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A  STUDY OF LINEAR MODEL AXALYSIS 
BY AM ERROR CONTOUR EMULATION 

Gordon H .  F ick  

U n i v e r s i t y  of Ca lga ry  
C a l g a r y ,  Canada 
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l inear  model; marginal l ike l ihood function, necessary 
analysis;  non-normal analys is .  

ABSTRACT 

T h i s  p a p e r  c o n s i d e r s  t h e  c o n d i t i o n a l  approach  t o  l i n e a l .  

models i n  which t h e  e x a c t  t h e o r e t i c a l  r e s u l t s  a r e  u n a v a i l a b L e  

e x c e p t  i n  t e rms  o f  m u l t i p l e  i n t e g r a l s .  A  c l a s s  of m u l t i d i n l m -  

s i o n a l  e r r o r  d i s t r i b u t i o n s  t h a t  e m u l a t e  e l o n g a t e d  e r r o r  

d i s t r i b u t i o n s  i s  d i s c u s s e d .  The a p p r o p r i a t e  c o n d i t i o n a l  

d i s t r i b u t i o n s  a r e  d e r i v e d  a l o n g  w i t h  s e v e r a l  p r o p e r t i e s  of 

t h e s e  d i s t r i b u t i o n s .  

I. INTRODUCTION 

Cons ide r  a  sys tem i n  which a  l i n e a r  model of t h e  fo l lonr ing  

form i s  a p p r o p r i a t e :  

3 = X I  + O E  

where 3 d i s p l a y s  a  r e s p o n s e  v e c t o r  o f  n  o b s e r v a t i o n s  o b t a i n e d  a t  

i n p u t  l e v e l s  r e c o r d e d  i n  t h e  k columns of X .  The v e c t o r  

d i s p l a y s  t h e  e r r o r s  which f o l l o w  some d i s t r i b u t i o n  w i t h  d e n s i t y  

f u n c t i o n  f X ( ~ ) .  

Copyright O 1984 by Marcel Dekker, Inc. 
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FICK 

Our interest centres around the location of the response: 

Xi, and the scaling of the response: a. In addition, we wish to 

study X which indexes the distributions for the error form. 

A traditional linear model analysis assumes that the error 

density fX is known to be standard normal and leads to the 

familiar distribution theory for the regression coefficients 

and the standard deviation. Confidence regions and tests of 

significance can be obtained directly from this distribution 

theory. 

Similar conditional distributions can be derived for any 

error density fX, but such distributions are usually available 

only in terms of multiple integrals. Typically, the properties 

of inference procedures derived from these distributions can be 

assessed only through simulation and approximation. 

The main references for this topic are section 3.4 in Box 

and Tiao (1973), section 11.3 in Fraser (1976), section 6.4 in 

Fraser (1979) and Sprott (1980). 

A common form of nonnormality is extended tail length or 

elongation (as described in Tukey (1977)). There are many 

parametric classes of densities which reflect varying degrees 

of elongation. The student class is given by 

The exponential power class is given by 

(The functionsw(X) are normally chosen to give 1 and a fixed 
interpretations that do not depend on X). 

The shape of the n dimensional contours of f determines the 
X 

form of the derived conditional distributions. There is increas- 

ing empirical evidence derived from simulation studies to suggest 

that the form of the n dimensional contours near the coordinate 
n axes in has the most dominant effect on the derived 
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LINEAR MODEL ANALYSIS 

F i g u r e  1 

Contours  of t h e  b i v a r i a t e  s t u d e n t  c l a s s  w i t h  X = 3 

d i s t r i b u t i o n s .  It i s  t h e s e  d e r i v e d  d i s t r i b u t i o n s  t h a t  d e t e r m i n e  

t h e  i n f e r e n c e s  o b t a i n e d  from t h e  model and t h e  d a t a .  ( F i c k  ( 1 9 7 8 ) ) .  

I n  t h i s  a r t i c l e ,  a  g e n e r a l  c l a s s  of d i s t r i b u t i o n s  i s  

e x h i b i t e d  t h a t  can b e  used t o  emula te  t h e  e r r o r  c o n t o u r s  0.5 l o n g  

t a i l e d  d i s t r i b u t i o n s .  The main advan tage  of t h i s  emula t ing  c l a s s  

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

can be d e r i v e d  a n a l y t i c a l l y .  ( A l l  of t h e  r e q u i r e d  integra. : ions 

can be made w i t h o u t  t h e  need f o r  numer ica l  i n t e g r a t i o n s ) .  

F i g u r e  1 and F i g u r e  2 i l l u s t r a t e  t h e  e f f e c t  of e l o n g a t i o n  
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FICK 

Figure 2 

Contours of the bivariate exponential power class with X = 0.5 

on 2 dimensional contours of distributions f X  (Figure 1 shows 

the student density with h = 3, Figure 2 shows the exponential 

power density with h = 0.5). The dominant characteristic of 

these contours is the manner in which they protrude in the 

directions of the coordinate axes. A typical contour will be 

closest to the origin at a 45 degree angle to any coordinate axis. 

2.. THE EMULATING DISTRIBUTIONS 

The student class of distributions and the exponential power 
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LINEAR MODEL ANALYSIS 20 33 

c l a s s  of d i s t r i b u t i o n s  d i s c u s s e d  i n  t h e  i n t r o d u c t i o n  a r e  examples  

of l o n g  t a i l e d  ( o r  e l o n g a t e d )  d e n s i t i e s  t h a t  form t h e  b a s i s  of a  

c o n s i d e r a b l e  amount of r e s e a r c h  i n t o  t h e  r o b u s t n e s s  of c o n d i t i o n a l  

i n f e r e n c e  methods.  I n  e a c h  c l a s s ,  t h e r e  i s  a  need f o r  a  muz t i -  

d i m e n s i o n a l  i n t e g r a t i o n  ( A  d i s c u s s i o n  of t h e  i n t e g r a t i o n  rec .u i red  

t o  o b t a i n  t h e  c o n d i t i o n a l  d i s t r i b u t i o n s  i s  p r e s e n t e d  i n  s e c t i o n  3 ) .  

There  seem t o  b e  v e r y  few examples  a v a i l a b l e  i n  t h e  l i t e r a t l l r e ,  i n  

which t h e  i n t e g r a t i o n  c a n  b e  c o m p l e t e l y  c a r r i e d  o u t  a n a l y t i c a l l y .  

I f  2 N (2, 2 )  I z I  > 0, a l l  of t h e  r e q u i r e d  i n t e g r a t i o n s  c ~ i n  i n  

f a c t ,  b e  made. The d e r i v a t i o n s  a r e  r ev iewed  i n  s e c t i o n  4 .  A 

r e l a t e d  r e s u l t  can  b e  found i n  F r a s e r ,  Guttman and S t y a n  ( I  9 7 6 ) .  

We can  t r y  t o  copy t h e  p r o t r u d i n g  c o n t o u r s  i l l u s t r a t e c l  i n  

F i g u r e s  1 and 2 w i t h  a p p r o p r i a t e l y  chosen  normal  d i s t r i b u t . ~ ~ n s .  

For  example ,  t h e  l o b e - l i k e  c o n t o u r  a l o n g  t h e  z l  a x i s  w i l l  b2 

s i m i l a r  t o  t h e  e l l i p t i c a l  c o n t o u r  found i n  

I c a l l  t h i s  d e n s i t y  fz , = diag ( T ~ ,  1, 1, ..., 
1 

To g a i n  a n  a p p r o x i m a t i o n  t o  t h e  l o b e - l i k e  c o n t o u r s  a l m g  a l l  

n c o o r d i n a t e  a x e s ,  we can  c o n s i d e r  t h e  d e n s i t y :  

w i t h  Z k  = diag (1, 1, . .. , ' c k ,  1, . .. , 1 )  

(and .rk i s  i n  t h e  kth  p o s i t i o n  of t h e  d i a g o n a l ) .  

T h i s  d e n s i t y  h a s  n e a r l y  e l l i p s o i d a l  c o n t o u r s  n e a r  e a c h  

c o o r d i n a t e  a x i s  and h a s  a s h a p e  t h a t  i s  s i m i l a r  t o  t h o s e  i n  

F i g u r e s  1 and  2 .  F i g u r e s  3  and  4 show 2 d i m e n s i o n a l  con t12urs  of 
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FICK 

Figure 3 

Contours of a sum of 2 rescaled normal distributions 

n 
typical densities 1 ci fz.. It is the shape of the contours 

i=l ‘L 

that we wish to compare. Note that symmetry in appears to 

- 1 
require that each ci = n and all T be equal. The formulae 

k 

that will be derived in later sections are no more complicated 

by considering general c and T~ and there are some indications i 

that, for purposes of simulation and Monte Carlo studies, it may 

be more efficient to consider varying ei and -tk. Some brief 
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LINEAR MODEL AKALY SIS 

Contours of a sum of 2 rescaled normal distribution: 

comments on the selection of c and .ck will be made at the end i 
of this article. 

3 .  A MOTIVATION AND SUMMARY OF THE CONDITIONAL 
DISTRIBUTIONS 

For purposes of exposition, it is convenient to place the 

linear model in a canonical form. The n x k matrix X can 11e 

written as X = I t 1  where Lr is an n x r (column) orthonormal 
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2036 FICK 

matrix (V'V = I) and U is an r x k upper triangular matrix with 

r 5 k. Such a decomposition can be obtained by one of a variety 

of methods including Gram-Schmidt, Householder, Givens and 

others. 

The model can then be presented as 

2 = vz + U E  

where 2 = U vQ. We of course have that L ( V )  = L(X) [where L(V) is 

the linear space spanned by the columns of V ] .  It is assumed that 

n > r + 1. If this model is appropriate in a design setting, then 

X might already contain a set of orthogonal contrasts, in which 

case U is diagonal. Other reasons for presenting the model in an 

orthonormal form will appear in the next section. 

For the moment, consi 

standard normal errors: 

f,($ = f(2) = exp - . i 
We could present the respo 

der the analysis of a model with 

nse vector x as 
,y = V ~(2) + s(z) s(2). where: 

a(& = V'2 (the repression coefficients) 
-2 

2 2 
s (2) = 1 2 - V (2) 1 (the squared length of the residual) 

l 
and _d(,y) = a (8 - V ~(2)) (the unit residual vector). 

We normally consider inference for 2 based on 

(e(2) - ~)/s(~) 

which has an r-variate Student (n-r) distribution with density 

function: 

Inference concerning a would be based on 

s (3) /a 
which has a chi (n-r) distribution with density function: 
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LINEAR MODEL ANALYSIS 

r-' rq + 
These d i s t r i b u t i o n s  can a l s o  be  d e r i v e d  d i r e c t l y  from :he 

e r r o r  v a r i a b l e  E .  Indeed ,  t h e  l i n e a r  model 

# = v z  + O E  

d i s p l a y s  t h e  response  v a r i a b l e 2  a s  a  r e l o c a t e d  and r e s c a l e d  

v e r s i o n  of 5.  A s  we d i d  w i t h  t h e  response  v e c t o r  2 ,  we can a l s o  

p r e s e n t  t h e  v a r i a t i o n  5 a s  

= V z C $  + s($ _ d ( ~ )  
N 

We now n o t i c e  t h a t  

d ( z )  = _d(z) (we w i l l  w r i t e  j u s t  _d from now o n ) .  -- N 

When 2 i s  observed,  we can  r e c o r d  t h e  in format ion  c o n c e r n i r g  t h e  

unknown 5 i n  t h e  form &) = _d. 
Now n o t i c e  t h a t  

3 = vz (2)  + s (x )_d= v e +  OE 

= v Cy a + o(V _a(z) + s(z )$)  

= V ( 2  + a,($) + a  s ( ~ ) _ d  

so  t h a t  

a(2)  = 2 + a  ~ ( 2 )  
N 

s ( g )  = a  s (2) 

and 

a ( z ) / s ( ~ )  = ( ~ ( 2 )  - E ) / S ( ~ )  
N N 

s (5 )  = s ( x ) / a .  

When u s i n g  r e g r e s s i o n  a n a l y s i s  based on s t a n d a r d  normal e r r o r s ,  

t h e  d i s t r i b u t i o n s  used w i t h  our  i n f e r e n c e s  f o r  2 and a  car  be  

i n t e r p r e t e d  a s  be ing  d e r i v e d  from t h e  d i s t r i b u t i o n  f o r  5. 
It appears  t h a t  we have n o t  used t h e  i n f o r m a t i o n  s u p p l i e d  

b y  2 t h a t  informs us  t h a t  

d ( z )  = . 
N 'V 

But when i s  s t a n d a r d  normal ,  &), s ( ~ )  and _d(z) a r e  a c . t u a l l y  
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F I C K  

s t a t i s t i c a l l y  i n d e p e n d e n t  and t h e  d i s t r i b u t i o n  f o r - <  i s  u n i f o r m  

1 .  on t h e  u n i t  s p h e r e  i n  L ( J )  g i v e n  by 

I - E u n i t  s p h e r e  i n  LL ( V ) .  
A ., 

Tr -Y 

( ~ ~ ( 7 )  i s  t h e  o r t h o g o n a l  complement t o  L ( V ) )  . 
Now s u p p o s e  t h e  d e n s i t y  f o r  5 i s  n o t  n e c e s s a r i l y  no rma l  b u t  

We now have r + 2 p a r a m e t e r s  t o  s t u d y  (2, 0, h ) .  

The n e r . c s s a r y  d i s t r i b u t i o n s  f o r  i n f e r e n c e  a r e  r e c o r d e d  be low 

f o r  r e f e r e n 2 e  i n  l a t e r  s e c t i o n s .  They a r e  d e r i v e d  i n ,  f o r  example ,  

C r x e r  (1976)  S e c t i o n  1 1 . 3 .  The u n i t  r e s i d u a l  v e c t o r  2 r e c o r d s  

t h e  o b s e r v a b l e  v a l u e  o f  d ( z )  and (2 = ~ ( s ) ,  s = ~ ( 2 ) )  r e c o r d s  t h e  
-4 ^J 

unobservable p a r t  o f  2 .  I t  i s  a r g u e d  f rom many p e r s p e c t i v e s  t h a t  

311 i n f e r e n c e s  s h o u l d  b e  b a s e d  on t h e  m a r g i n a l  d i s t r i b u t i o n  f o r  -; 
and  t h e  c o n d i t i o n a l  d i s t r i b u t i o n  f o r  (2, s) g i v e n  i. 

The j o i n t  d i s t r i b u t i o n  f o r  (2, s ,  6) i s :  

p a r a m e t e r  X we have  a : ikl  i lad f u n c t i o n ,  L ,  

~ ( c ! l i )  . 

For  i n f e r e n c e  c o n c e r n i n g  a ,  we have  
w 

(2Q - 2 ) l s & )  = & g / s ( $  = 

t s g e t h e r  w i t h  t h e  c o n d i t i o n a l  d i s t r i b u t i o n  f o r  g i v e n  $ t h a t  h a s  

d e n s i t y  : 
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LINEAR 1IODEL ANALYSIS 

For i n f e r e n c e  c o n c e r n i n g  o we have  t h a t  

s ( a ) / a  = s(2) = s 

t o g e t h e r  w i t h  t h e  c o n d i t i o n a l  d i s t r i b u t i o n  f o r  s g i v e n  2 t h a t  h a s  

d e n s i t y :  

These  two d i s t r i b u t i o n s  a r e  c o n s i d e r e d  p r imary  by many a u t h o r s  

i n  s t a t i s t i c a l  i n f e r e n c e  a l t h o u g h  a u t h o r s  do d i s a g r e e  on the  

m o t i v a t i o n  and p r i n c i p l e s  i n v o l v e d  i n  t h e  d e r i v a t i o n  and i n t e r -  

p r e t a t i o n  o f  them. 

S e v e r a l  a u t h o r s  have e v a l u a t e d  t h e s e  d i s t r i b u t i o n s  n u m e r i c a l l y  

( F r a s e r  ( 1 9 7 6 ) ,  Box and T i a o  ( 1 9 7 3 ) ,  E f r o n  and Hink ley  (197E) ,  

Barna rd  ( 1 9 7 4 ) ,  w i t h  t h e  e x t e n s i v e  u s e  o f  n u m e r i c a l  q u a d r a t ~ r e  

and Monte c a r l o ) .  E m p i r i c a l  s t u d i e s  i n t o  t h e  p r o p e r t i e s  of 

such  d ~ s t r l b u t i o n s  have  been  c o n s i d e r e d  by F r a s e r  ( 1 9 7 9 ) ,  a r d  

Box and T iao  (1973) .  

The d i r e c t  a p p r o x l m a t l o n  r t icse  d i s t r i b u t l ~ , i c  n a s  b e t n  

c o n s i d e r e d  by Lund (1967) 2nd ; p r a t t  (1980) .  W h e ~  the  rank  of 

X 1 s  e q u a l  t o  1, t h e  d i s t r i  J ~ I J I  ~ 3 n  b e  o b t a i n e d  - , ~ t l ,  hie11 

numerical a c c u r a c y  and e f f  ~ c l -  i c ~  . i t  i s  when t h e  rank  i s  

g r e a t e r  t h a n  one t h a t  t h e ~ t  -mi , '7.ra-lc t r l a t e d  t o  

q u a d r a t u r e  t h a t  r emain  t o  b c  qo lved  I n  o r d e r  t o  I I J L ~ L - :  t h e ~ c  

d i s t r i b u t i o n s  n u m e r i c a l l y .  

T h i s  s e c t i o n  b e g i n s  w i t h  t h e  d e r i v a t i o n s  of t h e  a p p r o p r i a t e  

d i s t r i b u t i o n s  when t h e  e r r o r  d i s t r i b u t i o n  i s  N(0,C) .  We w i l l  
w 

then u s e  t h e s e  r e s u l t s  t o  d e r i v e  t h e  d e s i r e d  d i s t r i b u t i o n s  from 

t h e  e m u l a t i n g  e r r o r  d i s t r i b u t i o n s  d e s c r i b e d  i n  s e c t i o n  2 .  

Cons ide r  t h e  model 
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FICK 

3 = 7 2  + 55 
where 5 i s  d i s t r i b u t e d  w i t h  d e n s i t y :  

(Here, C can be an  a r b i t r a r y  p o s i t i v e  d e f i n i t e  convar iance  m a t r i x . )  

The marg ina l  f o r  2 ,  hZ@) has  t h e  form 

~ V . c - ~ v l - %  n-r- 1 

= 1 n-P - eq{- f ( r"~d)82]S -.. ds 

~ 2 ~ )  1q4 

1 Now i f  u = -_drR_d s2 t h e n  we o b t a i n  
2  

The c o n d i t i o n a l  d e n s i t y  f o r  ( 3 , s )  g i v e n  _d i s  now e a s i l y  seen 

t o  be:  

T,he c o n d i t i o n a l  d e n s i t y  f o r  s g i v e n  _d i s  
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LINEAR MODEL ANALYSIS 

The c o n d i t i o n a l  f o r  x g i v e n  _d i s  g i v e n  by 

T h i s  d i s t r i b u t i o n  i s ,  i n  f a c t ,  a  r e l o c a t e d  and r e s c a l e i  

We w i l l  w r i t e  

T  - S t u d e n t  ( 2 ,  W) on gr . 
,.., n - r  

To f i n d  and W, we expand t h e  above q u a d r a t i c  form:  

(VT+d) -., - z-' (V:+$) 

- l V ) - '  v f z - l d )  w 

and W = (~'RG!) - ( v ~ E - ~ v ) - ~  

We now d e s c r i b e  how t h e  above r e s u l t s  c a n  b e  a p p l i e d  t o  t h e  

c a s e  Z = C k  a s  d e f i n e d  i n  s e c t i o n  2 .  I t  i s  c o n v e n i e n t  t o  d i s p l a y  

t h e  m a t r i x  V a s  a  column of rows:  
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2042 F I C K  

When C i s  s e t  e q u a l  t o  C k ,  i t  w i l l  b e  s e e n  t h a t  t h e  c o n d i t i o n a l  

d e n s i t i e s  f o r  and s g i v e n  depend on t h e  k t h  component of  2 o n l y  

and a r e  f u n c t i o n a l l y  i n d e p e n d e n t  of a l l  b u t  c e r t a i n  f u n c t i o n s  of  TI. 

Theorem: 

C o n s i d e r  t h e  l i n e a r  model:  

where  2 i s  d i s t r i b u t e d  w i t h  d e n s i t y :  

(c. > 0, zci = 1) 
i=l 5 

-n/2 1 
where  f (2) = (271) \zi \ -+ erp ' i 
and C, = d i a g  ( 1 ,  . . . 1, T,., 1, .. . 1 )  

w i t h  T .  i n  t h e  ith p o s i t i o n .  

Then 

a )  The c o n d i t i o n a l  d e n s i t y  f o r  g i v e n  i s  

b )  The c o n d i t i o n a l  d e n s i t y  f o r  e g i v e n  2 i s  

w i t h  

i i )  - t h e  d e n s i t y  f o r  S t u d e n t  (e,, X )  on A' 
' r: 

D
ow

nl
oa

de
d 

by
 [

N
ew

 Y
or

k 
U

ni
ve

rs
ity

] 
at

 0
1:

13
 0

7 
Ja

nu
ar

y 
20

15
 



LINEAR MODEL ANALYSIS 

p roof :  

We b e g i n  by e v a l u a t i n g  t h e  v a r i o u s  m a t r i x  e x p r e s s i o n s  wten 

C = Ck. 

L, 
qZA (2) 9,- (;I$ i s  t h e  j o i n t  d e n s i t y  f o r  (:,,$) i f  the e r r o r  

I: iC 

dens i . tp  i s  fZ . I f  t h e  e r r o r  d e n s i t y  i s  Cc, f , t h e n  
. C 

k i 

n L 
c hZ (rj) 9 ( ? I d )  r e c o r d s  t h e  f u n c t i o n a l  form of t h e  

L i i  .+l 'i 

conditional d e n s i t y  f o r  2 g i v e n  $. 1 c,. hC (i) i s  t h e  
i=1 " i 

d i v i s o r  t o  e n s u r e  t h a t  e x p r e s s i o n  ( a )  i n t e g r a t e s  t o  1. 

D
ow

nl
oa

de
d 

by
 [

N
ew

 Y
or

k 
U

ni
ve

rs
ity

] 
at

 0
1:

13
 0

7 
Ja

nu
ar

y 
20

15
 



FICK 

E x p r e s s i o n  (b)  i s  o b t a i n e d  i n  t h e  same way. 

5 .  OBSERVATIONS 

Some o b s e r v a t i o n s  abou t  t h e  r e s u l t s  a r e  i n  o r d e r .  

By p r e s e n t i n g  t h e  l i n e a r  model i n  a n  o r thonormal  

form,  ( w i t h  V'V = I) one c a n  s e e  how t h e  c o n d i t i o n a l  

d i s t r i b u t i o n s  a r e  dependent  on L ( V ) .  These r e s u l t s  

a r e  e a s i l y  p r e s e n t e d  i n  t e r m s  of X = VU i f  t h e  

o r i g i n a l  model p r e s e n t e d  i s  of p r imary  i n t e r e s t .  
2 

The m a r g i n a l  hZ i s  a c t u a l l y  a  f u n c t i o n  of dk o n l y .  
k 

The dependence on f.(V) i s  e n t i r e l y  i n  t e rms  of 2; 2k. 
L 2 

The d e n s i t y  gC is  c o n d i t i o n a l  upon dk i n  a  form t h a t  
k 

depends on o n l y  zk 2; and 2; zk . 
The d e n s i t y  gg i s  a  r e s c a l e d  c h i  d i s t r i b u t i o n  t h a t  

k 
2 

h a s  a  s c a l i n g  f a c t o r  dependent  on dk and E k  . 
I f  a l l  z a r e  s e t  e q u a l  t o  1, we o f  c o u r s e  o b t a i n  t h e  k 

u s u a l  d i s t r i b u t i o n s  a s  d e s c r i b e d  i n  s e c t i o n  3 by 

n o t i n g  t h a t  yk = pk = 0 .  

I f  T i s  g r e a t e r  t h a n  1, t h e n  w i l l  b e  i n  t h e  
k 

d i r e c t i o n  dk zk. C l e a r l y  t h e  l a r g e r  t h e  u n i t  

r e s i d u a l  component d k ,  t h e  f u r t h e r *  w i l l  b e  f rom 

0 ( t h i s  compares f a v o r a b l y  w i t h  t h e  e m p i r i c a l  r e s u l t s  
w 

found i n  F r a s e r  ( 1 9 7 9 ) ) .  

N o t i c e  t h a t  , t h e  c o n d i t i o n a l  d i s t r i b u t i o n s  a r e  

we igh ted  sums of t h e  component g d e n s i t i e s .  The 

w e i g h t s  a r e  modulated by t h e  m a r g i n a l s  h . 
'i 

The c o n d i t i o n a l  d i s t r i b u t i o n s  w i l l  t y p i c a l l y  b e  

asymmetr ic ,  u n l e s s  t h e r e  i s  o n l y  one  c > 0.  i 
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LINEAR MODEL ANALYSIS 

6. CONCLUSION 

The form of the conditional distributions obtained fros the 

emulating error form is substantially influenced by the 

functions If the unit residual 2 is close to the kth 

coordinate axis, then hC will be large relative to the other 
k 

hC , i # k .  In applications, it seems to be unnecessary to 
i 

compute the components of conditional distributions with lo\. 

weights, ci hz (2). These components will not affect the 
i 

conditional distributions appreciably. 

To choose a range of plausible values for 2 = (T * . . .  Tz)' 
one could consult the marginal likelihood function for 2 :  

In many applications, it would be meaningful to formally take all 

Tk = T equal. A plot of the marginal likelihood in -c woulcl then 

be possible. A collection of relative likelihood intervals could 

be computed to aid in the selection of plausible values of T (see 

Kalbfleisch (1981) for an extensive discussion of relative likeli- 

hood intervals). 
1 

A typical analysis would normally begin with all c = - . i r 

This choice will often closely emulate the actual error density 

.I7 f,. This choice may not be the best for emulating the 
e=l 

L b 
conditional densities, g,, and gX, however. If hz (2) is 

k 

considerably larger than the remaining h (s), an improvement in 
'i 

the emulation of the conditionals is often made by choosing 

ck = 1. For contour emulation to aid in the understanding of 

the behavour of conditional analyses with elongated errors, an 
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cir~;il>,s i 5 should inc.Lude a range of plausibi e 2 .  va 111es. 
i 
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