516 0 .0168 0 .0413 0 .0 0 1 7 9
IBETA 1 .0 0 0 .0 9 6 7 0 .0 3 2 2 0 .0 3 1 9 0 .0010 3

IPS 0 .2 5 0 .0063 0 .0 0 6 3 0 .0000 0 .0 0 0 0 1
IPS 0 .5 0 0 .0678 0 .0678 0 .0000 0 .0 0 0 0 1
IPS 0 .7 5 0 .0226 0 .0226 0 .0000 0 .0 0 0 0 1

IBETA 2 .0 0 0 .0607 0 .0202 0 .0227 0 .0005 3
IPS 0 .2 5 0 .0 0 1 9 0 .0019 0 .0 0 0 0 0 .0000 1
IPS 0 .5 0 0 .0456 0 .0456 0 .0000 0 .0 0 0 0 1
IPS 0 .7 5 0 .0 1 3 2 0 .0 1 3 2 0 .0 0 0 0 0 .0 0 0 0 1

IBETA 3 .0 0 -0 .0 0 5 8 -0 .0 0 1 9 0 .0662 0 .0044 3
IPS 0 .2 5 -0 .0 7 8 3 -0 .0 7 8 3 0 .0000 0 .0000 1
IPS 0 .5 0 0 .0 3 8 8 0 .0388 0 .0000 0 .0 0 0 0 1
IPS 0 .7 5 0 .0 3 3 7 0 .0337 0 .0000 0 .0 0 0 0 1

NSUBJ 100 .00 0 .1 5 5 4 0 .0058 0 .0600 0 .0036 27
ER2T 0 .1 0 0 0 -0 .4 2 0 4 -0 .0 4 6 7 0 .0564 0 .0032 9

IBETA 1 .0 0 -0 .1 4 5 7 -0 .0 4 8 6 0 .0465 0 .0 0 2 2 3
IPS 0 .2 5 -0 .0 9 0 7 -0 .0 9 0 7 0 .0000 0 .0 0 0 0 1
IPS 0 .5 0 -0 .0 5 6 3 -0 .0 5 6 3 0 .0 0 0 0 0 .0 0 0 0 1
IPS 0 .7 5 0 .0 0 1 3 0 .0013 0 .0000 0 .0000 1

IBETA 2 .0 0 -0 .2 0 9 1 -0 .0 6 9 7 0 .0859 0 .0074 3
IPS 0 .2 5 -0 .0 4 1 9 -0 .0 4 1 9 0 .0000 0 .0000 1
IPS 0 .5 0 -0 .1 6 6 1 -0 .1 6 6 1 0 .0000 0 .0000 1
IPS 0 .7 5 -0 .0 0 1 1 -0 .0 0 1 1 0 .0 0 0 0 0 .0 0 0 0 1

[cont'd] CT>
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IBETA 3 .0 0 -0 .0 6 5 6 -0 .0 2 1 9 0 .0378 0 .0014 3
IPS 0 .2 5 -0 .0 6 5 5 -0 .0 6 5 5 0 .0000 0 .0 0 0 0 1
IPS 0 .5 0 -0 .0 0 2 3 -0 .0 0 2 3 0 .0 0 0 0 0 .0 0 0 0 1
IPS 0 .7 5 0 .0022 0 .0 0 2 2 0 .0 0 0 0 0 .0 0 0 0 1

ER2T 0 .3 0 0 0 0 .0 1 9 7 0 .0 0 2 2 0 .0266 0 .0007 9
IBETA 1 .0 0 0 .0328 0 .0109 0 .0125 0 .0 0 0 2 3

IPS 0 .2 5 -0 .0 0 3 4 -0 .0 0 3 4 0 .0 0 0 0 0 .0 0 0 0 1
IPS 0 .5 0 0 .0 1 7 1 0 .0 1 7 1 0 .0000 0 .0000 1
IPS 0 .7 5 0 .0191 0 .0 1 9 1 0 .0 0 0 0 0 .0000 1

IBETA 2 .0 0 -0 .0 2 6 6 -0 .0 0 8 9 0 .0146 0 .0 0 0 2 3
IPS 0 .2 5 -0 .0 1 0 7 -0 .0 1 0 7 0 .0000 0 .0000 1
IPS 0 .5 0 -0 .0 2 2 4 -0 .0 2 2 4 0 .0000 0 .0 0 0 0 1
IPS 0 .7 5 0 .0 0 6 5 0 .0 0 6 5 0 .0000 0 .0 0 0 0 1

IBETA 3 .0 0 0 .0 1 3 5 0 .0045 0 .0465 0 .0022- 3
IPS 0 .2 5 -0 .0 4 9 2 -0 .0 4 9 2 0 .0000 0 .0 0 0 0 1
IPS 0 .5 0 0 .0315 0 .0315 0 .0000 0 .0 0 0 0 1
IPS 0 .7 5 0 .0 3 1 3 0 .0 3 1 3 0 .0000 0 .0000 1

ER2T 0 .5 0 0 0 0 .5561 0 .0 6 1 8 0 .0340 0 .0 0 1 2 9
IBETA 1 .0 0 0 .2 4 2 4 0 .0808 0 .0429 0 .0 0 1 8 3

IPS 0 .2 5 0 .0 7 0 3 0 .0 7 0 3 0 .0000 0 .0000 1
IPS 0 .5 0 0 .1 2 8 0 0 .1280 0 .0000 0 .0 0 0 0 1
IPS 0 .7 5 0 .0 4 4 2 0 .0 4 4 2 0 .0000 0 .0 0 0 0 1

IBETA 2 .0 0 0 .1800 0 .0600 0 .0410 0 .0017 3
IPS 0 .2 5 0 .0679 0 .0679 0 .0000 0 .0000 1
IPS 0 .5 0 0 .0965 0 .0 9 6 5 0 .0000 0 .0000 1
IPS 0 .7 5 0 .0157 0 .0 1 5 7 0 .0 0 0 0 0 .0000 1

[cont'd]
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IBETA 3 .0 0 0 .1336 0 .0445 0 .0 1 0 5 0 .0001 3
IPS 0 .2 5 0 .0 3 2 7 0 .0 3 2 7 0 .0 0 0 0 0 .0 0 0 0 1
IPS 0 .5 0 0 .0 5 2 8 0 .0528 0 .0 0 0 0 0 .0 0 0 0 1
IPS 0 .7 5 0 .0 4 8 1 0 .0 4 8 1 0 .0 0 0 0 0 .0 0 0 0 1

NSUBJ 250 .00 0 .6811 0 .0 2 5 2 0 .0 6 4 0 0 .0 0 4 1 27
ER2T 0 .1000 -0 .2 7 6 1 -0 .0 3 0 7 0 .0 5 8 1 0 .0 0 3 4 9

IBETA 1 .0 0 -0 .0 6 2 6 -0 .0 2 0 9 0 .0 2 8 2 0 .0 0 0 8 3
IPS 0 .2 5 -0 .0 1 3 1 -0 .0 1 3 1 0 .0000 0 .0000 1
IPS 0 .5 0 -0 .0 5 2 1 -0 .0 5 2 1 0 .0000 0 .0 0 0 0 1
IPS 0 .7 5 0 .0026 0 .0026 0 .0000 0 .0000 1

IBETA 2 .0 0 -0 .2 0 2 3 -0 .0 6 7 4 0 .0965 0 .0 0 9 3 3
IPS 0 .2 5 -0 .0 2 5 4 -0 .0 2 5 4 0 .0000 0 .0 0 0 0 1
IPS 0 .5 0 -0 .1 7 7 9 -0 .1 7 7 9 0 .0000 0 .0 0 0 0 1
IPS 0 .7 5 0 .0010 0 .0 0 1 0 0 .0000 0 .0000 1

IBETA 3 .0 0 -0 .0 1 1 2 -0 .0 0 3 7 0 .0114 0 .0 0 0 1 3
IPS 0 .2 5 -0 .0 1 6 8 -0 .0 1 6 8 0 .0000 0 .0000 1
IPS 0 .5 0 0 .0025 0 .0025 0 .0000 0 .0000 1
IPS 0 .7 5 0 .0032 0 .0 0 3 2 0 .0 0 0 0 0 .0 0 0 0 1

ER2T 0 .3000 0 .1884 0 .0209 0 .0272 0 .0007 9
IBETA 1 .0 0 0 .1075 0 .0358 0 .0121 0 .0 0 0 1 3

IPS 0 .2 5 0 .0455 0 .0 4 5 5 0 .0000 0 .0 0 0 0 1
IPS 0 .5 0 0 .0 3 9 7 0 .0397 0 .0000 0 .0 0 0 0 1
IPS 0 .7 5 0 .0 2 2 3 0 .0223 0 .0 0 0 0 0 .0 0 0 0 1

IBETA 2 .0 0 -0 .0 1 3 3 -0 .0 0 4 4 0 .0367 0 .0013 3
IPS 0 .2 5 0 .0257 0 .0257 0 .0 0 0 0 0 .0000 1
IPS 0 .5 0 -0 .0 4 5 3 -0 .0 4 5 3 0 .0 0 0 0 0 .0000 1
IPS 0 .7 5 0 .0064 0 .0064 0 .0000 0 .0 0 0 0 1

[cont’d] o>
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IBETA 3 .0 0 0 .0 9 4 2 0 .0314 0 .0034 0 .0 0 0 0
IPS 0 .2 5 0 .0 3 1 3 0 .0 3 1 3 0 .0000 0 .0 0 0 0
IPS 0 .5 0 0 .0 3 4 8 0 .0348 0 .0000 0 .0000
IPS 0 .7 5 0 .0 2 8 0 0 .0280 0 .0 0 0 0 0 .0 0 0 0

ER2T 0 .5 0 0 0 0 .7 6 8 9 0 .0854 0 .0400 0 .0 0 1 6
IBETA 1 .0 0 0 .3022 0 .1007 0 .0528 0 .0028

IPS 0 .2 5 0 .1 4 1 5 0 .1 4 1 5 0 .0 0 0 0 0 .0 0 0 0
IPS 0 .5 0 0 .1 1 9 6 0 .1196 0 .0000 0 .0 0 0 0
IPS 0 .7 5 0 .0412 0 .0 4 1 2 0 .0000 0 .0 0 0 0

IBETA 2 .0 0 0 .1986 0 .0 6 6 2 0 .0 4 6 0 0 .0021
IPS 0 .2 5 0 .1079 0 .1079 0 .0 0 0 0 0 .0000
IPS 0 .5 0 0 .0 7 4 0 0 .0 7 4 0 0 .0 0 0 0 0 .0 0 0 0
IPS 0 .7 5 0 .0168 0 .0168 0 .0000 0 .0 0 0 0

IBETA 3 .0 0 0 .2 6 8 0 0 .0 8 9 3 0 .0238 0 .0 0 0 6
IPS 0 .2 5 0 .1165 0 .1165 0 .0000 0 .0000
IPS 0 .5 0 0 .0724 0 .0724 0 .0000 0 .0000
IPS 0 .7 5 0 .0791 0 .0791 0 .0 0 0 0 0 .0 0 0 0

IDIST 4 .0 0 0 .7 2 8 9 0 .0 0 9 0 0 .0604 0 .0036
NSUBJ 5 0 .0 0 -0 .5 7 8 2 -0 .0 2 1 4 0 .0669 0 .0045

ER2T 0.1000 -0 .7 0 3 0 -0 .0 7 8 1 0 .0607 0 .0037
IBETA 1 .0 0 -0 .2 2 8 3 -0 .0 7 6 1 0 .0 7 3 3 0 .0054

IPS 0 .2 5 -0 .1 5 4 8 -0 .1 5 4 8 0 .0 0 0 0 0 .0 0 0 0
IPS 0 .5 0 -0 .0 6 3 7 -0 .0 6 3 7 0 .0 0 0 0 0 .0 0 0 0
IPS 0 .7 5 -0 .0 0 9 8 -0 .0 0 9 8 0 .0000 0 .0 0 0 0

IBETA 2 .0 0 -0 .2 4 8 2 -0 .0 8 2 7 0 .0754 0 .0057
IPS 0 .2 5 -0 .1 5 4 6 -0 .1 5 4 6 0 .0000 0 .0 0 0 0
IPS 0 .5 0 -0 .0 8 9 3 -0 .0 8 9 3 0 .0000 0 .0 0 0 0
IPS 0 .7 5 -0 .0 0 4 3 -0 .0 0 4 3 0 .0000 0 .0000

g
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IBETA 3 .0 0 -0 .2 2 6 5 -0 .0 7 5 5 0 .0 6 0 2 0 .0036 3
IPS 0 .2 5 -0 .1 3 0 7 -0 .1 3 0 7 0 .0000 0 .0000 1
IPS 0 .5 0 -0 .0 8 4 6 -0 .0 8 4 6 0 .0000 0 .0 0 0 0 1
IPS 0 .7 5 -0 .0 1 1 3 -0 .0 1 1 3 0 .0000 0 .0 0 0 0 1

ER2T 0 .3 0 0 0 -0 .2 3 3 7 -0 .0 2 6 0 0 .0 4 4 2 0 .0 0 2 0 9
IBETA 1 .0 0 -0 .0 6 6 3 -0 .0 2 2 1 0 .0539 0 .0029 3

IPS 0 .2 5 -0 .0 8 2 1 -0 .0 8 2 1 0 .0000 0 .0000 1
IPS 0 .5 0 -0 .0 0 6 4 -0 .0 0 6 4 0 .0000 0 .0 0 0 0 1
IPS 0 .7 5 0 .0 2 2 2 0 .0 2 2 2 0 .0 0 0 0 0 .0 0 0 0 1

IBETA 2 .0 0 -0 .1 0 0 9 -0 .0 3 3 6 0 .0466 0 .0 0 2 2 3
IPS 0 .2 5 -0 .0 8 5 0 -0 .0 8 5 0 0 .0 0 0 0 0 .0 0 0 0 1
IPS 0 .5 0 -0 .0 2 1 8 -0 .0 2 1 8 0 .0000 0 .0000 1
IPS 0 .7 5 0 .0 0 5 9 0 .0 0 5 9 0 .0000 0 .0 0 0 0 1

IBETA 3 .0 0 -0 .0 6 6 5 -0 .0 2 2 2 0 .0 5 1 0 0 .0 0 2 6 3
IPS 0 .2 5 -0 .0 7 3 2 -0 .0 7 3 2 0 .0000 0 .0 0 0 0 1
IPS 0 .5 0 -0 .0 2 2 2 -0 .0 2 2 2 0 .0000 0 .0000 1
IPS 0 .7 5 0 .0288 0 .0288 0 .0000 0 .0000 1

ER2T 0 .5 0 0 0 0 .3 5 8 6 0 .0 3 9 8 0 .0 3 2 2 0 .0010 9
IBETA 1 .0 0 0 .1579 0 .0526 0 .0356 0 .0 0 1 3 3

IPS 0 .2 5 0 .0115 0 .0115 0 .0 0 0 0 0 .0000 1
IPS 0 .5 0 0 .0722 0 .0722 0 .0000 0 .0000 1
IPS 0 .7 5 0 .0 7 4 1 0 .0741 0 .0 0 0 0 0 .0 0 0 0 1

IBETA 2 .0 0 0 .1 1 7 2 0 .0391 0 .0375 0 .0014 3
IPS 0 .2 5 0 .0157 0 .0157 0 .0000 0 .0000 1
IPS 0 .5 0 0 .0 8 2 4 0 .0824 0 .0000 0 .0 0 0 0 1
IPS 0 .7 5 0 .0 1 9 2 0 .0 1 9 2 0 .0000 0 .0000 1

[cont'd]
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IBETA 3 .0 0 0 .0 8 3 5 0 .0278 0 .0320 0 .0 0 1 0 3
IPS 0 .2 5 0 .0006 0 .0006 0 .0000 0 .0 0 0 0 1
IPS 0 .5 0 0 .0 1 9 9 0 .0199 0 .0 0 0 0 0 .0000 1
IPS 0 .7 5 0 .0 6 3 0 0 .0 6 3 0 0 .0 0 0 0 0 .0 0 0 0 1

NSUBJ 10 0 .0 0 0 .4 4 1 7 0 .0 1 6 4 0 .0505 0 .0 0 2 6 27
ER2T 0 .1 0 0 0 -0 .2 6 8 8 -0 .0 2 9 9 0 .0 3 2 7 0 .0 0 1 1 9

IBETA 1 .0 0 -0 .0 8 8 4 -0 .0 2 9 5 0 .0 3 4 5 0 .0 0 1 2 3
IPS 0 .2 5 -0 .0 6 6 7 -0 .0 6 6 7 0 .0 0 0 0 0 .0000 1
IPS 0 .5 0 -0 .0 2 3 1 -0 .0 2 3 1 0 .0 0 0 0 0 .0 0 0 0 1
IPS 0 .7 5 0 .0014 0 .0 0 1 4 0 .0000 0 .0 0 0 0 1

IBETA 2 .0 0 -0 .1 4 0 3 -0 .0 4 6 8 0 .0 4 1 2 0 .0017 3
IPS 0 .2 5 -0 .0 5 6 8 -0 .0 5 6 8 0 .0000 0 .0 0 0 0 1
IPS 0 .5 0 -0 .0 8 2 1 -0 .0 8 2 1 0 .0 0 0 0 0 .0000 1
IPS 0 .7 5 -0 .0 0 1 5 -0 .0 0 1 5 0 .0 0 0 0 0 .0 0 0 0 1

IBETA 3 .0 0 -0 .0 4 0 1 -0 .0 1 3 4 0 .0232 0 .0005 3
IPS 0 .2 5 -0 .0 4 0 0 -0 .0 4 0 0 0 .0000 0 .0 0 0 0 1
IPS 0 .5 0 -0 .0 0 2 6 -0 .0 0 2 6 0 .0 0 0 0 0 .0 0 0 0 1
IPS 0 .7 5 0.0Q25 0 .0 0 2 5 0 .0000 0 .0 0 0 0 1

ER2T 0 .3 0 0 0 0 .0 8 9 0 0 .0 0 9 9 0 .0 2 7 3 0 .0 0 0 7 9
IBETA 1 .0 0 0 .0 4 8 1 0 .0 1 6 0 0 .0274 0 .0008 3

IPS 0 .2 5 -0 .0 1 4 7 -0 .0 1 4 7 0 .0 0 0 0 0 .0 0 0 0 1
IPS 0 .5 0 0 .0379 0 .0379 0 .0000 0 .0000 1
IPS 0 .7 5 0 .0250 0 .0 2 5 0 0 .0000 0 .0 0 0 0 1

IBETA 2 .0 0 0 .0 1 9 3 0 .0064 0 .0109 0 .0001 3
IPS 0 .2 5 -0 .0 0 3 8 -0 .0 0 3 8 0 .0000 0 .0 0 0 0 1
IPS 0 .5 0 0 .0179 0 .0179 0 .0000 0 .0000 1
IPS 0 .7 5 0 .0051 0 .0 0 5 1 0 .0 0 0 0 0 .0 0 0 0 1

[ c o n t 'd ]  o
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IBETA 3 .0 0 0 .0216 0 .0 0 7 2 0 .0450 0 .0020 3
IPS 0 .2 5 -0 .0 4 4 0 -0 .0 4 4 0 0 .0000 0 .0 0 0 0 1
IPS 0 .5 0 0 .0 2 5 5 0 .0 2 5 5 0 .0000 0 .0000 1
IPS 0 .7 5 0 .0401 0 .0 4 0 1 0 .0000 0 .0 0 0 0 1

ER2T 0 .5 0 0 0 0 .6214 0 .0 6 9 0 0 .0301 0 .0009 9
IBETA 1 .0 0 0 .2659 0 .0 8 8 6 0 .0 2 2 3 0 .0 0 0 5 3

IPS 0 .2 5 0 .0776 0 .0776 0 .0 0 0 0 0 .0 0 0 0 1
IPS 0 .5 0 0 .1 1 4 3 0 .1 1 4 3 0 .0000 0 .0000 1
IPS 0 .7 5 0 .0 7 4 0 0 .0 7 4 0 0 .0 0 0 0 0 .0 0 0 0 1

IBETA 2 .0 0 0 .1 9 1 2 0 .0 6 3 7 0 .0430 0 .0 0 1 9 3
IPS 0 .2 5 0 .0736 0 .0736 0 .0000 0 .0 0 0 0 1
IPS 0 .5 0 0 .1010 0 .1010 0 .0000 0 .0 0 0 0 1
IPS 0 .7 5 0 .0166 0 .0166 0 .0000 0 .0 0 0 0 1

IBETA 3 .0 0 0 .1 6 4 3 0 .0548 0 .0187 0 .0003 3
IPS 0 .2 5 0 .0336 0 .0336 0 .0000 0 .0 0 0 0 1
IPS 0 .5 0 0 .0 6 1 9 0 .0 6 1 9 0 .0000 0 .0 0 0 0 1
IPS 0 .7 5 0 .0688 0 .0 6 8 8 0 .0000 0 .0000 1

NSUBJ 250 .00 0 .8654 0 .0 3 2 1 0 .0 5 1 3 0 .0026 27
ER2T 0.1 0 0 0 -0 .1 5 0 0 -0 .0 1 6 7 0 .0306 0 .0009 9

IBETA 1 .0 0 -0 .0 1 9 2 -0 .0 0 6 4 0 .0076 0 .0001 3
IPS 0 .2 5 -0 .0 0 8 8 -0 .0 0 8 8 0 .0000 0 .0000 1
IPS 0 .5 0 -0 .0 1 2 5 -0 .0 1 2 5 0 .0 0 0 0 0 .0 0 0 0 1
IPS 0 .7 5 0 .0021 0 .0 0 2 1 0 .0000 0 .0000 1

IBETA 2 .0 0 -0 .1 0 1 2 -0 .0 3 3 7 0 .0 4 9 2 0 .0 0 2 4 3
IPS 0 .2 5 -0 .0 1 1 7 -0 .0 1 1 7 0 .0000 0 .0 0 0 0 1
IPS 0 .5 0 -0 .0 9 0 1 -0 .0 9 0 1 0 .0000 0 .0 0 0 0 1
IPS 0 .7 5 0 .0 0 0 6 0 .0006 0 .0000 0 .0 0 0 0 1

[cont'd]
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IBETA 3 .0 0 -0 .0 2 9 6 -0 .0 0 9 9 0 .0 2 4 5 0 .0006 3
IPS 0 .2 5 -0 .0 3 8 1 -0 .0 3 8 1 0 .0 0 0 0 0 .0000 1
IPS 0 .5 0 0 .0 0 4 2 0 .0 0 4 2 0 .0 0 0 0 0 .0 0 0 0 1
IPS 0 .7 5 0 .0 0 4 3 0 .0 0 4 3 0 .0000 0 .0000 1

ER2T 0 .3000 0 .2 4 8 5 0 .0276 0 .0108 0 .0 0 0 1 9
IBETA 1 .0 0 0 .0 9 2 5 0 .0 3 0 8 0 .0137 0 .0 0 0 2 3

IPS 0 .2 5 0 .0 3 9 4 0 .0 3 9 4 0 .0 0 0 0 0 .0 0 0 0 1
IPS 0 .5 0 0 .0 3 8 0 0 .0 3 8 0 0 .0 0 0 0 0 .0 0 0 0 1
IPS 0 .7 5 0 .0150 0 .0 1 5 0 0 .0000 0 .0000 1

IBETA 2 .0 0 0 .0 5 8 4 0 .0 1 9 5 0 .0099 0 .0 0 0 1 3
IPS 0 .2 5 0 .0294 0 .0294 0 .0000 0 .0 0 0 0 1
IPS 0 .5 0 0 .0 1 9 4 0 .0194 0 .0000 0 .0000 1
IPS 0 .7 5 0 .0096 0 .0096 0 .0000 0 .0000 1

IBETA 3 .0 0 0 .0977 0 .0326 0 .0054 0 .0000 3
IPS 0 .2 5 0 .0386 0 .0386 0 .0000 0 .0 0 0 0 1
IPS 0 .5 0 0 .0 2 8 3 0 .0 2 8 3 0 .0 0 0 0 0 .0 0 0 0 1
IPS 0 .7 5 0 .0 3 0 7 0 .0 3 0 7 0 .0000 0 .0000 1

ER2T 0 .5 0 0 0 0 .7669 0 .0 8 5 2 0 .0406 0 .0 0 1 6 9
IBETA 1 .0 0 0 .2 9 5 2 0 .0984 0 .0442 0 .0020 3

IPS 0 .2 5 0 .1336 0 .1336 0 .0000 0 .0 0 0 0 1
IPS 0 .5 0 0 .1128 0 .1 1 2 8 0 .0000 0 .0000 1
IPS 0 .7 5 0 .0488 0 .0488 0 .0 0 0 0 0 .0000 1

IBETA 2 .0 0 0 .2011 0 .0 6 7 0 0 .0 4 8 7 0 .0024 3
IPS 0 .2 5 0 .0833 0 .0 8 3 3 0 .0000 0 .0 0 0 0 1
IPS 0 .5 0 0 .1056 0 .1056 0 .0000 0 .0 0 0 0 1
IPS 0 .7 5 0 .0 1 2 3 0 .0 1 2 3 0 .0 0 0 0 0 .0 0 0 0 1

[cont'd]
~v4
NJ



a b c d e f g

IBETA 3 .0 0 0 .2 7 0 5 0 .0 9 0 2 0 .0 3 8 2 0 .0015 3
IPS 0 .2 5 0 .1335 0 .1 3 3 5 0 .0000 0 .0000 1
IPS 0 .5 0 0 .0 6 1 3 0 .0 6 1 3 0 .0 0 0 0 0 .0 0 0 0 1
IPS 0 .7 5 0 .0 7 5 7 0 .0 7 5 7 0 .0000 0 .0 0 0 0 1

T o ta l  c a s e s  = 324

u>



A ppendix B

COMPARISONS OF SELECTED AND CORRECTED COEFFICIENTS 
IN TERMS OF B IA S(r£ys ) , B IA S(r£yc ) , AND 

VAR(rxys ) -  VAR(rJyc ) THAT CORRESPOND 
WITH THE FUNCTIONS INVESTIGATED 

IN TABLES 8-12



Table 14
Selected Coefficients in Terms of Bias as a
Function of the Distribution of x Scores,

the Sample Size, and the Proportion Selected^

D i s t r i b u t io n  
o f  x  s c o r e s

P r o p o r t io n  s e l e c te d

.25 .50 .75

Number o f 
s u b je c t s

Number o f  
s u b je c ts

Number o f 
s u b je c ts

50 100 250 50 100 250 50 100 250

Normal - .1 6 6 9 - .1 7 2 1 - .1 8 9 0 -.0 1 4 8 - .0 2 7 2 -.0 5 1 8 -.0 8 8 6 -.0 9 1 3 -.1 0 0 6

U niform - .1 9 3 7 - .2 1 6 3 - .2 4 5 1 .1010 .1357 .1100 - .0 9 3 2 -.0 7 9 5 - .0 8 6 3

R igh t-skew ed - .1 8 0 4 -.2 1 6 2 - .2 3 6 0 - .1 3 3 2 -.1 6 8 5 -.1 7 5 9 - .1 0 8 0 -.1 2 8 8 -.1 3 9 0

L e ft-sk e w ed -.1 8 9 3 - .2 1 3 7 -.2 2 2 4 - .1 9 0 5 - .2 1 3 5 - .2 1 7 1 - .1 4 8 1 -.1 4 8 9 -.1 3 6 4

aValues presented are averaged over 9 different conditions.



Table 15

D is t r i b u t io n  
o f  x  s c o r e s

Normal 

U niform  

R ig h t-sk ew ed  

L ef t-sk ew ed

Corrected Coefficients in Terms of Bias as a Function
of the Distribution of x Scores, the Sample Size,

and the Proportion Selected3

P r o p o r t io n  s e le c te d

.25  .50  .75

Number o f  Number o f  Number o f
s u b je c ts  s u b je c ts  s u b je c ts

50 100 250 50 100 250 50 100 250

- .0 3 8 3 .0048 .0012 .1821 .1723 .1628 .0035 -.0 0 0 7 .0013

.0147 .0276 .0194 .3601 .3951 .3758 .0017 .0053 .0015

- .0 6 2 1 - .0 2 3 3 - .0 1 4 1 .0226 .0168 .0264 - .0 1 0 4 -.0 1 1 2 - .0 1 0 7

- .0 0 2 9 - .0 1 6 9 - .0 0 8 0 - .0 2 4 8 - .0 5 3 7 - .0 6 7 0 - .0 0 7 4 -.0 0 8 4 -.0 0 7 9

aValues presented are averaged over 9 different conditions.



Table 16

D i s t r i b u t io n  
o f  x  s c o r e s

Normal

U niform

R ig h t-sk ew ed

L eft-sk ew ed

A Com parison o f  S e le c te d  and C o rre c te d  C o e f f i c i e n t s  in  Terms o f 
VAR(rxys ) -  VAR(r£yc ) a s  a  F u n c tio n  o f  th e  D i s t r i b u t i o n  o f  x 

S c o re s ,  th e  Sample S iz e ,  and th e  P r o p o r t io n  S e le c te d 3

P ro p o r t io n  s e le c te d  

.25  .50  .75

Number o f Number o f  Number o f
s u b je c ts  s u b je c t s  s u b je c ts

50 100 250 50 100 250 50 100

- .0 9 9 1 - .0 3 1 0 - .0 0 4 1 - .0 0 5 3 - .0 0 0 6 -.0 0 0 1 - .0 0 1 3 - .0 0 0 2

- .1 0 8 2 - .0 9 5 0 - .0 3 6 6 - .0 0 8 7 -.0 0 0 8 - .0 0 0 1 - .0 0 1 3 -.0 0 0 1

- .1 2 5 7 - .0 6 4 3 - .0 1 4 9 -.0 1 4 8 -.0 0 3 7 - .0 0 0 4 - .0 0 2 1 - .0 0 0 3

- .1 1 4 3 -.0 6 1 1 -.0 1 1 9 -.0 3 9 3 - .0 0 7 3 -.0 0 0 7 -.0 0 5 8 - .0 0 0 6

250

-.0000

aValues presented are averaged over 9 different conditions.
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Table 17
S e le c te d  C o e f f i c i e n t s  in  Terms o f B ia s  a s  a  F u n c tio n  o f th e  

D i s t r i b u t i o n  o f  x S c o re s  and  th e  Form o f  th e  R e g re s s io n a

D i s t r i b u t i o n  o f  x  s c o re s
Form o f th e  r e g r e s s io n

L in e a r Convex Concave

Normal
U niform
R ig h t-sk ew ed
L e ft-sk e w ed

- .1 0 0 2
- .0 6 1 0
- .1 6 8 8
- .1 9 0 1

- .0 3 5 5
.0401

- .1 0 4 6
- .1 3 8 6

- .1 6 5 0
- .1 6 8 2
-.2 2 1 9
- .2 3 1 2

aV a lu es  p r e s e n te d  a r e  av e rag e d  o v e r  27 d i f f e r e n t c o n d i t io n s .

T ab le  18

C o rre c te d  C o e f f i c i e n t s  in  Terms of 
D i s t r i b u t i o n  o f x  S co re s  and  th e

B ia s  a s  a  F u n c tio n  o f 
Form o f th e  R e g re s s io n

th e
a

D i s t r i b u t i o n  o f  x  s c o re s
Form o f th e  r e g r e s s io n

L in e a r Convex Concave

Normal 
U niform  
R ig h t-sk ew ed  
L ef t-sk ew ed

.0585

.1523

.0044
- .0 2 1 2

.1715

.2782

.1028

.0634

- .0 6 7 0
- .0 3 0 2
- .1 2 9 1
-.1 0 7 9

aV a lu es  p r e s e n te d  a r e  a v e rag e d  o v e r 27 d i f f e r e n t c o n d i t i o n s .

T a b le  19

A C om parison o f  S e le c te d  and C o rre c te d  C o e f f i c i e n t s  in  Terms 
o f VAR(rxys ) -V A R (rxyc ) a s  a  F u n c tio n  o f th e  D i s t r i b u t i o n  o f 

x  S c o re s  and  th e  Form o f th e  R e g re s s io n 3

D i s t r i b u t i o n  o f  x  s c o r e s
Form of th e  r e g r e s s io n

L in e a r Convex Concave

Normal - .0 1 7 6  - .0 1 5 2  - .0 1 4 4
U niform  - .0 2 5 5  - .0 2 1 4  - .0 3 6 7
R ig h t-sk ew ed  - .0 2 6 4  - .0 1 7 2  - .0 3 1 8
L e ft-sk e w e d  - .0 2 7 0  - .0 2 0 2  - .0 3 3 2

aValues presented are averaged over 27 different conditions.



Table 20
>

Selected Coefficients In Terms of Bias as a Function of the
Distribution of x  Scores, the Form of the Regression, and

the Strength of the Relationship [E (rx y t ) ] a

D i s t r i b u t io n  
o f x  s c o r e s

S tr e n g th  o f th e  R e la t io n s h ip

.1 .3 .5

Form o f th e  
r e g r e s s io n

Form o f  th e  
r e g r e s s io n

Form o f  th e  
r e g r e s s io n

L in e a r Convex Concave L in e a r  Convex Concave L in e a r Convex Concave

Normal .0265 .0686 - .0 1 3 4 - .1 1 1 5  - .0 3 9 5  - .1 5 8 6 - .2 1 5 7 - .1 3 5 7  - .3 2 3 1

U niform .0734 .1791 - .0 0 4 6 -.0 5 3 8  .0319 - .1 7 5 5 - .2 0 2 7 - .0 9 0 8  - .3 2 2 5

R igh t-skew ed - .0 1 1 9 .0342 - .0 5 1 8 - .1 7 0 5  - .1 0 7 0  - .2 3 5 0 - .3 1 6 1 - .2 4 1 1  - .3 7 8 7

L e ft-sk e w ed - .0 3 4 5 -.0 0 8 4  - .0 5 9 9 - .1 8 9 5  - .1 3 6 1  - .2 4 1 8 -.3 4 6 4 - .2 7 1 3  - .3 9 2 1

aValues presented are averaged over 9 different conditions.



Table 21
Corrected Coefficients in Terms of Bias as a Function of the
Distribution of x Scores, the Form of the Regression, and

the Strength of the Relationship [E(r£yt)]

S tre n g th  o f th e  r e l a t i o n s h i p

D i s t r i b u t io n  
o f  x  s c o r e s

.1 .3 .5

Form o f th e  
r e g r e s s io n

Form o f  th e  
r e g r e s s io n

Form o f th e  
r e g r e s s io n

L in e a r Convex Concave L in e a r Convex Concave L in e a r Convex Concave

Normal .1478 .2156 .0680 .0485 .1736 - .0 7 6 6 - .0 2 0 8 .1252 - .1 9 2 4

U niform .2536 .3035 .1115 .1281 .2863 - .0 2 9 9 ' .0753 .2447 - .1 7 2 0

R ig h t-sk ew ed .0983 .1748 .0089 - .0 0 0 8 .0968 - .1 3 8 6 -.0 8 4 4 .0368 - .2 5 7 7

L ef t-sk ew ed .0673 .1351 .0368 - .0 2 2 7 .0647 -.1 2 6 1 -.1 0 8 1 -.0 0 9 6 - .2 3 4 5

aValues presented are averaged over 9 different conditions.



Table 22
A Com parison o f  S e le c te d  and C o rre c te d  C o e f f i c i e n t s  in  Terms 

o f  VAR(rxys ) -  VAR(rxyc ) a s  a  F u n c tio n  o f  th e  D i s t r i b u t io n  
o f  x  S c o re s , th e  Form o f th e  R e g re s s io n , and th e  

S tr e n g th  o f  th e  R e la t io n s h ip  [E (rx y t ) ]

D i s t r i b u t io n  
o f  x  s c o r e s

S tr e n g th  o f th e  r e l a t i o n s h i p

.1 .3 .5

Form o f  th e  
r e g re s s io n

Form o f th e  
r e g re s s io n

Form o f  th e  
r e g r e s s io n

L in e a r Convex Concave L in e a r Convex Concave L in e a r Convex Concave

Normal - .0 2 6 5 - .0 2 0 9  - .0 2 3 9 - .0 1 6 9 - .0 1 2 9  - .0 1 0 8 - .0 0 9 4 - .0 1 2 0 - .0 0 8 5

U niform - .0 3 7 8 - .0 2 9 6  - .0 3 7 5 - .0 2 8 4 - .0 2 4 2  - .0 3 5 4 -.0 1 0 4 - .0 1 0 4 -.0 3 7 2

R ig h t-skew ed - .0 3 1 4 - .0 2 0 5  - .0 2 9 9 -.0 2 3 7 - .0 1 8 4  - .0 3 6 1 - .0 2 4 3 - .0 1 2 7 - .0 2 9 3

L e ft-sk e w ed - .0 3 1 1 - .0 2 5 9  - .0 2 9 3 - .0 2 7 4 - .0 1 7 0  - .0 3 5 4 - .0 2 2 3 - .0 1 7 7 -.0 3 4 8

aValues presented are averaged over 9 different conditions.



Table 23
Selected Coefficients in Terms of Bias as a Function
of the Distribution of x Scores, the Form of the

Regression, and the Number of Subjects3

Number o f  s u b je c t s

.1 .3 ,5

D i s t r i b u t io n  
o f x  s c o r e s

Form o f th e  
r e g re s s io n

Form o f th e  
r e g r e s s io n

Form o f th e  
r e g r e s s io n

L in e a r Convex Concave L in e a r Convex Concave L in e a r Convex Concave

Normal - .0 8 3 5 -.0 4 5 5  - .1 4 1 3 - .1 1 0 2 - .0 0 2 5  - .1 5 8 0 - .1 0 6 9 - .0 3 8 7  - .1958

U niform -.0 6 2 5 .0451 - .1 6 8 5 - .0 5 3 3 .0424 - .1 4 9 3 - .0 6 7 2 .0326 - .1868

R ig h t-skew ed - .1 4 4 4 - .0 7 5 9  - .2 0 1 3 - .1 7 6 8 - .1 1 3 5  - .2 2 3 1 -.1 8 5 2 -.1 2 4 5  - .2412

L e ft-sk e w ed -.1 8 0 7 - .1 2 9 8  - .2 1 7 3 - .2 0 0 3 - .1 4 2 1  - .2 3 3 7 - .1 8 9 3 - .1 4 3 9  - .2427

aValues presented are averaged over 9 different conditions.



Table 24
Corrected Coefficients in Terms of Bias as a Function of
the Distribution of x Scores, the Form of the Regression,

and the Number of Subjects3

D i s t r i b u t i o n  
of x  s c o r e s

Number o f  s u b je c t s

50 100 250

Form o f th e  
r e g r e s s io n

Form o f  th e  
r e g r e s s io n

Form o f  th e  
r e g r e s s io n

L in e a r Convex Concave L in e a r Convex Concave L in e a r  Convex Concave

Normal .0467 .1587 -.0 5 8 2 .0628 .1716 - .0 5 8 0 .0660 .1841 - .0 8 4 9

U niform .1563 .2672 - .0 4 7 0 .1479 .2818 - .0 0 1 8 .1528 .2855 - .0 4 1 7

R ig h t-sk ew ed - .0 1 1 2 .0884 - .1 2 7 2 .0130 .0944 - .1 2 5 1 .0112 .1255 - .1 3 5 1

L ef t-sk ew ed -.0 1 7 9 .0548 - .0 7 1 9 -.0 1 9 6 .0620 - .1 2 1 3 -.0 2 6 0  .0735 - .1 3 0 5

aValues presented are averaged over 9 different conditions.



Table 25
A Com parison o f  S e le c te d  and C o rre c te d  C o e f f i c i e n t s  in  Terms o f  

VAR(r^ys ) -V A R (r£yc ) a s  a  F u n c tio n  o f th e  D i s t r i b u t i o n  o f  x  S c o re s , 
th e  Form o f th e  R e g re s s io n , and th e  Number o f  S u b je c ts 3

Number o f s u b je c t s

50 100 250

D i s t r i b u t io n  
o f x  s c o r e s

Form o f  th e  
r e g r e s s io n

Form o f th e  
r e g r e s s io n

Form o f  th e  
r e g r e s s io n

L in e a r Convex Concave L in e a r Convex Concave ' L in e a r Convex Concave

Normal - .0 3 6 5 -.0 3 5 5  - .0 3 3 7 - .0 1 5 1 - .0 0 9 1  - .0 0 7 6 - .0 0 1 3 - .0 0 1 2  - .0 0 1 7

U niform -.0 3 1 7 - .0 3 0 8  - .0 5 5 6 - .0 3 2 1 - .0 2 5 1  - .0 3 8 8 -.0 1 2 9 - .0 0 8 2  - .0 1 5 7

R ig h t-skew ed -.0 4 8 2 - .0 3 4 9  - .0 5 9 4 - .0 2 7 3 -.0 1 2 6  - .0 2 8 4 - .0 0 3 8 - .0 0 4 0  - .0 0 7 5

L ef t-sk ew ed -.0 5 3 6 - .0 4 5 2  - .0 6 0 7 - .0 2 5 0 - .0 1 3 5  - .0 3 0 5 - .0 0 2 3 - .0 0 1 9  - .0 0 8 4

aValues presented are averaged over 9 different conditions.
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Table 26
S e le c te d  C o e f f i c i e n t s  In  Terms of B ia s  a s  a  F u n c tio n  o f 

th e  S tr e n g th  o f th e  R e la t io n s h ip  [ E ( r x y t ) ]  and th e  
P r o p o r t io n  S e le c te d 3

E(r̂
P r o p o r t io n  s e le c te d

.25 .50 .75

.1 - .0 4 2 7 .1300 -.0 3 9 9

.3 - .2 0 6 8 - .0 6 8 6 -.1 2 1 8

.5 - .3 6 0 8 -'.2728 - .1 7 5 5

aV alues p re s e n te d  a r e  a v e ra g e d  o v e r  36 d i f f e r e n t  c o n d i t io n s .

T a b le  27

C o rre c te d  C o e f f i c i e n t s  In  Terms o f B ia s  a s  a  F u n c tio n  o f 
th e  S tr e n g th  o f th e  R e la t io n s h ip  [E (r£ y t ) ] and th e  

P r o p o r t io n  S e le c te d 3

E ( r 2 ) xy t '

P r o p o r t io n  s e l e c te d

.25 .50 .75

.1 .0644 .3310 .0099

.3 - .0 2 0 7 .1296 -.0 0 8 0

.5 - .0 6 8 2 - .0 6 8 5 - .0 1 2 7

aV alu es  p r e s e n te d  a r e  a v e ra g e d  o v e r  36 d i f f e r e n t  c o n d i t io n s .

T ab le  28

A Com parison o f S e le c te d  and  C o rre c te d  C o e f f i c i e n t s  in  Terms 
o f  VAR(rxys ) -  VAR'Crxyp) a s  a  F u n c tio n  o f  th e  S tr e n g th  o f  th e  

R e la t io n s h ip  [E (rx y t ) ]  and th e  P r o p o r t io n  S e le c te d a

W n

ft

P r o p o r t io n  s e le c te d

.25 .50 .75

.1 - .0 0 7 3 - .0 0 7 0 - .0 0 1 7

.3 - .0 6 3 8 - .0 0 7 0 - .0 0 0 9

.5 - .0 5 0 4 - .0 0 6 4 -.0 0 0 4

3Values presented are averaged over 36 different conditions.



A ppendix C

A PRESENTATION OF THE RESULTS QF 
A FIVE-FACTOR FACTORIAL ANOVAT

'ID IST  = th e  d i s t r i b u t i o n  o f  x s c o r e s
1 = n o rm al d i s t r i b u t i o n
2 = u n ifo rm  d i s t r i b u t i o n
3 ■ r ig h t- s k e w e d  d i s t r i b u t i o n
4 ** le f t - s k e w e d  d i s t r i b u t i o n  

NSUBJ ■ th e  number o f  s u b je c t s
ER2T ■ th e  e x p e c te d  v a lu e  o f th e  sq u a re d

c o r r e l a t i o n  in  t h e  t o t a l  group  (E (r^  )
IBETA =* th e  r e g r e s s io n  c u rv e

1 » l i n e a r  r e g r e s s io n
2 = convex r e g r e s s io n
3 = concave  r e g r e s s io n

IPS ® th e  p r o p o r t io n  s e l e c t e d
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S ource  o f v a r i a t i o n SS d f MS

M ain e f f e c t s 1 .1 3 2 11 0 .1 0 3
IDIST 0 .1 8 7 3 0 .062
NSUBJ 0 .1 0 0 2 0 .0 5 0
ER2T 0 .6 0 6 2 0 .3 0 3
IBETA 0 .0 8 3 2 0 .0 4 2
IPS 0 .1 5 6 2 0 .078

2-way i n t e r a c t i o n s 0 .6 1 8 48 0 .013
IDIST x  NSUBJ 0 .0 1 4 6 0 .002
IDIST x  ER2T 0 .0 0 3 6 0 .001
ID ISTx IBETA 0 .0 3 6 6 0 .006
ID ISTx IPS 0 .1 6 8 6 0 .028
NSUBJ x  ER2T 0 .0 0 1 4 0 .000
NSUBJx IBETA 0 .0 0 8 4 0 .0 0 2
NSUBJx IPS 0 .1 1 7 4 0 .029
ER2Tx IBETA 0 .0 1 8 4 0 .004
ER2T x  IPS 0 .1 6 1 4 0 .0 4 0
IBETAx IPS 0 .0 9 1 4 0 .0 2 3

3-way i n t e r a c t i o n s 0 .1 8 7 104 0 .0 0 2
IDIST x  NSUBJ x  ER2T 0 .0 0 6 12 0 .000
IDIST x  NSUBJ x  IBETA 0 .0 0 2 12 0 .0 0 0
IDIST x  NSUBJ x  IPS 0 .0 0 9 12 0 .0 0 1
IDIST x  ER2TX IBETA 0 .0 2 3 12 0 .0 0 2
IDIST x ER2Tx IPS 0 .0 1 3 12 0 .008
IDIST x IBETAx  IPS 0 .0 9 7 12 0 .0 0 0
NSUBJ x  ER2TX IBETA 0 .0 0 2 8 0 .000
NSUBJ x  ER2Tx IPS 0 .0 0 3 8 0 .000
NSUBJ x  IBETA x  IPS 0 .0 0 5 8 0 .001
ER2Tx IBETA x IPS 0 .0 2 6 8 0 .0 0 3

4-way i n t e r a c t i o n s 0 .0 6 2 112 0 .0 0 1
IDIST x  NSUBJ x  ER2T x IBETA 0 .0 0 8 24 0 .0 0 0
IDIST x  NSUBJ x  ER2TX IPS 0 .0 0 5 24 0 .0 0 0
IDIST x  NSUBJ x  IBETA x IPS 0 .0 0 9 24 0 .0 0 0
IDIST x  ER2TX IBETA x IP S 0 .0 3 0 24 0 .0 0 1
NSUBJ x  ER2TX IBETAx IP S 0 .0 1 1 16 0 .001

5-way i n t e r a c t i o n s 0 .0 1 6 48 0 .0 0 0
IDIST x  NSUBJ x  ER2T x IBETA x  IPS 0 .0 1 6 48 0 .0 0 0

E x p la in e d 2 .0 1 5 323 0 .006

R e s id u a l 0 .0 0 0 0 0 .000

T o ta l 2 .015 323 0 .006



REFERENCES

B im baum , Z.W ., P a u ls o n , E . , & A ndrew s, F .C . (1 9 5 0 ) . On th e  e f f e c t  
o f  s e l e c t i o n  p e rfo rm e d  on some c o o r d in a te s  o f  th e  m u lti-d im e n - 
s i o n a l  p o p u la t io n .  P s y c h o m e tr ik a , 1 5 , 1 9 1 -2 0 4 .

Bobko, P . ,  & R ie c k , A. (1 9 8 0 ) . L a rg e  sam ple e s t im a to r s  f o r  s ta n d a rd  
e r r o r s  of f u n c t io n s  o f  c o r r e l a t i o n  c o e f f i c i e n t s .  A p p lied  
P s y c h o lo g ic a l  M easu rem en t, 4^ 3 8 5 -3 9 8 .

B rew er, J .K . ,  & H i l l s ,  J .R .  (1 9 6 9 ) . U n iv a r ia te  s e l e c t i o n :  The 
e f f e c t s  o f s i z e  o f  c o r r e l a t i o n ,  d e g re e  o f skew , and d eg ree  
o f r e s t r i c t i o n .  P s y c h o m e tr ik a , 3 4 , 3 4 7 -3 6 1 .

B u lg re n , W.G. (1 9 7 1 ) . On r e p r e s e n t a t i o n s  of th e  doubly  n o n c e n tr a l
F d i s t r i b u t i o n .  J o u r n a l  o f  th e  A m erican S t a t i s t i c a l  A s s o c ia t io n ,  
6 6 , 1 8 4 -186 .

Cohen, A .C . (1 9 5 5 ) . R e s t r i c t i o n  an d  s e l e c t i o n  in  sam ples from  
b i v a r i a t e  n o rm a l d i s t r i b u t i o n s .  J o u rn a l  o f  th e  Am erican 
S t a t i s t i c a l  A s s o c i a t i o n , 5 0 , 8 8 4 -8 9 3 .

F o r s y th , R .A. (1 9 7 1 ) . An e m p i r ic a l  n o te  oh c o r r e l a t i o n  c o e f f i c i e n t s  
c o r r e c te d  f o r  r e s t r i c t i o n  on r a n g e .  E d u c a tio n a l  and Psycho­
l o g i c a l  M easu rem en t, 3 1 , 1 1 5 -1 2 3 .

G r a y b i l l ,  F .A . (1 9 6 1 ) . An in t r o d u c t io n  t o  l i n e a r  s t a t i s t i c a l  m o d e ls , 
Volume I . New Y o rk : M cG raw -H ill.

G re e n e r , J .M ., & O sb u m , H.G. (1 9 7 9 ) . An e m p ir ic a l  s tu d y  o f  the
a c c u ra c y  o f c o r r e c t i o n s  f o r  r e s t r i c t i o n  in  ra n g e  due to  e x p l i c i t  
s e l e c t i o n .  A p p lie d  P s y c h o lo g ic a l  M easurem ent, 3_, 3 1 -4 1 .

G re en e r, J .M ., & O sb u m , H .G. (1 9 8 0 ) . A ccuracy  o f c o r r e c t io n s  f o r
r e s t r i c t i o n  i n  ra n g e  due to  e x p l i c i t  s e l e c t i o n  in  h e te r o s c e d a s t ic  
and n o n l in e a r  d i s t r i b u t i o n s .  E d u c a tio n a l  an d  P s y c h o lo g ic a l 
M easurem ent, 4 0 , 3 3 7 -3 4 5 .

G ro ss, A .L . (1 9 8 2 ) . R e la x in g  th e  a ssu m p tio n s  u n d e r ly in g  c o r r e c t io n s  
f o r  r e s t r i c t i o n  o f  r a n g e .  E d u c a tio n a l  and P s y c h o lo g ic a l  M easure­
m ent , 4 2 , 7 9 5 -8 0 1 .

G ro ss, A .L . ,  & F le is c h m a n , L . (1 9 8 3 ) . R e s t r i c t i o n  o f  ran g e  c o r re c ­
t i o n s  when b o th  d i s t r i b u t i o n s  and  s e l e c t i o n  a ssu m p tio n s  a re  
v i o l a t e d .  A p p lie d  P s y c h o lo g ic a l  M easurem ent, 2_, 227-237 .



89

G ro s s , A .L . ,  & K agen, E . (1 9 8 3 ) . N ot c o r r e c t in g  f o r  r e s t r i c t i o n  o f
ran g e  can b e  a d v a n ta g e o u s . E d u c a tio n a l  and  P s y c h o lo g ic a l  M easure­
m en t, 4 3 , 3 8 9 -3 9 6 .

G ro s s , A .L . ,  & P e r r y ,  P .  (1 9 8 3 ) . V a l id a t in g  a  s e l e c t i o n  t e s t ,  a 
p r e d i c t i v e  p r o b a b i l i t y  a p p ro a c h . P sy c h o m e tr ik a , 4 8 , 1 1 5 -1 2 7 .

G u ll ic k s o n , A .,  & H o p k in s , K. (1 9 7 6 ) . I n t e r v a l  e s t im a t io n  o f ....
c o r r e l a t i o n  c o e f f i c i e n t s  c o r r e c t e d 'f o r  r e s t r i c t i o n  o f r a n g e .  
E d u c a tio n a l and P s y c h o lo g ic a l  M easurem ent, 3 6 , 9 -2 5 .

IBM T e c h n ic a l P u b l i c a t i o n s  D e p a r tm e n t. (1 9 6 8 ) . IBM s c i e n t i f i c  
p a c k a g e , 4 th  e d . W hite  P l a n s ,  NY: IBM.

Jo h n so n , N . I . ,  & K o tz , S . (1 9 7 0 ) . D i s t r i b u t i o n s  in  s t a t i s t i c s :
C ontinuous u n i v a r i a t e  d i s t r i b u t i o n s  -  2 . B o s to n , MA: H oughton 
Mif f 1 in  Company.

L aw ley , D .N . (1 9 4 3 ) . A n o te  on K a r l  P e a r s o n 's  s e l e c t i o n  fo rm u la e . 
Royal S o c ie ty  o f E d in b u rg h  P ro c e e d in g s , S e c tio n  A, 6 2 , 2 8 -3 0 .

L e v in , J .  (1 9 7 2 ) . The o c c u r re n c e  o f  an in c r e a s e  in  c o r r e l a t i o n  by 
r e s t r i c t i o n  o f  r a n g e .  P s y c h o m e tr ik a , 3 7 , 9 3 -9 7 .

L in n , R .L . (1 9 6 8 ) . Range r e s t r i c t i o n  p rob lem s in  th e  u se  o f  s e l f ­
s e le c te d  g ro u p s  f o r  t e s t  v a l i d a t i o n .  P s y c h o lo g ic a l  B u l l e t i n ,
69 , 6 9 -7 3 .

L in n , R .L . (1 9 8 3 ) . P e a rso n  s e l e c t i o n  fo rm u la s :  Im p l ic a t io n s  f o r
s tu d i e s  o f  p r e d i c t i v e  b i a s  and  e s t im a te s  o f  e d u c a t io n a l  e f f e c t s  
in  s e l e c t e d  s a m p le s . J o u r n a l  o f  E d u c a tio n a l  M easurem ent, 2 0 ,
1 -1 5 .

L in n , R .L . ,  & D u n b ar, S .B . (1 9 8 2 ) . P r e d i c t i v e  v a l i d i t y  o f  a d m iss io n s  
m easu re s : C o r r e la t io n s  f o r  s e l e c t i o n  on s e v e r a l  v a r i a b l e s .
J o u rn a l  o f C o lle g e  S tu d e n t P e r s o n n e l , 2 3 , 2 2 2 -226 .

L in n , R .L . ,  H a m is c h , D .L . ,  & D unber, S .B . (1 9 8 1 ) . C o r re c t io n s  f o r  
ra n g e  r e s t r i c t i o n :  An e m p i r i c a l  i n v e s t i g a t i o n  o f c o n d i t io n s  
r e s u l t i n g  i n  c o n s e r v a t iv e  c o r r e c t i o n .  J o u r n a l  o f  A p p lied  
P sy c h o lo g y , 6 6 , 6 5 5 -6 6 3 .

L o rd , F .M ., & N o v ick , M.R. (1 9 6 8 ) . S t a t i s t i c a l  t h e o r i e s  o f  m en ta l 
t e s t  s c o r e s . R ea d in g , MA: A d d iso n -W esley .

M oran, P .A .P . (1 9 7 0 ) . On a s y m p to t i c a l ly  o p tim a l t e s t s  o f  co m p o site  ' 
h y p o th e se s . B io m e tr ik a , 5 7 , 4 7 -5 5 .

N o v ick , M .R ., & J a c k s o n , P . (1 9 7 4 ) . S t a t i s t i c a l  m ethods f o r
e d u c a t io n a l  and p s y c h o lo g ic a l  r e s e a r c h . New Y ork: M cG raw -H ill.



90

N ov ick , M .R ., & T h a y e r , D .T . (1 9 6 9 ) . An I n v e s t ig a t io n  o f th e  a cc u ­
r a c y  o f th e  P e a rso n  s e l e c t i o n  fo rm u ia s  (ETS-RM -69-22). P r in c e to n ,  
N J: E d u c a tio n a l  T e s t in g  S e r v ic e .

N u n n a lly , J .C .  (1 9 7 8 ) . P sy c h o m e tr ic  th e o r y , 2nd e d . New Y ork: 
M cG raw -H ill.

P e a r s o n , K. (1 9 0 3 ) . On th e  in f lu e n c e  o f n a t u r a l  s e l e c t i o n  on th e
v a r i a b i l i t y  an d  c o r r e l a t i o n  o f o rg a n s . P h i lo s o p h ic a l  T r a n s a c t io n s  
R oyal S o c ie ty  o f  London, S e r i e s  A, 2 0 0 , 1 -6 6 .

Roe, R .A . (1 9 7 9 ) . The c o r r e c t i o n  f o r  r e s t r i c t i o n  o f ran g e  and  th e  
d i f f e r e n c e  b e tw een  in te n d e d  and  a c tu a l  s e l e c t i o n .  E d u c a tio n a l 
an d  P s y c h o lo g ic a l  M easurem ent, 3 9 , 5 5 1 -5 5 9 .

S e a r l e ,  S .R . (1 9 7 1 ) . L in e a r  m o d e ls . New Y ork: John  W iley .

W a tte r s o n , G.A. (1 9 5 9 ) . L in e a r  e s t im a t io n  in  c e n so re d  sam ples from  
m u l t i v a r i a t e  no rm al p o p u la t io n s .  A nnals o f  M ath em atica l 
S t a t i s t i c s ,  3 0 , 8 1 4 -8 2 4 .


