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PREFACE 

Risks have emerged as a major constraint to the introduction 
and development of technological systems. The work of the joint 
IAEA/IIASA research project (IAEA: International Atomic Energy 
Agency) is directed toward gaining an improved understanding of 
how societies judge the acceptability of new technologies and 
how objective information on riskstand the anticipated social 
response to them, may be considered in decision-making. 

This paper presents a model of attitude formation and reports 
results of a pilot application to the case of attitudes toward 
nuclear power and the risks associated with nuclear power. 





ABSTRACT 

This paper presents an expectancy-value model which allows 
identification of the technclogical, psychological and social 
determinants of attitude formation. The utility of the model 
with respect to attitudes toward nuclear power, and attitudes 
toward the risks associated with nuclear power, was tested by 
an empirical application. Attitudes estimated from the model 
correlated highly (r = 0.66 and 0.76, respectively) and sig- 
nificantly ( p  < 0.001) with direct measures of these attitudes. 
An analysis of the cognitive structures underlying attitudes, 
including a comparison of sub-groups "pro" and "con" nuclear 
power, is reported. These groups were found to significantly 
differ in their beliefs concerning the benefits of nuclear power 
but not in their beliefs about the risks. A similar analysis 
of sub-groups relatively favourable and unfavourable toward 
nuclear power risks suggests that those who believe that people 
are involuntarily exposed to these risks, and in a passive way, 
also tend to judge the risks as being unacceptable. 





INTRODUCTION 

The social conflict that has surrounded technological de- 
velopment has demonstrated the importance of a formal consider- 
ation of social values in public policy decisions, such as those 
affecting regulatory criteria. The social response has, in many 
cases, focused upon the risks associated with such developments; 
one consequence has been to stimulate interest in risk assess- 
ment research. Risk assessment studies provide information for 
use in decisions relating to the management of risks; a concept- 
ual framework for such studies has been developed by Otway (1973 
and 1975) and Otway and Pahner (1976). One concern of such re- 
search is that of anticipating the totality of the social response 
to risk situations and in understanding the mechanisms underlying 
the formation of this response. Clearly, response is not based 
solely upon theoretical or statistical risk predictions but, 
rather, is multiply-determined through a variety of perceptual, 
information processing and learning functions which are instrumental 
in the formation of attitudes toward the technology and its risks. 

The next section points out that attitudes toward an object 
are not directly related to specific behaviours with respect to 
that object; however, these attitudes do establish a predis- 
position to behave in a consistent manner with respect to that 
object. Thus attitudes provide an indication of the individual's 
overall response with respect to the object. By aggregating 
individuals, it becomes possible to describe the overall social 
response. The Fishbein model of attitude formation is briefly 
discussed; it is shown that the model can provide descriptive 
information on the relative importance of the technical, 
psychological and social factors which determine attitudes. 
This information allows insights into the differing perceptions 
of the object by different social groups. 

This is followed by a section which summarizesthe design 
of empirical studies to test the predictive validity of the model. 
The third section reports results of an empirical, pilot study 
which applied the attitude formation model to the specific case 
of attitudes toward nuclear power and toward nuclear power risks. 
The final section summarizes this work, suggests some conclusions 
which emerged, and outlines plans for its extension. 



A THEORETICAL FWIEWORK 

A major  d i f f i c u l t y  i n  s o c i a l  psycho logy  h a s  been a  f a i l u r e  
t o  r e c o g n i z e  t h a t  b e l i e f s ,  a t t i t u d e s ,  i n t e n t i o n s  and b e h a v i o u r s  
a r e  d i f f e r e n t  and d i s t i n c t  v a r i a b l e s ,  w i t h  d i f f e r e n t  d e t e r m i n a n t s ,  
b u t  w i t h  s t a b l e  and s y s t e m a t i c  r e l a t i o n s h i p s  among them. U n t i l  
v e r y  r e c e n t l y  a t t i t u d e  h a s  been used i n  a  g e n e r i c  s e n s e  t o  r e f e r  
n o t  o n l y  t o  a p e r s o n ' s  a f f e c t i v e ,  o r  e v a l u a t i v e ,  f e e l i n g s  a b o u t  
some o b j e c t ,  b u t  a l s o  t o  b e l i e f s  ( c o g n i t i o n s )  a b o u t  t h e  o b j e c t  
a s  w e l l  as h i s  b e h a v i o u r a l  i n t e n t i o n s  ( c o n a t i o n s )  w i t h  r e s p e c t  
t o  t h e  o b j e c t .  Thus much a t t i t u d e  r e s e a r c h  was c o n f u s i n g  i n  
t h a t  what  w e r e  t a k e n  t o  b e  measures o f  a t t i t u d e  were, i n  f a c t ,  
o f t e n  measures  o f  b e l i e f  o r  i n t e n t i o n s .  

D e f i n i t i o n s  

A b e l i e f  i s  a p r o b a b i l i t y  judgement t h a t  l i n k s  some o b j e c t  o r  
c o n c e p t  t o  some a t t r i b u t e l .  The c o n t e n t  o f  t h e  b e l i e f  i s  d e f i n e d  
by t h e  o b j e c t  and a t t r i b u t e  i n  q u e s t i o n ,  and t h e  s t r e n g t h  o f  t h e  
b e l i e f  i s  d e f i n e d  by t h e  p e r s o n ' s  s u b j e c t i v e  p r o b a b i l i t y  t h a t  t h e  
o b j e c t - a t t r i b u t e  r e l a t i o n s h i p  e x i s t s ,  o r  i s  t r u e .  

An a t t i t u d e  is  a b i - p o l a r  e v a l u a t i v e  judgement o f  t h e  o b j e c t .  
I t  i s  e s s e n t i a l l y  a  s u b j e c t i v e  judgement t h a t  one l i k e s  o r  d i s -  
l i k e s  t h e  o b j e c t ,  t h a t  i t i s  good o r  bad ,  t h a t  he f e e l s  f avou r -  
a b l e  o r  u n f a v o u r a b l e  toward i t 2 .  

An i n t e n t i o n  i s  a  p r o b a b i l i t y  judgement t h a t  l i n k s  t h e  i n -  
d i v i d u a l  t o  some s p e c i f i c  a c t i o n .  T h a t  i s ,  i t  i s  t h e  i n d i v i d -  
u a l ' s  b e l i e f  t h a t  he  w i l l  per fo rm some behav iou r .  The c o n t e n t  
o f  t h e  i n t e n t i o n  i s  d e f i n e h  bv t h e  b e h a v i o u r  i n  q u e s t i o n ,  and 
t h e  s t r e n g t h  o f  t h e  i n t e n t i o n -  i s  d e f i n e d  by t h e  p e r s o n '  s ' s u b j e c t i v e  
p r o b a b i l i t y  t h a t  he  w i l l ,  o r  w i l l  n o t ,  engage  i n  t h e  a c t i o n  i n  
q u e s t i o n .  Behav iour  i s  a n  o b s e r v a b l e  a c t i o n  t h a t  i s  q u a n t i f i a b l e  
on e i t h e r  a d icho tomous  o r  a  c o n t i n u o u s  scale. 

The R e l a t i o n s  between B e l i e f s .  A t t i t u d e s .  I n t e n t i o n s  and Behav iours  

F i g u r e  1 summarizes t h e  r e l a t i o n s  between b e l i e f s ,  a t t i t u d e s ,  
i n t e n t i o n s ,  and b e h a v i o u r s  w i t h  r e s p e c t  t o  a g i v e n  o b j e c t .  I t  
can  b e  s e e n  t h a t  a p e r s o n  h o l d s  many b e l i e f s  a b o u t  any g i v e n  
o b j e c t ,  t h a t  i s ,  he  a s s o c i a t e s  t h a t  o b j e c t  w i t h  a number o f  
d i f f e r e n t  a t t r i b u t e s .  I t  h a s  been found t h a t  knowledge o f  a 
p e r s o n ' s  b e l i e f s  a b o u t  a n  o b j e c t ,  and h i s  e v a l u a t i o n s  o f  t h e  
a s s o c i a t e d  a t t r i b u t e s ,  a l l o w s  a n  a c c u r a t e  p r e d i c t i o n  o f  h i s  a t t i -  
t u d e  towards  t h e  o b j e c t .  T h a t  i s ,  a p e r s o n ' s  a t t i t u d e  toward any 
o b j e c t  i s  a f u n c t i o n  o f  h i s  b e l i e f s  a b o u t  t h a t  o b j e c t  we igh ted  

l ~ h e  t e r m s  l ob  j e c t '  and ' a t t r i b u t e '  are used i n  a  g e n e r i c  s e n s e  
and b o t h  t e r m s  may r e f e r  t o  any d i s c r i m i n a b l e  a s p e c t  o f  a n  i n d i v i d u a l ' s  
wor ld .  F o r  example,  one  migh t  b e l i e v e  t h a t  Automobi le A ( a n  o b j e c t )  
i s  e x p e n s i v e  ( a n  a t t r i b u t e ) .  

 he t e r m  ' o b  j e c t '  i s  a g a i n  used i n  a  g e n e r i c  s e n s e .  One may 
have a t t i t u d e s  towards  c o n c e p t s ,  p e o p l e ,  i n s t i t u t i o n s ,  e v e n t s ,  be- 
h a v i o u r s ,  outcomes,  e t ~ .  



INFLUENCE 

----- FEEDBACK 

Schematic presentation of conceptual framework relating beliefs, attitudes, intentions, and behaviours with respect to a given object. 

F I G U R E  1 



by t h e s e  e v a l u a t i o n s ;  however, i t  i s  t h e  e n t i r e  set  o f  s a l i e n t  
b e l i e f s  t h a t  de te rm ines  t h e  a t t i t u d e  and n o t  any s p e c i f i c  b e l i e f .  
Research on a t t e n t i o n  span ,  apprehens ion ,  and i n f o r m a t i o n  pro-  
c e s s i n g  s u g g e s t s  t h a t  an  i n d i v i d u a l  i s  c a p a b l e  o f  a t t e n d i n g  t o  
o r  p r o c e s s i n g  o n l y  f i v e  t o  n i n e  i t e m s  o f  i n fo rma t ion  a t  any 
g iven  t i m e  ( M i l l e r ,  1956; Woodworth and Sch losbe rg ,  1954; Mandler, 
1 9 6 7 ) .  C o n s i s t e n t  w i t h  t h i s  f i n d i n g ,  a  p e r s o n ' s  a t t i t u d e  toward 
an o b j e c t  i s  l i k e l y  t o  be determined by a  r e l a t i v e l y  sma l l  number 
o f  s a l i e n t  b e l i e f s .  

Once an  a t t i t u d e  h a s  been formed, a  person i s  p red i sposed  
( i . e . ,  i n t e n d s )  t o  per fo rm a  p a t t e r n  o f  behav iou rs  w i t h  r e s p e c t  
t o  t h e  o b j e c t .  Once a g a i n ,  i t  must be no ted  t h a t  a l t hough  h i s  
a t t i t u d e  does  p r e d i s p o s e  him t o  per form a  set  o f  behav iou rs ,  it 
does  n o t  p r e d i s p o s e  him t o  per form any s p e c i f i c  behav iour .  A l -  
thoug=t had p r e v i o u s l y  been assumed t h a t  a  p e r s o n ' s  a t t i t u d e  
towards some o b j e c t  would i n f l u e n c e  some p a r t i c u l a r  behav iour  
w i t h  r e s p e c t  t o  t h a t  o b j e c t ,  i t i s  now c l e a r  t h a t y t t i t u d e s  
towards a n  o b j e c t  may have l i t t l e  o r  no i n f l u e n c e  on any 
s p e c i f i c  behav iour .  J u s t  a s  a t t i t u d e  is  determined by t h e  e n t i r e  
set  o f  b e l i e f s  t h a t  a  pe rson  h o l d s ,  t h e  a t t i t u d e  o n l y  s e r v e s  t o  
p r e d i s p o s e  t h e  pe rson  t o  engage i n  a  set  of  behav iou rs  t h a t ,  
when t a k e n  t o g e t h e r ,  a r e  c o n s i s t e n t  w i t h  t h e  a t t i t u d e .  

Th i s  i s  n o t h i n g  more t h a n  a  r e c o g n i t i o n  o f  t h e  f a c t  t h a t  a  
p e r s o n ' s  a t t i t u d e  may be  exp ressed  i n  a  v a r i e t y  o f  ways. For 
example, pe rson  A might e x p r e s s  h i s  l i k i n g  f o r  person X by i n -  
v i t i n g  him t o  t h e  t h e a t r e .  However,. i n d i v i d u a l  B,  w i t h  t h e  same 
f a v o u r a b l e  a t t i t u d e  toward person X ,  might i n v i t e  X t o  h i s  home 
r a t h e r  t h a n  t o  t h e  t h e a t r e .  

However, F i g u r e  1 does  n o t  imply t h a t  t h e r e  is no r e l a t i o n -  
s h i p  between a t t i t u d e  towards an  o b j e c t  and i n t e n t i o n s  t o  engage 
i n  v a r i o u s  behav iou rs  w i t h  r e s p e c t  t o  t h a t  o b j e c t .  Ra the r ,  it 
s u g g e s t s  t h a t  i f  one w e r e  i n t e r e s t e d  i n  t h e  t o t a l i t y  o f  i n t e n t i o n s  
a  pe rson  h e l d  w i t h  r e s p e c t  t o  some o b j e c t ,  knowledge o f  a  p e r s o n ' s  
a t t i t u d e  would be a  u s e f u l  p r e d i c t o r .  That  i s ,  t h e  more favou rab le  
t h e  p e r s o n ' s  a t t i t u d e ,  t h e  more p o s i t i v e  and t h e  fewer n e g a t i v e  
behav iou rs  he  would i n t e n d  t o  perform. I n  o t h e r  words,  i f  a  
p e r s o n ' s  a t t i t u d e  toward some o b j e c t  w e r e  t o  become more p o s i t i v e ,  
one would e x p e c t  a n  i n c r e a s e  i n  t h e  number o f  p o s i t i v e  behav iours  
he i n t e n d s  t o  engage i n  w i t h  r e s p e c t  t o  t h a t  o b j e c t .  There i s  no 
g u a r a n t e e ,  however, t h a t  i t w i l l  i n c r e a s e  t h e  p e r s o n ' s  i n t e n t i o n  
t o  engage i n  any p a r t i c u l a r  behav iour .  For example, i n c r e a s i n g  
a  p e r s o n ' s  a t t i t u d e  toward t h e  t h e a t r e  may i n c r e a s e  h i s  i n t e n t i o n  
t o  a t t e n d  t h e  t h e a t r e  more o f t e n  b u t  may n o t  a f f e c t  h i s  i n t e n t i o n s  
w i t h  r e s p e c t  t o  buy ing a  season t i c k e t .  



F i g u r e  1 a l s o  shows t h a t  a  p e r s o n ' s  i n t e n t i o n  t o  engage i n  
a  s p e c i f i c  behav iour  w i t h  r e s p e c t  t o  a n  o b j e c t  i s  t h e  p r imary  
d e t e r m i n a n t  o f  t h a t  behav iou r ,  i . e . ,  t h e  s i n g l e  b e s t  p r e d i c t o r  
o f  whether  o r  n o t  a  person  w i l l  engage i n  a  p a r t i c u l a r  behav iour  
i s  h i s  i n t e n t i o n  t o  per form t h a t  behav iour .  I n  c o n t r a s t  t o , t h e  
r e l a t i o n s  between b e l i e f s  and a t t i t u d e s ,  and a t t i t u d e  and i n -  
t e n t i o n s ,  w e  do assume a  one-to-one r e l a t i o n  between i n t e n t i o n  
and behav iou r ,  b a r r i n g  o u t s i d e  i n t e r v e n t i o n s .  T h i s  means t h a t  
e v e r y t h i n g  s a i d  abou t  t h e  a t t i t u d e - i n t e n t i o n  r e l a t i o n s h i p  a l s o  
a p p l i e s  t o  t h e  a t t i t u d e - b e h a v i o u r  r e l a t i o n s h i p .  

I n  summary, a  p e r s o n ' s  a t t i t u d e  towards a n  o b j e c t  w i l l  n o t  
be  r e l a t e d  t o  s p e c i f i c  behav iou rs  w i t h  r e s p e c t  t o  t h e  o b j e c t  b u t  
i s  r e l a t e d  t o  t h e  p a t t e r n  o f  behav iou rs  h e  w i l l  per form.  I n  t h e  - 
c a s e  where w e  a r e  i n t e r e s t e d  i n  t h e  t o t a l i t y  o f  s o c i a l  r esponse  
t o  a n  o b j e c t ,  o r  t echno logy ,  o b j e c t  a t t i t u d e s  assume a  s p e c i a l  
impor tance3.  

A t t i t u d e  Format ion 

While F igu re  1 i n d i c a t e s  t h a t  a  p e r s o n ' s  a t t i t u d e  toward an 
o b j e c t  i s  some f u n c t i o n  o f  h i s  o r  h e r  b e l i e f s  abou t  t h e  o b j e c t ,  
w e  have n o t  a s  y e t  c o n s i d e r e d  t h e  way i n  which t h e s e  b e l i e f s  
combine t o  y i e l d  an  o v e r a l l  f e e l i n g  o f  f a v o u r a b l e n e s s  o r  un- 
f a v o u r a b l e n e s s  toward t h e  o b j e c t ,  i . e . ,  an  a t t i t u d e .  I t  shou ld  
b e  r e c a l l e d ,  however, t h a t  each  b e l i e f  abou t  an  o b j e c t  l i n k s  
t h e  o b j e c t  t o  some o t h e r  o b j e c t  o r  a t t r i b u t e ,  which i s  p o s i t i v e l y ,  
n e g a t i v e l y ,  o r  n e u t ' r a l l y  va lued .  According t o  F i s h b e i n ' s  model, 
a  p e r s o n ' s  a t t i t u d e  toward any o b j e c t  can  be  viewed a s  a  we igh ted  
sum of  h i s  e v a l u a t i o n s  o f  t h e  r e l a t e d  a t t r i b u t e s .  The e v a l u a t i o n  
o f  t h e  a t t r i b u t e s  c o n t r i b u t e s  t o  t h e  a t t i t u d e  towards t h e  o b j e c t  
i n  q u e s t i o n  i n  p r o p o r t i o n  t o  t h e  s t r e n g t h  o f  t h e  b e l i e f  t h a t  t h e  
o b j e c t  i s  c h a r a c t e r i s e d  by t h a t  a t t r i b u t e .  Tha t  is ,  t h e  more 
c e r t a i n  one is  t h a t  an  o b j e c t  h a s  a  g i ven  a t t r i b u t e ,  t h e  more t h e  
e v a l u a t i o n  of  t h a t  a t t r i b u t e  c o n t r i b u t e s  t o  t h e  a t t i t u d e  toward 
t h e  o b j e c t .  

' ~ l t h o u ~ h  a  d i s c u s s i o n  o f  t h e  d e t e r m i n a n t s  o f  s p e c i f i c  be- 
h a v i o u r s  i s  beyond t h e  scope o f  t h e  p r e s e n t  pape r ,  F i s h b e i n  
(1967) and h i s  a s s o c i a t e s  (e .g . ,  F i s h b e i n  and Ajzen, 1973, 1975)  
have developed a  t h e o r y  o f  i n t e n t i o n  and behav iour  i n  which two 
major v a r i a b l e s  ( i .e . ,  a t t i t u d e s  toward per forming t h e  behav iour  
and s u b j e c t i v e  norms conce rn ing  t h e  behav iour )  a r e  viewed a s  t h e  
immediate d e t e r m i n a n t s  o f  a n  i n t e n t i o n  t o  per form a  g i ven  behav iour .  
I n t e r e s t e d  r e a d e r s  a r e  r e f e r r e d  t o  F i s h b e i n  and Ajzen,  1975, and 
Ajzen and F ishbe in ,  1973. 



For t h e  q u a n t i t a t i v e l y - o r i e n t e d ,  t h e  above can be  p u t  i n t o  
mathemat ica l  form a s  fo l l ows4  : 

Equat ion 1 

where A. = t h e  p e r s o n ' s  a t t i t u d e  towards o b j e c t  o .  

bi = t h e  s t r e n g t h  o f  b e l i e f  i about  o b j e c t  o ;  i . e . ,  
t h e  s u b j e c t i v e  p r o b a b i l i t y  t h a t  o  i s  r e l a t e d  t o  
some a t t r i b u t e  i. 

e = t h e  s u b j e c t ' s  e v a l u a t i o n  o f  a t t r i b u t e  i. i 
n  = t h e  number o f  s a l i e n t  b e l i e f s  t h e  s u b j e c t  ho lds  

abou t  o b j e c t  o .  

Note t h a t  Equat ion  1 is  a  g e n e r a l  e x p r e s s i o n  f o r  an  expectancy 
v a l u e  model, and t h u s  i s  compat ib le  w i t h  t h e  work o f  Rosenberg 
( 1 9 5 6 ) ,  Edwards (1954) and o t h e r s .  That  i s ,  a l though F i s h b e i n  
a r r i v e d  a t  Equat ion  1 through a  c o n s i d e r a t i o n  of l e a r n i n g  t h e o r y  
and c o n d i t i o n i n g  mechanisms, ve ry  s i m i l a r  models have been genera ted  
by o t h e r  i n v e s t i g a t o r s  working from d i f f e r e n t  t h e o r e t i c a l  per -  
s p e c t i v e s .  Al though t h e r e  a r e ,  i n  f a c t ,  sone impor tan t  t h e o r e t i c a l  
and methodo log ica l  d i f f e r e n c e s  between t h e  v a r i o u s  expectancy- 
va lue  models, t h e  models a r e  more s i m i l a r  t h a n  d i s - s i m i l a r .  For 
example, i n  t h e  framework used h e r e ,  Edwards' (1954) n o t i o n  o f  
s u b j e c t i v e  expec ted  u t i l i t y  (SEU) i s  i n t e r p r e t e d  a s  an  a t t i t u d e  
toward a  cho ice  behav iour .  That  i s ,  s i n c e  SEU i s  a  f u n c t i o n  o f  
b e l i e f s  ( i . e . ,  s u b j e c t i v e  p r o b a b i l i t i e s )  t h a t  " s e l e c t i n g  a  g iven 
a l t e r n a t i v e "  w i l l  l e a d  t o  v a r i o u s  outcomes, and t h e  v a l u e  ( i - e . ,  
s u b j e c t i v e  u t i l i t y )  a s s o c i a t e d  w i t h  each outcome, SEU can  be  
viewed a s  t h e  p e r s o n ' s  a t t i t u d e  toward t h e  behav iour  o f  s e l e c t i n g  
t h e  a l t e r n a t i v e  i n  q u e s t i o n .  

4 ~ t  h a s  been argued (e. g. , Hackman and Anderson, 1968) t h a t  an 
a d d i t i o n a l  v a r i a b l e  ( a n  impor tance we igh t i ng )  shou ld  be i nc luded  i n  
t h e  expectancy-va lue model o f  Equat ion 1. However, subsequent  i n -  
v e s t i g a t i o n s  (L .R.  Anderson, 1970; Kaplan and F i s h b e i n ,  1969; 
Wyer, 1970) have found t h a t  t h e  a d d i t i o n a l  v a r i a b l e  t e n d s  t o  
a t tenua te  the predictive val ld i ty of the model. 



EXPERIMENTAL DESIGN AND PROCEDURE 

Considerable emp i r i ca l  evidence t o  support  Equat ion 1 can 
be found throughout t h e  a t t i t u d e  l i t e r a t u r e .  For a  review, see 
Fishbe in  and Ajzen, 1972 and 1975. This s e c t i o n  w i l l  d i scuss  t h e  
mechanics of experiments designed t o  t e s t  t h e  model. 

The f i r s t  requirement is  t o  e l i c i t  t h e  a t t r i b u t e s  of t h e  
o b j e c t  i n  quest ion .  A v a r i e t y  o f  techn iques have been mentioned 
i n  t h e  l i t e r a t u r e ;  t h e  most common i s  through an open-ended 
ques t ionna i re  g iven t o  a  subse t  of  t h e  group t o  be s tud ied  (F ish-  
be in ,  1963; F ishbe in  and Raven, 1962).  The modal s a l i e n t  b e l i e f s  
of t h e  group ( i .e . ,  those most f requen t l y  e l i c i t e d )  form a  b a s i s  
t o  cons t ruc t  a  set of a t t r i b u t e s  t h a t  can be eva lua ted  by t h e  
sub jec ts .  The a t t r i b u t e  should be eva luated wi thout  regard  t o  
t h e  s p e c i f i c  o b j e c t  i n  quest ion .  For example, a  s a l i e n t  b e l i e f  
about  a  person might be t h a t  he i s  t a l l .  I n  t h i s  case ,  t h e  
a t t r i b u t e  " t a l l "  is  evaluated.  Note t h a t  one does no t  eva lua te  
t h e  b e l i e f  t h a t  "person x  is  t a l l " .  Eva luat ions  a r e  normally 
made on a  seven-place b i -po la r  s c a l e  which might range from "bad" 
(-3) t o  "good" (+3) .  

Be l ie f  s ta tements  a r e  formed which l i n k  t h e  a t t i t u d e  o b j e c t  
t o  t he  va r ious  a t t r i b u t e s .  B e l i e f s  a r e  a  mat te r  of sub jec t i ve  
p r o b a b i l i t y ,  thus  t h e s e  judgements a r e  made on a  s c a l e  which has  
a  p r o b a b i l i s t i c  e lement ,  e.g. ,  "John i s  t a l l " ,  r a t e d  from "prob- 
ab ly  f a l s e "  (-3) t o  "probably t r u e "  ( + 3 )  . Note t h a t ,  were 
a t t i t u d e s  toward o t h e r  o b j e c t s  t o  be es t imated a t  t h e  same t ime,  
t h e  eva lua t ion  of t h e  a t t r i b u t e  " t a l l "  would remain cons tan t .  
I t  would be on ly  necessary  t o  determine t h e  degree of  b e l i e f  
f o r  each o b j e c t ,  e .g . ,  "Mary i s  t a l l " .  

The measure of a t t i t u d e  obta ined from t h e  model is  t hen  t h e  
sum of  t he  s a l i e n t  - eb  products  a s  a s  shown i n  Equation 1. 

T e s t  of V a l i d i t y  

To v e r i f y  t h a t  C eb  indeed provides a  measure of a t t i t u d e ,  
t h e  s u b j e c t s  may be ranked i n  terms of t h e i r  C eb  a t t i t u d e  sco res  
and t h i s  rank-order ing compared w i th  r ank -o rde rzgs  obta ined 
from a  d i r e c t  measurement of a t t i t u d e .  Actua l ly ,  any c o r r e l a t i o n a l  
procedure can be used t o  test  t h e  model. 

One of t h e  more convenient  and r e l i a b l e  measuring ins t ruments  
f o r  d i r e c t  a t t i t u d e  s c a l i n g  i s  t h e  semantic d i f f e r e n t i a l  o f  
Osgood (1952) and Osgood, Suc i ,  and Tannenbaum (1957).  The b a s i s  
of t h i s  technique i s  t h e  a s c e r t i o n  t h a t  t h e  func t ion  of  o rd i na ry  
language i s  t h e  communication of meaning; t h e r e f o r e  o rd ina ry  
language can be used t o  d i f f e r e n t i a t e  between concepts and thus  
measure t h e i r  meaning. Extensive s t u d i e s  i n  26 d i f f e r e n t  c u l t u r e s  



have allowed the identification of three major dimensions which 
have proven to be the most important factors of semantic 
connotations. One of these dimensions is the evaluative di- 
mension which is a direct measure of attitude. To measure 
attitude, the subject is presented with a series of seven-place 
bi-polar adjective scales. The end-points are defined by 
adjectives which have been shown to have evaluative connotations, 
e.g., good-bad, wise-foolish, harmful-beneficial. The subject 
is asked to rate the object by placing a check mark at the point 
on the scale which he feels best describes it. The attitude 
score is the sum of these ratings. 

In summary, correlations between the 1 eb attitude scores 
and the direct attitude measurements from thesemantic differential 
provide a test of the validity of the attitude measures obtained 
from the model. 

AN APPLICATION TO NUCLEAR POWER 

As noted previously the validity of the model has been 
demonstrated in areas such as racial attitudes, family planning, 
politics, and special experiments in laboratory settings. This 
paper explores the applicability of the model to attitudes toward 
technologies; nuclear power was selected as a case study of 
interest. Attitudes toward nuclear power, and the risks associated 
with nuclear power, were investigated. 

The particular attributes to be used in formulating the 
questionnaire were developed primarily from previous research 
oriented toward identifying factors which influence the per- 
ception of technological risks or the technologies themselves 
(Otway, 1975; Otway, et al., 1975; Maderthaner, et al., 1976; 
Swaton, et al., 1976; Otway and Pahner, 1976; Pahner, 1976; No- 
wotny, 1976; Golant and Burton, 1969; Starr, 1969; Lowrance, 1976; 
Agrafiotis, de Larminat and pag:s, 1977). For example, in con- 
sidering the attitude toward nuclear power, one of the attributes 
used was that of "can be mis-used in a destructive way". In the 
attitude toward nuclear power risks, a sample attribute used was, 
"likely to be fatal". The complete sets of attributes used for 
attitude toward nuclear power and nuclear power risks may be found 
in Tables I and 111, respectively (see pages 12 and 16) . 
The Experiment 

The attributes were used as the basis for a questionnaire, 
designed in accordance with the earlier description. For example, 
in order to obtain ei of Equation 1 for the attitude toward nuclear 

power, subjects were asked to evaluate each of the twelve attributes 
in Table I on a seven-place scale (scored from -3 to +3), such as 
the following: 



can be mis-used in a destructive way 

bad good 

The respondents were then asked to indicate their beliefs that 
nuclear power is characterised by each of the attributes in 
Table I. For example, the statement 

Nuclear power can be mis-used in a destructive way. 

probably probably 
false -*-*------' -. true 

This seven-place scale is also scored from -3 to + 3 ;  these values 
are the bi of Equation 1. 

Direct measures of attitudes toward nuclear power, and the 
risks associated with nuclear power, were also obtained using 
the semantic differential. As described earlier, this allows 
comparison of the - eb values from Equation 1 with these direct 
measures. 

The questionnaire was administered to a group of 30 people in 
the USA who were affiliated with a university institute engaged 
in energy-related research. Almost all had university degrees, 
16 had experience in the nuclear energy field, 14 had had no 
nuclear-related experience. There were 21 males and 9 females; 
the average age was in the mid-40's. All Ss were presented with 
a 32 page booklet with the standard instructions for using the 
semantic differential as the first two pages (Osgood, et al., 
1957, p. 82-4) . 
Results 

Using Equation 1, two estimated attitude scores were computed 
for each of the 30 Ss; one of these scores was for the attitude 
toward nuclear power, the other for the attitude toward the risks 
associated with nuclear power. The results of the two attitude 
measurements will be discussed separately. 

Nuclear Power 

Since b and e could each range from -3 to +3, the possible 
range of estimated attitude scores was between -108 and +108. The 
actual range of estimated scores was between -50 and +41. Similarly, 
the possible range of scores for the direct attitude measurement by 
the semantic differential was between -21 and +21. (Eight ad- 
jective pairs, scored -3 to +3 were used; however, a subsequent 
factor analysis indicated that one set had not loaded on the 
evaluative dimension. Thus it was neglected in computing the 
scores.) The actual range of the direct att~tude scores was -10 
to +21. In support of the model (Equation l ' ,  the Spearman rank 



o r d e r  c o e f f i c i e n t  between t h e  e s t i m a t e d  and d i r e c t  a t t i t u d e  s c o r e s  
was 0.66 ( p  < 0.001, N = 3 0 ) ~ .  

The R isks  Assoc ia ted  w i t h  Nuclear Power 

Eleven a t t r i b u t e s  w e r e  used i n  t h e  p a r t  o f  t h e  q u e s t i o n n a i r e  
d e a l i n g  w i t h  a t t i t u d e s  toward t h e  r i s k s  a s s o c i a t e d  w i t h  n u c l e a r  
power. The p o s s i b l e  range of  e s t i m a t e d  a t t i t u d e  s c o r e s  was 
between -99 and +99; t h e  a c t u a l  range o b t a i n e d  was -56 t o  +14 .  

The p o s s i b l e  range o f  s c o r e s  f o r  t h e  d i r e c t  (semant ic  
d i f f e r e n t i a l )  a t t i t u d e  measurement was -18 t o  +18 (two of  t h e  
e i g h t  a d j e c t i v e  p a i r s  used w e r e  found by f a c t o r  a n a l y s i s  n o t  t o  
have l caded  on t h e  e v a l u a t i v e  d imens ion ) .  The a c t u a l  range of  
d i r e c t  r i s k  a t t i t u d e  s c o r e s  was -15 t o  +11. The v a l i d i t y  o f  t h e  
model (Equat ion  1) was a g a i n  conf i rmed i n  t h a t  t h e  Spearman rank 
o r d e r  c o e f f i c i e n t  between t h e  e s t i m a t e d  and d i r e c t  r i s k  a t t i t u d e  
s c o r e s  was 0.76 ( p  < 0.001, N = 3 0 ) ~ .  

D iscuss ion  o f  R e s u l t s  

Given t h e  v a l i d i t y  o f  t h i s  a p p l i c a t i o n  o f  t h e  model, one may 
now examine i n  d e t a i l  t h e  c o g n i t i v e  s t r u c t u r e s  under l y ing  t h e  
fo rma t ion  o f  t h e s e  a t t i t u d e s .  The model is s o  c o n s t r u c t e d  t h a t  
one can s e p a r a t e l y  examine b e l i e f  and e v a l u a t i o n .  I n  a d d i t i o n ,  
t h e  a b s o l u t e  magnitude of t h e  eb  v a l u e s  f o r  each a t t r i b u t e  pro- 
v i d e  a  measure o f  t h e i r  r e s p e c t i v e  importance ( F i s h b e i n  and Ajzen, 
1 9 7 5 ) .  Absolute v a l u e s  a r e  used s i n c e  a t t r i b u t e s  can have h igh  
p o s i t i v e  eb  s c o r e s  f o r  one p a r t  o f  t h e  sample and h igh  n e g a t i v e  
e b  s c o r e s f o r  ano the r .  Th i s  cou ld  r e s u l t  i n  ave rage  e b  s c o r e s  - - 

n  n  
5 ~ n  a d d i t i o n  C b  and X e w e r e  c o r r e l a t e d  w i t h  t h e  d i r e c t  

i i 
a t t i t u d e  measurements. The c o r r e l a t i o n s  w e r e  0.22 ( n . s . )  and 0.39 
( p  < 0.05) r e s p e c t i v e l y .  Th is  i n d i c a t e s  t h a t  a  b e t t e r  e s t i m a t e  o f  
a t t i t u d e s  was made by u s i n g  bo th  b  and e i n  t h e  model t h a n  u s i n g  
e i t h e r  a long  a s  an i n d i c a t o r .  

n  n  
6 ~ h e  c o r r e l a t i o n s  between C b  and 1 e and t h e  d i r e c t  r i s k  

i i 
a t t i t u d e  measurements w e r e  -0.55 ( p  < 0.001) and 6.49 ( p  < 0.001) 
r e s p e c t i v e l y .  The h igh  c o r r e l a t i o n  between C b  and t h e  d i r e c t  
measurement is  due t o  t h e  un i -po la r  n a t u r e  o f  a  r i s k  a t t i t u d e  
measurement, i .e . ,  a l l  t h e  a t t r i b u t e s  a r e  e v a l u a t e d  n e g a t i v e l y .  



near zero. Such items, however, should not be neglected since they 
are important to both sub-groups and are instrumental in differenti- 
ating between various segments of the population. Importance is, 

7 therefore, retained by use of the absolute value of the - eb terms . 
Nuclear Power 

In order to better understand the factors differentiating 
between people with favourable and unfavourable attitudes toward 
nuclear power, two sub-groups were formed from the total sample. 
Using the direct attitude measurement scores from the semantic 
differential as the criterion, the ten subjects with the highest 
scores formed the "pro" gr"up and those with the ten lowest scores 
the "con" group. Table I presents comparisons of importance values 
and ranks for each attribute, for the total sample and each of the 
two sub-groups. 

In general, the results for the total sample confirm what 
one might intuitively expect from a well educated group of subjects 
of high socio-economic status, many of whom were professionally 
experienced in energy research. The three most .important determi- 
nants concern waste production, the possibility of destructive 
mis-use of the technology, and the question of catastrophic acci- 
dents affecting large numbers of people. In contrast, the next 
three determinants associate nuclear power with the positive attri- 
butes of providing good economic value, providing essential social 
benefits and the enhancement of the "quality of life". Note that, 
for the total sample, the risk aspects of nuclear power are more 
important attributes than are the potential benefits. 

A different picture emerges when the two sub-groups are 
examined separately. In general, the "con" group, like the total 
sample, assign high importance to the risk items while the "pro" 
group view benefit-related attributes as most important. In the 
"con" group only one of the three benefit items important for 
the total sample appears in the first six items. Consistent with 
this, enhancing the "quality of life", sixth most important attri- 
bute for the total sample, is the least important attribute for 
the "con" group. In marked con,trast, it is the second most 
important attribute for the "pro" group. Indeed, the three most 
important attributes for this group were all benefits; the next 
two most important attributes concern risks. 

 h he algebraic average of the eb scores may be viewed as an 
indication of each attribute's contribution attitude. 



IMPORTANCE OF ATTITUDE DETERMINANTS - NUCLEAR POWER 

DETERMINANT 

TOTAL SAMPLE "PRO" GROUP 

Importance Average - Importance Average - 
Rank Importance lebl Rank Importance lebl 

1 creates noxious wastes I 1 1 I 5.17 I I 5 1 4.50 

lprovides good value for the money 1 1 4 1 4.47 I I 7.00 

can be mis-used in a 
destructive way 
can affect large numbers of people 
at the same time 

2 

3 

provides benefits which are 
essential to society I- 

"CON" GROUP 

enhances "quality of life" 

consumes large quantities 
of natural resources 
in the hands of big 
government or business 
uses principles and processes whict 
are difficult to conceptualize 
presented a new and different 
mode of death 
offers social benefits which are 
not highly visible 
seldom seen or contacted 
In dailv life 

Importance Average - 
Rank Importance lebl 

1 2 7.00 

5.03 

5.00 

5 

6 

7 

8 

9 

10 

11 

12 

4 

10 

4.27 

5.50 

3.20 

3.70 

3.37 

3.00 

2.77 

2.73 

2.30 

1.63 

3 5.80 ' 

2 

6.5 

8 

9 

11 

6.5 

12 

6.70 

3.90 

3.40 

3.40 

2.80 

3.90 

0.07 



Ana lys i s  o f  Under ly ing Cogn i t i ve  S t r u c t u r e s  

Table I1 p r e s e n t s  t h e  mean a l g e b r a i c  e b  s c o r e s ,  t h e  mean 
b e l i e f  s t r e n g t h s  ( b i ) ,  and t h e  mean e v a l u a f i o n s  ( S . )  o f  each  

1 
a t t r i b u t e ,  f o r  t h e  "p ro"  and "con" groups.  Th i s  Tab le  a l l ows  
t h e  i d e n t i f i c a t i o n  o f  t h o s e  a s p e c t s  o f  t h e  c o g n i t i v e  s t r u c t u r e  
which most c l e a r l y  d i f f e r e n t i a t e  between t h e  two groups.  A s  
i n d i c a t e d  p r e v i o u s l y ,  a l g e b r a i c  v a l u e s  o f  t h e  - e b  te rms r e p r e s e n t  
t h e i r  c o n t r i b u t i o n s  t o  t h e  o v e r a l l  a t t i t u d e s .  For example,  i n  
Table 11, t h e  pe rce i ved  r e l a t i o n s h i p  between n u c l e a r  power and 
" b i g  government o r  bus iness ' '  c o n t r i b u t e s  p o s i t i v e l y  t o  t h e  "p ro"  
g r o u p ' s  a t t i t u d e ,  n e g a t i v e l y  t o  t h a t  o f  t h e  "con" group. The 
reason  f o r  t h i s  d i f f e r e n c e  can be b e t t e r  unders tood from look ing  
a t  b e l i e f s  and e v a l u a t i o n s .  I t  may be s e e n  t h a t  bo th  groups 
s t r o n g l y  b e l i e v e  t h a t  n u c l e a r  power i s  i n  t h e  hands o f  b i g  
government o r  b u s i n e s s .  However, w h i l e  t h e  "pro"  group e v a l u a t e s  
t h i s  a t t r i b u t e  p o s i t i v e l y ,  t h e  "con" group e v a l u a t e s  i t  n e g a t i v e l y .  

There were t h r e e  i t ems  f o r  which - e b  d i f f e r e n c e s  between t h e  
groups w e r e  s t a t i s t i c a l l y  s i g n i f i c a n t .  These i t e m s  w e r e  a l l  re- 
l a t e d  t o  t h e  b e n e f i t s  o f  n u c l e a r  power: p rov id ing  b e n e f i t s  
e s s e n t i a l  t o  s o c i e t y ,  p rov id ing  good economic v a l u e  and enhancing 
t h e  " q u a l i t y  o f  l i f e " .  I n  a l l  t h r e e  c a s e s  bo th  groups e v a l u a t e d  
t h e s e  a t t r i b u t e s  p o s i t i v e l y ,  a l though t h e  "con" group va lued 
enhancement o f  t h e  " q u a l i t y  o f  l i f e "  s i g n i f i c a n t l y  less t h a n  t h e  
"p ro "  group. However, f o r  a l l  t h r e e  i t e m s  t h e  b e l i e f s  w e r e  t h e  
major  f a c t o r  c o n t r i b u t i n g  t o  t h e s e  d i f f e r e n c e s .  More s p e c i f i c a l l y ,  
t h e  "p ro"  group s t r o n g l y  b e l i e v e d  t h a t  n u c l e a r  power o f f e r s  t h e s e  
b e n e f i t s ,  wh i l e  t h e  "con" group tended t o  be u n c e r t a i n  t o  some- 
what nega t i ve8 .  

There w e r e  no s i g n i f i c a n t  d i f f e r e n c e s  between t h e  g roups  on 
t h e  e b  s c o r e s  o f  any o f  t h e  i t e m s  r e l a t e d  t o  r i s k .  Both g roups  
b e l i e v e d  t h a t  n u c l e a r  power i s  c h a r a c t e r i s e d  by t h e  a t t r i b u t e s  
o f  a f f e c t i n g  l a r g e  numbers of  peop le ,  c r e a t i n g  nox ious was tes  and 
p o s s i b l e  d e s t r u c t i v e  mis-use. Although b o t h  g roups  n e g a t i v e l y  
e v a l u a t e d  t h e s e  r i s k - r e l a t e d  a t t r i b u t e s ,  it is i n t e r e s t i n g  t h a t  
t h e  "con" g r o u p ' s  e v a l u a t i o n s  f o r  two of  them w e r e  s i g n i f i c a n t l y  
more n e g a t i v e .  T h i s  i n d i c a t e s  e s s e n t i a l  agreement among t h e  
g roups  w i t h  r e s p e c t  t o  n u c l e a r  power r i s k s ,  b u t  s u g g e s t s  t h a t  
d i f f e r i n g  a t t i t u d e s  toward n u c l e a r  power may be p r i m a r i l y  d e t e r -  
mined by s t r o n g l y  d i f f e r i n g  b e l i e f s  abou t  i t s  b e n e f i t s g .  

8~ d i f f e r e n t i a l  a n a l y s i s  was performed f o r  t h e  two groups  com- 
posed of  t h o s e  responden ts  hav ing expe r ience  i n  t h e  n u c l e a r  energy  
f i e l d  and t h o s e  w i t h  no n u c l e a r - r e l a t e d  expe r ience .  No s t a t i s t i -  
c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  w e r e  found. 

'1t i s  i n t e r e s t i n g  t o  n o t e  t h a t ,  i n  agreement w i t h  t h i s  r e s u l t ,  
many su rveys  on a t t i t u d e s  toward smoking have found t h a t  smokers 
and non-smokers tend  t o  a g r e e  on t h e  r i s k s  a s s o c i a t e d  w i t h  smoking; 
s i g n i f i c a n t  d i f f e r e n c e s  a r e  found i n  t h e i r  p e r c e p t i o n s  o f  t h e  
b e n e f i t s .  



TABLE I1 

COGNITIVE STRUCTURE UNDERLYING ATTITUDES TOWARD NUCLEAR POWER 

DETERMINANT 

Average 
Attitude Contribution 

- 
eb 

Average 
Belief Strength 

- 
b 

Average 
Evaluation 

- 
e 

"pro" group "con" group "pro" group "con" group "pro8' group 'iconii group 

difference significant at 0.05 level 

** difference significant at 0.01 level 

provides good value for the money 

enhances "quality of life" 

provides benefits which are 
essential to society 
can be mis-used in a 
destructive way 
uses principles and processes which 
are difficult to conceptualize 

creates noxious wastes 

can affect large numbers of people 
at the same time 
consumes large quantities 
of natural resources 
in the hands of big 
government or business 
presented a new and different 
mode of death 
offers social benefits which are 
not highly visible 
seldom seen or contacted 
in daily life 

1.90 

1.60 ** 

2.60 

-2.30 

-0.80 

-2.50 * 

-2.70 **  

-2.10 

-0.80 

-1.50 

0.30 

-0.50 

7.00 

6.70 

5.80 

-4.30 

-3.40 

-2.70 

-2.60 

2.50 

1.40 

-1.20 

-0.70 

0.10 

0.80 ** 

-0.50 ** 

0.90 

-5.70 

-2 .OO 

-6.60 

-5.30 

0.90 

-2.20 

-4.10 

1-00 

-1.50 

2.80 

2.60 

2.20 

2 .OO 

2.80 

1.80 

1.90 

-1.00 

2.90 

1.50 

1.60 

1.20 

0.30 ** 

-0.50 ** 

0.30 

2.20 

2.50 

2.30 

2.60 

-0.30 

2.60 

2.40 

0.90 

2.30 

2.50 

2 -60 

2.70 

-2.30 

-1.20 

-1.70 

-1.70 

-2.10 

0.40 

-1.10 

0.00 

0.10 



The R isks  A s s o c i a t e d  w i t h  Nuc lear  Power 

The r e s u l t s  o f  t h e  a n a l y s i s  based on a t t i t u d e s  toward n u c l e a r  
power i n d i c a t e  t h a t ,  f o r  t h i s  sample,  peop le  f o r  and a g a i n s t  nuc- 
l e a r  power d i d  n o t  d i f f e r  s i g n i f i c a n t l y  i n  t h e i r  b e l i e f s  w i t h  re- 
s p e c t  t o  n u c l e a r  r i s k s ,  a l t h o u g h  t h e y  d i d  d i f f e r  i n  t h e i r  e v a l u a t i o n  
o f  some r i s k  a t t r i b u t e s .  There has  been much d i s c u s s i o n  abou t  
d i f f e r e n c e s  i n  r i s k  p e r c e p t i o n  and t h e  c o n t r i b u t i n g  f a c t o r s .  I n  
o r d e r  t o  examine t h e s e  d i f f e r e n c e s  i n  more d e t a i l ,  two g roups  w e r e  
formed u s i n g  t h e  same p rocedu re  used i n  forming t h e  " p r o "  and "con"  
g roups .  I n  t h i s  c a s e ,  t h e  seman t i c  d i f f e r e n t i a l  s c o r e s  f o r  t h e  
a t t i t u d e  towards t h e  r i s k s  a s s o c i a t e d  w i t h  n u c l e a r  power w e r e  
used a s ' t h e  c r i t e r i o n .  H e r e  t h e  t e n  peop le  most f a v o u r a b l e  towards 
t h e s e  r i s k s  are d e f i n e d  a s  t h e  " r i s k "  g roup  and t h e  t e n  peop le  
least  f a v o u r a b l e  a s  t h e  " r i s k  a v e r s e "  group.  Note t h a t  t h e  member- 
s h i p s  i n  t h e s e  two g roups  are n o t  t h e  s a m e  as i n  t h e  "p ro "  and 
"con1' g roups .  For  example,  some peop le  were found t o  have a 
p o s i t i v e  a t t i t u d e  toward n u c l e a r  power, b u t  a n e g a t i v e  a t t i t u d e  
toward t h e  a s s o c i a t e d  r i s k s .  

Tab le  I11 shows t h e  impor tance  o f  t h e  r i s k - r e l a t e d  a t t r i b u t e s  
f o r  t h e  t o t a l  sample,  t h e  " r i s k "  g roup  and t h e  " r i s k  a v e r s e "  group.  
There i t  may be  s e e n  t h a t ,  f o r  t h e  t o t a l  sample,  t h e  most i m p o r t a n t  
d e t e r m i n a n t  i s  t h a t  n u c l e a r  r i s k s  may a f f e c t  l a r g e  numbers o f  peop le .  
The n e x t  most  i m p o r t a n t  a t t r i b u t e  i s  t h a t  o f  peop le  b e i n g  i n -  
v o l u n t a r i l y  exposed t o  t h e s e  r i s k s  - t h a t  i s ,  t h e y  have no c h o i c e  
as t o  whether  o r  n o t  t h e y  wish t o  e n t e r  t h e  r i s k  s i t u a t i o n .  The 
t h i r d - r a n k i n g  a t t r i b u t e  i s  t h a t  t h e  r i s k s  i n v o l v e d  are l i k e l y  t o  
have a f a t a l  outcome; t h e  f o u r t h  conce rns  t h e  d e l a y e d  e f f e c t s  o f  
n u c l e a r  r i s k s .  

P a s s i v e  exposu re  t o  n u c l e a r  power r i s k s  w a s  found t o  be  t h e  
f i f t h  de te rm inan t .  T h i s  i t e m  i s  d i s t i n c t l y  d i f f e r e n t  f rom i n -  
v o l u n t a r y  exposu re  t o  t h e  r i s k  s i t u a t i o n ,  For example,  one might  
e n t e r  a n  a i r p l a n e  o f  l i f t  v o l u n t a r i l y  and t h u s  a c c e p t  v o l u n t a r y  
p a r t i c i p a t i o n  i n  t h e  r i s k  s i t u a t i o n .  However, once i n s i d e  t h e  
machine,  one i s  e s s e n t i a l l y  unab le  t o  a f f e c t  t h e  r i s k  outcome 
th rough  h i s  s k i l l s  o r  a c t i o n s  and may be  s a i d  t o  be  p a s s i v e l y  
exposed t o  t h e  subsequen t  r i s k s .  I n  c o n t r a s t ,  t h e  d r i v e r  o f  a n  
au tomob i l e  i s  a v o l u n t a r y  p a r t i c i p a n t  who, because  o f  t h i s  c o n t r o l  
o v e r  t h e  au tomob i l e ,  i s  a c t i v e l y  exposed t o  t h e  r i s k .  

These f i v e  d e t e r m i n a n t s  a r e  a l s o  t h e  most i m p o r t a n t  f o r  t h e  
" r i s k  a v e r s e "  g roup ,  a l t h o u g h  t h e i r  o r d e r  d i f f e r s  s l i g h t l y .  I n  
c o n t r a s t  t o  t h e  " r i s k  a v e r s e "  g roup ,  t h e  impor tance  v a l u e s  f o r  t h e  
" r i s k "  g roup  t e n d  t o  f a l l  w i t h i n  a r a t h e r  nar row r a n g e ,  i n d i c a t i n g  
l i t t l e  d i f f e r e n t i a t i o n  i n  t e r m s  o f  a t t r i b u t e  impor tance .  



TABLE I11 

IMPORTANCE OF ATTITUDE DETERMINANTS - NUCLEAR POWER RISKS 

DETERMINANT 

TOTAL SAMPLE "RISK" GROUP "RISK AVERSE" GROUP 

Importance Average - Importance Importance Average - Average - 
Rank Importance 1 eb 1 Rank Importance lebl Rank Importance 1 eb 1 

can affect large numbers of people 
at the same time 

imposed upon people in~loluntarily 

likely to be fatal 

may take effect at a later time 

people exposed to risks 
in a passive way 
not scientifically established 
with certainty 
determined by the actions of 
men and machines 
people cannot imagine themselves 
exposed to these risks 
not known to the average person 
with certainty 
people have had no personal 
experience with these risks 

determined by natural forces 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

5.30 

4.07 

3.97 

3.83 

3.67 

3.20 

2.67 

2.37 

2.30 

1.47 

1.40 

3 

7.5 

1.5 

4.5 

6 

9 

1.5 

7.5 

4.5 

11 

10 ( 1.50 0.70 I 



A n a l y s i s  o f  Under l y ing  C o g n i t i v e  S t r u c t u r e s  

T a b l e  I V  p r e s e n t s  t h e  mean a l g e b r a i c  e b  s c o r e s ,  t h e  mean 
b e l i e f  s t r e n g t h s  (b i )  and t h e  mean e v a l u a t z n s  (e i )  f o r  t h e  " r i s k "  
and " r i s k  a v e r s e "  g roups .  H e r e  w e  f i n d  t h a t  t h e r e  w e r e  t h r e e  
i t e m s  f o r  which d i f f e r e n c e s  between a l g e b r a i c  - e b  s c o r e s  were 
s t a t i s t i c a l l y  s i g n i f i c a n t .  

The a t t r i b u t e s  c o n c e r n i n g  i n v o l u n t a r y  i m p o s i t i o n  o f  r i s k s ,  
p a s s i v e  exposu re ,  and a f f e c t i n g  l a r g e  numbers o f  p e o p l e  con- 
t r i b u t e d  s i g n i f i c a n t l y  more n e g a t i v e l y  t o  t h e  a t t i t u d e s  o f  t h e  
" r i s k  a v e r s e "  g roup  t h a n  t o  t h o s e  o f  t h e  " r i s k "  group.  I t  may 
be s e e n  t h a t  t h e s e  d i f f e r e n c e s  a r e  p r i m a r i l y  due  t o  d i f f e r e n c e s  
i n  b e l i e f s .  The " r i s k  a v e r s e "  g roup  s t r o n g l y  b e l i e v e  t h a t  n u c l e a r  
power r i s k s  a r e  imposed on peop le  i n v o l u n t a r i l y ,  and  t h a t  p e o p l e  
a r e  p a s s i v e l y  exposed t o  t h e s e  r i s k s .  The " r i s k "  g roup ,  however,  
i s  s i g n i f i c a n t l y  less c e r t a i n  o f  t h i s .  A l though b o t h  g roups  are 
q u i t e  c e r t a i n  t h a t  l a r g e  numbers o f  p e o p l e  c a n  be  a f f e c t e d ,  t h i s  
b e l i e f  is s i g n i f i c a n t l y  s t r o n g e r  f o r  t h e  " r i s k  a v e r s e "  group.  
C o n s i s t e n t  w i t h  e a r l i e r  f i n d i n g s ,  t h e  two g roups  a l s o  d i f f e r e n t i a l l y  
e v a l u a t e  t h i s  a t t r i b u t e .  Both e v a l u a t i o n s  a r e  n e g a t i v e ,  b u t  t h e  
" r i s k  a v e r s e "  g roup  s i g n i f i c a n t l y  more s o .  No o t h e r  a t t r i b u t e s  
w e r e  d i f f e r e n t i a l l y  e v a l u a t e d  a t  a  s i g n i f i c a n t  l e v e l .  

These f i n d i n g s  s u g g e s t ,  a t  l e a s t  f o r  t h i s  samp le ,  t h a t  t h o s e  
who b e l i e v e  p e o p l e  are i n v o l u n t a r i l y  exposed t o  n u c l e a r  power r i s k ,  
i n  a  p a s s i v e  way, a l s o  t e n d  t o  judge t h e  r i s k s  as b e i n g  u n a c c e p t a b l e .  

SUMMARY AND CONCLUSIONS 

There  h a s  been  c o n s i d e r a b l e  s p e c u l a t i o n  by  b o t h  s u p p o r t e r s  
and opponen ts  o f  t e c h n o l o g i c a l  deve lopment  a b o u t  t h e  d e t e r m i n a n t s  
o f  t h e  p u b l i c  r esponse .  T h i s  h a s  been e s p e c i a l l y  pronounced i n  t h e  
c a s e  o f  n u c l e a r  ene rgy  where t h e s e  d i s c u s s i o n s  have e s s e n t i a l l y  
remained a t  t h e  l e v e l  o f  s p e c u l a t i o n .  

I n  t h i s  pape r  w e  have d e s c r i b e d  a t h e o r e t i c a l  framework 
which i n d i c a t e s  t h a t  a t t i t u d e s  toward a n  o b j e c t  c r e a t e  a p re -  
d i s p o s i t i o n  t o  behave i n  a  c o n s i s t e n t  manner w i t h  r e s p e c t  t o  t h a t  
o b j e c t  and t h u s  p r o v i d e  a  u s e f u l  i n d i c a t o r  o f  t h e  t o t a l i t y  o f  
r e s p o n s e  t o  t h a t  o b j e c t .  I n  t h i s  model ,  a t t i t u d e s  are s e e n  t o  
b e  a  f u n c t i o n  o f  a  r e l a t i v e l y  s m a l l  number o f  s a l i e n t  b e l i e f s  
which l i n k  t h e  o b j e c t  t o  s p e c i f i c  t e c h n i c a l ,  p s y c h o l o g i c a l  o r  
s o c i a l  a t t r i b u t e s .  These b e l i e f s ,  whose r e s p e c t i v e  s t r e n g t h s  
a r e  measured on  a p r o b a b i l i s t i c  s c a l e ,  are each  we igh ted  by a n  
e v a l u a t i o n  o f  t h e  a t t r i b u t e .  The b e l i e f  s t r e n g t h s ,  we igh ted  by 
t h e i r  e v a l u a t i v e  a s p e c t s ,  a r e  summed t o  d e t e r m i n e  t h e  a t t i t u d e  
s c o r e .  I n  s u p p o r t  o f  t h e  model ,  t h e s e  e s t i m a t e d  a t t i t u d e  s c o r e s  
c o r r e l a t e d  h i g h l y  ( r  = 0.66,  r = 0.76) and s i g n i f i c a n t l y  
( p  < 0.001)  w i t h  d i r e c t ,  s e m a n t i c  d i f f e r e n t i a l ,  measures  o f  a t t i t u d e .  



TABLE IV 

COGNITIVE STRUCTURE UM3EFGYING ATTITUDES MWARD NUCLEAR POWER RISKS 

DETERMINANT 

Average 
Attitude Contribution 

Average 
Belief Strength 

Average 
 valuation 

"risk" "risk averse" "risk" "risk averse" "risk" "risk averse" 
group group group group group group 

* difference significant at 0.05 level 

**  difference significant at 0.01 level 

can affect large nllmbers ~f people 
at the same time 

may take effect at a later time 

people exposed to risks 
in a passive way 

imposed upon people involuntarily 

likely to be fatal 

not known to the average person 
with certainty 
people have had no personal 
experience with these risks 
people cannot imagine themselves 
exposed to these risks 

determined by natural forces 

not scientifically established 
with certainty 
determined by the actions of 
men and machines 

-1.90 

-2.20 

1.80 

-0.50 

0.30 

-2.80 

-1.10 

0.90 

1.50 

-0.40 

1.10 

-7.00 **  

-5.60 

-5.50 **  

-5.50 ** 

-3.10 

-2.70 

-1.70 

-0.90 

0.70 

0.00 

-0.70 

1.60 

1.60 

0.40 

0.30 

-0.70 

2.30 

2 -40 

-0.20 

-1.90 

0.00 

2.40 

2.80 * 

2.30 

2.10 **  

2.00 * 

0.80 

2.30 

2.70 

-0.10 

-0.60 

0.70 

2.50 

-1.40 

-1.20 

1.50 

-1.50 

-1.90 

-1.20 

-0.40 

-0.90 

-0.80 

-1.50 

0.40 

- 
-2.50 * 

-2.20 

-2.10 

-2.40 

-2.60 

-1.10 

-0.60 

-0.20 

-0.40 

-2.00 

-0.30 



I t  shou ld  be  n o t e d ,  however, t h a t  t h e  p a r t i c u l a r  group used 
i n  t h i s  s t u d y  was n o t  r e p r e s e n t a t i v e  of  t h e  g e n e r a l  popu la t i on .  
I t  was composed l a r g e l y  of  p r o f e s s i o n a l  peop le  employed a t  a  
u n i v e r s i t y  i n s t i t u t e  engaged i n  energy r e s e a r c h .  Thus one shou ld  
n o t  assume t h a t  t h e  r e s u l t s  can  be  g e n e r a l i z e d  t o  o t h e r  p o p u l a t i o n s .  
For example, t h e  same set of under l y i ng  b e l i e f s  would n o t  ne- 
c e s s a r i l y  have t h e  same r e l e v a n c e  i n  a n o t h e r  group.  T h i s  does  
n o t  d e t r a c t  from t h e  demonst ra t ion  of  t h e  u t i l i t y  o f  t h e  model 
i n  t h i s  a r e a  of  i n v e s t i g a t i o n .  

Perhaps  more i m p o r t a n t ,  it was shown t h a t  even w i t h  sma l l  
sample s i z e s  a  d e t a i l e d  a n a l y s i s  of  t h e  c o g n i t i v e  s t r u c t u r e s  
under l y i ng  a t t i t u d e s  toward n u c l e a r  power and n u c l e a r  power r i s k s  
cou ld  i d e n t i f y  t h e  f a c t o r s  s t a t i s t i c a l l y  s i g n i f i c a n t  i n  d i f f e r e n t i -  
a t i n g  between peop le  w i t h  favou rab le  and un favourab le  a t t i t u d e s .  
For example, t h e  sub-groups "pro"  and "con" w i th  r e s p e c t  t o  
n u c l e a r  power d i d  n o t  d i f f e r  s i g n i f i c a n t l y  on t h e i r  b e l i e f s  about  
r i s k - r e l a t e d  a t t r i b u t e s ;  t h e  major d i f f e r e n c e  i n  t h e  a t t i t u d e s  o f  
t h e s e  groups  toward n u c l e a r  power was accounted f o r  by d i f f e r i n g  
b e l i e f s  about  i t s  b e n e f i t s .  C o n s i s t e n t  w i t h  t h i s  f i n d i n g ,  t h e  
b e n e f i t - r e l a t e d  a t t r i b u t e s  w e r e  most impor tan t  f o r  t h e  "p ro "  
group wh i l e  r i s k - r e l a t e d  a t t r i b u t e s  w e r e  most impor tan t  f o r  t h e  
"con" group. 

With r e s p e c t  t o  a t t i t u d e s  toward n u c l e a r  power r i s k ,  t h e  main 
f a c t o r s  d i s t i n g u i s h i n g  between t h e  " r i s k "  and t h e  " r i s k  a v e r s e "  
groups w e r e  t h e  b e l i e f s  t h a t  peop le  a r e  exposed t o  t h e s e  r i s k s  
i n v o l u n t a r i l y  and i n  a  p a s s i v e  way. People s t r o n g l y  h o l d i n g  
t h e s e  b e l i e f s  tended t o  view t h e  r i s k s  a s  be ing  unaccep tab le .  

I t  h a s  o f t e n  been assumed t h a t  much o f  t h e  s o c i a l  c o n f l i c t  
sur round ing  t e c h n o l o g i e s  such a s  n u c l e a r  power h a s  been due t o  
d i f f e r e n t  p e r c e p t i o n s .  One advantage of  t h e  approach used i n  
t h i s  paper  is t h a t  it a l l o w s  t h e  o b j e c t i v e  measurement and 
d e s c r i p t i o n  o f  t h e s e  p e r c e p t i o n s  th rough i d e n t i f i c a t i o n  of  t h e  
a t t r i b u t e s  used by d i f f e r e n t  groups t o  c h a r a c t e r i s e  t h e  technology.  
Knowing t h e  ways i n  which peop le  d i f f e r e n t i a l l y  c h a r a c t e r i s e  t h e  
same techno logy  p r o v i d e s  u s e f u l  i n f o r m a t i o n  f o r  t h e  d e c i s i o n  
maker. A s  an example,  it becomes p o s s i b l e  t o  see i f  p o t e n t i a l  
changes i n  t h e  techno logy  a r e  r e f l e c t e d  i n  t h e  c o g n i t i v e  
s t r u c t u r e  which u n d e r l i e s  t h e  o v e r a l l  response.  

The measur ing i ns t rumen t  used i n  t h i s  s t u d y  i s  be ing  r e v i s e d  
by e l i m i n a t i n g  t h e  s e p a r a t e  s e c t i o n  on r i s k  a t t i t u d e s  and p rov id ing  
more d e t a i l e d  r i s k  and b e n e f i t  a t t r i b u t e s  i n  t h e  o b j e c t  a t t i t u d e  
a r e a ;  it i s  a l s o  be ing  ex tended t o  app ly  t o  o t h e r  t y p e s  o f  energy  
systems.  I t  i s  p lanned t o  r e p l i c a t e  t h i s  s t u d y  w i t h  a  l a r g e r  
sample i n c l u d i n g  many d i f f e r e n t  sub-groups which would a l l o w  i n t e r -  
group comparisons t o  g a i n  f u r t h e r  i n s i g h t s  i n t o  t h e  c o g n i t i v e  
s t r u c t u r e s  under l y i ng  a t t i t u d e  format ion.  Pending t h e  r e s u l t s  
o f  t h e  r e p l i c a t i o n ,  a r rangements  a r e  b e i n g  made t o  a l l ow  t h e  use  
o f  t h e  measur ing i n s t r u m e n t  f o r  c r o s s - c u l t u r a l  compar isons.  
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