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PREFACE 

R i s k s  have  emerged a s  a n  i m p o r t a n t  c o n s t r a i n t  i n  t h e  
e v a l u a t i o n  and  s e l e c t i o n  o f  e n e r g y  s t r a t e g i e s .  The work o f  
t h e  J o i n t  IAEA/IIASA Resea rch  P r o j e c t  ( I A E A :  I n t e r n a t i o n a l  
A t o m i c  Energy Agency) i s  o r i e n t e d  toward  p r o v i d i n g  i n f o r m a t i o n  
on  t e c h n o l o g i c a l  r i s k s ,  and  t h e i r  s o c i a l  a s p e c t s ,  f o r  u s e  i n  
d e c i s i o n s  r e l a t e d  t o  t h e  management o f  r i s k s .  The emphas i s  
o f  t h i s  r e s e a r c h  i s  upon e n e r g y  s y s t e m s .  

T h i s  r e p o r t  p r e s e n t s  r e s u l t s  o f  a  d e m o n s t r a t i o n  ex-  
p e r i m e n t  which used  p u b l i c  a t t i t u d e s  as one  o f  t h e  i n p u t s  i n  
a d e c i s i o n  r e l a t e d  t o  t h e  e v a l u a t i o n  o f  h y p o t h e t i c a l  s i tes  
f o r  n u c l e a r  w a s t e  d i s p o s a l s .  T h i s  w a s  a p r e l i m i n a r y  e f f o r t  
t o  e x p l o r e  t h e  r e a c t i o n  o f  t h e  dec i s ion -mak ing  g roup  t o  
a l t e r n a t i v e  r a t i n g  t e c h n i q u e s  and  t o  t h e  u s e  o f  p u b l i c  a t t i t u d e  
measures  as a d e c i s i o n  a t t r i b u t e .  





ABSTRACT 

R e s u l t s  a r e  p r e sen t ed  o f  a d e c i s i o n  e x e r c i s e  t o  e v a l u a t e  s i x  
h y p o t h e t i c a l  s i t e s  f o r  n u c l e a r  waste d i s p o s a l .  The d e c i s i o n -  
making group were t e n  t e c h n i c a l  s p e c i a l i s t s  who were a t t e n d i n g  an 
i n t e r n a t i o n a l  meeting on t h i s  s u b j e c t .  Pub l i c  a t t i t u d e s  toward 
t h e  proposed sites w e r e  provided a s  one i t e m  of in format ion .  The 
s u i t a b i l i t y  o f  a l t e r n a t i v e  m u l t i a t t r i b u t e  r a t i n g  t e chn iques  was 
exp lored ;  t h e  p a r t i c i p a n t s  chose a  s i m p l i f i e d  method i n  p r e f e r ence  
t o  one based upon h y p o t h e t i c a l  mul t i -d imensional  gambles. The 
decision-making group s u c c e s s f u l l y  used t h i s  s i m p l i f i e d  t echn ique  
t o  agg rega t e  t e c h n o l o g i c a l  and s o c i a l  i s s u e s  i n  t h e i r  d e c i s i o n .  





INTRODUCTION 

The c o n t i n u a t i o n  o f  a  number of  p u b l i c  d e b a t e s  a b o u t  t h e  
a c c e p t a b i l i t y  o f  t e c h n o l o g i e s  s u g g e s t s  t h e  d i f f i c u l t i e s  which 
have been encoun te red  i n  a t t e m p t i n g  t 5  r e c o n c i l e  t e c h n o l o g i c a l  
and s o c i a l  sys tems  i n  p u b l i c  p l a n n i n g  and d e c i s i o n  p r o c e s s e s .  
T e c h n o l o g i s t s  a r e  o f t e n  f a c e d  w i t h  t h e  problem o f  e q u i t a b l y  
b a l a n c i n g  complex t e c h n i c a l  d a t a  w i t h  t h e  c ~ r r c s p o n d i n g  s o c i a l  
a t t i t u d e s .  Aware o f  t h e  impor tance  of  t h e s e  a t t i t u d e s ,  b u t  
unab le  e i t h e r  t o  measure them o r  t o  a g g r e g a t e  them w i t h  
t e c h n i c a l  d a t a ,  t h e i r  reconunendations a r e  o f t e n  based s o l e l y  
upon t e c h n i c a l  and e n g i n e e r i n g  a s p e c t s .  T h i s ,  i n  e f f e c t ,  re- 
q u i r e s  t h e  u l t i m a t e  d e c i s i o n  makers ,  t y p i c a l l y  p o l i t i c i a n s ,  
t o  a s s e s s  t h e  t r a d e - o f f s  between t e c h n i c a l  and s o c i a l  i s s u e s  i n  
a  p u r e l y  i n t u i t i v e  f a s h i o n ,  

The J o i n t  IAEA/IIASA Research P r o j e c t  h a s  developed a  frame- 
work f o r  r i s k  a s s e s s m e n t  s t u d i e s  (see Otway, 1977, 1977a) t o  
p r o v i d e  i n f o r m a t i o n  on t e c h n o l o g i c a l  r i s k s ,  and t h e i r  s o c i a l  
a s p e c t s ,  f o r  use  i n  r i s k  management d e c i s i o n s .  Of p a r t i c u l a r  
i n t e r e s t  a r e  methodologies  f o r  measurement of  s o c i a l  a t t i t u d e s  
toward t e c h n o l o g i e s  (see Otway and F i s h b e i n ,  1976) and t h e  
a g g r e g a t i o n  of  t h e s e  measures w i t h  t e c h n i c a l  i n f o r m a t i o n  t o  
h e l p  g u i d e  d e c i s i o n  making. T h i s  r e p o r t  p r o v i d e s  a n  i l l u s t r a -  
t i o n  o f  a n  approach t o  t h e  l a t t e r  t o p i c .  

MULTIATTRIBUTE UTILITY MEASUREMENT - ----- 

Decis ion  a n a l y s t s  have long  recogn ized  t h a t  most s o c i a l  
v a l u e s  a r e  m u l t i d i m e n s i o n a l ,  i n  t h e  s e n s e  t h a t  s e v e r a l  d i f f e r e n t  
a s p e c t s  of  whatever  must be  e v a l u a t e d  b e a r  on i t s  v a l u e .  I n  t h e  
usua1,divide-and-conquer s p i r i t  of  d e c i s i o n  a n a l y s i s ,  t h e y  have 
proposed approaches  t h a t ,  i n  e f f e c t ,  i d e n t i f y  t h e  v a r i o u s  
r e l e v a n t  d imensions  of  v a l u e ,  l o c a t e  t h e  o b j e c t s  t o  be  e v a l u a t e d  
on e a c h  dimension s e p a r a t e l y ,  de te rmine  s ing le -d imens ion  
u t i l i t i e s  f o r  e a c h  d imension,  and t h e n  a g g r e g a t e  t h e s e  s i n g l e -  
dimension u t i l i t i e s  i n  a  manner t h a t  a p p r o p r i a t e l y  r e f l e c t s  t h e  
impor tance  o f  each .  For more d e t a i l s  o f  t h i s  complex se t  of  
i d e a s  and p r o c e d u r e s ,  see Raif  f a  (1969) , Xeeney and R a i f f a  
( 1 9 7 6 ) ,  Edwards ( 1 9 7 2 ) ,  and Edwards ( i n  p r e s s ) .  

I n  e x p l o i t i n g  t h i s  technology t h e  i s s u e  of  t h e  r e l a t i o n  
between modeling complex i ty  and assessment  t e c h n i q u e  i s  
e s p e c i a l l y  i m p o r t a n t .  Simple a d d i t i v e  a g g r e g a t i o n  r u l e s  p e r m i t  
q u i t e  s i m p l e  a s s e s s m e n t  t e c h n i q u e s  f o r  t h e  numbers t h a t  e n t e r  
i n t o  t h e  a g g r e g a t i o n  p r o c e s s ,  b u t  may p o o r l y  r e p r e s e n t  t h e  
u n d e r l y i n g  s t r u c t u r e  o f  t h e  d e c i s i o n  maker" p r e f e r e n c e s .  The 
t r a d e - o f f  between e r r o r s  produced by u s i n g  an unduly s i m p l e  
p r e f e r e n c e  model and e r r o r s  produced by t h e  a d d i t i o n a l  t i m e -  
consumingness and complex i ty  of  t h e  assessment  t e c h n i q u e  made 



n e c e s s a r y  b1.r ;no-.e complex models  h a s  n o t  been  s t u d i e d  empi- 
r i c a l l y ,  t l~oagh .  F i s h h u r n  (3.977) , von W i n t e r f e l d  and F i s c h e r  
( 1 9 7 5 ) ,  and E:dwards ( i n  p r e s s )  have w r i t t e n  a b o u t  i t .  I n  
a d d i t i o r l ,  filany o f  t h e  t h e o r e t i c a l l y  more e l e g a n t  a s s e s s m e n t  
t e c h n i q u e s  depend on  judgments o f  i n d i f f e r e n c e  be tween a gamble 
o f  t h e  form " w i t h  p r o b a b i l i t y  p  you win A ,  w i t h  p r o b a b i l i t y  
3 - p you win R"  and  r e c e i v i n g  C f o r  s u r e ,  where A,  B,  and C 
a r e  a l l  m u l t i a t i t r i b u t e  consequences .  Edwards,  G u t t e n t a g  and  
Snapper  61.9?5) ha~. .e  e x p r e s s e d  some d o u b t  a b o u t  t h e  w i l l i n g n e s s  
of d e c i s i o n  ~ ~ a k s r s  who a r e  n e i t h e r  d e c i s i o n  a n a l y s t s  t h e m s e l v e s  
n o r  eornpel.!ed t o  p a r t i c i p a t e  i n  a, d e c i s i o n  a n a l y s i s  t o  t a k e  
si1cl.1 q u e s t i . o n s  s e r i . o u s l y .  For  t h a t  r e a s o n ,  t h e y  used  Bdwards'  
( 1 9 7 2 )  S i n p l e .  M11.l t i - A t t r i b u t e  R a t i n g  Technique  (SMART) . SMART 
depends  on s i m p l e  r a t i n g  s c a l e s  t h a t  s e e m  t o  b e  c o n s i d e r a b l y  
e a s i e z  t o  u n d e r s t a n d  t h a n  met-hods b a s e d  on h y p o t h e t i c a l  
1nu1 t i - d i m e n s i o n a l  gainhles . 

T h i s  s t u d y  had two p u r p o s e s .  One w a s  t o  e x p l o r e  t h e  u s e  
o f  : r i~x i t i a t : t r i bu t . e  u - t i l i t y  measurement ,  i n  e i t h e r  t h e  Keeney- 
R a i f f a  o r  E d w a r d s  v e ~ s i o n ,  as  a  means f o r  a g g r e g a t i n g  s o c i a l  
w i t h  t e c h n o l o g i c a l .  i s s u e s  i n  a d e c i s i o n  r e l e v a n t  t o  n u c l e a r  
power.  The o t h e r  w a s  t o  e x p l o r e  t h e  a c c e p t a b i l i t y  o f  t h e  t w o  
v e r s i o n s .  S i n c e  t h e  problem w a s  i m a g i n a r y ,  t h e  d a t a  c o l l e c t i o n  
p r o c e d u r e s  were r a t h e r  h u r r i e d  and  i n f o r m a l ,  and  t h e  o p t i o n s  
w e r e  n o t  d e f i n e d  i n  d e p t h  p r i o r  t o  t h e i r  e v a l u a t i o n ,  t h e  d a t a  
s h o u l d  a o t  be  t a k e n  s e r i o u s l y  e x c e p t  as a n  i l l u s t r a t i o n  o f  t h e  
method. On  t h e  o t h e r  hand,  t h e  r e s p o n d e n t s  w e r e  h i g h - l e v e l  
e x p e r t s  on  t h e  t e c h n e l . o q i c a 1  i s s u e s  t h e y  w e r e  c o n s i d e r i n g ,  so 
the i r i for rna t ion  abol l t  meti-lod a c c e p t a b i l i t y  i s  r e l . a t i v e l y  
c r e d i b l e .  

Responden-ks. Yhe s t u d y  was conduc ted  d u r i n g  t h e  c o u r s e  o f  
iree.ki.ng o f  h i g h - l e v e l  t e c h n o l o g i s t s  conce rned  

w i t h  t h e  probl-em caf n u c l e a r  w a s t e  d i s p o s a l ,  The t e n  p a r t i c i p -  
a n t s  i n c l u d e d  r e p r c s e n t d t i v e s  £1-orn e i g h t  c o u n t r i e s  w i t h  advanced  
n u c l e z r  e n e r g y  px~*>cjraimes. SirlcL? one  t o p i c  o f  d i s c u s s i o n  w a s  
r i s k  a s s e s s m e n t  of n u c l e a r  w a s t e  d i s p u s a l ,  t h e y  w e r e  v e r y  much 
conce rned  w i t h  t h i s  prohlcm and  v e r y  c o - o p e r a t i v e .  One o f  t h e  
a u t h o r s  ( H J O )  a t t e ~ d e d  some s e s s i o n s  o f  t h e  m e e t i n g ,  e n l i s t e d  
t o  c o - o p e r a t i o n  of t h e  r e s p o n d e n t s  and was p r e s e n t  t h r o u g h o u t  
t h e  d a t a  collect  i o n  p r o c e s s .  

Choice of 12eth~d.s. E a r l y  and  i n f o r m a l  e x p l o r a t i o n s  o f  -----.--- - 
what  e x p e r i m e n t a l  p r o c e c l ~ l r e  m i g h t  b e  a c c e p t a b l e  y i e l d e d  t o  
c i e a r  message t k a t  t h e  r e s p o n d ~ n t s  d i d  n o t  w i s h  t o  t h i n k  a b o u t  
i m a g i n a r y  n -d imens iona l  b e t s .  A t t empt s  t o  p e r s u a d e  some of 
them as i n d i v i d u a l s  t o  t r y  t h e  Keeney-Rai f fa  method l e d  t o  
e x p r e s s i o n s  of c o n c e r n  a b o u t  t h e  a b s t r a c t n e s s ,  d i f f i c u l t y ,  and  
l a c k  of  r e a l i s n  o f  t h i n k i n g  a b o u t  h y p o t h e t i c a l  gambles  o v e r  
p a r a m e t e r s  o f  n u c l e a r  w a s t e  d i s p o s a l  s i tes .  So t h i s  method 
was n o t  u sed .  



The Na tu re  o f  SMART. The r e s p o n d e n t s  w e r e  f i r s t  g i v e n  a 
b r i e f  i n t r o d u c t i o n  t o  t h e  g e n e r a l  i d e a  o f  m u l t i a . t t r i b u t e  u t i l i t y  
measurement. To s t i m u l a t e  t h e i r  i n t e r e s t  i n  q u a n t i t a t i v e  
approaches  t o  e v a l u a t i o n ,  t h e y  w e r e  g i v e n  a b r i e f  summary o f  t h e  
p s y c h o l o g i c a l  l i t e r a t u r e  on cue  u t i l i z a t i o n .  The key  p o i n t s  
w e r e  t h a t  d e c i s i o n  makers  f i n d  it d i f f i c u l t  t o  t h i n k  s i m u l t a n -  
e o u s l y  a b o u t  a l l  t h e  d imens ions  r e l e v a n t  t o  a complex d e c i s i o n ,  
and t h a t  s u b j e c t s  making h o l i s t i c  judgments o f t e n  do  n o t  know 
what  c u e s  w e r e  a c t u a l l y  i m p o r t a n t  i n  c o n t r o l l i n g  t h e i r  judgments.  
They seemed r e c e p t i v e  t o  t h e  i d e a  t h a t  a somewhat fo rmal  e v a l u -  
a t i o n  p rocedure  c o u l d  h e l p  t o  e n s u r e  t h a t  a l l  r e l e v a n t  d imens ions  
o f  e v a l u a t i o n  are used ,  and used  c o n s i s t e n t l y  i n  a pre-de termined 
manner. 

The t e c h n i c a l  s t e p s  o f  SMART (see Edwards, 1973; i n  p r e s s ;  
Edwards, G u t t e n t a g ,  and Snapper ,  1975) are t h e  f o l l o w i n g :  

1. E l i c i t  a n  a p p r o p r i a t e  number o f  dimens.ions o f  v a l u e  
r e l e v a n t  t o  e v a l u a t i n g  t h e  o p t i o n s  on hand. 

2.  Judge impor tance  w e i g h t s ,  by a method t o  be d e s c r i b e d  
i n  c o n t e x t  below. The impor tance  we igh t  o f  t h e  i t h  d imension  
o f  v a l u e  w i l l  be symbol ized  Wi; f o r  convenience  t h e  a r b i t r a r y  

c o n v e n t i o n  w i l l  be used  t h a t  Z Wi = 1. 

3. A s c e r t a i n  upper  and lower  bounds on t h e  p h y s i c a l  
measure ( i f  any)  t h a t  d e f i n e  t h e  v a l u e  d imens ions .  

4 .  S e l e c t  upper  and lower  bounds f o r  t h e  s ing le -d imens ion  
u t i l i t i e s  a s s o c i a t e d  w i t h  e a c h  v a l u e  d imension .  For  conven ience  
t h e  leas t  a t t r a c t i v e  p o i n t  o f  e a c h  s ing le -d imens ion  scale i s  
c a l l e d  0  and t h e  most  a t t r a c t i v e  p o i n t  i s  c a l l e d  1 0 0 .  The 
l i t e r a t u r e  i s  somewhat confused  a b o u t  whe the r  t h i s  n o r m a l i z a t i o n  
s h o u l d  r u n  from l eas t  t o  most a t t r a c t i v e  f e a s i b l e  p o i n t s  o r  from 
l eas t  t o  most a t t r a c t i v e  p o i n t s  among t h e  set  a c t u a l l y  a v a i l a b l e ;  
t h e  q u e s t i o n  w i l l  be e x p l o r e d  i n  t h e  d a t a  a n a l y s i s .  

5 .  Ass ign  s i n g l e - d i m e n s i o n  u t i l i t i e s  between t h e  upper  
and lower  bounds on e a c h  s c a l e .  The s i m p l e s t  method o f  d o i n g  
t h i s  i s  t o  a s k  t h e  r e s p o n d e n t  s imply  t o  draw a g raph  o f  h i s  
s ing le -d imens ion  u t i l i t y  f u n c t i o n .  O f t e n ,  t h a t  g r a p h  w i l l  be  
a p p r o x i m a t e l y  o r  even  e x a c t l y  l i n e a r .  The u t i l i t y  o f  t h e  j t h  
o b j e c t  t o  be  e v a l u a t e d  on t h e  i t h  d imension  o f  v a l u e  w i l l  be 
c a l l e d  u i j  , 0 5 u i j  5 100.  

6 . '  C a l c u l a t e  t h e  u t i l i t y  of  t h e  j t h  o b j e c t  t o  be 
e v a l u a t e d  from t h e  e q u a t i o n  U j  = 1 Wiuij. 

'I 

7. The v a l u e s  o f  U are a p p r o p r i a t e  i n p u t s  t o  a d e c i s i o n -  
j 

making p r o c e s s ,  e i t h e r  fo rmal  (maximizat ion  o f  e x p e c t e d  u t i l i t y )  
o r  i n f o r m a l .  



Elici . ta t : lor i  o f  Value  Dimensions.  A£ ter  t h e  r e s p o n d e n t s  ------- 
had been  b r i e f e d  about. t h e  method, tEe e x p e r i m e n t e r  p roposed ,  - - 
a s  Dimension 1, p u b l i c  a t t i t u d e  toward  t h e  w a s t e  d i s p o s a l  s i te .  
A l l  r e s p o n d e n t s  a c c e p t e d  it as r e l e v a n t  and  i m p o r t a n t .  To g e t  
t h e  d i s c u s s i . o n  g o i n g ,  t h e  e x p e r i m e n t e r  n e x t  p r o p o s e d ,  a s  
3 imens ion  2 ,  r e m o t e n e s s  o f  t h e  s i t e  f rom a p o p u l a t i o n  c e n t e r .  
T h e r e a f t e r ,  t h e  p a r t i c i p a n t s  p roposed  f o u r  more d i m e n s i o n s  and ,  
a f t e r  some p r o d d i n g ,  one  more; a t  t h i s  p o i n t  t h e  se t  o f  s a l i e n t  
d in iens ions  had o b v i o u s l y  been  e x h a u s t e d .  The f u l l  l is t ,  i n  t h e  
o r d e r  i n  which t h e y  w e r e  e l i c i t e d  and w i t h  s c a l i n g ,  is: 

D l .  P u b l i c  a t t i t u d e  toward  t.he waste d i s p o s a l  s i te .  A 
h i g h l y  favourab1.e  a t t i t u d e  s c o r e s  100;  a h i g h l y  u n f a v o u r a b l e  
o n e  s c o r e s  0.  

D2. P-ernoteness o f  t h e  w a s t e  d i s p o s a l  s i tes from a 
p o p u l a t i o n  c e n t e r ,  i n  km. 1 6 0  k~ i l  s c o r e s  100 ;  0  km scores 0.  

D 3 .  G e o s p h e r i z  p a t h  l e n g t h ,  i n  km. The d i s t a n c e  f rom t h e  
l o c a t i o n  o f  tkie r a d i o - a c t i v e  w a s t e  i n  t h e  g e o l o g i c a l  f o r m a t i o n  
t o  t h e  n e a r e s t  p o i n t  i n  the e ~ i v i r o n m e n t  u s e d  by t h e  p u b l i c .  
160 km scores 100;  0 km scores 0. 

D4. P r o x i m i t y  of t h e  waste d i s p o s a l  s i t e  t o  n a t u r a l  
r e s o u r c e s  ( e . g . ,  m i n e s ,  r e c r e a t i . o n  a r e a s ,  e t c . ) .  160 km scores 
100 ;  0  k ~ n  scores 0.  

D 5 .  G e o l o g i . ~  d . i s t .u rhance  p r o b a b i l i t y  (e.  g . ,  y e a r l y  p ro -  

b a b i l i t y  o f  a s i g n i f i c a n t  e a r t h q u a k e ) .  scores 100:  1 
s c o r e s  0 .  

D6. R e l a t l  ve  r~:i ( ; r a t ion  r a t e  o f  c r i t i c a l  n u c l i d e .  T h i s  
is t h e  ra te  o f  r n i g ~ ~ ~ t i ~ n  o f  t h e  c r i t i c a l  n u c l i d e  i n  t h e  geo- 
l o g i c a l  f o r m d t i o n ,  ~ ? l l o w i n g  f o r  a d s o r p t i o n  and  d e s o r p t i o n ,  
compared w i t h  t h e  r a t e  o f  movemer~t o f  t h e  ground water (assumed 
c o n s t a n t  a t  0 . 3  m/day) .  S i n c e  t h i s  d i m e n s i o n  is a  r a t i o ,  it 

- 
-5 h a s  no  u n i t s ;  10  s c o r e s  100;  1 scores 0. 

D 7 .  T r a n s 2 o r t a t i o n  d i s t a n c e  be tween n u c l e a r  p l a n t  and  
w a s t e  d i s p o s a l  s i t e .  0  k m  s c o r e s  100;  1600 km scores 0. ( T h i s  
s c a l i n g  s u g g e s t s  t h e  d e s i r a b i l i t y  o f  s t o r i n g  w a s t e s  a t  t h e  s i t e  
where t h e y  a r e  c r e a t e d . )  

Note t h a t  a l l  d in !ens ions  a re  t r a n s f o r m e d  i n t o  t h e  0  - 100 
s c a l e  i n  s u c h  a f a s h i o n  t h a t  h i g h e r  s c o r e s  are p r e f e r a b l e  t o  
lower o n e s .  Responden t s  r e a d i l y  a g r e e d  among t h e m s e l v e s  t h a t  
a  l i n e a r  r e l a t i o n s h i p  bet.ween p h y s i c a l  measu res  and  s i n g l e -  
d imens ion  u t i l i t y  ( u i i )  was a  r e a s o n a b l e  a p p r o x i m a t i o n .  I n  

- 
t h e  case o f  n5 and D6, t h e  l i n e a r i t y  i s  w i t h  t h e  e x p o n e n t ,  n o t  
t h e  nurrber i t s e l f .  



I n  r e t r o s p e c t ,  s e v e r a l  f e a t u r e s  of  t h e  s c a l i n g  o f  the 
dimensions  were q u e s t i o n a b l e .  Most obv ious  i s  t h e  u s e  o f  1 a s  
t h e  h i g h e s t  p r o b a b i l i t y  of a n  e a r t h q u a k e  i n  a  y e a r .  N o  one 
would s e r i o u s l y  propose  a  n u c l e a r  waste  d i s p o s a l  s i t e  w i t h  s o  
h i g h  an  e a r t h q u a k e  p r o b a b i l i t y ;  a  lower p r o b a b i l i t y  shou ld  
have been used a s  t h e  upper  bound. 

Assessment o f  Importance Weights. Edwards ( i n  p r e s s )  
s p e c i f i e s  t h e  method used t o  c o l l e c t  t h e  impor tance  w e i g h t s .  
I n  h i s  method, t h e  d imensions  are f i r s t  rank-ordered  from most 
t o  l e a s t  i m p o r t a n t .  T i e s  a r e  p e r m i t t e d .  Then t h e  l e a s t  i m -  
p o r t a n t  d imension r e c e i v e s  a n  a r b i t r a r y  weight  o f  10.  ( U s e  
o f  10 r a t h e r  t h a n  1 p e r m i t s  r e s p o n d e n t s  t o  judge r a t i o s  
s m a l l e r  than  2 : l  w h i l e  s t i l l  e x p r e s s i n g  t h e i r  judgments i n  
i n t e g e r s . )  Each d imension above t h e  l e a s t  i ~ n p o r t a n t  one i s  
t h e n  a s s i g n e d  some number < 1 0 ;  t h e  r a t i o  of  t h a t  nuwber t o  
10 s p e c i f i e s  i t s  impor tance  compared w i t h  t h a t  o f  t h e  l e a s t  
i m p o r t a n t  dimension.  Cross-checks can  be  nlade by comparing 
d imensions  w i t h  one a n o t h e r ;  a l l  r a t i o s  of dimension w e i g h t s  
shou ld  be c o n s i s t e n t .  That  i s ,  i f  D4 h a s  a  we igh t  o f  1 5  and 
D5 a  we igh t  o f  45, t h e n  D5 shou ld  be judged t h r e e  t i m e s  a s  
i m p o r t a n t  a s  D 4 .  I f  n e c e s s a r y ,  i n i t i a l  judgments s h o u l d  be  
r e v i s e d  t o  produce t h i s  i n t e r n a l  c o n s i s t e n c y .  F i n a l l y ,  t h e  
judged r a t i o s  a r e  normal ized  t o  sum t o  1. 

T h i s  p rocedure  was r e p e a t e d  t w i c e  on d i f f e r e n t  days .  Of 
t h e  10 r e s p o n d e n t s  a v a i l a b l e  on t h e  f i r s t  day ,  a l l  b u t  one 
w e r e  a l s o  p r e s e n t  on t h e  second day. 

I n v e n t i o n  o f  S y p o t h e t i c a l  Waste Disposa l  S i t e s .  A t  t h i s  
p o i n t ,  a l l  i n f o r m a t i o n  n e c e s s a r y  t o  c a r r y  o u t  SMART c a l c u l s t i o n s  
was i n  hand--but t h e r e  w e r e  no waste  d i s p o s a l  s i tes t o  e v a l u a t e .  
So one of  t h e  e x p e r t s  a t  t h e  confe rence  vol .unteered t o  i n v e n t  
some; he d i d  s o  by t h i n k i n g  o f  r e a l  s i tes t h a t  had been 
s u g g e s t e d  f o r  t h e  purpose ,  and u s i n g  approximate  f i g u r e s  f o r  
t h e  r e l e v a n t  p h y s i c a l  pa ramete r s .  The b a s i c  assumpt ions  i n -  
volved w e r e  t h a t  g e o l o g i c  d i s p o s a l  would be used f o r  t h e  
accumulated h i g h - l e v e l  w a s t e s  from a  n a t i o n a l  n u c l e a r  power 
economy th rough  t h e  y e a r  2000 a s  w e l l  a s  a l l  t r i t i u m ,  c a r b o n ,  
i o d i n e  from t h e  s p e n t  f u e l  and a l l  a c t i v a t i o n  p r o d u c t s  from 

t h e  c l a d d i n g .  T h i s  was e s t i m a t e d  t o  be 1.38 x  l o l o  C u r i e s  o f  

f i s s i o n  p r o d u c t s  and 1 . 6 1  x  l o 9  C u r i e s  o f  a c t i n i d e s .  The 
si tes w e r e  assumed t o  have t h e  same t y p i c a l  l o c a l  b i o s p b e r e .  
The t ime f o r  t h e  d i s s o l u t i o n  o f  t h e  was te  form was t a k e n  t o  be  
100 y e a r s  i f  c o n t a c t e d  by w a t e r ;  t h e  ground w a t e r  v e l o c i t y  was 
assumed t o  b e  c o n s t a n t  a t  0 .3 m/day f o r  a l l  s i t es  ( f o r  a  
d i s c u s s i o n  o f  g e o l o g i c  was te  d i s p o s a l ,  see Burkholder ,  1 9 7 6 ) .  
I t  i s  i m p o r t a n t  t o  n o t e  t h a t  a l l  s i t es  w e r e  p o s t u l a t e d  t o  f a l l  
w i t h i n  budget  c o n s t r a i n t s .  P u b l i c  a t t i t u d e s  toward t h e  hypo- 
t h e t i c a l  was te  d i s p o s a l  s i tes  w e r e  a s s i g n e d  on a  random b a s i s .  
Tab le  1 p r o v i d e s  t h e  s i t e  d e s c r i p t i o n s .  



Respondents t h e n  made h o l i s t i c  e v a l u a t i o n s  of  t h e  
a t t r a c t i v e n e s s  o f  e ach  s i t e  on a  0  - 100 s c a l e ,  f o r  comparison 
w i th  t h e  SMART e v a l u a t i o n s .  

RESULTS AND DISCUSSION 

Importance Weights.  S ince  t h e  importance weigh ts  o f  t h e  
seven va lue  dimensions w e r e  judged t w i c e  by a l l  b u t  one o f  t h e  
respondents ,  test-retest r e l i a b i l i t y  of  t h e s e  judgments cou ld  
be c a l c u l a t e d .  C o r r e l a t i o n s  between f i r s t  and second judgments 
w e r e  very high.  The mean c o r r e l a t i o n  was .93 ( s t a n d a r d  
d e v i a t i o n  was .11), and t h e  lowes t  was .65. For convenience ,  
t h e  second set o f  we igh t s  i s  used i n  a l l  subsequent  c a l c u l a t i o n s ,  
excep t  f o r  t h o s e  o f  t h e  respondent  who made on ly  one s e t  o f  
j udgment s . 

The in t e r - r e sponden t  agreement about  importance  weigh ts  
was, a s  expec t ed ,  much lower.  C o r r e l a t i o n s  among second- 
judgment we igh ts  between p a i r s  o f  r e sponden t s  range  from +.97 
t o  - .27. The mean c o r r e l a t i o n  was +.39 ( s t a n d a r d  d e v i a t i o n  
was - 3 5 ) .  Th is  is  c o r l s i s t e n t  w i th  o t h e r  a p p l i c a t i o n s  o f  SMART. 
Edwards ( i n  p r e s s )  ha s  argued t h a t  i n d i v i d u a l  d i f f e r e n c e s  i n  
v a l u e s  should  show up p r i m a r i l y  i n  assessments  o f  importance;  
s ingle-dimension u t i l i t i e s  a r e  o f t e n  t e c h n i c a l  judgments r a t h e r  
t han  va lue  judgments. 

To perform subsequen t  SMART c a l c u l a t i o n s ,  t h e  mean i m -  
po r t ance  we igh t s  w e r e  c a l c u l a t e d .  The f i r s t  column of  Table  2 
shows t h e s e  means. The second column shows t h e  s t a n d a r d  
d e v i a t i o n  o f  e ach  mean ove r  r e sponden t s ,  and t h e  t h i r d  shows 
t h e  r a t i o  o f  t h e  s t a n d a r d  d e v i a t i o n  t o  t h e  mean. I n s p e c t i o n  
o f  t h e  t h i r d  column shows, no t  s u r p r i s i n g l y ,  t h a t  t h e  lower 
means a l s o  have lower s t a n d a r d  d e v i a t i o n s .  This  i s  a common 
f i n d i n g  i n  a p p l i c a t i o n s  o f  SMART. I t  cou ld  be  i n t e r p r e t e d  as 
meaning s imply t h a t  s m a l l e r  numbers have smaller s t a n d a r d  
d e v i a t i o n s ,  o r  a s  imply ing  t h a t  i n  o r d e r  t o  g e t  a  r e a l l y  
sma l l  importance weigh t ,  r espondents  must a g r e e  t h a t  a v a l u e  
dimension i s  unimportant .  Both i n t e r p r e t a t i o n s  are c o r r e c t ;  
t h e  second i m p l i e s  t h e  f i r s t .  

SMART Ar i t hme t i c .  I n s p e c t i o n  o f  Table  1 and o f  t h e  
s c a l i n g  on t h e  l i s t  o? dimensions shows t h a t  t h e  sites eva lua t ed  
by no means covered t h e  p l a u s i b l e  range o f  t h e  dimensions o f  
v a l u e .  D3's range c o v e r s  o n l y  2 2 . 5 %  of  t h e  range a s s igned  t o  
it. This  can e a s i l y  happen i n  s i t u a t i o n s ,  such as t h i s  one ,  
i n  which an e v a l u a t i o n  scheme i s  developed b e f o r e  t h e  e n t i t i e s  
t o  be  e v a l u a t e d  are known. Y e t ,  e x a c t l y  t h a t  must o f t e n  be  
done. 

The r ea son  why t h i s  p r e s e n t s  a problem i s  t h a t  t h e  range  o f  
u  v a l u e s  o f  a  va lue  dimension i s  i n  a  s ense  a  k ind  o f  i m -  i j  
po r t ance  weight .  A dimension whose u  v a l u e s  range  from 0  t o  i j 
50 i s  e f f e c t i v e l y  on ly  h a l f  a s  impor t an t  i n  c o n t r o l l i n g  



e v a l u a t i o n  a s  one having t h e  same Wi whose u  v a l u e s  range 
i. j  

from 0  t o  100. 

While t h i s  problem can  be so lved  o n l y  by judgmental 
methods, it  can be p u t  i n t o  a  s imple  p e r s p e c t i v e  by a  1 , i t t l e  
a r i t h m e t i c .  Consider  t h e  fo l l owing  t r a n s f o r m a t i o n s :  

W m i  = wiRi/S , where s = C W ~ R ~  

Ri i s  t h e  range o f  u i j  i n  dimension i ove r  t h e  set o f  e n t i t i e s  

t o  b e  e v a l u a t e d .  Mi i s  t h e  minimum va lue  o f  u i j  ove r  t hose  

e n t i t i e s  i n  dimension i. So u m i j w i l l  nave a  minimum v a l u e  o f  

0  and a  maximum of 100 on each  dimension,  ove r  t h e  se t  of 
e n t i t i e s  t o  be e v a l u a t e d .  

The weigh t s  W I i  w i l l  n o t  be t h e  same a s  W i t  b u t  t h e y  w i l l  

be normal ized and sum t o  1. A l i t t l e  a l g e b r a  w i l l  show t h a t  

I n  o t h e r  words, U ' ;  i s  a  p o s i t i v e  l i n e a r  t r a n s f o r m a t i o n  o f  U i .  
J -8 

Since  any p o s i t i v e  l i n e a r  t r a n s f o r m a t i o n  o f  a  u t i l i t y  f u n c t i o n  
i s  a l s o  a  u t i l i t y  f u n c t i o n ,  t h e  t r ans formed  v a l u e s  a r e  a s  
a p p r o p r i a t e  f o r  d e c i s i o n  making a s  t h e  o r i g i n a l  ones  were. 
However, t h e  e f f e c t  o f  t h e  t r a n s f o r m a t i o n  i s  t o  p u t  a l l  o f  t h e  
s c a l i n g  i n fo rma t ion  i n t o  t h e  Wti--at l e a s t  a s  it a p p l i e s  t o  t h e  

se t  o f  e n t i t i e s  a t  hand. An a p p r o p r i a t e  e l i c i t a t i o n  p rocedure ,  
n o t  used i n  t h i s  c a s e ,  would be t o  r e t r a n s f o r m  t h e  W I i  v a l u e s  

i n t o  a  se t  o f  r a t i o s  such a s  was e l i c i t e d  i n  t h e  i n i t i a l  
e v a l u a t i o n ,  and t h e n  go back t o  t h e  responden ts  w i t h  t h e  u t i j  

and W t i  v a l u e s  and i n q u i r e  whether  t h e y  a r e  s a t i s i f e d  w i t h  them. 

I f  t h e y  a r e ,  t h e  v a l u e s  o f  e i t h e r  U '  o r  U can be used a s  
j  j  

a p p r o p r i a t e  i n p u t s  t o  a  d e c i s i o n .  I f  n o t ,  t h e y  can r e v i s e  t h e  
r a t i o s  u n t i l  t h e y  a r e  a g a i n  s a t i s f i e d .  I n  t h e  l a t t e r  c a s e ,  
t h e  r e v i s e d  r a t i o s  must ,  o f  c o u r s e ,  be used i n  c o n j u n c t i o n  w i t h  
u '  i j ,  n o t  U i j .  

The f o u r t h  column o f  Table  2 p r e s e n t s  t h e  v a l u e s  o f  W m i  

c a l c u l a t e d  from t h e  Wi v a l u e s  i n  t h e  f i r s t  column of  Table 2 

and t h e  r anges  o f  t h e  h y p o t h e t i c a l  s i tes .  Table  3 shows t h e  
v a l u e s  o f  u I i j ,  which a r e  e a s i e r  t o  i n s p e c t  t h a t  t h o s e  o f  u i j .  

Tab le  3 a l s o  shows t h e  va lue  o f  U' = C W ' i ~ '  f o r e a c h s i t e .  
j  i j 



The f i r s t  t h i n g  t o  n o t i c e  a b o u t  T a b l e  3 i s  t h a t ,  i f  t h e  
c h o i c e  w e r e  r e s t r i c t e d  t o  e i t h e r  s i t e  2 o r  s i t e  3 ,  no  one  c o u l d  
p o s s i b l y  p i c k  s i t e  3.  I n  t e c h n i c a l  j a r g o n ,  s i t e  2 d o m i n a t e s  
s i t e  3 ;  t h a t  i s ,  2 i s  a t  l e a s t  a s  good a s  3 on v e r y  d imens ion ,  
and  d e f i n i t e l y  bet ter  on  a t  l e a s t  one.  Note t h a t  no o t h e r  s i t e  
i s  dominated .  A l s o  n o t e  t h a t  s i t e  6 ,  t hough  e v a l u a t e d  as b e s t  
by t h e  we igh ted  u t i l i t y  c r i t e r i o n ,  d o e s  n o t  dominate  s i t e  3;  
s i t e  3 i s  be t t e r  t h a n  s i t e  6 on  d imens ions  4 and  6 .  

I f  d e c i s i o n  making w e r e  t h e  o n l y  g o a l  o f  t h e  a n a l y s i s ,  it 
would be a p p r o p r i a t e  t o  d e l e t e  s i t e  3 from a l l  f u r t h e r  c a l -  
c u l a t i o n s .  But f o r  o t h e r  p u r p o s e s ,  i n  p a r t i c u l a r  t h e  s t u d y  o f  
e n v i r o n m e n t a l  c o r r e l a t i o n s  among d imens ions  as t h e y  a f f e c t  
SMART, it i s  u s e f u l  t o  have  a s  nany s t i m u l i  as  p o s s i b l e .  F o r  
t h a t  r e a s o n ,  s i t e  3 i s  r e t a i n e d  i n  a l l  s u b s e q u e n t  c a l c u l a t i o n s ,  
e v e n  though it i s  domina ted .  

C l e a r l y ,  s i t e  6  i s  b e s t  and s i t e  3 i s  w o r s t .  The s p r e a d  
i n  u t i l i t y  be tween best and w o r s t  i s  modest  b u t  a c c e p t a b l e ,  
c o n s i d e r i n g  t h e  scale and t h e  d i s a g r e e m e n t  among judges .  

T a b l e  3 a l s o  perm. i t s  e x p l o r a t i o n s  o f  t h e  e f f e c t  o f  s c a l i n g  
problems on  SMART. V a l u e s  o f  t h e  i n a p p r o p r i a t e  q u a n t i t y  

Wi u t i j  are t a b u l a t e d .  The e f f e c t  o f  s c a l i n g  u i j  h a s  been  
1 

removed from u ' j ,  b u t  i s  n o t  i n c l u d e d  i n  Wi.  Again ,  s i t e  6 

i s  bes t .  Two i n v e r s i o n s  o f  o r d e r i n g  have  o c c u r r e d ;  s i tes 1 
and 2 and s i tes  4 and 3 have  been  i n t e r c h a n g e d .  However, t h e  ' 

c o r r e l a t i o n  be tween 2 W g i  l ~ ' . .  and 1 WiuIij i s  +.87.  T h i s  h i g h  
i 1 7  i 

c o r r e l a t i o n  i n d i c a t e s  t h a t  t h c  e f f e c t  o f  t h e  s c a l i n g  i s s u e s  i s  
minor ,  though d i s c e r n i b l e .  I f  s i t e  6 w e r e  n o t  p r e s e n t ,  s i t e  1 
r a t h e r  t h a n  s i t e  2 would be  p r e f e r r e d  by t h e  i n a p p r o p r i a t e  
c a l c u l a t i o n ,  b u t  t h i s  c a l c u i a k i o n  r e p r e s e n t s  a w o r s t  case, 
s i n c e  i t  assumes  t h a t  r e s p o n d e n t s  p a i d  no  a t t e n t i o n  t o  s c a l i n g  
o f  t h e  d i m e n s i o n s  i n  c h o o s i n g  i m p o r t a n c e  w e i g h t s . *  

* P r o f .  Amos Tversky  h a s  s u g g e s t e d  t o  u s  a n  a l t e r n a t i v e  t o  t h e  
p r o c e d u r e  i n v o l v i n g  u '  and W t i .  R a t h e r  t h a n  a t t e m p t i n g  t o  

i j  
u s e  a n  uppe r  and a lower  bound t h a t  are s u r e  t o  i n c l u d e  t h e  
r a n g e  o f  v a r i a t i o n  o f  e a c h  d imens ion ,  h e  s u g g e s t s  t h a t  one  
migh t  t a k e  a d v a n t a g e  o f  t h e  l i n e a r  s t r u c t u r e  o f  t h i s  m u l t i -  
a t t r i b u t e  u t i l i t y  model by s e l e c t i n g  uppe r  and lower  v a l u e s  
t h a t ,  though s e p a r a t e  enough t o  be  c l e a r l y  d i s t i n g u i s h a b l e  i n  
a t t r a c t i v e n e s s ,  are c l o s e  enough t o  t h a t  t h e  r a n g e  on  e a c h  
d imens ion  w i l l  be g r e a t e r  t h a n  t h e  chosen  v a l u e s .  Then t h e  
r e s p o n d e n t  must  pay a t t e n t i o n  t o  t h e  a c t u a l  v a l u e s  s e l e c t e d  i n  
making i s  w e i g h t i n g  judgments .  T h i s  p r o c e d u r e  i s  l i n e a r  o r  
n e a r l y  s o  w i t h  some u n d e r l y i n g  p h y s i c a l  d i m e n s i o n ,  as i n  t h i s  
d e m o n s t r a t i o n .  But it d o e s  p r e s e n t  a problem: c a n  r e s p o n d e n t s  
p r o p e r l y  t a k e  s u c h  b o u n d a r i e s  i n t o  a c c o u n t  i n  j u d g i n g  v a l u e s  
o f  W.? Such q u e s t i o n s  o b v i o u s l y  need  e x p e r i m e n t a l  a n s w e r s ,  

l 
and have  n o t  y e t  r e c e i v e d  them. 



I n t e r c o r r e l a t i o n s  Among Value Dimensions. The a d d i t i v e  
model b e i n s  used  h e r e  assumes t h a t  t h e  v a l u e  d imensions  do  n o t  
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i n t e r a c t  i n  p r e f e r e n c e ;  t h a t  i s ,  t h a t  a  g i v e n  v a l u e  o f  D l  con- 
t r i b u t e s  t h e  same amount t o  t o t a l  u t i l i t y  r e g a r d l e s s  o f  t h e  
v a l u e s  o f  t h e  o t h e r  d imensions .  T h i s  s t r o n g  assumpt ion  i s  bound 
t o  be  wrong i n  d e t a i l ,  b u t  it p e r m i t s  s imple  c a l c u l a t i o n s  and 
g i v e s  a n  e x c e l l e n t  approximat ion  t o  o t h e r  more compl ica ted  
models ,  e s p e c i a l l y  i f  t h e  v a l u e  dimensions a r e  c o n d i t i o n a l l y  
monotonic ( i . e . ,  e i t h e r  more on a  dimension is  p r e f e r r e d  t o  less 
o r  less i s  p r e f e r r e d  t o  more r e g a r d l e s s  o f  v a l u e s  o f  t h e  o t h e r  
d i m e n s i o n s ) ,  a s  t h e y  a l l  a r e  i n  t h i s  c a s e .  (For  d i s c u s s i o n s  
o f  t h i s  t o p i c ,  see Dawes and Cor r igan ,  1974; Wainer, 1976;  
Yntema and Torgerson,  1 9 6 1 ) .  

But t h e  env i ronmenta l  c o r r e l a t i o n s  among v a l u e  d imensions  
a r e  a l s o  i m p o r t a n t .  Table  4 shows t h o s e  i n t e r c o r r e l a t i o n s  f o r  
t h e  s i x  h y p o t h e t i c a l  s i tes.  

The v e r y  h i g h  c o r r e l a t i o n  between D l  and D4 would imply 
t h a t  one o f  t h e s e  d imens ions  c o u l d  b e  o m i t t e d  from t h e  a n a l y s i s ,  
i f  t h e  c o r r e l a t i o n  w e r e  p o s i t i v e .  S i n c e  i t  i s  n e g a t i v e ,  i t  
i m p l i e s  t h a t  D l  and D4 a f f e c t  p r e f e r e n c e  i n  o p p o s i t e  d i r e c t i o n s .  
I n s p e c t i o n  of  t h e  W I i  column o f  Table  2  i n d i c a t e s  t h a t  t h i s  i s  

u n f o r t u n a t e  and h e l p s  t o  e x p l a i n  t h e  r e l a t i v e l y  c l o s e  c l u s t e r i n g  
o f  s i tes i n  Table  3 .  A f t e r  s c a l i n g  f a c t o r s  a r e  t a k e n  i n t o  
a c c o u n t ,  D l  and D 4  v i r t u a l l y  c a n c e l  e a c h  o t h e r  o u t .  I t  seems 
l i k e l y  t h a t ,  i f  t h e  r e s p o n d e n t s  had been p r e s e n t e d  w i t h  Tab les  
2 ,  3,  and 4 and t h i s  f a c t  had been p o i n t e d  o u t  t o  them, t h e y , .  
would have wished t o  change t h e i r  judgments i n  some a p p r o p r i a t e  
way. I t  i s  c e r t a i n l y  a n  unlucky a c c i d e n t  t h a t  random ass ignment  
o f  v a l u e s  f o r  D l  s h o u l d  have produced t h i s  h i g h  n e g a t i v e  
c o r r e l a t i o n  w i t h  t h e  o t h e r  most i m p o r t a n t  d imension.  Rare e v e n t s  
happen,  though r a r e l y .  

I f  a  v a r i a b l e  i s  o m i t t e d  from a  m u l t i a t t r i b u t e  u t i l i t y  
a n a l y s i s  because  it i s  h i g h l y  p o s i t i v e l y  c o r r e l a t e d  w i t h  an- 
o t h e r  v a r i a b l e ,  i t s  impor tance  shou ld  be  added t o  t h e  impor tance  
of  t h a t  o t h e r  v a r i a b l e .  I n  e f f e c t ,  t h e  r e t a i n e d  v a r i a b l e  be- 
comes a  proxy f o r  t h e  o m i t t e d  one.  

H o l i s t i c  Judgments.  Table  5  p r e s e n t s  t h e  h o l i s t i c  r a t i n g s  
f o r  a l l  s i t es  by a l l  r e s p o n d e n t s .  The i n t e r - r e s p o n d e n t  agreement  
i n  t h e s e  r a t i n g s  i s  s m a l l e r  t h a n  it was f o r  t h e  impor tance  we igh t  
judgments.  The mean c o r r e l a t i o n  between p a i r s  o f  r e s p o n d e n t s  i s  
+.20 ( s t a n d a r d  d e v i a t i o n  i s  . 4 7 5 ) ;  t h e  range  i s  from +.97 t o  -. 55. The comparable f i g u r e s  f o r  w e i g h t s  a r e  +. 39 ( s t a n d a r d  
d e v i a t i o n  i s  .35)  and +.97 t o  -.27. I t  i s  encourag ing  b u t  n o t  
e s p e c i a l l y  s u r p r i s i n g  t h a t  t h e r e  i s ,  i f  a n y t h i n g ,  more i n t e r -  
r e sponden t  agreement  abou t  impor tance  w e i g h t s  t h a n  a b o u t  d i r e c t  
e v a l u a t i o n s .  The c o r r e l a t i o n  between mean h o l i s t i c  r a t i n g s  and 
SMART r a t i n g s  i s  +.58. Both p r o c e d u r e s  c o n s i d e r  s i t e  6  b e s t  and 
s i te  3 w o r s t .  Th i s  c o r r e l a t i o n  between SMART and h o l i s t i c  
r a t i n g s  i s  r a t h e r  h i g h  compared w i t h  most o t h e r  such c o r r e l a t i o n s  



i n  t h e  m u l t i a t t r i b u t e  u t i l i t y  l i t e r a t u r e .  A f t e r  a l l ,  t h e r e  
would be no p o i n t  i n  p rocedures  l i k e  SMART i f  d i r e c t  numerica l  
a s s e s s n ~ e n t s  produced t h e  same r e s u l t s .  

Table 5 shows w i t h  h o l i s t i c  r a t i n g s ,  a s  was a l s o  t r u e  f o r  
importance we igh t s ,  a  h i g h  c o r r e l a t i o n  (+. 94) between mean and 
s t a n d a r d  dev ia t - ion ,  f o r  e s s e n t i a l l y  t h e  s a m e  r eason .  

A Hypo the t i c a l  C a l c u l a t i o n .  Suppose t h e  random ass ignment  
of p u 6 l i c  a t t i t u d e s  t o  sites had come o u t  d i f f e r e n t l y ,  how would 
t h e  a n a l y s i s  have looked? Wi and W '  would be  una f f ec t ed .  Only i 
t h e  f i r s t  l i n e  of  Tab le  4 would be d i f f e r e n t .  But t h e  f i n a l  
r e s u l t  would be q u i t e  d i f f e r e n t .  P a r t i c u l a r l y  i n t e r e s t i n g ,  of  
cou r se ,  would be a n  ass ignment  o f  p u b l i c  a t t i t u d e s  t o  sites 
t h a t  would c o r r e l a t e  e x a c t l y  0  w i th  D 4 .  Using t h e  same v a l u e s  
t h a t  w e r e  o r i g i n a l l y  used,  b u t  a s s i g n i n g  them t o  d i f f e r e n t  
s i tes,  such an  ass ignment  is  p o s s i b l e .  Table  6  shows what t h e  
changes would have been.  

The e f f e c t  i s  c e r t a i n l y  s u b s t a n t i a l .  The sp r ead  between 
h i g h e s t  and l owes t  va lue  o f  U '  i n c r e a s e s  from 19.7 t o  40.2. 

j 
S3, which s c o r e s  100 on D l ' .  i s  now t h e  winner ,  and S6 comes i n  
second.  S5, which was p r e v i o u s l y  n e x t - t o - l a s t ,  now comes l a s t .  

Of c o u r s e ,  it i s  n o t  a p p r o p r i a t e  t o  compare t h e s e  new 
v a l u e s  of  U', w i t h  t h e  h o l i s t i c  r a t i n g s ,  s i n c e  t h o s e  r a t i n g s  
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were c o l l e c t e d  on t h e  b a s i s  o f  t h e  o l d  ass ignment  o f  D l .  But 
t h e  f a c t  t h a t  a  change i n  D l  can  produce such s u b s t a n t i a l  
changes i n  t h e  e v a l u a t i o n  of  s i tes shows a g a i n  t h a t  m u l t i -  
a t t r i b u t e  u t i l i t y  measurement t e chn iques  can  combine such 
i n fo rma t ion  w i t h  t e c h n o l o g i c a l  i n fo rma t ion  i n  a  d e c i s i o n  p r o c e s s ,  
g i v i n g  judgmenta l ly  a p p r o p r i a t e  we igh t s  t o  bo th  k i n d s  o f  i n -  
format ion.  

An Approach t o  Reso lv ing  I n t e r p e r s o n a l  Disagreement.  I n  a 
s i t u a t i o n  c h a r a c t e r i z e d  by d i sagreement  among e x p e r t s ,  l i k e  t h i s  
one ,  it would p robab ly  be a p p r o p r i a t e  t o  go back t o  t h e  e x p e r t s  
w i t h  t h e  t a b l e s  o f  r a t i o s  imp l i ed  bo th  by t h e  o r i g i n a l  averaged 
importance judgments and by t h e  r e s c a l e d  v a l u e s  o f  W B i .  I n  a 

s ense ,  t h e s e  numbers a r e  what t h e  e x p e r t s  a r e  d i s a g r e e i n g  abou t ;  
t h e y  c a p t u r e  t h e  e s s e n c e  o f  t h e i r  d i s ag reemen t s  (provided t h e r e  
are no s i g n i f i c a n t  d i s ag reemen t  abou t  t h e  u i j )  i n  numerc ia l  

form. Agreement t o  a  s i n g l e  set o f  such numbers i s  tantamount  
t o  a  compromise among c o n f l i c t i n g  va lue  sys tems.  I t  i s  t h e r e -  
f o r e  i n s t r u c t i v e  t o  l o o k  a t  t h e  sys tems o f  r a t i o s  imp l i ed  b o t h  
by t h e  mean Wi v a l u e s  and by t h e  W t i  v a l u e s  c a l c u l a t e d  from them. 

Table  7  shows t h e s e  r a t i o s ,  m u l t i p l i e d  by 10 t o  conform t o  t h e  
e l i c i t a t i o n  p rocedure .  



So f a r  a s  w e  a r e  aware, no a t tempt  has  y e t  been made t o  
use t h i s  technique of  feed ing  back t h e  r a t i o s  of  importances 
t o  t h e  e x p e r t s  from whose judgments they  w e r e  c a l c u l a t e d .  I t  
might t u r n  o u t  t o  be a u s e f u l  approach t o  r e so lv ing  c o n f l i c t s  
about eva lua t ions .  
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TABLE 1 

Description of Six Hypothetical Nuclear Waste Disposal Sites 

Value Dimension, Range, and 
Scaling 

Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 

~ 1 .  Public attitude. 0 = 
extremely negative; 40 2 0 10 40 60 7 0 
100 = extremely positive 

D2. Remoteness from popu- 
lation center, km. 
(0 km = 0; 

D3. Geospheric path length, 
km (0 km = 0; 40 12 12 4 
160 km = 100) 

D4. Proximity to natural 
resources, km. (0 km = 5 0 150 5 0 5 0 
0; 160 km = 100) 

D5. Geologic disturbance 
probability per year 
(1 = 0; 10-6 = 100; 
linear in exponent) 

D6. Relative migration rate 
of critical nuclide 
(1 = 0; 10-5 = 100; 
linear in exponent) 

D7.  ranp port at ion distance, 
km. (1600 km = 0; 1500 5 00 500 1500 150 150 
0 km = 100) 



TABLE 2 

Mean Imwortance Weiahts and Their Standard Deviations 

Value Dimension D; I W; I 

Dl. Public attitude 

D2. Distance from city 

D3. Geospheric path 
length 

D4. Proximity to natural 
resources 

D5. Earthquake pro- 
bability 

D6. Migration of 
critical nuclide 

D7. Transportation 
distance 
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TABLE 3 

Va lues  o f  u n i j f  Z W u n i j f  and J: Wi u t i j  
i i 

Dimensions S i t e s  

S3 S4 S5 S6 

0 50 83 .3  100 

0 100 25.9 100 

22.2 0 0 100 

100 25.9 0 0 

0 100 50 100 

50 0 50 0 

74.1 0 100 100 
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TABLE 4 

I n t e r c o r r e l a t i o n s  of Value Dimensions With One Another 
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TABLE 5 

Holistic Ratinas of Sites 

Respondent Site 

Mean 53.0 43.5 25.5 39.0 51.0 65.0 

Standard Deviation 18.3 19.2 12.4 16.6 20.8 27.2 

SD/Mean .35 .44 .48 .43 .41 .42 



TABLE 6 

Effects of a N e w  Assignment of Public Attitudes to Sites 

6a. The New Assianment 

6b. Effect on U m i  of New Assignment of Dl 

6c. Effect on Correlations with Other Value Dimensions 
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TABLE 7 

R a t i o s  ( x 1 0 )  of Wi and W V i  V a l u e s  

R a t i o s  of Wi V a l u e s  

R a t i o s  of W g i  V a l u e s  
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