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In t h e last t w o decades a n e w área o f i n te rd i sc ip l i na ry 
s tudy has e m e r g e d t h a t focuses o n t h e publ ic 's r e c e p t i o n 
o f and a t t i t udes t o w a r d sc ience and t echno logy . It e x a m 
ines t h e genera l popu la t i on ' s u n d e r s t a n d i n g o f sc ient i f ic 
images o f t h e na tu ra l w o r l d , i ts valúes and a t t i t udes , and t h e 
re la t ions b e t w e e n t hese t w o m a j o r d imens ions . A s sc ience 
and t e c h n o l o g y have ga ined in f luence o n t h e s t r u c t u r e and 
f u n c t i o n l n g o f advanced soc ie t ies , f r o m t h e e c o n o m y t o t h e 
na tura l e n v i r o n m e n t and c u l t u r e , t hese soc ie t ies increas-
ingly have t o re ly o n n o t o n l y pro fess iona ls w e l l t r a i n e d in 
cruc ia l áreas o f sc ience and t echno logy , b u t also o n an a t 
least m in ima l leve! o f u n d e r s t a n d i n g o f sc ient i f ic f ind ings, 
valúes, and m e t h o d s in t h e genera l p o p u l a t i o n . A t t h e 
t h r e s h o l d o f t h e 2 ls t cen tu r y , t h e popu la t i on ' s fami l i a r i t y 
w i t h sc ient i f ic m e t h o d o l o g i e s and perspec t i ves c o n s t i t u t e s 
o n e o f t h e m o s t i m p o r t a n t " inv is ib le assets" o f advanced 
soc ie t ies , w i t h repercuss ions in b o t h t h e pub l ic and p r íva te 
spheres , f r o m t h e w o r k p l a c e t o t h e a r t i c u l a t i o n o f 
p re fe rences and demands in t h e po l i t i ca l d o m a i n . 
A s sc ience and t e c h n o l o g y have p e n e t r a t e d a w i d e range o f 
social doma ins , eth ica l and po l i t i ca l d i l emmas have e m e r g e d 
tha t , in d e m o c r a t i c po l i t i ca l sys tems, raise t h e q u e s t i o n o f 
t h e e x t e n t , t h e f o r m , and t h e d i r e c t i o n pub l ic p a r t i c i p a r o n 
shou ld take in dec i s i on -mak ing processes t h a t invo lve 
science and t e c h n o l o g y d i rec t l y o r ind i rec t ly . T h e q u e s t i o n 
o f w h a t basic p e r c e p t i o n s and w h a t cogn i t i ve and a t t i t u d i -
nal pa t te rns t h e adu l t p o p u l a t i o n br ings t o bear o n th is 
f ie ld o f po ten t i a l i n t e r v e n t i o n t h e r e f o r e takes o n e n o r m o u s 
i m p o r t a n c e . 
Th is m o n o g r a p h , based o n research ca r r i ed o u t in co l lab -
o r a t i o n by t h e BBV Founda t i on and t h e Ch icago A c a d e m y 
o f Sciences, is t h e f i r s t sys temat ic c o m p a r a t i v e analysis o f 
t h e publ ic 's k n o w l e d g e , images, and a t t i t udes regard ing 
science in Eu rope , Japan, t h e U n i t e d States, and Canadá. I t 
focuses o n t h e d e v e l o p m e n t o f a set o f i nd i ca to rs t o 
e x p l o r e t h e re la t ions b e t w e e n i n t e res t in sc ient i f ic issues, 
level o f unde rs tand ing o f substant ive and m e t h o d o l o g i c a l 
d imens ions o f sc ience, and pa t t e rns o f a t t i t udes t o w a r d 
science and techno logy . Th is analysis leads t o t h e f o r m u -
la t ion o f hypo theses a b o u t t h e publ ic 's r o l e in t h e f r e q u e n t 
con t rove rs i es t h a t involve sc ience and techno logy . T h e 
stat ist ical t echn iques o f c o n f i r m a t o r y f a c t o r analysis and 
s t ruc tu ra l equa t i on m o d e l i n g take th is s tudy b e y o n d s imp le 
data analysis by expos ing data s t r u c t u r e and advanc ing 
e x p l a n a t o r y mode l s . T h e s e tasks, in t h e a u t h o r s ' v iew, 
shou ld i n f o r m a n e w ser ies o f c o m p a r a t i v e analyses o f 
scient i f ic cu l t u re in advanced soc ie t ies . 
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PROLOGUE 

A t t h e t h r e s h o l d o f t h e 2 l s t cen tu r y , w e have t h e o p p o r t u n i t y t o 
examine , w i t h t h e advantage o f t h e l o n g - t e r m perspec t i ve , t h e 
re la t ive c o n t r i b u t i o n o f d i f f e ren t f o r ces t o t h e shaping o f social 
s t r uc tu res , o f life styles in many áreas o f t h e planet , and even o f 
t h e e n v i r o n m e n t itself. 

A m o n g t h e large n u m b e r o f var iables t h a t have shaped t h e s t ruc -
t u r e and e v o l u t i o n a r y dynamics o f m o d e r n soc iet ies, t h e o n e t h a t 
stands o u t w i t h o u t any ques t i on is t h e c o m p l e x edi f ice o f t h e o r i e s , 
i n f o r m a t i o n and data t h a t make up scient i f ic k n o w l e d g e , w h i c h has 
expe r i enced u n p r e c e d e n t e d g r o w t h and expans ión in th is cen tu ry . 
Scient i f ic ac t iv i ty has b e c o m e an área o f pro fess iona l specia l izat ion 
f o r a large s e c t o r o f advanced soc ie t ies , and has made its w a y i n t o 
t h e g rea t m a j o r i t y o f p ro fess ions , even t h o s e apparen t l y least 
re la ted t o scient i f ic t h e o r i e s and m e t h o d o l o g i e s . T h e educat iona l 
sys tem has also seen an increase o f t h e scient i f ic t ra in ing t h a t eve ry 
indiv idual needs so as t o achieve an adequate unders tand ing o f 
large áreas o f t h e na tura l and social w o r l d s and t o be able t o 
i n te rvene in t h e m . In s t r uc tu ra l t e r m s , o n e can say t ha t o u r c o m 
p lex t u r n - o f - t h e - c e n t u r y soc iet ies p resuppose , and are based u p o n , 
i n f ras t ruc tu ra l n e t w o r k s t h a t have e m e r g e d f r o m t h e advancemen t 
and techno log ica l e x t e n s i ó n o f sc ience. T h e acce le ra t ion o f t h e 
r h y t h m o f scient i f ic p rogress , t h e s h o r t e n i n g in terva ls o f i ts t rans -
la t ion i n t o t echno logy , and t h e c o m b i n a t i o n o f techno log ica l c lus-
t e r s ( n e w mater ia ls , e lec t ron i cs , i n f o r m a t i o n techno logy , t e l e -
c o m m u n i c a t i o n s , b i o t e c h n o l o g y ) have paved t h e w a y f o r w h a t 
s o m e theo r i s t s o f i nnova t i on cali a "change o f t e c h n o - e c o n o m i c 
pa rad igm" : t h a t is, t h e e m e r g e n c e o f n e w ways o f designing, p r o -
duc ing , m a r k e t i n g and even recyc l ing a w i d e range o f goods . 

U n d o u b t e d l y , advanced soc iet ies a t t h e end o f t h e 20th c e n t u r y are 
k n o w l e d g e soc iet ies, a t least in t h e sense t h a t t h e y canno t f u n c t i o n 
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w i t h o u t t h e unceasing p r o d u c t i o n o f t h e " i n tang ib l e " o u t c o m e s o f 
t h e scient i f ic p rocess . Paradox ica l ly , h o w e v e r , as th is m o n o g r a p h 
d o c u m e n t s , t h e g rea t m a j o r i t y o f t h e p o p u l a t i o n in these societ ies 
(Eu rope , t h e U n i t e d States, Canadá, and Japan) benef i ts f r o m many 
app i ica t ions o f science in áreas ranging f r o m t h e w o r k p l a c e t o 
hea i th care, b u t has n o t ach ieved an even e l e m e n t a r / u n d e r s t a n d -
ing, in b r o a d ou t l i ne , o f t h e scient i f ic k n o w l e d g e t h a t has been 
accumu la ted since t h e beg inn ing o f m o d e r n i t y . Th is gap leads o n 
occas ion t o u n f o u n d e d hopes t h a t science all by i tself has t h e 
po ten t i a l t o reso lve s o m e o f o u r m o s t press ing p r o b l e m s , o r , 
a l te rna t ive ly , t o n o less u n f o u n d e d fears o f scient i f ic p rogress . 
W h a t t h e a u t h o r s o f t h e Fi rs t R e p o r t t o t h e C l u b o f R o m e cal led 
" t echno log i ca l m i r a c l e - w o r k i n g " , and its c o u n t e r p a r t , w h i c h w e 
m igh t w a n t t o label "an t i -sc ien t i f i c r o m a n t i c i s m " , b o t h de r i ve f r o m 
a cu l tu ra l and social c o n t e x t cha rac te r i zed by a l o w level o f u n -
de rs tand ing o f sc ience, o f t h e images o f t h e na tura l and social 
w o r l d s i t o f fe rs , and o f t h e possib i l i t ies and l imi ts o f sc ient i f lc-
techno log ica l k n o w l e d g e . 

In t h e t r a n s i t i o n t o t h e 2 l s t c e n t u r y , t h e p r o b l e m o f t h e " t w o 
c u l t u r e s " d iagnosed by C . P. S n o w ~ t h e lack o f c o m m u n i c a t i o n 
b e t w e e n profess ionals in t h e human i t ies and sc iences~is aggrava-
t e d by t h e ques t i on o f h o w t o in tég ra te b o t h o f t h e m w i t h t e c h 
nological knowledge. A t t h e same t i m e , t h e urgent quest ion arises o f 
h o w t o convey th is k n o w l e d g e t o t h e g rea t m a j o r i t y o f soc ie ty , so 
t h a t eve ry indiv idual can b r o a d e n his o r he r range o f o p t i o n s , as a 
c o n s u m e r , w o r k e r , c o m m u n i t y m e m b e r , and c i t izen capable o f 
a r t i cu la t ing p re fe rences and demands . In a d d i t i o n , t h e r e is t h e 
fundamen ta l issue o f h o w t o reconcep tua l i ze t h e r o l e o f science 
and t e c h n o l o g y in t h e c o n t e x t o f an educa t iona l ph i l osophy t h a t 
acknow ledges humans ' r o l e as " s y m b o l i c an imáis" : t h e i r ab i l i ty t o 
i n t e r p r e t t h e w o r l d a r o u n d t h e m ra t iona l ly , using t h e o r i e s , c o n 
ceptua l schemas, images, and data as w e l l as t h e valúes compa t i b l e 
w i t h t h e k n o w l e d g e o f each h is to r i ca l p e r i o d ( w h a t t h e ph i l o s ophe r 
Q u i n e cal led "a l l t h e sc ience o f t h e m o m e n t " ) . 

N e v e r has t h e r e been as w i d e a range o f o p p o r t u n i t i e s o n t h e 
ind iv idual , fami ly , c o m m u n i t y , and organ iza t iona l levéis as in th is 
c e n t u r y , and f e w fac to rs have been as signif icant in th is b roaden ing 
o f possib i l i t ies as sc ien t i f i c - techno log ica l k n o w l e d g e . A l o n g w i t h 
these possib i l i t ies, r isks and eth ica l d i l emmas o f u n p r e c e d e n t e d 
magn i tude have ar isen, f r o m ser ious changes (if n o t d e s t r u c t i o n ) 
o f basic l i fe-cycles o n t h e p lanet t o t h e genet ic man ipu la t i on o f l i fe, 
j o b c rea t i on in a highly a u t o m a t e d p r o d u c t i o n sys tem, o r t h e 
reconcep tua l i za t i on o f t h e v e r y n o t i o n and mean ing o f " w o r k " in 
an e ra in w h i c h t h e i n t e r a c t i o n b e t w e e n w o r k e r and mach ine ( o r 
" t echno log i ca l sys tem" ) has u n d e r g o n e d ramat i c change. 



Prologue x i 

Fo r all these reasons, i t is necessary t o r e t h i n k t h e ideal o f t h e 
educa ted o r i n f o r m e d ind iv idual , and t h e r o l e o f science and t e c h -
no logy in achieving th is ideal t h r o u g h o u t t h e indiv idual 's l i fe-cy-
cle. Th is task m u s t be u n d e r t a k e n in a va r ie ty o f c o n t e x t s , f r o m 
t h e h o m e and schoo l t o t h e w o r k p l a c e , t h e mass med ia as we l l as 
social and pol i t ica l s t r u c t u r e s . T h e BBV Founda t ion has t h e r e f o r e 
chosen t h e analysis o f issues re la t ing t o scient i f ic cu l t u re in ad -
vanced societ ies as o n e o f its st rategic áreas o f act iv i ty . Th is analysis 
m u s t take advantage o f c o m p a r a t i v e scient i f ic-social research car-
r ied o u t w i t h t h e best m e t h o d o l o g i e s available f o r t h e p r o d u c t i o n 
and i n t e r p r e t a t i o n o f t h e a p p r o p r i a t e data. I t has been a t r u e 
p leasure and pr iv i lege f o r o u r Founda t i on t o deve lop t h e p r o j e c t 
p resen ted in th is b o o k in co l l abo ra t i on w i t h T h e Ch icago A c a d e m y 
o f Sciences and its In te rna t iona l C e n t e r f o r t h e A d v a n c e m e n t o f 
Scienti f ic L i teracy, w i t h o u t ques t i on t h e leading ins t i t u t i on a t a 
g lobal scale in th is f ie ld o f s tudy. W e t r u s t t h a t its pub l i ca t ion and 
discussion a m o n g academics w i l l raise t h e level o f mu l t i -d isc ip l inary 
re f l ec t i on o n scient i f ic c u l t u r e at t h e t h r e s h o l d o f t h e n e w cen tu r y 
~ a n indispensable p re requ i s i t e f o r deve lop ing ef fect ive p r o g r a m s 
t o c o m m u n i c a t e scient i f ic and techno log ica l advances t o t h e en t i r e 
popu la t i on . 

José A n g e l S á n c h e z A s l a í n 
P r e s i d e n t , B B V F o u n d a t i o n 





INTRODUCTION 

T h e 20th c e n t u r y has w i t nessed t w o m a j o r r evo lu t i ons : o n e in 
science and t e c h n o l o g y and o n e in d e m o c r a c y . T h e task f o r t h e 
2 l s t c e n t u r y w i l l be t o main ta in t h e g r o w t h and benef i ts o f sc ience 
and t e c h n o l o g y w i t h i n t h e s t r u c t u r e s o f m o d e r n d e m o c r a t i c 
systems. I t is a w e l c o m e chal lenge, b u t i t w o u l d be a s e h o u s e r r o r 
t o t h i n k t h a t f e w tens ions o r di f f icul t ies w i l l o c c u r in f o s t e r i n g b o t h 
o f these r e v o l u t i o n s s imu l taneous ly . 

T h e remarkab le ach ievements o f 20th c e n t u r y science and t e c h n o l 
ogy are w e l l k n o w n , b u t t o a g rea t e x t e n t , t h e y a re on l y t h e 
open ing ac t o f an exc i t i ng n e w d rama. W e have b e c o m e t h e 
masters o f a t o m s and mo lecu les , acqu i r ing t h e abi l i ty t o bu i ld and 
m o d i f y a vast a r ray o f natura l and man-made mater ia ls t o serve 
o u r in te res ts . W e have learned h o w t o t rave l a r o u n d o u r p lanet 
qu ick ly , c o m f o r t a b l y , and re la t ive ly inexpensive ly . A n ind iv idual can 
n o w p ick up a t e l e p h o n e o r log o n t o a c o m p u t e r t e r m i n a l and ho ld 
ins tantaneous conve rsa t i ons w i t h peop le a r o u n d t h e w o r l d . W e 
are n o w o n t h e b r i n k o f unde rs tand ing t h e o p e r a t i o n o f o u r genet ic 
sys tem, open ing t h e poss ib i l i ty o f so lv ing s o m e o f mank ind 's o l des t 
diseases and p r o b l e m s . 

Desp i t e a c e n t u r y o f w a r f a r e , m o r e peop le l ive in d e m o c r a t i c 
pol i t ica l systems at t h e end o f t h e 20th c e n t u r y than a t any o t h e r 
t i m e in human h i s to ry . T h e r e is n o w a w o r l d w i d e sense o f basic 
human r ights and a genera l o p p o s i t i o n t o genoc ide . M o r e peop le 
have a larger impac t o n t h e pol ic ies o f t h e i r g o v e r n m e n t s and t h e 
ac t ions o f t h e i r leaders than eve r be fo re . T h e g r o w i n g r o l e o f 
su rvey research in d e m o c r a t i c soc ie t ies is m o r e than cu r i os i t y o r 
e n t e r t a i n m e n t ; i t is r ecogn i t i on by po l i t ica l and e c o n o m i c leaders 
t h a t t hey need t o unde rs tand w h a t t h e publ ic is th ink ing . 

In t h e 2 l s t c e n t u r y , ef fect ive c i t izensh ip w i l l r e q u i r e an increased 
level o f unde rs tand ing o f t h e issues facing soc ie ty . I ron ica l ly , desp i te 
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vast scient i f ic and techno log ica l g r o w t h , t h e m a j o r i t y o f t h e publ ic 
in eve ry m a j o r indust r ia l c o u n t r y lack a level o f unders tand ing 
suf f ic ient t o par t i c ípa te ef fect ive ly in t h e r eso lu t i on o f a publ ic 
po l i cy d ispu te invo lv ing sc ience o r t echno logy . O n e o f t h e chal leng-
es t h a t m u s t be addressed in t h e 21st c e n t u r y is t h e i m p r o v e m e n t 
o f educa t i on t o fu l ly enf ranch ise c i t izens t o unders tand and par t i c 
ípate in t h e f o r m u l a t i o n o f a w i d e range o f publ ic pol ic ies, inc lud ing 
t h o s e invo lv ing science and t e c h n o l o g y . 

F r o m its f o u n d i n g 140 years ago, T h e Ch icago A c a d e m y o f Sciences 
has been c o m m i t t e d t o t h e advancemen t o f scient i f ic l i te racy f o r 
all c i t izens. O u r or ig ina l c h a r t e r lists th is task as o n e o f o u r p r i m a r y 
pu rposes , and f o r m o r e t han a c e n t u r y t h e leadersh ip o f t h e 
A c a d e m y has sough t t o enhance t h e scient i f ic unders tand ing o f o u r 
f e l l ow ci t izens. A s a pa r t o f th is c o m m i t m e n t , t h e A c a d e m y f o u n d e d 
an In te rna t iona l C e n t e r f o r t h e A d v a n c e m e n t o f Scient i f ic L i te racy 
in 1991 t o reach o u t t o scho lars and f r iends a r o u n d t h e w o r l d t o 
w o r k t o g e t h e r t o w a r d th is ob jec t i ve . 

W e are pleased t o j o i n w i t h t h e Bank o f Bi lbao and Vizcaya 
Founda t i on and its C e n t e r f o r Science, T e c h n o l o g y , and Soc ie ty in 
t h e pub l i ca t ion o f th is i m p o r t a n t w o r k . Th is m o n o g r a p h , w r i t t e n 
by t h r e e o f t h e leading scho lars in t h e w o r l d in th is f ie ld , p rov ides 
a so l id emp i r i ca l f o u n d a t i o n f o r unders tand ing t h a t o u r c o m m o n a l -
t ies exceed o u r d i f ferences, and t h a t all na t ions w i l l face essent ial ly 
t h e same set o f chal lenges in t h e 2 l s t cen tu r y . T h e d e v e l o p m e n t 
o f a scient i f ical ly l i te ra te c i t i zen ry is n o t a ho rse race a m o n g 
nat ions, b u t an ongo ing chal lenge t o m a t c h o u r scient i f ic p rogress 
in t h e l a b o r a t o r y w i t h educa t iona l ach ievemen t in o u r c lass rooms 
and t h r o u g h museums , newspapers , magazines, and l ibrar les. Th is 
m o n o g r a p h p r o v i d e s a so l i d f o u n d a t i o n f o r t h e r e c o g n i t i o n , 
unde rs tand ing , and d iscussion o f th is chal lenge. 

P a u l G . H e l t n e 
P r e s i d e n t , T h e C h i c a g o A c a d e m y o f S c i e n c e s 
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CHAPTER I 

A FRAMEWORK FOR THINKING ABOUT 
SCIENCE AND PUBLIC POLICY 





In t h e last 50 years, g o v e r n m e n t s , po l i t ica l leaders, and act iv ists have 
c o m e t o recogn ize t h e i m p o r t a n c e o f educat ing ci t izens t o be 
scient i f ical ly l i te ra te . T h e y unders tand t h e valué o f adul ts being able 
t o unders tand and par t i c ípa te in t h e f o r m u l a t i o n o f science and 
techno log ica l po l icy. T h e y perce ive t h e benef i t o f t h e publ ic pa r t i c i -
pat ing in debate and mak ing cho ices. 

In less t han t h r e e decades, t h e t heo re t i ca l app roach and pract ica l 
ob jec t ives o f publ ic unders tand ing o f science have evo lved b o t h in 
response t o advances in survey m e t h o d o l o g y and data analysis and 
in response t o t h e w i d e n i n g impac t o f science and t echno logy o n 
indiv iduáis, o rgan iza t ions , and c o m m u n i t i e s . In t h e first phase, f r o m 
1945 t h r o u g h t h e late I950 's , publ ic a w e and a d m i r a t i o n w e r e 
w idesp read f o r t h e w o r k o f sc ient is ts and engineers in p r o d u c i n g 
a ser ies o f mi rac le drugs, j e t a i rc ra f t , e v e r - i m p r o v i n g Communica
t i ons , and a r is ing s tandard o f l iv ing. W i t h t h e launch o f Sputnik I 
in 1957 and t h e adven t o f t h e space race, t h e popu la r s tandard f o r 
in te l l igence became t h e r o c k e t sc ient is t . Th is p a t t e r n was apparen t 
in t h e U n i t e d States, Canadá, and t h e m o r e deve loped nat ions o f 
Eu rope . Japan and t h e less deve loped nat ions o f Eu rope f o l l o w e d 
a s imi lar p a t t e r n , b u t a f e w years later . 

A second phase began in t h e 1960's, m a r k e d by b o o k s and events 
t h a t emphas ized i m p o r t a n t publ ic po l i cy cho ices regard ing science 
and t echno logy . Rachel Ca rson ' s S/7ení Spring (1962) revealed t h e 
l o n g - t e r m negat ive effects o f t h e excessive use o f D D T and o t h e r 
pest ic ides, o v e r t u r n i n g t h e popu la r p e r c e p t i o n du r i ng t h e p r e c e d -
ing decade t h a t p o s t - w a r d e v e l o p m e n t o f pest ic ides was o n e o f 
t h e mirac les o f m o d e r n science. D e v e l o p e r s , manu fac tu re rs , and 
users had n o t an t ic ipa ted t h e ef fect o n na tu re o f these m o d e r n 



4 Public Perceptions o f Science and Technology 

p r o d u c t s (Bosso 1987). Simi lar ly, n e w drugs such as t h a l i d o m i d e 
w e r e f o u n d t o have ca tas t roph ic resul ts w h e n t aken by p regnan t 
w o m e n , resu l t ing in laws in t h e U n i t e d States and o t h e r m a j o r 
indust r ia l nat ions requ i r i ng an ex tens ive r e v i e w o f drugs p r i o r t o 
t h e i r d i s t r i bu t i on in t h e m a r k e t (M in t z 1965). 

T h e t h i r d phase evo l ved f r o m ins t i tu t iona l cyn ic ism f o l l o w i n g t h e 
V i e t n a m W a r , c o m b i n e d w i t h a g r o w i n g awareness o f actual and 
po ten t ia l damage t o o u r w o r í d . It g r e w in to t h e e n v i r o n m e n t 
m o v e m e n t in t h e U n i t e d States and i n to t h e g reen m o v e m e n t in 
Europe . A m a j o r po l i cy d ispu te du r i ng th is p e r i o d invo lved t h e use 
o f nuc lear energy t o gené ra te e lec t r i c i t y ( N e l k i n 1977; M o r o n e and 
W o o d h o u s e 1989). T h e anxiet ies a b o u t t h e techno log ica l appl ica-
t i o n o f nuc lear energy , f o s t e r e d in pa r t by t h e use o f t h e f i r s t 
a t o m i c b o m b s , g r e w w i t h n e w data and events t h a t revea led t h e 
l o n g - t e r m side effects o f i ts use. By t h e beginning o f t h e 1 9 8 0 ^ , 
g o v e r n m e n t , c o r p o r a t i o n s , and scient i f ic and techno log ica l o rgan i -
zat ions, as w e l l as t h e scient i f ic c o m m u n i t y , recogn ized t h a t t h e 
publ ic cou ld v e t o a p r o g r a m o r p r o j e c t if suf f ic ient ly a roused . 

A g r o w i n g b o d y o f k n o w l e d g e , r e s e a r c h , and l i t e r a t u r e a m o n g 
t h e adu l t p o p u l a t i o n s o f d e v e l o p e d and d e v e l o p i n g c o u n t r i e s 
he lped t o c r é a t e a f r a m e w o r k f o r t h i n k i n g a b o u t t h e pub l ic 
p e r c e p t i o n o f sc ience. Th i s m o n o g r a p h p resen ts t h e resu l t s o f 
compara t i ve analysis o f publ ic percep t ions o f science and t e c h n o l -
ogy in t h e E u r o p e a n U n i o n , t h e U n i t e d States, Japan, and Canadá. 
Agenc ies respons ib le f o r sc ience, t e c h n o l o g y , and r e l a t ed pub l ic 
po l i cy genera l l y s u p p o r t t hese s tud ies , re f l ec t i ng t h e i r need t o 
u n d e r s t a n d pub l i c a t t i t u d e s . A n i n te rd i sc i p l i na ry resea rch has 
e v o l v e d , bu i l d ing o n t hese s tud ies and para l le l pub l i ca t i ons in 
j ou rna l s . 

In th is chap te r , publ ic unders tand ing o f science as a research 
disc ip l ine is p r o f i l e d , basic concep ts re levan t t o t h e analysis o f 
publ ic unders tand ing and pe rcep t i ons are i n t r o d u c e d , and t h e ra-
t i ona le f o r deve lop ing research o n publ ic pe rcep t i ons t o w a r d 
science and t e c h n o l o g y is d iscussed. Subsequent chapters examine 
t h e publ ic 's i n t e res t in science and t e c h n o l o g y issues, m e t h o d s o f 
conceptua l i z ing and measur ing civic scient i f ic l i teracy, t h e s t r u c t u r e 
o f publ ic pa r t i c i pa t i on in f o r m u l a t i n g science and t e c h n o l o g y po l icy , 
and publ ic a t t i t udes t o w a r d genera l and specif ic science and t e c h 
no logy issues. T h e final chap te r r e c o m m e n d s o p p o r t u n i t i e s f o r 
f u t u r e research t o unde rs tand t h e fac to rs t ha t affect deve lop ing , 
mainta in ing, and changing o f publ ic a t t i tudes t o w a r d science and 
techno logy . 



A Framework for Thinking about Science and Public Policy 

The Role of Scientific Literacy in Modern Societies 

T h e or ig ina l c o n c e p t o f scient i f ic l i te racy re f lec ted t h e conce rns o f 
c i t izen g r o u p s and t h e scient i f ic c o m m u n i t y and focused o n in fo r -
m a t i o n r e q u i r e d t o fu l f i l l c i t i zensh ip respons ib i l i t i e s . T h e k n o w l -
edge, exper ience, and skills needed f o r effective cit izen pa r t i c ipa ron 
c o n t i n u é t o be an essential c o m p o n e n t o f t h e research agenda. 

Individuáis are l ikely t o exper ience science, and especial ly t e c h n o l -
ogy, as w o r k e r s and consumers . I t is i m p o r t a n t t o focus o n specif ic 
ind iv idual needs and p r o b l e m s and f o r sc ient is ts t o concep tua l i ze 
mú l t i p le l i terac ies. Fo r examp le , a s tudy o f b iomed ica l l i te racy in 
t h e U n i t e d States has b e c o m e t h e basis f o r a h a n d b o o k gu id ing 
medical professionals and health commun ica to rs t o effectively share 
I n f o r m a t i o n w i t h c i t izens in t e r m s t h a t are a p p r o p r i a t e t o age, 
gender , e d u c a t i o n , and level o f b iomed ica l l i te racy (M i l l e r and Pifer 
1995; M i l l e r and K i m m e l 1998). 

N e w e f fo r t s t o def ine basic scient i f ic and techno log ica l l i terac ies 
f o r w o r k p l a c e p e r f o r m a n c e , pa ren t ing , and persona l c o m f o r t w i l l 
i m p r o v e peop le 's c o m p e t e n c e , unders tand ing , and apprec ia t i on o f 
scient i f ic issues. Many indiv iduáis learn t o c o p e w i t h t h e c o m p l e x 
techno log ica l soc ie ty o f t h e late 2 0 t h c e n t u r y by ut i l iz ing l ow- leve l 
k n o w l e d g e o f t h e k n o w - h o w t y p e , such as c o o k i n g w i t h o u t 
k n o w l e d g e o f chem is t r y , d r i v ing a car w i t h o u t any k n o w l e d g e o f 
mechanics , w o r d p rocess ing w i t h o u t t r a in ing in c o m p u t e r sc ience, 
and t h e skil ls re la ted t o t h e use o f techn ica l p r o d u c t s (Lévy-Le-
b l o n d 1992; Pardo 1998). 

T h e need t o e labó ra te t h e de f in i t ions o f scient i f ic o r t echno log ica l 
l i teracies is due , in par t , t o o n e o f t h e m o s t s t r i k i ng fea tu res o f 
t echno log ica l e v o l u t i o n in t h e late 20th c e n t u r y ~ i t s abi l i ty t o o v e r -
t ake qu ick ly un t i l i t becomes essent ial (Bu rke 1978). I t has gone 
b e y o n d t h e pr inc ip ies o f classical e r g o n o m i c s t o inc lude usabi l i ty 
fac to rs . I t has evo l ved so t h a t n e i t h e r advanced scient i f ic o r t e c h 
nologica l k n o w l e d g e ñ o r a l ong ope ra t i ona l learn ing process is 
r e q u i r e d ( W i n o g r a d and A d l e r 1992). Th is techno log ica l e v o l u t i o n 
explains h o w mi l l ions o f users, inc lud ing ch i l d ren , gained access t o 
a t o o l as c o m p l e x and versat i le as t h e c o m p u t e r , w h i c h on l y a f e w 
decades ago r e q u i r e d t h e k n o w l e d g e o f a p r o g r a m m i n g language 
f o r s imple a d d i t i o n . 

A p a r t f r o m t h e use o f n e w machines and techno log ies , ind iv idual 
and co l lec t i ve dec is ions d e m a n d a degree o f f o r m a l scient i f ic o r 
techno log ica l unde rs tand ing c o m b i n e d w i t h pract ica l expe r i ence . 
Some analysts have n o t e d t h a t societ ies at t h e end o f t h e 2 0 ^ 
c e n t u r y can be c o n s i d e r e d h igh- r isk societ ies (Beck 1994). T h e 
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g r o w i n g in f luence o f science and t e c h n o l o g y in v i r tua l l y all d i m e n -
sions o f s o c i o e c o n o m i c life o f t oday ' s g lobal soc ie ty of fers o p p o r -
tun i t i es p rev ious ly u n h e a r d of, and a t t h e same t i m e exposes 
ser ious r isks persona l ly and co l lec t ive ly . 

A l t h o u g h many a l te rnat ives ex i s t f o r cop ing w i t h th is e m e r g e n t 
s t r u c t u r a l f ea tu re o f late m o d e r n soc ie t ies , o n e cr i t i ca l d imens ión 
is an indiv idual 's fami l ia r i t y w i t h sc ience and t echno logy . Fo r ex -
ample , indiv iduáis w h o unde rs tand t h e r isk and p r e v e n t i o n fac to rs 
associated w i t h ce r ta in diseases may make b e t t e r cho ices a b o u t 
d ie t and persona l behav io rs . Pat ients w h o m u s t dec ide a m o n g 
medica l t r e a t m e n t s , especial ly a l te rna t ives invo lv ing n e w t e c h n o l o -
gies such as gene t he rapy , may make b e t t e r dec is ions if t h e y have 
a concep tua l unde rs tand ing o f D N A C i t i zens and civic leaders w h o 
have fami l ia r i t y w i t h basic sc ient i f ic c o n s t r u c t s 1 o f energy, t h e 
ecosys tem, t h e ecologica l impacts o f human prac t ices and p r o b a -
bi l i ty and r isk assessment may make b e t t e r publ ic po l i cy decis ions 
o n issues ranging f r o m landfi l l p l acemen t t o r e a c t o r loca t ions . 

Formulating Science Policy ín Democratic Politícal 
Systems 

In i n d u s t r i a l i z e d na t i ons , m o s t c i t i zens face a g r o w i n g n u m b e r 
o f c o m p e t i n g d e m a n d s f o r t h e i r t i m e . A l t h o u g h t h e l eng th o f t h e 
w o r k w e e k d i f fe rs s ign i f i can t l y in t h e c o u n t r i e s s t u d i e d , m o s t 
advanced soc ie t ies have d e c r e a s e d t h e w o r k w e e k t o 4 0 h o u r s 
in r e c e n t decades . R e d u c t i o n s b e l o w 4 0 h o u r s have been d i f f i 
c u l t t o a c c o m p l i s h . T h e p r e s s u r e o n ind iv iduá is t o manage t h e i r 
t i m e e f f i c ien t l y has i nc reased in c o m b i n a t i o n w i t h o t h e r t r e n d s 
such as t w o - j o b fami l ies , w h i c h have been g r o w i n g s tead i l y f o r 
at least t h r e e decades , and changes in o v e r t i m e a l l oca t i ons by 
c o m p a n i e s . 

Studies s h o w t h a t A m e r i c a n s feel m o r e rushed n o w than a gener -
a t ion ago, a l though , by t h e d o c k , t h e y have gained an add i t iona l 
h o u r o f f r ee t i m e pe r day since 1965. Th is fac t is par t ia l ly associated 
w i t h l i fe-style change t r e n d s . F e w e r A m e r i c a n s a re m a r r i e d t o d a y 
t han a gene ra t i on ago, and f e w e r st i l l a re paren ts , w i t h t h e conse -
quence t h a t t w o t i m e - c o n s u m i n g act iv i t ies , h o u s e w o r k and chi ld 
care, have decreased. In a d d i t i o n , peop le are r e t i r i ng a t ear l ie r ages. 
T h e bu lk o f th is n e w f r ee t i m e has gone t o w a t c h i n g T V : " T h e 
increase in T V - w a t c h i n g has c u t i n t o t h e t i m e w e have a l located 
t o a l m o s t eve ry th ing else in o u r l i ves~bu t m o s t especial ly t o 
act iv i t ies ou t s i de t h e h o m e " (Pu tnam 1997). 

1 Consírucí refers t o an understanding of a set of scientific concepts that creates 
a model such as atomic s t ructure. 
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T h e typ ica l res iden t o f A m s t e r d a m , Ber l ín , Ch icago , H i r o s h i m a , 
L o n d o n , M a d r i d , Paris, o r T o k y o chooses m o s t evenings a m o n g 10 
t o 20 te lev is ión channels, thousands o f ren ta l v ideo tapes , l ive 
musical o r d rama t i c p e r f o r m a n c e s , spo r t s events , n o n - c r e d i t o r 
c r e d i t un ivers i ty courses , and a w i d e a r ray o f r e c r e a t i o n act iv i t ies 
such as b o w l i n g o r tenn is . C o m p e t i t i o n f o r an indiv idual 's t i m e has 
g r o w n o v e r t h e last several decades, and t h a t p ressure con t inúes 
t o increase. 

Pol i t ics and publ ic po l i cy face st i f f c o m p e t i t i o n f o r an indiv idual 's 
t i m e . C i t i zens m u s t dec ide h o w m u c h t i m e , energy, and w h a t o r 
h o w many resources t o d e v o t e t o b e c o m i n g and rema in ing 
i n fo rmed abou t pol i t ics, and t o actively part icípate. T h e evidence 
indicates t h a t po l i t ics is los ing its ma rke t sha re (M i l l e r 1983a; Ve rba , 
Sch lozman and Brady 1995). T h e dec is ión t o b e c o m e invo lved w i t h 
pol i t ica l affairs is r e f e r r e d t o as po lhka l spedal izat ion. W h i l e many 
measures o f adu l t po l i t i ca l specia l izat ion ex is t , o n e s imple i nd i ca to r 
is t h e n u m b e r o f adul ts w h o v o t e in nat ional and local e l e c t i o n s - a 
c lear ind ica t ion o f dec l in ing in te res t . 

A m o n g t h o s e c i t izens w h o dec ide t o d e v o t e t i m e and energy t o 
publ ic po l i cy issues, a second level o f specia l izat ion involves t h e 
cho lee o f w h i c h issues t o f o l l o w . T h e range o f issues at t h e nat ional 
level is b r o a d , and c o m b i n e d w i t h s tate, p rov inc ia l , and local issues, 
t h e range o f po ten t i a l publ ic po l i cy issues is t o o vast f o r an ind iv id 
ual t o master . Inevi tably, c i t izens w h o f o l l o w pol i t ica l affairs focus 
t h e i r a t t e n t i o n o n a smal ler set o f issues, r e f e r r e d t o as issue 
spedalizatíon. Prev ious studies suggest t h a t f e w ci t izens f o l l o w 
m o r e than t w o o r t h r e e m a j o r issue áreas ( A l m o n d 1950; Rosenau 
1974; M i l le r 1983a; Popk in 1994). 

A p p r o x i m a t e l y hal f o f t h e c i t i zens in i ndus t r i a l i zed soc ie t ies 
b e c o m e invo lved in publ ic po l i cy issues (M i l l e r 1983a; Ve rba , 
Sch lozman and Brady 1995). W i t h i n th is c o n t e x t , publ ic i n te res t 
in scient i f ic and techno log ica l po l i cy m u s t be assessed. Scienti f ic 
and techno log ica l issues c o m p e t e reasonably we l l f o r a share o f 
t h e publ ic 's in te res t , even du r i ng t imes o f d ramat i c In te rna t iona l 
events. T h e ro le o f t h e public in fo rmula t ing science and techno l -
ogy po l i cy is e x p l o r e d in C h a p t e r IV. 

The Need for Scientific Literacy in the Workplace 

Changes in t h e w o r k p l a c e demand h igher levéis o f basic scient i f ic 
and techno log ica l t r a in ing f o r many w o r k e r s . Th is paral lels t h e 
g r o w i n g need f o r an unde rs tand ing o f science and t e c h n o l o g y in 
o r d e r t o f o r m ú l a t e publ ic po l icy. N e w process techno log ies t e n d 
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t o y ie ld t h e i r g rea tes t benef i ts w h e n t h e y a re al igned w i t h a highly 
sk i l led w o r k f o r c e ( A d l e r 1992). C o m p u t e r s and n e w c o m m u n i c a -
t i o n techno log ies have t r a n s f o r m e d t h e w o r k e n v i r o n m e n t and skil l 
expec ta t i ons f o r a w i d e a r ray o f j obs , f r o m of f ice w o r k t o m a n u -
fac tu r ing . O f f i ce w o r k e r s a re e x p e c t e d t o unders tand and o p é r a t e 
c o m p u t e r s , fax machines, cop ie rs , láser p r i n t e r s , scanners, and 
n u m e r o u s o t h e r machines as w e l l as t o in tégra te d i f fe ren t systems 
and t o par t i c ipa te in t h e i r ma in tenance and upgrad ing. T h e abi l i ty 
t o read t h e a p p r o p r i a t e i n s t r u c t i o n o r repa i r manual has b e c o m e 
a basic ski l l r e q u i r e m e n t f o r a large n u m b e r o f j obs . 

Add i t i ona l l y , w o r k e r s in many c o r p o r a t e , p r íva te , and g o v e r n m e n -
tal o rgan iza t ions , r a t h e r t han s imp ly f o l l o w i n g p r o c e d u r e s and 
ru les , a re e x p e c t e d t o d e t e r m i n e t h e i r o w n respons ib i l i t ies o n t h e 
basis o f ins t i tu t iona l po l ic ies and goals. Th is change requ i res h igher 
levéis o f t r a in ing and a u t o n o m y than w e r e necessary f o r t r a d i t i o n -
ally o rgan ized w o r k p l a c e s . T h e c r e a t i o n and design o f f lex ib le 
p r o d u c t i o n sys tems and h igh p e r f o r m a n c e w o r k sys tems ( s e m i -
a u t o n o m o u s g r o u p s , qua l i ty c o n t r o l c i rc les) o f t en assume b r o a d 
j o b de f in i t ions , substant ia l skil ls in p r o b l e m solv ing, t e a m w o r k , and 
c o n t i n u o u s learn ing o n t h e p a r t o f staff ( O s t e r m a n 1994; Law le r 
1995). T o succeed in th is i n d e p e n d e n t e n v i r o n m e n t , many w o r k e r s 
need h igher levéis o f t ra in ing , specif ical ly scient i f ic and t e c h n o l o g i -
cal t ra in ing , beginn ing w i t h f o r m a l schoo l i ng and con t i nu ing w i t h 
o n - t h e - j o b learn ing. 

Life in a Scientific Culture 

Persons w h o l ive in t h e scient i f ic c u l t u r e o f t h e late lO*11 c e n t u r y 
apprec ia te science, its capaci ty t o speak t o t h e imag ina t ion , and its 
c o n t r i b u t i o n t o t h e sat is fact ion o f t h e human des i re t o k n o w . T h e 
d e m a n d f o r access t o I n f o r m a t i o n a b o u t scient i f ic and medica l 
ach ievements has g r o w n in r e c e n t decades desp i te t h e d i f f lcu l ty o f 
c o m m u n i c a t i n g science and t e c h n o l o g y t o non-sc ient is ts and t h e 
l o w levéis o f p rev ious scient i f ic o r techno log ica l t r a in ing o f many 
adul ts . Mi l l ions o f adul ts in t h e Eu ropean U n i o n , t h e U n i t e d States, 
Japan, and Canadá w a t c h scient i f ic d o c u m e n t a r l e s o n te lev is ión and 
read sc ience ar t ic les in newspapers and magazines. Many peop le 
pu rsue an i n te res t in c o s m o l o g y , f o r examp le , a l though t h e y d o 
n o t e x p e c t t o f ind any prac t ica l use f o r i t . T h e magn i tude o f t h e 
d e m a n d f o r scient i f ic k n o w l e d g e requ i res c rea t i ve and ef fect ive 
mechan isms f o r sat isfying i t . 

I t is reasonable t o assume t h a t a signi f icant p o r t i o n o f t h e adu l t 
p o p u l a t i o n shou ld deve lop and sustain an unders tand ing o f basic 
sc ient i f ic cons t r uc t s . Th is level o f unde rs tand ing is r e f e r r e d t o as 
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civic scientífic Hteracy. M e t h o d o l o g i c a l issues used t o def ine and t o 
measure civic scient i f ic l i te racy and es t imates o f civic scient i f ic 
l i te racy in t h e European U n i o n , t h e U n i t e d States, Japan, and 
Canadá are c o m p a r e d and discussed in C h a p t e r III. 

Developíng Appropríate Indícators 

In 1972, t h e U.S. N a t i o n a l Science Founda t i on began co l lec t ing and 
publ ish ing biennial ly a c o m p r e h e n s i v e set o f ind ica to rs o f scient i f ic 
and techno log ica l act iv i t ies. C o m p a r a b l e i nd i ca to r r e p o r t s have 
been c o m p i l e d and pub l ished by t h e European U n i o n , t h e Japanese 
Na t i ona l Ins t i tu te o f Science and T e c h n o l o g y Pol icy, and t h e C a -
nadian Research C o u n c i l . Each r e p o r t inc ludes t rad i t i ona l indica
t o r s such as t h e p r o p o r t i o n o f t h e g ross domes t i c p r o d u c t d e v o t e d 
t o research and d e v e l o p m e n t expend i t u res o r t h e n u m b e r o f 
sc ient ists and engineers . These a re insuf f ic ient t o assess t h e level 
o f scient i f ic and techno log ica l resou rces and po ten t ia l o f a soc ie ty . 
T h e invisible asset o f scient i f ic l i te racy o n t h e pa r t o f t h e publ ic 
has t o be inc luded a m o n g t h e measu remen ts (Pardo 1992). Mea-
sur ing publ ic a t t i t udes t o w a r d science and t e c h n o l o g y has i n -
c reased, respond ing t o t h e changing ro les and needs o f indiv iduáis 
as c i t izens, w o r k e r s , c o n s u m e r s , and m e m b e r s o f m o d e r n indus
t r i a l societ ies. 

G r o w i n g i n te res t in t h e publ ic unders tand ing o f science and t e c h 
no logy , as w e l l as substant ive advances in t h e d e v e l o p m e n t o f 
accura te and useful i nd ica to rs , is c o m m e n d a b l e . D i ve rse research 
c o n d u c t e d t h r o u g h focus g roups , i n -dep th i n te r v i ews , nat ional sur -
veys, quas i -exper imen ts , med ia c o n t e n t analysis, and panel studies 
o f adu l t popu la t ions is encou raged . 

Fo rma l compara t i ve analysis and t h e s tudy o f t e m p o r a l changes can 
be achieved t h r o u g h a ser ies o f surveys admin i s te red t o r a n d o m 
p o p u l a t i o n samples in va r ious coun t r i es , u t i l iz ing a c o r e o f re la t ive ly 
c o m m o n quest ions. These data p r o v i d e a suff ic ient basis f o r bu i ld -
ing prec ise and p o w e r f u l mode l s t o exp la in d i f ferences and 
pa t te rns in publ ic unders tand ing o f science and t e c h n o l o g y w i t h i n 
c o u n t r i e s and a m o n g coun t r i es . T h e p lura l ism o f goals, l ines o f 
research , and m e t h o d o l o g i e s shou ld be p rese rved and expanded , 
enhanc ing t h e c u r r e n t s tate o f research , w i t h a s imu l taneous dia
logue a m o n g t h e va r ious research c o m m u n i t i e s . 

I t is essential t o v i e w publ ic unders tand ing o f science and t e c h n o l 
ogy as an i m p o r t a n t c o m p o n e n t in a c o m p l e x sys tem o f po l icy 
f o r m u l a t i o n , acceptance, and i m p l e m e n t a t i o n in m o d e r n indust r ia l 
societ ies. Even w h e n publ ic i n v o l v e m e n t in f o r m u l a t i n g po l icy is 
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l im i ted t o tac i t consen t , successful acceptance and i m p l e m e n t a t i o n 
o f publ ic pol ic ies may depend o n b o t h publ ic unders tand ing o f basic 
sc ient i f ic concep ts and a f o u n d a t i o n o f pos i t i va a t t i t udes t o w a r d 
o rgan izad science. In o v e r t c o n t r o v e r s i e s , publ ic i n v o l v e m e n t w i l l 
be m o r e substant ia l . In all c i r cumstances , publ ic unders tand ing and 
a t t i t udes i n te rac t w i t h o t h e r c o m p o n e n t s o f po l i cy f o r m u l a t i o n and 
i m p l e m e n t a t i o n systems. T h e survey data sets analyzed in th is 
monog raph p rov ide an i m p o r t a n t perspect ive o n public understanding 
and po l i cy d e v e l o p m e n t . 

Available Comparable Information 

D u r i n g t h e last decade, several nat iona l surveys have been c o n d u c -
t e d in m a j o r indust r ia l na t ions and in emerg ing indust r ia l na t ions . 
Fo r t h e p u r p o s e o f th is c o m p a r a t i v e analysis, f o u r data sets w e r e 
se lec ted t h a t inc lude ex tens ive survey responses f r o m t h e c i t izens 
o f 15 coun t r i es . Fo r analyt ic pu rposes , t h e I I m e m b e r states o f 
t h e European U n i o n 2 in 1992 are t r e a t e d as a single en t i t y . T h e 
f o u r m a j o r s tudies inc luded in th is analysis a re : 

E u r o b a r o m e t e r , 1 9 9 2 . Fo r m o r e than 2 0 years , t h e 
European C o m m i s s i o n has c o n d u c t e d a semiannual 
su rvey o f all o f i ts m e m b e r states, focus ing o n a c o r e 
o f ques t ions a b o u t t h e i r k n o w l e d g e of, and t h e i r a t t i 
t udes t o w a r d , t h e European U n i o n . Each su rvey i nco r -
po ra tes add i t iona l i t ems re levan t t o o n e o r m o r e o f 
t h e genera l d i r e c t o r a t e s o f t h e C o m m i s s i o n . T h e 1992 
E u r o b a r o m e t e r u t i l i zed persona l i n t e r v i ews w i t h 
12,147 adul ts in t h e I I m e m b e r states 3 t o measure 
i n t e res t in , k n o w l e d g e abou t , and a t t i t udes t o w a r d 
sc ience and t e c h n o l o g y , re f lec t ing t h e c o n c e r n s o f D i -
r e c t o r a t e Gene ra l X I I . D r . Kar lhe inz Reif was t h e d i 
r e c t o r o f t h e genera l E u r o b a r o m e t e r p r o g r a m in 1992. 
T h e science su rvey was c o o r d i n a t e d by D r . G r e g o r i o 
M e d r a n o f r o m D i r e c t o r a t e Gene ra l X I I . 

U n i t e d S t a t e s S c i e n c e I n d i c a t o r s S t u d y , 1 9 9 5 . 
Th is s tudy is o n e o f a seríes o f nat iona l s tudies o f t h e 
publ ic unde rs tand ing o f and a t t i t udes t o w a r d science 
and t e c h n o l o g y in t h e U n i t e d States, s p o n s o r e d by t h e 

2 European Union, EU and Europe are used interchangeably in this monograph t o 
refer t o the I I countr ies wh ich part icipated in the 1992 Eurobarometer w i t h 
sufficient responses t o be valuable in this monograph. The use of Europeans o r 
European adults refers t o the survey participants. 
3 The 11 member states surveyed we re Belgium, Denmark , England, France, 
Germany, Greece, Ireland, Italy, Nether lands, Portugal, and Spain. 
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Na t i ona l Science Founda t i on . T h e 1995 s tudy in te r -
v i e w e d 2,006 indiv iduáis in a nat ional p robab i l i t y sam-
ple o f househo lds w i t h t e lephones . T h e 2 0 - m i n u t e in 
t e r v i e w inc luded an ex tens ive set o f i tems measur ing 
in te res t , k n o w l e d g e , a t t i t udes , and I n f o r m a t i o n acqu i -
s i t i on . T h e s tudy was d i r e c t e d by D r . Jon D. Mi l le r , 
V ice Pres ident o f T h e Ch icago A c a d e m y o f Sciences 
and Pro fessor o f Pol i t ical Science a t N o r t h e r n I l l inois 
Un ivers i t y . 

J a p a n N a t i o n a l S t u d y , 1 9 9 1 . Th is nat ional s tudy 
was c o n d u c t e d u n d e r t h e sponsorsh ip o f t h e Na t i ona l 
Ins t i tu te o f Science and T e c h n o l o g y Pol icy in Japan and 
is based o n persona l i n te rv iews w i t h 1,457 r e s p o n -
dents . T h e s tudy inc luded n u m e r o u s i tems in c o m m o n 
w i t h paral le l s tud ies in t h e European U n i o n and t h e 
U n i t e d States, inc lud ing i tems o n in te res t , know ledge , 
a t t i t udes , and I n f o r m a t i o n acqu is i t ion . T h e s tudy was 
d i r e c t e d by M r . Ha j ime Nagahama o f T o y o Un ive rs i t y . 

C a n a d i a n N a t i o n a l S t u d y , 1989 . Th is s tudy o f 
2,000 Canadian adul ts was c o n d u c t e d by t e l e p h o n e 
and includes a w i d e a r ray o f i n te res t , know ledge , a t t i -
t u d e , and I n f o r m a t i o n acqu is i t ion i tems. Th is s tudy was 
d i r e c t e d by Pro fessor Edna Einsiedel o f t h e Un ive rs i t y 
o f Calgary. 

A l l f o u r data sets used in th is m o n o g r a p h have been depos i ted in 
t h e A r c h i v e o f t h e In te rna t iona l C e n t e r f o r t h e A d v a n c e m e n t o f 
Scient i f ic L i te racy a t T h e Ch icago A c a d e m y o f Sciences 4. 

T h e analyses in th is m o n o g r a p h ut i l ize t h e best available stat ist ical 
m e t h o d s and t o o l s t o unde rs tand t h e s t r u c t u r e and c o n t e n í o f 
publ ic a t t i tudes t o w a r d and know ledge a b o u t science and t e c h n o l 
ogy. W h e n e v e r possib le, scales a re used r a t h e r than single i tems, 
and mu l t i va r ia te analyt ic techn iques , inc lud ing c o n f i r m a t o r y f a c t o r 
analysis and s t r uc tu ra l equa t i on mode l i ng , are used t o assess t h e 
s t r u c t u r e s and re la t ionsh ips w i t h i n t h e data sets. Desc r i p t i ve t a b u -
lat ions are p r o v i d e d , w h e n possible, t o p rov ide adequate n o n - t e c h -
nical exp lanat ions o f t h e resul ts . I n t r o d u c t i o n s t o C o n f i r m a t o r y 
Fac to r Analys is and S t ruc tu ra l Equat ion M o d e l i n g a re loca ted in 
Append i ces A and B. 

4 Requests f o r access t o a data set should be addressed t o Archive, International 
Cen te r fo r the Advancement o f Scientific Literacy, The Chicago Academy o f 
Sciences, 2060 N o r t h C lark Street, Chicago, Illinois 60614, USA. Inquires may 
be made by fax (773-549-5199), e-mail (icasl@icasl.org), o r the W o r l d W i d e 
W e b (http: / /www.icasl .org). A nominal fee may be required f o r handling and 
documen ta ron , but fees may be waived f o r dissertat ion research. 

mailto:icasl@icasl.org
http://www.icasl.org




CHAPTER II 

PUBLIC INTEREST IN SCIENTIFIC 
AND TECHNOLOGICAL ISSUES 





I t is essent ia l t o r e c o g n i z e t h a t c i t i zens in c o m p l e x , m o d e r n 
indust r ia l societ ies may e lec t t o pay l i t t le o r n o a t t e n t i o n t o po l i t ics 
o r publ ic po l icy issues. Desp i t e t h e gains in f ree t i m e f o r m o s t social 
g r o u p s , t h e d ramat i c expans ión o f cho ices creates a " t i m e fam ine " , 
a fea tu re o f everyday life f o r c i t izens at t h e end o f t h e 20th c e n t u r y 
and v i r tua l l y u n k n o w n at any p rev ious t i m e in human h is to ry . T h e 
p r o p o r t i o n o f c i t izens w h o choose n o t t o a l locate t i m e o r energy 
t o learn ing a b o u t o r seeking t o in f luence t h e po l i t ica l p rocess o r t h e 
f o r m u l a t i o n o f specif ic publ ic pol ic ies di f fers a m o n g t h e coun t r i es 
s tud ied . A discussion o f t h e s t r u c t u r a l d i f ferences a m o n g s o c i o p o -
l i t ical systems and t h e imp l ica t ions o f these d i f ferences f o r mean ing-
fu l publ ic i n v o l v e m e n t in t h e f o r m u l a t i o n o f science and t e c h n o l o g y 
po l i cy is inc luded in C h a p t e r V I . 

The Structure of Policy and Issue Interests 

Indiv iduáis w e r e asked t o r e p o r t t h e i r levéis o f i n te res t in se lected 
publ ic po l icy issues, inc lud ing issues involv ing science and t e c h n o l o 
gy, in t h e surveys ca r r i ed o u t in t h e European U n i o n , t h e U n i t e d 
States, Japan, and Canadá. W h i l e t h e r e w e r e m i n o r d i f ferences in 
t h e w o r d i n g and f o r m a t o f t h e ques t ions , all o f t h e ques t ions 
inc luded a very interested cho i ce as t h e highest level o f se l f - r epo r ted 
in te res t . A l t h o u g h i t is i n f o rma t i ve t o l o o k at t h e d i s t r i bu t i on o f 
responses f o r each o f t h e áreas inc luded in th is analysis, i t is 
i m p o r t a n t t o go beyond these descr ip t i ve resul ts and inqu i re i n to 
t h e s t r u c t u r e o f these se l f - r epo r t ed levéis o f in te res t . D o these 
resul ts s u p p o r t t h e specia l izat ion hypothes is o u t l i n e d in C h a p t e r I? 
Is t h e r e a c lus te r ing o f i n te res t in scient i f ic and techno log ica l issues, 
o r d o indiv iduáis b e c o m e in te res ted in o n e facet o f science and 
t e c h n o l o g y in a par t icu lar is t i c o r in an ec lect ic manner? 
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A series o f e x p l o r a t o r y and c o n f i r m a t o r y f a c t o r analyses w e r e 
c o n d u c t e d t o examine these quest ions . A s a genera l app roach , 
each analysis s ta r ted w i t h t h e ful l set o f i n te res t r e p o r t s f r o m 
indiv idual r esponden t s , e x p l o r i n g t h e s t r u c t u r e o f i n te res t w i t h i n 
each soc iopo l i t i ca l sys tem and w o r k i n g w i t h t h e ful l p o p u l a t i o n 
sample. T h e s t r u c t u r e o f issue in te res t a m o n g t h e bes t -educa ted 
segment o f each soc ie ty was exam ined t o see if, and h o w , t h e 
s t r u c t u r e o f t h e i r in te res ts d i f fe red f r o m t h a t o f t h e ove ra l l adu l t 
popu la t i on . T h e v o l u m e and c o m p l e x i t y o f t h e w o r k c o n d u c t e d 
d íc ta te t h a t t h e resul ts a re p resen ted by c o u n t r y , beginn ing w i t h 
t h e European U n i o n and t h e U n i t e d States f o l l o w e d by Japan and 
Canadá. Findings are separa ted by issues, educa t i on , t h e n u m b e r 
o f r esponden ts , and t h e levéis o f t h e i r i n te res t . I t is i n te res t i ng t o 
n o t e d i f ferences a m o n g t h e soc iopo l i t i ca l systems. A conc lud ing 
s u m m a r y examines s imi lar i t ies in t h e s t r u c t u r e o f publ ic po l icy 
in te res ts a m o n g t h e coun t r i es . 

E u r o p e a n U n i o n 

In t h e 1992 E u r o b a r o m e t e r , r e s p o n d e n t s w e r e asked t o i n d i -
cate w h e t h e r t h e y w e r e ve/y interested, moderately interested, 
o r not oí o// interested in t h e f o l l o w i n g áreas: e n v i r o n m e n t a l 
issues, n e w medica l d iscover ies , n e w scient i f ic d iscover ies , 
n e w inven t ions and techno log ies , po l i t ics , and spo r t s news . A 
m a j o r i t y o f Europeans r e p o r t e d t h a t t h e y w e r e v e r y i n te res ted 
in e n v i r o n m e n t a l issues, and 4 6 % w e r e v e r y i n te res ted in n e w 
medica l d iscover ies (see Tab le I ) . Roughly t w o o u t o f f ive 
Europeans w e r e v e r y i n te res ted in n e w scient i f ic d iscover ies , 
and 35% w e r e v e r y i n te res ted in n e w invent ions and t e c h n o l 
ogies. O n l y t h r e e o u t o f 10 Europeans w e r e ve ry i n te res ted 
in po l i t ics o r spo r t s news. 

A n index was c o n s t r u c t e d t o p r o v i d e a s imple descr ip t i ve i nd i ca to r 
o f i n te res t in se lec ted issues. It s c o r e d 100 po in ts f o r be ing v e r y 
i n te res ted , 50 po in ts f o r being m o d e r a t e l y i n te res ted , and z e r o 
po in t s f o r be ing n o t a t all i n t e res ted . For each nat ional o r d e m o -
graph ic g r o u p i n g , t h e scores o n t h e Index o f Issue In te res t cou ld 
range f r o m z e r o t o 100. A p p l y i n g th is index t o t h e 1992 Eu roba 
r o m e t e r data, i n te res t in e n v i r o n m e n t a l issues ranked h ighest w i t h 
75 po in ts and spo r t s news ranked l o w e s t w i t h 48 po in t s (see 
Tab le I ) . 

T o e x p l o r e i n te res t a m o n g Europeans, all s ix o f t h e 1992 i n te res t 
i tems w e r e e x a m i n e d in an e x p l o r a t o r y f a c t o r analysis. ( A n i n t r o -
d u c t i o n t o c o n f i r m a t o r y f a c t o r analysis is l oca ted in A p p e n d i x A . ) 
For th is analysis, each i t e m was d i c h o t o m i z e d i n t o ve ry i n te res ted 
and responses ind ica t ing a l o w e r level o f i n te res t , recogn iz ing t h e 
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T A B L E I 

L e v e l o f I n t e r e s t in S e l e c t e d I s s u e s , 

E u r o p e a n U n i o n , 1992 

Issue Education 
Level 

Level of Interest (%) 

Very Modér
ate 

Not 
at all 

Index 
of Issue 
Interest 

Number 
of Cases 

Environmental 
Issues 

Tota l 56 38 

Lower 53 40 

Higher 67 31 

75 

73 

83 

12,147 

9,739 

2,339 

N e w Medical 
Discoveries 

Tota l 46 44 10 

Lower 44 45 

Higher 53 42 

68 

67 

74 

12,147 

9.696 

2,342 

N e w Scientific 
Discoveries 

Tota l 38 45 17 

Lower 34 47 

Higher 54 40 

61 

58 

74 

12,147 

9,652 

2,336 

N e w Inventions 
and Technologies 

Tota l 35 47 

Lower 32 48 21 

Higher 49 44 

59 

56 

71 

12,147 

9,674 

2,334 

Politics 

Tota l 29 52 19 

Lower 25 54 22 

Higher 46 47 

55 

52 

70 

12,147 

9,726 

2,346 

Sports News 

Tota l 28 39 33 

Lower 28 38 34 

Higher 27 42 31 

48 

47 

48 

12,147 

9,738 

2,345 

The Index of Issue Interest ranges f r o m zero t o 100. For each respondent, a 
response of very íníerested is given a score of 100; a response of moderately interested 
is given a score of 50; and a response of not at all interested is given a score of zero. 
For the to ta l sample o r any given subsample, the mean score on the Index of Issue 
Interest reflects the relative level o f interest in that issue. 

inabi l i ty o f t r a d i t i o n a l f a c t o r analysis t o handle o rd ina l da ta5 . T h e 

analysis revea led t w o fac to rs (see Tab le 2) . T h e f i r s t f a c t o r was 

def ined by n e w medica l d iscover ies and e n v i r o n m e n t a l issues, r e -

f lec t ing a genera l c o n c e r n a b o u t heal th w h i c h was s t rong ly l inked 

t o e n v i r o n m e n t a l qual i ty . T h e second f a c t o r was def ined by n e w 

scient i f ic d iscover ies and n e w inven t ions and techno log ies and 

ind icated a c lus te r i ng o f t h e t w o p r i m a r y i n te res t i nd ica to rs in 

5 Inability is part icularly severe when the number of o rde red categories is less 
than five o r six, as in the data files used f o r this monograph. 
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T A B L E 2 
E x p l o r a t o r y F a c t o r R e s u l t s f o r I s s u e I n t e r e s t s , 
E u r o p e a n U n i o n A d u l t s , 1992 

Issue Factor Factor 2 
Proportion 
of Variance 
Explained 

N e w Medical Discoveries 
Environmental Issues 
N e w Scientific Discoveries . . . . 
N e w Inventions and Technologies 
Politics 
Sports News 

.53 

.78 

.30 

.27 

.27 
- .0 ! 

- . 1 8 
.10 

- . 7 6 
- .63 
- .01 
- . 03 

.38 

.56 

.83 

.60 

.08 

.00 

Cor re la t ion between Factor I and Factor 2 = .38 
N u m b e r of Cases = 12,147 

A n exp lora tory factor analysis examines the cor re la t ion matr ix of a se to f variables 
and identifies the corre la t ion of each variable w i t h one o r more underlying 
dimensions, o r factors. A n or thogonal exp lo ra to ry factor analysis sets the angle 
between factors t o 90°, assuring tha t each factor is statistically independent of all 
o ther factors. A n obl imin (obl ique) exp lo ra to ry factor analysis al lows the factors, 
o r dimensions, t o be corre lated and computes the degree o r corre la t ion o r 
association between factors. This analysis is based on an obl imin (oblique) analysis. 

science and t echno logy . Us ing an o b l i m i n (ob l ique) r o t a t i o n , t h e 
c o r r e l a t i o n b e t w e e n t h e t w o fac to rs was .38. N e i t h e r po l i t ics ñ o r 
spo r t s news loaded signi f icant ly o n e i t h e r fac to r . 

A s t r o n g single f ac to r re f lec t ing b o t h science and heal th w o u l d n o t 
be e x p e c t e d , g iven th is f ind ing. T o t e s t th is p r o p o s i t i o n , a con f i r -
m a t o r y f a c t o r analysis was c o n d u c t e d , using t h e var iables in t h e i r 
or ig ina l o rd ina l f o r m (Long 1983). Us ing t h e LISREL p r o g r a m , an 
ini t ial c o n f i r m a t o r y f a c t o r analysis was a t t e m p t e d , using 12,147 
responden ts in t h e 1992 E u r o b a r o m e t e r w h o w e r e 18 years o f age 
o r o l d e r ( H a y d u k 1987; Loeh l in 1987; Jó reskog and S ó r b o m 1993). 
Fou r issues ( n e w scient i f ic d iscover ies , n e w inven t ions and t e c h n o l -
ogies, n e w medica l d iscover ies , and e n v i r o n m e n t a l issues) d id n o t 
f o r m a single fac to r . T h e f inal m o d e l had on ly o n e degree o f 
f r e e d o m and 45 .7 ch i -squares, w h i c h was a c lear fa i lure t o f i t . 

T h e same p r o c e d u r e was a t t e m p t e d o n a r a n d o m half sample 
w h i c h inc luded 6 ,02 ! cases, s ince a large n u m b e r o f cases can 
gené ra te a hígh ch i -square even w h e n t h e m o d e l appears t o f i t 
o t h e r w i s e . Th is m o d e l fai led t o f i t w i t h o n e degree o f f r e e d o m and 
a t o t a l o f 32.7 ch i -squares. Th is m o d e s t r e d u c t i o n in e r r o r indicates 
t h a t i t is un l ike ly t h a t f u r t h e r r e d u c t i o n s in sample size w o u l d 
p r o d u c e an acceptab le f i t . 

A t t h e concep tua l level , t h e basic po l i t i ca l specia l izat ion m o d e l 
o u t l i n e d in C h a p t e r I argües t h a t in c o m p l e x m o d e r n societ ies 
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s o m e indiv iduáis may b e c o m e in te res ted in pol i t ica l and publ ic 
po l i cy m a t t e r s wh i l e o t h e r s focus t h e i r t i m e and energies o n o t h e r 
pursu i ts . I t is possib le t h a t indiv iduáis w i t h f e w e r years o f f o r m a l 
educa t i on have a d i f f icu l t t i m e unders tand ing scient i f ic and t e c h n o 
logical issues and w o u l d r e p o r t re la t ive ly l i t t le in te res t in these 
ma t t e r s . If th is p a t t e r n w e r e suf f ic ient ly pervasive, a f ac to r analysis 
o f t h e en t i r e popu la t i on w o u l d be un l ike ly t o f ind s t r u c t u r e , since 
t h e d o m i n a n t p a t t e r n w o u l d be n o i n te res t at al l . T o e x p l o r e th is 
possib i l i ty , a set o f c o n f i r m a t o r y f a c t o r analyses was c o n d u c t e d o n 
data f r o m on l y t h o s e responden ts w h o r e p o r t e d m o r e years o f 
f o r m a l schoo l ing6 . 

T h e resul ts o f a c o n f i r m a t o r y f a c t o r analysis f o r th is upper -educa-
t i o n subsample revealed t h a t t h e f o u r scient i f ic and techno log ica l 
issues c o n s t i t u t e d a single fac to r . T h e s tandard ized f ac to r loadings 
ind icate t h a t each o f t h e f o u r i t ems c o n t r i b u t e d t o t h e f ac to r 
signif icant ly (see Tab le 3) . T h e f a c t o r was def ined by in te res t in 
n e w medica l d iscover ies and n e w scient i f ic d iscover ies . Th is resu l t 
suggests t h a t b e t t e r - e d u c a t e d Europeans t e n d t o recogn ize a re la-
t i onsh ip a m o n g n e w medica l d iscover ies , n e w scient i f ic d iscover ies , 
n e w inven t ions and techno log ies , and e n v i r o n m e n t a l issues. Th is 
pa t t e rn o f h igher in te res t in scient i f ic issues a m o n g be t te r -educa ted 
responden ts is cons is ten t w i t h t h e pol i t ica l special izat ion m o d e l . 

T A B L E 3 
C o n f i r m a t o r y F a c t o r R e s u l t s , U p p e r - E d u c a t i o n G r o u p , 
E u r o p e a n U n i o n , 1992 

Issue Factor 
Proportion 
of Variance 
Explained 

N e w Medical Discoveries . . . . 
N e w Scientific Discoveries . . . 
N e w Inventions and Technologies 
Environmental Issues 

.85 

.76 

.64 

.56 

.73 

.57 

.41 

.31 

% = .18/1 degree of f reedom; Roo t Mean Square Er ror of Approx imat ion 
(RMSEA) = .00; 

Upper l imit o f 90% confldence interval f o r RMSEA = .038; 
N u m b e r of Cases = 2,172 

In contrast t o the search f o r corre la t ion in an exp lora tory factor analysis, a 
conf i rmatory factor analysis is a simple test of whe ther a set of variables selected 
on theoret ical o r o ther grounds has, o r does no t have, a specified factor s t ructure. 

6 Operat ional ly, all 1992 Eurobarometer respondents w h o repor ted leaving 
ful l - t ime study at age 20 o r later were included in an upper-educat ion subsample, 
which included 2,172 individuáis, o r about 22% of the populat ion age 18 and 
over. 



20 Public Perceptions of Science and Technology 

U n i t e d S t a t e s 

A set o f 10 o r I I i n te res t i tems has been asked in each biennial 
Science Ind ica to rs Study c o n d u c t e d in t h e U n i t e d States since 
1979. M i l le r and P r e w i t t f i r s t t es ted t h e p resen t f o r m o f t h e 
in te res t ques t ion in t h e 1979 s tudy, in c o n j u n c t i o n w i t h a set o f 
hypo the t i ca l newspape r headl ines, t o assess var ious approaches t o 
measur ing in te res t . T h e d i r e c t i nqu i ry f o r m a t was f o u n d t o be as 
ef fect ive a measure o f i n te res t as t h e longer and m o r e t i m e - c o n -
suming set o f hypo the t i ca l newspaper headl ines (Mi l le r , P r e w i t t and 
Pearson 1980). 

In t h e 1995 s tudy , A m e r i c a n s w e r e substant ia l ly m o r e i n te res ted 
than Europeans in n e w medica l d iscover ies , and s o m e w h a t m o r e 
i n te res ted than Europeans in n e w scient i f ic d iscover ies and n e w 
invent ions and techno log ies . Europeans w e r e sl ight ly m o r e i n te r 
ested in e n v i r o n m e n t a l issues than A m e r i c a n s (see Tables I and 
4 ) . T h e level o f A m e r i c a n in te res t in n e w medical d iscover ies 
exceeded A m e r i c a n i n te res t in any o t h e r área. T h e level o f i n te res t 
in scient i f ic and techno log ica l issues was h igher than i n te res t in 
defense and m i l i t a r y po l icy , fo re ign po l icy , and agr icu l tu ra l issues. 

A n e x p l o r a t o r y f a c t o r analysis o f data f r o m all U.S. adul ts age 18 
and ove r , using t h e same p r o c e d u r e as t h e analysis o f t he European 
U n i o n i n f o r m a t i o n , f o u n d t h r e e fac to rs , using an ob l im in (ob l ique) 
r o t a t i o n (see Tab le 5) . T h e f i r s t f a c t o r was def ined by a high level 
o f in terest in n e w scientific discoveries, new invent ions and techno l 
ogies, and space e x p l o r a t i o n . I n te res t in n e w medical d iscover ies 
loaded o n th is f i r s t f ac to r , b u t also o n a second fac to r . T h e f i r s t 
f ac to r accoun ted f o r a p p r o x i m a t e l y 26% o f t h e t o t a l var iance in 
t h e analysis. A second f a c t o r was ident i f ied by i n te res t in e n v i r o n 
menta l issues, local schoo ls , and n e w medica l d iscover ies , w i t h 
agr icu l tura l issues loading weak l y o n th is fac to r . T h e second f a c t o r 
accoun ted f o r a p p r o x i m a t e l y 12% o f t h e t o t a l var iance in t h e 
analysis and was c o r r e l a t e d w i t h t h e f i r s t f ac to r at t h e level o f .24. 
A t h i r d f ac to r was ident i f ied by i n te res t in defense and mi l i t a ry 
po l icy and fo re ign po l icy , w i t h a signif icant ly l o w e r loading by 
e c o n o m i c pol icy. Th is f ac to r may be v i e w e d as a t rad i t i ona l nat iona l 
po l i t ics fac to r . I t a c c o u n t e d f o r 10% o f t h e var iance in t he analysis, 
and displayed a c o r r e l a t i o n o f .45 w i t h t h e f i r s t f a c t o r and .36 w i t h 
t h e second fac to r . 

These resul ts indícate a def inable s t r u c t u r e in t h e level o f issue 
i n te res t w h i c h ex is ts in t h e adu l t popu la t i on o f t h e U n i t e d States. 
W h i l e indiv iduáis may have l i t t le o r no in te res t in specif ic pol i t ica l 
issues, t h e p a t t e r n d e m o n s t r a t e s t h a t these same indiv iduáis may 
have a high level o f i n te res t in o n e o r m o r e c lus ters o f issues. 
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T A B L E 4 
L e v e l o f I n t e r e s t in S e l e c t e d I s s u e s , U n i t e d S t a t e s , 1995 

Issue Education 
Level 

Level of Interest (%) 

Very Modér
ate 

Not 
atal l 

Index 
of Issue 
Interest 

Number 
of 

Cases 

Tota l 69 27 
N e w Medical 
Discoveries 

Lower 68 27 

Higher 71 27 

82 

82 

85 

2,006 

1,615 

39 ! 

To ta l 53 40 
Environmental 
Issues Lower 52 41 

Higher 56 40 

73 

72 

76 

2,006 

1,615 

391 

Tota l 57 31 12 

Local Schools Lower 57 31 12 

Higher 55 33 12 

72 

72 

72 

2,006 

1,615 

391 

Tota l 47 42 

Economic Policy Lower 44 43 13 

Higher 60 36 

68 

66 

78 

2,006 

1,615 

391 

Tota l 44 45 
N e w Scientific 
Discoveries 

Lower 40 47 13 

Higher 62 35 

66 

63 

80 

2,006 

,615 

391 

Tota l 43 
N e w Inventions 
and Technologies 

46 

Lower 39 48 

Higher 58 37 

66 

63 

76 

2,006 

1,615 

391 

D e f e n s e / M i l i t a r y 
Policy 

Tota l 37 46 17 

Lower 36 45 19 

Higher 40 48 12 

60 

59 

64 

2,006 

,615 

391 

Tota l 29 49 22 
Nuclear Power 
(for Electricity) 

Lower 28 49 23 

Higher 34 52 14 

54 

52 

60 

2,006 

1,615 

391 

Tota l 25 48 27 

Space Explorat ion Lower 22 48 30 

Higher 35 53 12 

49 

46 

62 

2,006 

,615 

391 

Tota l 53 26 

Foreign Policy Lower 17 52 3! 

Higher 36 57 

47 

43 

64 

2,006 

1,615 

39! 

Tota l 21 53 26 

Agricul tural Issues Lower 

Higher 

57 

55 

31 

33 

47 

72 

72 

2,006 

1,615 

391 



22 Public Perceptions of Science and Technology 

T A B L E 5 
E x p l o r a t o r y F a c t o r R e s u l t s f o r I s s u e I n t e r e s t s , 
U n i t e d S t a t e s A d u l t s , 1995 

Issue Factor I Factor 2 Factor 3 

Proportion 
of 

Variance 
Explained 

N e w Scientific Discoveries . . . 
N e w Inventions and Technologies 
Space Explorat ion 
N e w Medical Discoveries . . . . 
Nuclear Power ( for Electricity) . 
Local Schools 
Environmental Issues 
Agr icul tural Issues 
Defense and Mi l i ta r / Policy . . . 
Foreign Policy 
Economlc Policy 

.73 

.65 

.42 

.36 

.29 
- . 0 2 

.20 
- . 0 8 
- . 0 7 

.04 

.15 

.02 
- . 0 8 
- . 0 4 

.35 

.2 ! 

.42 

.41 

.31 

.10 
- .05 

.01 

.06 
- . 0 8 
- . 15 

.04 
- .23 

.05 
- . 1 0 
- . 1 0 
- . 5 9 
- .51 
- .31 

.31 

.30 

.20 

.19 

.23 

.07 

.18 

.06 

.17 

.14 

.14 

Cor re la t ion between Factor I and Factor 2 = .24 
Cor re la t ion between Factor I and Factor 3 = - . 45 
Cor re la t ion between Factor 2 and Factor 3 = - . 3 6 
N u m b e r of cases = 2,006 

Hav ing f o u n d o n e f a c t o r re f lec t ing a c lus te r o f sc ience and t e c h n o l -
ogy issues, a c o n f i r m a t o r y f a c t o r analysis ident i f ied m o r e prec ise ly 
t h e c o m p o n e n t s o f t h a t d i m e n s i ó n . A c o n f i r m a t o r y f ac to r analysis, 
using t h e or ig ina l o rd i na l responses, f o u n d six i t ems ( n e w medica l 
d iscover ies , nuc lear p o w e r , n e w scient i f ic d iscover ies , space e x p l o 
r a t i o n , n e w inven t ions and techno log ies , and e n v i r o n m e n t a l issues) 
t h a t loaded o n a single f a c t o r a t .5 o r above (see Tab le 6) . Th is 
p a t t e r n con t ras ts w i t h t h e European resu l t , w h i c h d id n o t f ind a 
single science f a c t o r f o r all Eu ropean adul ts . 

T w o poss ib le r a t i ona les exp la i n t h e a p p a r e n t d i f f e r e n c e 
b e t w e e n f ind ings in E u r o p e and t h e U n i t e d States. O n e is 
m e t h o d o l o g i c a l . T h e m e t h o d o l o g y o f t h e 1992 E u r o b a r o m e t e r 
s t u d y i n c l u d e d a s m a l l e r n u m b e r o f issue i t e m s . I t is poss ib le 
t h a t a soc ia l des i r ab i l i t y f a c t o r e n c o u r a g e d false r e p o r t s o f i n 
t e r e s t ( C r o w n e and M a r l o w e 1964) . If i nd iv iduá is f e l t t h a t i t was 
soc ia l l y e x p e c t e d t h a t t h e y d isp lay a level o f i n t e r e s t in pub l i c 
p o l i c y issues and t h e r e f o r e r e p o r t e d h ighe r levéis o f i n t e r e s t 
t h a n t h e y ac tua l l y h e l d , t h e va r i ance in t h e da ta set w o u l d be 
r e d u c e d , m a k i n g i t d i f f i cu l t t o f i n d a c lea r f a c t o r s t r u c t u r e . 
Ev idence ex i s t s f o r t h i s h y p o t h e s i s . U s i n g t h e I n d e x o f Issue 
I n t e r e s t , t h e levéis o f r e p o r t e d i n t e r e s t in E u r o p e ranged f r o m 
59 t o 75 f o r t h e f o u r sc ien t i f i c i n t e r e s t i t e m s , a range o f 16 
p o i n t s . A m o n g U.S. adu l t s , t h e leve l o f r e p o r t e d i n t e r e s t ranged 
f r o m 4 9 t o 8 2 f o r t h e s ix sc ien t i f i c i n t e r e s t i t e m s , a range o f 33 
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T A B L E 6 
C o n f i r m a t o r y F a c t o r R e s u l t s f o r S c i e n t i f i c I s s u e s , 
U n i t e d S t a t e s A d u l t s , 1995 

Issue Factor 
Proportion 
of Variance 
Explained 

N e w Medical Discoveries . . . . 
Nuclear Power ( for Electricity) . 
N e w Scientific Discoveries . . . 
Space Explorat ion 
N e w Inventions and Technologie 
Environmental Issues 

.75 

.72 

.64 

.62 

.59 

.58 

.56 

.52 

.42 

.39 

.35 

.34 

% - 4.5/4 degrees o f f reedom; Roo t Mean Square Er ro r o fApp rox ima t i on (RMSEA) 
= .01 ; 

Upper l imi t of the 90% confidence Interval fo r RMSEA = .035; 
N u m b e r of Cases = 2,006 

p o i n t s . I t is imposs ib l e t o d e t e r m i n e f r o m t h e s e da ta w h e t h e r 
th i s p a t t e r n re f l ec ts t h e i m p a c t o f soc ia l l y des i rab le responses 
o r real d i f f e rences in t h e s t r u c t u r e o f issue i n t e r e s t in E u r o p e 
and t h e U n i t e d States. O n e w a y t o t e s t t h i s q u e s t i o n w o u l d be 
t o e x p a n d t h e n u m b e r o f issues in f u t u r e E u r o b a r o m e t e r s tud ies 
and t o e x a m i n e t h e r e s u l t i n g p a t t e r n s o f r e p o r t e d issue i n t e r e s t . 

A second ra t iona le f o r t h e apparen t d i f fe rence is substant ive. T h e 
e x p l o r a t o r y f a c t o r analyses f o u n d a m o r e p r o n o u n c e d d i f fe rent ia -
t i o n b e t w e e n scient i f ic issues and heal th o r medica l issues a m o n g 
European adul ts than a m o n g A m e r i c a n adul ts. I t was possible, 
h o w e v e r , t o ident i fy a single f o u r - i t e m f a c t o r a m o n g un ivers i ty -
educa ted Europeans. A comparab le c o n f i r m a t o r y f a c t o r analysis o f 
t h e 2 0 % o f A m e r i c a n adul ts w h o had c o m p l e t e d a baccalaureate 
degree f o u n d t h e same s i x - i t em science and t e c h n o l o g y in te res t 
f a c t o r a m o n g U.S. co l lege-educa ted adul ts as was obse rved a m o n g 
al! adul ts (see Tab le 7) . These resul ts suggest t h a t many n o n - u n i -
ve rs i t y educa ted European adul ts make an imp l i c i t o r exp l i c i t 
d i s t i nc t i on b e t w e e n heal th o r medica l issues and o t h e r scient i f ic 
issues, b u t t h a t th is d i f fe ren t ia t i on does n o t o c c u r a m o n g A m e r i c a n 
adul ts . 
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T A B L E 7 
C o n f i r m a t o r y F a c t o r R e s u l t s , 
U n i t e d S t a t e s C o l l e g e G r a d u a t e s , 1995 

Issue Factor 
Proportion 
of Variance 
Explained 

N e w Scientific Discoveries . . . 
Nuclear Power ( for Electricity) . 
N e w Inventions and Technologies 
N e w Medical Discoveries . . . . 
Space Explorat ion 
Environmental Issues 

.86 

.78 

.71 

.64 

.60 

.41 

.73 

.61 

.50 

.41 

.36 

.17 

X = i 0.3/8 degrees of freedom; Root Mean Square Error of Approximation (RMSEA) 
= .03; 

Upper l imit o f the 90% confidence interval f o r RMSEA = .069; 
N u m b e r of Cases = 391 

J a p a n 

T h e 1991 Japanese N a t i o n a l S tudy asked adu l t s t o r a t e t h e i r 
levéis o f i n t e r e s t In 14 Issues, i nc lud ing m a n y I tems c o m p a r a b l e 
t o s tud les in t h e E u r o p e a n U n i o n and t h e U n i t e d Sta tes . T h e 
Japanese s tudy , un l i ke t h e o t h e r s tud ies , o f f e r e d f o u r levéis o f 
i n t e r e s t t o m e a s u r e v e r y i n t e r e s t e d , m o d e r a t e l y i n t e r e s t e d , 
ha rd l y i n t e r e s t e d , and n o t a t all i n t e r e s t e d . F o r t h e ca l cu l a t i on 
o f t h e Index o f Issue I n t e r e s t , 100 po in t s w e r e assigned f o r v e r y 
i n t e r e s t e d , 6 7 p o i n t s f o r m o d e r a t e l y i n t e r e s t e d , 33 p o i n t s f o r 
ha rd l y i n t e r e s t e d , and z e r o p o i n t s f o r n o t a t all i n t e r e s t e d in 
o r d e r t o have a c o m p a r a b l e I n d e x w i t h o t h e r c o u n t r i e s . T h e 
resu l t i ng d i s t r i b u t i o n appears t o be a reasonab le e s t í m a t e o f t h e 
level o f issue i n t e r e s t . 

Japanese adul ts expressed t h e i r h ighest levéis o f i n te res t in sén io r 
c i t i zen issues, taxes , and e n v i r o n m e n t a l issues, p r o d u c i n g an Index 
o f Issue In te res t sco re above 70 in these t h r e e áreas (see Tab le 8 ) . 
T h e scient i f ic issue o f g rea tes t i n te res t was n e w medical d i scover 
ies, w i t h an Index sco re o f 65 . In con t ras t , on ly 17% o f Japanese 
adul ts w e r e v e r y i n te res ted in n e w scient i f ic d iscover ies , w i t h an 
i n te res t Index sco re o f 50 . T h e i n te res t Index sco re f o r n e w 
inven t ions and techno log ies was 53 , and 45 f o r space e x p l o r a t i o n . 
In genera l , Japanese adul ts w e r e re la t ive ly m o r e i n te res ted in ec o -
n o m i c m a t t e r s and local issues, such as land use, than in science 
and t e c h n o l o g y issues. A signif icant ly h igher p r o p o r t i o n o f co l lege-
educa ted Japanese responden ts r e p o r t e d substant ia l i n t e res t in 
scient i f ic and techno log ica l issues, as in Europe and t h e U n i t e d 
States. 
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T A B L E 8 

L e v e i o f I n t e r e s t in S e l e c t e d I s s u e s , J a p a n , 1991 

Education 
Level 

Level of Interest (%) 

Very 
Modér

ate Hardly Not 
at All 

Index 
Score 

Number 
of 

Cases 

Total 43 39 

Sénior Citizen Issues Lower 44 38 

Higher 39 43 

74 

74 

74 

1,457 

,134 

323 

Total 39 40 

Taxes Lower 39 39 

Higher 39 43 

70 

73 

1,457 

1,134 

323 

Total 36 46 

Environmental Issues Lower 34 45 

Higher 45 46 

69 

78 

1,457 

1,134 

323 

New Medical 
Discoveries 

Total 22 

Lower 29 40 23 

Higher 36 44 

65 

64 

72 

1,457 

1,134 

323 

Land Use Issues 

Total 29 43 

Lower 27 42 23 

Higher 37 47 

65 

62 

73 

1,457 

1,134 

323 

Economic Policy 

Total 30 42 22 

Lower 28 41 23 

Higher 36 45 

65 

63 

72 

1,457 

1,134 

323 

Education/Schools 

Total 27 39 25 

Lower 24 38 28 

Higher 38 43 

62 

59 

72 

1,457 

1,134 

323 

Energy Issues 

Total 23 27 

Lower 39 29 

Higher 29 48 22 

59 

56 

68 

1,457 

1,134 

323 

National Defense 
Issues 

Total 42 

Lower 17 40 32 

Higher 47 28 

56 

54 

63 

,457 

,134 

323 

Agricultural Issues 

Foreign Policy 

Total 20 36 34 

Lower 

Higher 

Total 

Lower 

Higher 

20 

17 

27 

33 

4 8 

40 

37 

52 

36 

28 

33 

37 

56 

54 

55 

68 

,457 

,134 

323 

,457 

134 

323 
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T A B L E 8 
L e v e i o f i n t e r e s t ín S e l e c t e d I s s u e s , J a p a n , 1991 ( con t i nued ) 

Education 
Level 

Level of Interest (%) 

Very Modér
ate Hardly Not 

at All 

Index 
Score 

Number 
of 

Cases 

New Inventions and 
Technologies 

Total 37 36 

Lower 33 39 

Higher 25 48 25 

53 

49 

65 

1,457 

1,134 

323 

New Sclentific 
Discoveries 

Total 36 40 

Lower 33 43 

Higher 22 43 32 

50 

46 

62 

1,457 

1,131 

323 

Space Exploratlon 

Total 28 

Lower 25 42 22 

Higher 20 37 39 

45 

42 

58 

1,447 

1,134 

323 

A n e x p l o r a t o r y f ac to r analysis was p e r f o r m e d o n t h e six scient i f ic 
and techno log ica l issues inc luded in t h e s tudy ( n e w inven t ions and 
techno log ies , energy issues, n e w scient i f ic d iscover ies, e n v i r o n m e n -
ta l issues, space e x p l o r a t i o n , and n e w medica l d iscover ies) . A l -
t h o u g h t h e analysis e m p l o y e d an o b l i m i n (ob l ique) r o t a t i o n t o 
search f o r mú l t i p le f ac to rs , t h e p r o c e d u r e f o u n d a single f a c t o r 
accoun t i ng f o r 58% o f t h e t o t a l var iance (see Tab le 9 ) . N e w 
inven t ions and techno log ies , energy issues, and n e w scient i f ic dis
cover ies d isplayed t h e h ighest loadings o n th is f ac to r . A c o n f i r m a -
t o r y f a c t o r analysis o f t h e six i tems f o r all Japanese adul ts age 18 
and o v e r f o u n d t h e same o n e - f a c t o r resu l t (see Tab le 10). In s h o r t , 
these f a c t o r analyses d o c u m e n t t h e ex is tence o f a s t r o n g single 
science and t e c h n o l o g y f a c t o r a m o n g Japanese adul ts , in c o n t r a s t 
t o t h e t w o - f a c t o r s t r u c t u r e f o u n d a m o n g Europeans. 

A c o n f i r m a t o r y f a c t o r analysis f o r Japanese co l lege-graduates, using 
t h e same six i tems, f o u n d a single f a c t o r (see Tab le I I ) . I n te res t 
in n e w scient i f ic d iscover ies was t h e defming i t e m f o r t h e f a c t o r 
f o r Japanese col lege graduates , as was f o u n d in Eu rope and t h e 
U n i t e d States. N e w inven t ions and techno log ies was t h e second 
s t ronges t loading i t e m ; th is i t e m loaded l o w e r o n t h e same f ac to r 
a m o n g col lege graduates in Eu rope and t h e U n i t e d States. N e w 
medica l d iscover ies loaded l o w e s t o n t h e science i n te res t f a c t o r 
a m o n g Japanese col lege graduates . 
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T A B L E 9 

E x p l o r a t o r y F a c t o r R e s u l t s f o r I s s u e I n t e r e s t s , 

J a p a n e s e A d u l t s , 1991 

Issue Factor 
Proportion of 

Variance 
Explained 

N e w Inventions and Technologies 
Energy Issues 
N e w Scientific Discoveries . . . 
Environmental Issues 
Space Explorat ion 
N e w Medical Discoveries . . . . 

.85 

.83 

.81 

.69 

.69 

.65 

.72 

.68 

.66 

.48 

.48 

.48 

N u m b e r of Cases = 1,457 

T A B L E 10 

C o n f i r m a t o r y F a c t o r R e s u l t s f o r I s s u e I n t e r e s t s , 

J a p a n e s e A d u l t s , 1991 

Issue Factor 
Proportion of 

Variance 
Explained 

N e w Inventions and Technologies 
N e w Scientific Discoveries . . . 
Energy Issues 
Space Explorat ion 
Environmental Issues 
N e w Medical Discoveries . . . . 

.95 

.90 

.82 

.78 

.66 

.62 

.90 

.81 

.68 

.61 

.44 

.39 

X = 7.8/6 degrees of freedom; Root Mean Square Error of Approximation 
(RMSEA) = . 0 l ; 

Upper l imit of the 90% confidence interval f o r RMSEA = .039; 
N u m b e r of Cases = 1,457 

T A B L E I I 

C o n f i r m a t o r y F a c t o r A n a l y s í s R e s u l t s , 

J a p a n e s e C o l l e g e - E d u c a t e d , 1991 

Issue Factor 
Proportion of 

Variance 
Explained 

N e w Scientific Discoveries . . . 
N e w Inventions and Technologies 
Energy Issues 
Space Explorat ion 
Environmental Issues 
N e w Medical Discoveries . . . . 

.91 

.84 

.69 

.69 

.46 

.41 

.83 

.70 

.47 

.47 

.2! 

.17 

X = .2.7Id degrees of freedom; Root Mean Square Error of Approximation = .00; 
Upper l imit o f the 90% confidence interval f o r RMSEA = .038; 
N u m b e r of Cases = 323 
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C a n a d á 

T h e 1989 Canadian Na t i ona l Study inc luded a s imi lar set o f i n te res t 
i tems. Us ing t h e same f o r m a t as t h e A m e r i c a n and European 
studies, t h e Canadian s tudy asked responden ts t h e i r levéis o f 
i n te res t in n e w medica l d iscover ies , env i r onmen ta l issues, n e w 
scient i f ic d iscover ies , n e w invent ions and techno log ies , e c o n o m i c 
pol icy , po l i t i cs , space e x p l o r a t i o n , c o m p u t e r s and re la ted t e c h n o l 
ogy, spor ts news, and agr icu l tura l issues. These data are in teres t ing 
t o r e v i e w f o r t h e i r s t r uc tu ra l character is t ics as a resu l t o f t h e larger 
n u m b e r o f i n te res t i tems inc luded in t h e survey. 

Canadians expressed m o r e i n te res t in medica l and hea l th issues 
than o t h e r issues, w i t h an i n te res t index sco re o f 77 (see Tab le 12). 
Canadians expressed a high level o f i n te res t in e n v i r o n m e n t a l 
issues, n e w scienti f ic d iscover ies, and n e w invent ions and t e c h n o l 
ogies. Canadians, l ike Europeans, r e p o r t e d a l o w e r level o f i n te res t 
in pol i t ics and spor ts news than in any o f the scientific and techno 
logical topics. Canadians, unl ike respondents in the Un i ted States, 
expressed slightly m o r e interest in new scientific discoveries and new 
invent ions and technologies than in economic and business issues. 

Canadians w i t h a col lege educa t i on , l ike responden ts in Eu rope and 
t h e U n i t e d States, w e r e signif icant ly m o r e i n te res ted in n e w sc ien
t i f ic d iscover ies and n e w inven t ions and techno log ies than less 
we l l - educa ted Canadians. L i t t le s igni f icant d i f ference ex is ted in t h e 
level o f i n te res t in medica l o r heal th issues b e t w e e n col lege and 
non-co l lege graduates in Canadá as was t r u e in Eu rope and t h e 
U n i t e d States. Co l l ege -educa ted Canadians w e r e signif icant ly m o r e 
i n te res ted in e n v i r o n m e n t a l issues than less we l l - educa ted c i t izens. 

A n e x p l o r a t o r y f a c t o r analysis was c o n d u c t e d o n six scient i f ic o r 
techno log ica l issues t o e x p l o r e t h e s t r u c t u r e o f issue i n te res t in 
Canadá. T h e e x p l o r a t o r y f ac to r analysis, using an ob l im in (ob l ique) 
r o t a t i o n , f o u n d a t w o - f a c t o r s t r u c t u r e f o r t h e six i tems s imi lar t o 
t h a t f o u n d f o r t h e European U n i o n , and w i t h a pos i t i ve c o r r e l a t i o n 
o f .44 b e t w e e n t h e t w o fac to rs (see Tab le 13). T o e x p l o r e t h e 
s t reng th o f these t w o d imens ions , a c o n f i r m a t o r y f a c t o r analysis 
was p e r f o r m e d o n t h e same data set using t h e or ig ina l o rd ina l 
responses. Th is analysis f o u n d t h a t t h e six i tems loaded o n a single 
fac to r . Th is single f a c t o r is de f ined by n e w invent ions and t e c h n o l 
ogies, e n v i r o n m e n t a l issues, n e w scient i f ic d iscover ies , c o m p u t e r s 
and re la ted techno log ies , and space e x p l o r a t i o n . Hea l th and n e w 
medica l d iscover ies loaded o n t h e fac to r , bu t w i t h a substant ia l ly 
l o w e r load ing (see Tab le 14). A c o n f i r m a t o r y f a c t o r analysis o f a 
set o f f o u r i t ems inc luded in t h e 1992 E u r o b a r o m e t e r f o u n d a 
single fac to r , de f ined by i n te res t in n e w scient i f ic d iscover ies and 
n e w invent ions and techno log ies (see Tab le 15). 
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T A B L E 12 
L e v e l o f I n t e r e s t ín S e l e c t e d I s s u e s , C a n a d á , 1989 

Issue Education 
Level 

Level of Interest (%) 

Very Modér
ate 

Not 
at All 

Index 
Score 

Number 
of 

Cases 

N e w Medical 
Discoveries 

Tota l 59 35 

Lower 59 35 

Higher 58 39 

77 

77 

78 

2,000 

1,794 

206 

Environmental 
Issues 

Tota l 55 38 

Lower 54 39 

Higher 71 26 

74 

73 

84 

2,000 

1,794 

206 

N e w Scientific 
Discoveries 

Tota l 41 44 15 

Lower 39 44 17 

Higher 59 36 

63 

61 

77 

2,000 

1,794 

206 

N e w Inventions 
and Technologies 

Tota l 33 49 

Lower 32 49 19 

Higher 47 46 

58 

56 

70 

2,000 

1,794 

206 

Economic Policy 

Tota l 26 52 22 

Lower 24 52 24 

Higher 45 45 10 

52 

50 

68 

2,000 

1,794 

206 

Politics 

Tota l 28 44 28 

Lower 25 45 30 

Higher 53 33 14 

50 

48 

70 

2,000 

1,794 

206 

Space Explorat ion 

Tota l 28 41 31 

Lower 27 40 33 

Higher 36 48 16 

48 

47 

60 

2,000 

1,794 

206 

Computers and 
Related Technology 

Tota l 49 33 

Lower 16 49 35 

Higher 35 46 19 

43 

41 

58 

2,000 

,794 

206 

Tota l 22 40 38 

Sports News Lower 22 39 39 

Higher 22 45 33 

42 

42 

45 

2,000 

1,794 

206 

Tota l 19 43 38 

Agr icul tura! Issues Lower 

Higher 14 

42 

57 

39 

29 

41 

40 

42 

2,000 

1,794 

206 
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T A B L E 13 

E x p l o r a t o r y F a c t o r R e s u l t s f o r i s s u e I n t e r e s t s , 

C a n a d i a n A d u l t s , 1989 

Issue Factor I Factor 2 
Proportion 
of Variance 
Explained 

N e w Inventions and Technologies . . 
Compu te rs and Related Technologies 
Space Explorat ion 
N e w Scientific Discoveries 
Environmental Issues 
Health and N e w Medical Discoveries . 

.80 

.58 

.49 

.46 

.07 
-.04 

- .03 
- . 09 

.14 

.26 

.69 

.64 

.62 

.30 

.32 

.39 

.52 

.39 

Cor re la t i on between Factor I and Factor 2 = .44; N u m b e r of Cases = 2,000 

T A B L E 14 

C o n f i r m a t o r y F a c t o r A n a l y s i s R e s u l t s , 

C a n a d i a n A d u l t s , 1989 

Issue Factor Proportion 

N e w Inventions and Technologies . . . 
Environmental Issues 
N e w Scientific Discoveries 
Compute rs and Related Technologies . 
Space Explorat ion 
Health and N e w Medical Discoveries . 

.94 

.75 

.67 

.67 

.59 

.40 

.89 

.56 

.45 

.45 

.35 

.16 

X2 = 1.6/4 degrees of freedom; Root Mean Square Error of Approximation 
(RMSEA) = .00; 
Upper l imi t of the 90% confidence interval f o r RMSEA = .02 ! ; 
N u m b e r o f Cases = 2,000 

T A B L E 15 

C o n f i r m a t o r y F a c t o r R e s u l t s f o r E u r o p e a n U n i o n I s s u e s , 

C a n a d i a n A d u l t s , 1989 

Issue Factor 
Proportion of 

Variance 
Explained 

N e w Scientific Discoveries 
N e w Inventions and Technologies . . 
Environmental Issues 
Health and N e w Medical Discoveries 

.82 

.77 

.62 

.50 

.68 

.60 

.38 

.25 

X = .62/1 degree of freedom; Root Mean Square Error of Approximation (RMSEA) = .00; 
Upper l imit o f the 90% confidence interval f o r RMSEA = .054; 
N u m b e r of Cases = 2,000 

T h e Canad ian data i l lus t ra te an i m p o r t a n t p o i n t a b o u t searching 

f o r an under l y ing i n te res t s t r u c t u r e . T h e answe r depends, in par t , 

o n t h e ques t i on asked. A n e x p l o r a t o r y f a c t o r analysis, f o r examp le , 

asks w h a t t h e best f i t is f o r a set o f I tems, and t h e o b l i m i n (ob l ique) 

r o t a t i o n a l lows f o r fac to rs t o be c o r r e l a t e d . A c o n f i r m a t o r y f a c t o r 
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analysis asks w h e t h e r a specif ic set o f var iables f i ts a speci f ied 
m o d e l (see A p p e n d i x A ) . In th is case, t h e resul ts suggest t ha t t w o 
hlghly c o r r e l a t e d d imens ions ex is t in t h e data, and t h e d imens ions 
are suf f ic ient ly c o r r e l a t e d t h a t a single f ac to r can be used t o 
summar i ze t h e d imens ión . In con t ras t , t h e in te res t data f r o m t h e 
ful l adu l t sample f o r t h e European U n i o n cou ld n o t be summar i zed 
w i t h a single fac to r , suggest ing t h a t t h e t w o d imens ions w e r e 
f a r t h e r apar t in t h e European data. 

A Comparison of Interest Levéis and Patterns 

I t is possib le t o c o m p a r e t h e levéis o f i n te res t in se lected issues 
and t o l o o k f o r pa t te rns in these resu l ts , using t h e Index o f Issue 
In te res t . In genera l , a substant ia l level o f s lmi la r i t y a m o n g t h e 
European U n i o n , t h e U n i t e d States, Japan, and Canadá exists. For 
all f o u r soc iopo l i t i ca l systems, t h e Index o f Issue In te res t in env i -
r o n m e n t a l issues is in t h e l o w - t o - m i d d l e 70's range. A d u l t s in b o t h 
t h e U n i t e d States and Canadá expressed a h igher level o f i n te res t 
in heal th and medica l issues than d id Europeans o r Japanese (see 
Tab le 16). Signif icantly l o w e r p r o p o r t i o n s o f Japanese ind icated a 
high level o f i n te res t in n e w scient i f ic d iscover ies and n e w inven-
t i ons and techno log ies t han Europeans o r N o r t h A m e r i c a n s 7. 

T A B L E 16 
I n d e x o f I s s u e I n t e r e s t S c o r e s f o r t h e E u r o p e a n U n i o n , 
U n i t e d S t a t e s , J a p a n , a n d C a n a d á 

Issue 

Mean Scores 

Europe United 
States Japan Ganada 

N e w Scientific Discoveries . . . 
N e w Inventions and Technologies 
N e w Medical Discoveries . . . . 
Environmental Issues 
Space Explorat ion 
Energy/Nuclear Power 
Compute rs and Related 

Technologies 
Economic Policy 
Education/Local Schools . . . . 
Agr icul tural Issues 
Mil i tary/Defense Issues 
Foreign & International Policy . 
Politics 
Sports News 
Taxes 
Land Use Issues 
Sénior Cit izen Issues 

6 ! 
59 
68 
75 

66 
66 
82 
73 
49 
54 

68 
72 
47 
60 
47 

55 
48 

50 
53 
65 
71 
45 
59 

65 
62 
56 
56 
55 

71 
65 
74 

63 
58 
77 
74 
48 

43 
52 

41 

50 
42 

7 North Americans refers t o respondents f r o m Canadá and the Uni ted States. 
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D e m o c r a t i c po l i t i ca l systems depend o n a suf f ic ient level o f c i t i zen 
i n te res t in each issue t o p r o d u c e an a t ten t i ve publ ic able t o par t i c 
ípate ef fect ively w h e n a m a j o r d ispu te occu rs . A t t h e same t i m e , 
t h e pressures o f specia l izat ion discussed in C h a p t e r I ind icate t h a t 
m o s t c i t izens c a n n o t be e x p e c t e d t o d e v o t e t h e t i m e and energy 
needed t o b e c o m e , and rema in , i n f o r m e d a b o u t scient i f ic and 
techno log ica l issues. It is unc lear w h a t level o f publ ic i n t e res t in 
science and t e c h n o l o g y issues is des i rab le, o r necessary. T o s o m e 
e x t e n t , t h e a n s w e r may depend o n t h e inpu t and process ing s t ruc -
t u r e s o f each soc iopo l i t i ca l sys tem. In a pol i t ica l sys tem such as 
t h a t in t h e U n i t e d States w i t h a s t r o n g and d iverse legislative 
c o m m i t t e e sys tem recep t i ve t o indiv idual and g r o u p inpu t o n 
issues, a smal ler a t t en t i ve publ ic may be suff ic ient t o sustain d e m o 
crat ic pa r t i c ipa t ion in t h e p o l i c y - f o r m u l a t i o n process. In a pa r t y -
d r i ven legislative sys tem such as G r e a t Br i ta in w i t h re la t ive ly w e a k 
substant ive c o m m i t t e e s , a la rger a t ten t i ve publ ic may be necessary 
t o sustain meaningfu l d e m o c r a t i c pa r t i c ipa t i on . 



CHAPTER III 

CONCEPTUALIZING AND MEASURING 
SCIENTIFIC LITERACY 





U n d e r s t a n d i n g t h e c o n c e p t o f scient i f ic l i te racy requ i res an appre -
c ia t ion o f t h e meaning o f l i te racy in today ' s soc iety . Literacy defines 
a m i n i m u m skil l level f o r read ing and w r i t i n g t h a t is needed f o r 
w r i t t e n c o m m u n i c a t i o n . L i te racy is a t h r e s h o l d measure ; o n e is 
l i te ra te o r i l l i te ra te . T h e c o n c e p t o f l i te racy i nhe ren t l y measures th is 
t h r e s h o l d . 

H i s to r i ca l l y , ind iv iduá is w e r e c o n s i d e r e d l i t e ra te if t h e y c o u l d 
read and w h t e t h e i r ñames. Recen t l y , basic l i t e racy ski l ls have 
been rede f i ned t o i nc lude t h e ab i l i t y t o read a bus schedu le , a 
loan a g r e e m e n t , o r t h e i n s t r u c t i o n s o n a b o t t l e o f med i c i ne 
( D o s s e y 1997; Steen 1997) . A d u l t e d u c a t o r s use t h e t e r m func-
t ionol l i teracy t o r e f e r t o th is d e f i n i t i o n o f t h e m in ima l skil ls 
needed t o f u n c t i o n in a c o n t e m p o r a r y i ndus t r i a l soc ie t y ( H a r m a n 
1970; C o o k 1977; Resn ick and Resn ick 1977; Kaes t le 1985). 
Social sc ience and educa t i ona l resea rch ind icates t h a t a b o u t 25% 
o f A m e r i c a n s a re f unc t i ona l l y i l l i t e ra te . I t is reasonab le t o e x p e c t 
t h a t th is p r o p o r t i o n appl ies in m o s t d e v e l o p e d indus t r i a l na t ions , 
w i t h a h igher ra te o c c u r r i n g ¡n e m e r g i n g indus t r ia l na t ions ( A h -
mann 1975; N o r t h c u t t 1975; G u t h r i e and K i r s c h 1984; C e v e r o 
1985) . 

T h e changing de f in i t i on o f l i te racy suggests i m p o r t a n t charac ter is -
t ics in unders tand ing t h e basic c o n c e p t o f l i teracy. First, t h e level 
o f skills r e q u i r e d t o be c o n s i d e r e d l i te ra te changes o v e r t i m e . 
L i te racy is a re la t ive measure , n o t an abso lu te s tandard . 

Second, t h e de f in i t i on o f func t iona l l i te racy is n o t t h e same f o r b o t h 
advanced indust r ia l soc iet ies and t h i r d - w o r l d agr icu l tu ra l societ ies 
o r f o r each o f t h e d iverse social and e c o n o m i c systems o n th is 
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planet . T h e de f in i t i on o f l i te racy is re la t ive t o t h e t y p e o f soc ie ty 
t o w h i c h i t appl ies. 

T h i r d , t h e se lec t ion o f a t h r e s h o l d level is a j u d g m e n t based o n a 
set o f cons ide ra t i ons a b o u t t h e min ima l acceptable d e t e r m i n a t i o n 
f o r t h e de f in i t i on o f l i teracy. It is establ ished by t hose w h o unde r -
stand a sub jec t in d e p t h and ref lects a m in ima l acceptab le level 
r e q u i r e d t o f u n c t i o n in a specif ic soc iety . In regard t o func t iona l 
l i teracy, f o r examp le , d i f fe ren t tes ts re f lec t t h e pe rcep t i ons o f 
indiv idual t e s t au tho r s a b o u t t h e m i x o f skills necessary t o f u n c t i o n 
in soc ie ty . A c o m p a r i s o n o f t h o s e tes ts reveáis a consensus o n t h e 
skills and k n o w l e d g e needed t o be func t iona l ly l i te ra te , and m o s t 
o f t h e tests measure a c o m m o n set o f skills ( M u r p h y 1975; C e v e r o 
1985). 

T h e ser ious p r o b l e m s o f l i teracy in o u r soc ie ty are re levan t t o o u r 
conce rns a b o u t a b r o a d e r publ ic unders tand ing o f sc ience and 
techno logy . T h e w o r l d o f science seems as inaccessible t o mi l l ions 
o f adul ts w h o are func t iona l l y i l l i te ra te as is t h e p lanet P lu to . A 
high p r o p o r t i o n o f peop le w h o d r o p o u t o f high schoo l j o in t h e 
ranks o f t h e func t iona l l y i l l i te ra te , v i r tua l l y e l iminat ing t h e poss ib i l -
i ty o f achiev ing scient i f ic l i teracy. 

Conceptualízíng Scientific Literacy 

T h e scope o f scient i f ic l i te racy is cr i t ica ! t o t h e basic concep t . 
Scientific literacy cou ld be def ined as t h e abi l i ty t o read and w r i t e 
a b o u t science and t e c h n o l o g y (M i l l e r 1983b, 1987a, 1995). Scien
t i f ic l i teracy m igh t inc lude d i f fe ren t c o m p o n e n t s ranging f r o m a 
pract ica l o n e such as read ing t h e nu t r i t i ona l facts label o n a f o o d 
package o r repa i r ing an a u t o t o a cu l tu ra l one such as seeing t h e 
newes t images f r o m t h e Hubb le te lescope . 

T h e publ ic 's unders tand ing o f sc ience and t e c h n o l o g y m igh t be 
d iv ided i n t o pract ica l scient i f ic l i teracy, cu l tu ra l scient i f ic l i teracy, 
and civic scient i f ic l i te racy based o n t h e w i d e a r ray o f scient i f ic and 
techno log ica l app l ica t ions in everyday life. Civic scientific literacy 
re fers t o a level o f unders tand ing o f scient i f ic t e r m s and concep ts 
suf f ic ient t o read a newspaper o r magazine and t o unders tand t h e 
essence o f c o m p e t i n g a rguments o n a c o n t r o v e r s y . Shen argued: 

Fami l iar i ty w i t h science and awareness o f its imp l ica-
t ions are n o t t h e same as t h e acquis i t ion o f scient i f ic 
I n f o r m a t i o n f o r t h e so lu t i on o f pract ica l p r o b l e m s . In 
th is respec t civic science l i te racy di f fers fundamenta l l y 
f r o m pract ica l sc ience l i teracy, a l though t h e r e are áreas 
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w h e r e t h e t w o inev i tab ly ove r lap . C o m p a r e d w i t h 
pract ical science l i teracy, t h e ach ievement o f a f u n c t i o n -
al level o f civic science l i te racy is a m o r e p r o t r a c t e d 
endeavor . Y e t , i t is a j o b t h a t s o o n e r o r la ter m u s t be 
d o n e , f o r as t i m e goes o n human events w i l l b e c o m e 
even m o r e e n t w i n e d in sc ience, and sc ience- re la ted 
publ ic issues in t h e f u t u r e can on ly increase in n u m b e r 
and in i m p o r t a n c e . C i v i c sc ience l i t e racy is a c o r n e r -
s t o n e o f i n f o r m e d publ ic po l icy . 

T h e a m o u n t o f I n f o r m a t i o n r e q u i r e d f o r civic scient i f ic l i te racy 
becomes i m p o r t a n t as d e m o n s t r a t e d in studies o f a nuc lear p o w e r 
c o n t r o v e r s y in Sweden ( N e l k i n 1977). In t h e ear ly I970 's , Sweden 
sough t t o d e v e l o p a nat iona l po l i cy o n using nuc lear p o w e r t o 
genéra te e lec t r i c i t y . T h e Swedish g o v e r n m e n t p r o v i d e d grants f o r 
s tudy c i rc les t o faci l í tate a b r o a d e r publ ic debate o n t h e nuc lear 
p o w e r issue. Study c i rc les m e t in g r o u p s o f 10 t o 15 c i t izens w i t h 
mater ia ls and a fac i l i t a to r t o p r o v i d e a balanced p resen ta t i on o f 
t h e issues. A f t e r m o n t h s o f discussions by 80 ,000 Swedish c i t izens, 
Sweden 's N a t i o n a l Boa rd o f C iv ic I n f o r m a t i o n learned f r o m a s tudy 
t h a t t h e p o r t i o n o f Swedish adul ts w h o fe l t unable t o make a 
dec is ión , having heard all a rgumen ts set f o r t h , increased f r o m 63% 
p r i o r t o t h e s tudy c i rc les t o 73% af te r a t least 10 h o u r s o f s tudy 
and d iscuss ion. 

A sal ient p o i n t is t h e d i f f icu l ty f o r t h e publ ic t o fami l iar ize i tsel f 
w i t h t h e imp l i ca t ions o f a sc ient i f i c - techno log ica l c o n t r o v e r s y and 
t o take a p o s i t i o n based o n t h e new l y acqu i red I n f o r m a t i o n in a 
re la t ive ly s h o r t t i m e p e r i o d . It appears t h a t a l o n g - t e r m fami l ia r i ty 
w i t h t h e w a y sc ience ope ra tes and t h e image o f t h e w o r l d i t o f fers 
m u s t be i n t r o d u c e d so t h a t n e w I n f o r m a t i o n a b o u t a specif ic issue 
cou ld be p rocessed . Th is is a chal lenging task, b u t a necessary one 
if dec is ion -mak ing o n scient i f ic and techno log ica l issues and t h e 
publ ic 's in f luence o n t h e m is t o be based o n scient i f ic I n f o r m a t i o n 
and n o t s imply o n valúes o r , perhaps less desi rably , o n hol is t ic 
concep t i ons t h a t i ncu r fallacies such as t h o s e Kar l Poppe r c r i t i c i zed 
v igo rous l y 4 0 years ago (1957) . 

T h e publ ic b e c o m e s invo lved in t h e r eso lu t i on o f scient i f ic and 
techno log ica l d isputes p r ima r i l y at t h e p o i n t o f c o n t r o v e r s y (M i l l e r 
1983a). A s a resu l t , i t is essential t o have a suf f ic ient n u m b e r o f 
civic scient i f ical ly l i te ra te c i t izens t o unders tand and evalúate t h e 
essential po in t s o f c o m p e t i n g a rgumen ts . 

A n e x t r e m e v i e w reserves de f in i t i on o f true scientific literacy f o r 
indiv iduáis w h o unde rs tand the t h i r d law o f t h e r m o d y n a m i c s in 
essential ly t h e same t e r m s as a physic is t (Shamos 1995). Shamos 



38 Public Perceptions of Science and Technology 

conc ludes t h a t c i t izens can neve r acqu i re suf f ic ient unders tand ing 
t o par t ic ípa te in science and t e c h n o l o g y d isputes, and embraces 
t h e long-d isc red i ted c o n c e p t o f a sc ience c o u r t t o r e m o v e science 
po l i cy f r o m t h e d e m o c r a t i c p rocess . Unab le t o shed his o w n 
t ra in ing in physics, Shamos fails t o recogn ize t h a t soc ie ty 's po l i t ica l 
i ns t i tu t ions are e x t r e m e l y re l uc tan t t o exe lude dec is ion-mak ing 
f r o m d e m o c r a t i c in f luence. Th is is h igh l ighted in t h e uneasy e x p e r -
i m e n t w i t h i ndependen t r egu la to r y commiss ions f o r secur i t ies , 
t r a d e pract ices, and Commun ica t i ons o v e r t h e last 4 0 years in t h e 
U n i t e d States. Fu r the r , e f fo r t s t o exe lude science po l icy f r o m t h e 
d e m o c r a t i c processes w o u l d f o s t e r s imi lar n o n - d e m o c r a t i c ar -
rangements f r o m o t h e r i n te res t g r o u p s and , above al l , cou ld 
a l iénate i m p o r t a n t segments o f t h e publ ic f r o m science po l i cy and 
t h e scienti f ic c o m m u n i t y , paving t h e w a y f o r a m o r e con f ron ta t i ona l 
i n t e r v e n t i o n o f t h e publ ic in scient i f ic and techno log ica l issues. 

Science and t e c h n o l o g y po l i cy w i l l c o n t i n u é t o be set by t h e 
po l i t ica l systems in m o s t coun t r i es . T h e r e f o r e , i t is i m p o r t a n t t o 
def ine useable and cons is ten t measures o f civic scient i f ic l i te racy 
t o assist in assessing c i t i zen pa r t i c i pa t i on . M i l l e r (1983b , 1987a, 
1989, 1995) has bu i l t an emp i r i ca l es t ímate o f t h e p r o p o r t i o n o f 
A m e r i c a n adul ts w h o are civ ic scient i f ical ly l i t e ra te , based o n a 
series o f nat ional surveys in i t ia ted in 1979. Th is m o n o g r a p h ut i l izes 
Mi l le r 's w o r k as t h e basis f o r t h e ope ra t i ona l de f in i t i on o f and 
m e a s u r e m e n t o f civic scient i f ic l i te racy since i t is t h e on ly empi r i ca l 
de f in i t i on in th is área. 

T h e fssue o f D i m e n s i o n a l i t y 

A n i m p o r t a n t issue in def in ing civic sc ient i f ic l i teracy is w h e t h e r i t 
is a un id imens iona l o r mu l t i d imens iona l c o n s t r u c t . Th is issue has 
i m p o r t a n t imp l ica t ions f o r m e a s u r e m e n t . In its s imples t f o r m , a 
un id imens iona l c o n c e p t o f civic scient i f ic l i te racy ref lects a single 
set o f pos i t ive ly c o r r e l a t e d k n o w l e d g e I tems, wh i l e a m u l t i d i m e n 
sional c o n c e p t o f civic scient i f ic l i te racy represen ts d is t inc t c lus ters 
o f k n o w l e d g e o r unde rs tand ing w h i c h shou ld be v i e w e d as sepárate 
t h o u g h n o t i ndependen t d imens ions . 

Mi l ler (1983b, 1987a, 1989, 1995) argües tha t civic scientif ic l i teracy 
is mu l t i d imens iona l . In his ear ly w o r k , he suggests t h a t civic sc ien
t i f ic l i te racy has t h r e e re la ted d imens ions : a vocabu la ry o f basic 
scient i f ic cons t rue t s suf f ic ient t o read oppos ing v iews in a newspa-
per , an unders tand ing o f t h e process o f scient i f ic inqu i ry , and an 
unders tand ing o f t h e impac t o f sc ience and t e c h n o l o g y o n ind iv id 
uáis and soc ie ty (M i l l e r 1983a). A reasonable unders tand ing o f 
these t h r e e d imens ions w o u l d re f lec t a c o m p e t e n c e t o c o m p r e -
hend a rgumen ts o n science and t e c h n o l o g y po l i cy in t h e media . 
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H o w e v e r , in r ecen t c ross-na t iona l s tudies o f civic scient i f ic l i teracy, 
M i l l e r (1996) f o u n d t h a t t h e t h i r d d imens ión " t h e impac t o f science 
and t echno logy o n indiv iduáis and soc ie t y " var ies substant ia l ly 
a m o n g nat ions. As a resu l t , he has a d o p t e d a t w o - d i m e n s i o n a l 
measure f o r c ross-na t iona l analyses. 

A two-d imens iona l s t ruc tu re f o r measur ing scientific understanding 
was recogn ized by D u r a n t , a l though he o p t e d t o use a con t i nuous 
index o f 27 i tems t o measure publ ic unders tand ing f o r analyt ic 
pu rposes ( D u r a n t , Evans and T h o m a s 1989, 1992; Evans and D u 
ran t 1995). In r ecen t w o r k , D u r a n t discusses a t h ree -d imens iona l 
m o d e l (a c o m p r e h e n s i o n o f basic scient i f ic concep ts , an unde r 
s tanding o f scient i f ic m e t h o d o l o g y , and an unders tand ing o f t h e 
ins t i tu t iona l d imens ión o f science) b u t has used f o r analysis on ly a 
single s u m m a t e d scale t h a t merges t h e vocabu la ry and process 
d imens ions (Bauer, D u r a n t and Evans 1994). 

A consensus emerges t h a t civic scient i f ic l i te racy can be c o n c e p -
tua l ized as a t w o - d i m e n s i o n a l measure , re f lec t ing a d imens ión f o r 
a vocabu la ry o f basic scient i f ic c o n s t r u c t s and a d imens ión f o r 
p rocess o r inqu i ry . T h e possib le t h i r d d imens ión may re f lec t t h e 
impac t o f science and t e c h n o l o g y w i t h i n a single pol i t ica l sys tem, 
o r a m o n g pol i t ica l systems w i t h essent ial ly c o m m o n scient i f ic and 
techno log ica l exper iences , w h i l e a f o u r t h d imens ión relates t h e 
unders tand ing o f t h e organ iza t iona l s t r u c t u r e w i t h ins t i tu t iona l 
f unc t i on ing o f science. A re l iable t w o - d i m e n s i o n a l measure , h o w 
ever , is a p p r o p r i a t e f o r c ross-na t iona l research . 

Measuring Civic Scientific Literacy 

I t is i m p o r t a n t t o c réa te a measure o f civic scient i f ic l i te racy t ha t 
p rov ides a t ime-ser ies i nd i ca to r t h a t w i l l be useful o v e r a p e r i o d 
o f years. W h e n an i nd i ca to r is rev ised, i t becomes di f f icu l t t o 
sepárate t h e var ia t ion a t t r i bu tab le t o changes in m e a s u r e m e n t 
f r o m changes o v e r t i m e . T h e c u r r e n t debate o v e r t h e c o m p o s i t i o n 
o f t h e c o n s u m e r p r i ce i ndex in t h e U n i t e d States and in o t h e r 
m a j o r indust r ia l nat ions is a r e m i n d e r o f t h e need f o r stable 
ind ica to rs o v e r a p e r i o d o f t i m e . 

Early e f fo r ts t o deve lop measures o f publ ic unders tand ing o f sci
ence in t h e U n i t e d States suf fered f r o m t h e use o f nondu rab le 
measures . In 1957, t h e Na t i ona l Assoc ia t i on o f Science W r i t e r s 
( N A S W ) c o m m i s s i o n e d a nat ional su rvey o f publ ic unders tand ing 
of, and a t t i tudes t o w a r d , sc ience and t e c h n o l o g y (Davis 1958). T h e 
1957 s tudy was c o m p l e t e d on l y a f e w w e e k s p r i o r t o t h e launch 
o f Sputnik I and is t h e on l y measure o f publ ic unders tand ing and 
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a t t i t udes p r i o r t o t h e beg inn ing o f t h e space race. U n f o r t u n a t e l y , 
t h e f o u r m a j o r i tems used t o d e t e r m i n e substant ive k n o w l e d g e 
w e r e S t r o n t i u m 90 ( f r o m rad ioac t i ve fa l l ou t ) , f l u o r i d a t i o n in 
d r i n k i n g w a t e r , p o l i o vacc ine, and space satel l i tes. W i t h i n 2 0 years, 
a t least t h r e e o f these i tems w e r e n o longer useful t o t h e 
m e a s u r e m e n t o f pub l ic unders tand ing . 

A s a resu i t , M i l l e r a t t e m p t e d t o ident i fy a set o f basic cons t ruc t s , 
such as a t o m i c s t r u c t u r e o r D N A These c o n s t r u c t s are a necessary 
in te l lec tua l f o u n d a t i o n f o r unde rs tand ing debates o v e r c o n t e m p o -
ra r y scient i f ic issues and w i l l be m o r e du rab le measures o v e r t i m e 
than specif ic t e r m s , such as t h e fa l l ou t o f s t r o n t i u m 90 f r o m 
a t m o s p h e r i c tes t ing . 

In t h e late I970 's and t h e ear ly I980 's , t h e N a t i o n a l Science 
Founda t i on began t o s u p p o r t c o m p r e h e n s i v e nat iona l surveys o f 
publ ic unders tand ing and a t t i t udes in t h e U n i t e d States, bu i ld ing o n 
t h e 1957 N A S W study. T h e first U.S. s tudies re l ied heavi ly o n each 
responden t ' s sel f -assessment o f his level o f unders tand ing o f var -
ious t e r m s and concep ts . Th is app roach p resumes t h a t w h e n 
responden ts a re o f f e red a t r i c h o t o m o u s set o f cho ices ( do y o u 
have a c/eor understanding, a genero/ sansa, o r not much understand
ing?), indiv iduáis w h o chose c lear unders tand ing w o u l d be m o r e 
l ikely t o unde rs tand , w h i l e indiv iduáis w h o w e r e unsure m igh t 
se lect e i t he r o f t h e o t h e r t w o cho ices ( O p p e n h e i m 1966; D i l lman 
1978; Labaw 1980; Sudman and B r a d b u r n 1982; C o n v e r s e and 
Schuman 1984). Self-assessment ques t ions , w h i c h a re sti l l used in 
Japan's nat ional s tud ies, p r o v i d e basic es t imates, b u t lack t h e p r e 
c is ión o f d i r ec t substant ive inqu ines . 

A n expanded set o f d i r e c t ques t ions o n scient i f ic concep ts was 
deve loped in a 1988 c o l l a b o r a t i o n b e t w e e n G e o f f r e y T h o m a s and 
John D u r a n t in t h e U.K. and Jon M i l l e r in t h e U.S. A c o m b i n a t i o n 
o f o p e n - e n d e d and c l osed -ended i tems p r o v i d e d signif icant ly b e t t e r 
es t imates o f publ ic unde rs tand ing t han had been co l l ec ted in 
any p r i o r na t iona l s tudy. T h e c o r e set o f k n o w l e d g e i tems t h a t 
e m e r g e d has been used in s tudies in t h e European U n i o n , Japan, 
Canadá, Ch ina , K o r e a , N e w Zea land , and Spain. These c o r e i tems 
p r o v i d e a r o b u s t set o f measures o f a vocabu la ry o f scient i f ic 
c o n s t r u c t s , w i t h s o m e add i t i ons and de le t ions . 

Measur ing publ ic unde rs tand ing o f t h e na tu re o f scient i f ic i nqu i ry 
is d i f f icul t . A single o p e n - e n d e d i nqu i r y in t h e 1988 U.K.-U.S. s tudy 
c o n c e r n e d t h e mean ing o f scientific study. A j o i n t cod ing exerc ise 
d e m o n s t r a t e d t h e feasibi l i ty o f d o u b l e - b l i n d , o p e n - e n d e d cod ing , 
p r o d u c i n g coef f ic ients o f r e p r o d u c i b i l i t y in t h e .9 range. Subse-
quen t l y , D u r a n t deve loped a set o f c losed-ended inqu ines f o r use 
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in t h e 1992 E u r o b a r o m e t e r , and M i l l e r and Pifer deve loped o p e n -
ended inqui r ies f o r a 1993 U.S. B iomed ica l L i te racy Study, w h i c h 
was subsequent ly i n c o r p o r a t e d i n t o t h e Na t i ona l Science Founda
t i o n Science and Engineering ¡ndicators. 

M e a s u r i n g S c i e n t i f i c C o n s t r u c t U n d e r s t a n d i n g 

I t is useful t o examine t h e d e v e l o p m e n t o f measures o f t h e publ ic 
unders tand ing o f basic scient i f ic cons t ruc t s in t h e search f o r durab le 
measures . Many measures used o v e r t h e last decade e m e r g e d f r o m 
t h e 1988 U.K.-U.S. c o l l a b o r a t i o n , w h i c h p r o d u c e d a set o f o p e n -
ended i tems, several m u l t i - p a r t ques t ions , and a c losed-ended 
t rue- fa lse quiz. 

A t w o - s t e p p r o c e d u r e was deve loped t o ob ta in o p e n - e n d e d r e -
sponses. A n o p e n - e n d e d ques t i on c o n c e r n i n g DNA is a g o o d e x a m -
ple. T h e ques t i on began w i t h a c losed-ended inqu i ry : 

W h e n y o u read t h e t e r m D N A in a newspaper o r 
magazine, d o y o u have a c lear unders tand ing o f its 
meaning, a genera l sense o f its meaning, o r n o t m u c h 
unders tand ing o f its meaning? 

Respondents w h o ind icated t h a t t h e y had e i the r a c lear unders tand
ing o r a genera l sense o f t h e mean ing o f DNA w e r e t h e n asked t h e 
o p e n - e n d e d ques t i on : 

Please te l l m e , in y o u r o w n w o r d s , w h a t does DNA 
mean? 

T h e i n te rv iewers , regardless o f w h e t h e r t h e i n te r v i ew was conduc -
t e d in pe rson o r o v e r t h e t e l ephone , r e c o r d e d t h e responses 
v e r b a t i m , w h i c h w e r e subsequent ly c o d e d independent ly by teams 
o f individuáis using a s tandard de fm i t i on o f t h e meaning o f D N A 
Doub le -b l i nd cod ing p rocedu res w e r e used ( M o n t g o m e r y and C r i t -
t e n d e n 1977; P e r r e a u l t a n d Leigh 1989; Hughes and G a r r e t t 1990), 
and ful l sets o f t e x t responses w e r e c o d e d by b o t h A m e r i c a n and 
Br i t i sh c o d e r s t o assure c ross-na t iona l comparab i l i t y . T h e resul ts 
o f th is w o r k d e m o n s t r a t e d t h a t doub le -b l i nd cod ing pract ices 
cou ld p r o d u c e re l iable data, w i t h f e w c ross-na t iona l var ia t ions in 
cod ing . 

In subsequent U.S. s tud ies, s imi lar o p e n - e n d e d ques t ions w e r e 
e m p l o y e d t o measure t h e unders tand ing o f basic cons t ruc t s regard-
ing mo lecu le , rad ia t ion , acid ra in, c o m p u t e r so f twa re , and t h e t h i n -
ning o f t h e o z o n e layer a r o u n d t h e Ear th . In t h e 1995 U.S. study. 
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s tudy, t h e vocabu la ry d imens ión inc luded open -ended quest ions 
concern ing t h e meaning o f DNA and molecule. 

A set o f mu l t i - pa r t , c losed-ended i tems was first deve loped in t h e 
1988 U.K.-U.S. co l l abo ra t i on . A t w o - p a r t ques t ion a b o u t t h e 
m o v e m e n t o f t h e Ear th and t h e Sun has been w i d e l y c i ted in t h e 
popu la r press. Responden ts w e r e asked w h e t h e r " t h e Ear th goes 
a r o u n d t h e Sun, o r t h e Sun goes a r o u n d t h e Ea r th " . Responden ts 
w h o ind icated t h a t t h e Earth goes a r o u n d t h e Sun w e r e asked 
w h e t h e r t h e Earth goes a r o u n d t h e Sun " o n c e a day, o n c e o f 
m o n t h , o r o n c e a yea r " . A p p r o x i m a t e l y 33% o f Br i t ish responden ts 
and 4 7 % o f A m e r i c a n responden ts answe red t h a t t h e Ear th moves 
a r o u n d t h e Sun once each year. T h e percentage o f A m e r i c a n s 
answer ing th is ques t i on c o r r e c t l y has rema ined stable s ince 1988. 

A n o t h e r series o f i tems in t h e 1988 U.K.-U.S. s tudy used a t r u e -
false f o r m a t w i t h an o p t i o n f o r an unsure response. Th is less 
stressful f o r m o f i nqu i ry was cons ide red useful in reduc ing t h e 
p ressure o f answer i ng t o o many o p e n - e n d e d ques t ions , especial ly 
in a t e l e p h o n e se t t ing w h e r e t h e r e s p o n d e n t can t e r m i n a t e t h e 
i n t e r v i e w by hanging up. Examples o f i tems in th is quiz inc lude: 

Lasers w o r k by focus ing sound waves. 

A l l rad ioac t i v i t y is man-made . 

T h e ear l ies t human beings l ived at t h e same t i m e as 
t h e d inosaurs . 

T h e c e n t e r o f t h e Ear th is v e r y ho t . 

A n t i b i o t i c s ki l l v i ruses as w e l l as bacter ia . 

T h e con t i nen t s o n w h i c h w e live have been m o v i n g 
t h e i r loca t ions f o r mi l l ions o f years and w i l l c o n t i n u é 
t o m o v e in t h e f u t u r e . 

Radioact ive m i l k can be made safe by bo i l ing it. 

A f e w i tems w e r e asked as d i r ec t i nqu ines . For examp le , r e s p o n 
dents w e r e asked: " W h i c h moves faster , l ight o r sound?" 

Studies in Japan and Canadá have co l l ec ted comparab le k n o w l e d g e 
measures by using va r ious sets o f these ques t ions o n unde rs tand -
ing. In 1991, t h e Na t i ona l Ins t i tu te o f Science and T e c h n o l o g y 
Pol icy (NISTEP) in Japan s p o n s o r e d a s tudy t h a t inc luded a smal ler 
c o r e set o f i t ems ident ica l t o , o r comparab le t o , t h o s e used in t h e 
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European and U.S. s tudies. T h e Canadian Na t i ona l Study in 1989 
inc luded a substant ia l n u m b e r o f i t ems ident ica l t o t h o s e in t h e 
1988 U.K.-U.S. s tudies, inc lud ing t h e o p e n - e n d e d ques t i on a b o u t 
D N A 

A l t h o u g h t h e exac t i tems va ry f r o m s tudy t o s tudy, t hese sets 
shou ld be v i e w e d as a sample o f k n o w l e d g e r e q u i r e d f o r civic 
scient i f ic l i teracy. T h e range o f i t ems deve loped by P ro jec t 2061 
ref lects t h e substant ive concep ts t h a t c o n s t i t u t e a un iverse o f 
re levan t measures . 

T h e process o f c o n s t r u c t i n g re l iable and c o m p a r a b l e measures o f 
civic scient i f ic vocabu la ry can be u n d e r s t o o d by examin ing t h e 
Indices f o r t h e 1992 E u r o b a r o m e t e r s tudy and t h e 1995 U n i t e d 
States s tudy. A c o m m o n c o r e o f n ine k n o w l e d g e i tems was asked 
in b o t h studies (see Tab le 17). Examin ing t h e p e r c e n t o f c o r r e c t 
responses suggests l i t t le d i f fe rence b e t w e e n European U n i o n and 
U n i t e d States adu l ts . European U n i o n adul ts answe red an average 
o f 4.9 i tems c o r r e c t l y w h i l e A m e r i c a n adul ts a n s w e r e d an average 
o f 5.1 ques t ions c o r r e c t l y . C ross -na t i ona l compa r i sons can be 
l im i ted t o t h o s e i tems asked in a c o m p a r a b l e m a n n e r in each s tudy, 
b u t such l im i t a t i on does n o t a l l ow u t i l i za t ion o f t h e ful l a r ray o f 
I n f o r m a t i o n avai lable and may e l imínate c ross-na t iona l c o m p a r i s o n 
w h e n t h e r e a re m i n o r var ia t ions in w o r d i n g o r t r ans la t i on . 

A n al ternat ive measurement approach combines fac to r analysis and 
I tem-Response T h e o r y ( IRT) scores t o c réa te a c o m m o n m e t r i c 
sui table f o r c o m p a r i n g resul ts across nat ions. A reasonable mea-
sure o f t h e vocabu la ry d imens ión may be c rea ted if a sample o f 
i tems inc ludes an a p p r o p r i a t e range o f substant ive c o n s t r u c t s and 
ref lects a un id imens iona l s t r u c t u r e . A c o n f i r m a t o r y f a c t o r analysis 
rep resen ts t h e best means o f assessing t h e scalar charac ter is t ics 
o f a set o f i t ems . A p p l y i n g a c o n f i r m a t o r y f a c t o r analysis t o t h e 
i tems in t h e 1992 E u r o b a r o m e t e r s tudy , t h e 1995 U.S. s tudy , t h e 
1991 Japanese s tudy , and t h e 1989 Canadian s tudy , a single c o n -
s t r u c t vocabu la ry f a c t o r emerges , w i t h s imi lar i tems load ing o n 
each f a c t o r (see Tables 18, 19, 20, and 21) . A c o n f i r m a t o r y f a c t o r 
analysis, focus ing on l y o n t h e c o n s t r u c t vocabu la ry d i m e n s i ó n , 
ident i f ied n ine i tems in t h e European U n i o n , t h e U n i t e d States, and 
Canadá, and f ive i tems ident i f ied as comparab le fac to rs in Japan. 

T h e c o n s t r u c t vocabu la ry d imens ión f o r t h e European U n i o n in 
c luded six i t ems ident ica l t o i tems in t h e U.S. f ac to r , and t h r e e 
i tems n o t inc luded in t h e U.S. f ac to r . A l l o f t h e European i tems 
w e r e c losed -ended . T h e European c o n s t r u c t vocabu la ry d imens ión 
was a n c h o r e d by a t rue- fa lse ques t i on o n píate t ec ton i cs (.70), 
f o l l o w e d by t h r e e t rue- fa lse ques t ions c o n c e r n i n g rad ioac t i v i t y and 
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T A B L E 17 
C o n s t r u c t V o c a b u l a r y , O p e n - E n d e d I t e m s , 
E u r o p e a n U n i o n , 1 9 9 2 , a n d U n i t e d S t a t e s , 1995 

Construct Vocabulary Measures 
% Correct 

Europe United States 

Provide a co r rec t open-ended defmit ion of a 
molecule 

Provide a co r rec t open-ended def ini t ion of 
D N A 

Disagree that "Ant ib io t ics kill viruses as wel i as 
bacter ia" 

Disagree that "Lasers w o r k by focusing sound 
waves" 

Agree that "Electrons are smaller than a toms" 
Indícate that the Earth goes around the Sun 

once each year through a pair of closed-end
ed questions 

Disagree that "The earliest humans lived at the 
same t ime as the dinosaurs" 

Disagree that "A l l radioactivi ty is man-made" 
indícate tha t light travels faster than sound . 
Disagree that "Radioactive ml lk can be made 

safe by boil ing i t " 
Agree that "The cont inents on which w e live 

have been moving thei r locations f o r mil l ions 
of years and wi l l cont inué t o move in the 
f u tu re " 

Agree that "The center of the Earth is very 
h o t " 

27 

36 
41 

51 

49 
53 

66 

82 

86 

9 

21 

40 

40 
44 

47 

48 
72 
75 

61 

78 

78 

* * = no t asked 

lasers. T h e European d i m e n s i ó n inc luded t h r e e i tems (mak ing 
rad ioac t i ve m i l k safe by bo i l ing i t , an t ib io t i cs kil l v i ruses, and t h e 
cen te r o f t h e Ear th is v e r y h o t ) t h a t w e r e asked in t h e 1995 U.S. 
s tudy, b u t w h i c h d id n o t load o n t h e U.S. vocabu la ry d imens ión at 
t h e .40 level o r h igher. 

T h e c o n s t r u c t vocabu la ry d i m e n s i ó n f o r t h e 1995 U.S. s tudy was 
a n c h o r e d by t h e pair o f o p e n - e n d e d ques t ions requ i r i ng a de f in i t i on 
o f DNA and o f a molecule, w i t h f a c t o r loadings o f .79 and .77, 
respect ive ly . T h e t w o - p a r t ques t i on a b o u t t h e m o v e m e n t o f t h e 
Earth and t h e Sun had t h e t h i r d h ighest loading (.69), f o l l o w e d by a 
pair o f t rue- fa lse ques t ions o n lasers and rad ioac t i v i t y t h a t r e q u i r e d 
false responses. T h e speed o f l ight and sound ques t i on had a 
loading o f .56, and a pai r o f t rue- fa lse ques t ions a b o u t humans and 
d inosaurs and a b o u t píate t ec ton i cs had loadings o f .46. These nine 
i tems i l lustrate a range o f knowledge f r o m basic a tomic s t ruc tu re ( the 
de f in i t i on o f a molecule and t h e w h o l e - p a r t re la t ionsh ip o f an a t o m 
and an e l e c t r ó n ) t o basic b io log ica l c o n s t r u c t s (de f in i t i on o f D N A j 
t o ea r th science (píate t e c t o n i c s ) . A l t h o u g h i t is n o t an exhaust ive 
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T A B L E 18 

D i m e n s i o n s o f C i v i c S c i e n t i f i c L i t e r a c y , 

E u r o p e a n U n i o n , 1992 

Construct Vocabulary Measures 
Construct 
Knowledge 
Dimensión 

Process 
Knowledge 
Dimensión 

Proportion of 
Variance 
Explained 

Agree that "The continents on which we live 
have been moving their locations for mil-
lions of years and will continué to move in 
the future" 

Disagree that "All radioactivity Is man-made" 
Disagree that "Lasers work by focusing 

sound waves" 
Disagree that "Radioactive milk can be made 

safe by boiling it" 
Disagree that "The earliest humans lived at 

the same time as the dinosaurs" . . . . 
Agree that "The center of the Earth is very 

hot" 
Disagree that "Antibiotics kill viruses as well 

as bacteria" 
Indícate that the Earth goes around the Sun 

once each year through a pair of closed-
ended questions 

Agree that "Electrons are smaller than 
atoms" 

Demónstrate an understanding of the mean-
ing of the probability of one-in-four by 
applying this principie to an example of an 
inherited illness in four sepárate questions 

Indícate that astrology is not at all scientific 
Select a two-group experimental model in a 

closed-ended question 

.70 

.69 

.69 

.66 

.57 

.56 

.54 

.51 

.47 

.57 

.49 

.48 

,48 

.43 

.32 

.31 

.29 

.26 

.22 

.33 

.27 

.12 

X = 32.3/23 degrees of freedom; Root Mean Square Error of Approximation (RMSEA) = .01; 
Upper limit of the 90% confidence interval for RMSEA = .01; 
Correlation between two factors = .87; 
Number of Cases = 12,147 

A confirmatory factor analysis is a technique for testing a hypothesis about the relationships 
among a set of items. The confirmatory factor analysis hypothesized that civic scientific literacy 
was organized into two dimensions, reflecting construct understanding and process under
standing. This technique examined the correlation among the items and identified two sets of 
items with high Inter correlations among the items on each dimensión, but not necessarily with 
the items on the other dimensión. In this case, the confirmatory factor analysis revealed that 
the two factors were positively correlated. 

This note is not repeated on subsequent tables describing the results of other confirmatory 
factor analyses utilized in this analysis. 

set, i t taps basic scient i f ic c o n s t r u c t s f r o m a b r o a d s p e c t r u m o f 

scient i f ic discipl ines. 

T h e c o n s t r u c t vocabu la ry d imens ión f o r Japan inc luded f ive c losed-

ended i tems, a n c h o r e d by an í tem asking w h e t h e r all rad ioac t i v i t y 

is man-made . T h e o t h e r i t ems , in t h e o r d e r o f t h e i r f ac to r loading, 

w e r e píate tec ton i cs , t h e re la t ive size o f e lec t rons and a toms , t h e 

c o m p o s i t i o n o f lasers, and w h e t h e r an t ib io t i cs are capable o f k i l l ing 

v i ruses. A l l f ive o f these i tems w e r e used in o n e o r m o r e o f t h e 

nat ional s tudies in Europe , t h e U n i t e d States, and Canadá. Th is high 
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T A B L E 19 
D í m e n s í o n s o f C i v í c S c i e n t i f i c L i t e r a c y , 
U n i t e d S t a t e s , 1995 

Construct Vocabulary 
Measures 

Construct 
Knowledge 
Dimensión 

Process 
Knowledge 
Dimensión 

Proportion 
of Variance 
Explained 

Provide a co r rec t open-ended defi-
n i t ion of DNA 

Provide a co r rec t open-ended defi-
n i t ion of a mo/ecu/e 

Indicate that the Earth goes around 
the Sun once each year th rough 
a pair of closed-ended questions 

Disagree that "Lasers w o r k by fo -
cusing sound waves" 

Disagree that "A l l radioactivi ty is 
man-made" 

Agree that "Electrons are smaller 
than a toms" 

Indicate that light traveis faster than 
sound 

Disagree that "The earliest humans 
lived at the same t ime as the d i -
nosaurs" 

Agree that "The cont inents on 
which w e live have been moving 
the i r locations for mil l ions of 
years and wi l l cont inué t o move 
in the fu tu re " 

Demónst ra te an understanding of 
exper imental logic by selecting a 
research design and explaining in 
an open-ended response the ra-
t ionale fo r a con t ro l group . . 

Provide an open-ended explanation 
of the meaning of studying some-
thing scientifically 

Demónst ra te an understanding o f 
the meaning of the probabi l i ty of 
one- in- four by applying this p r in 
cipie t o an example o f an inher i t -
ed iliness in four sepárate ques
t ions 

.79 

.77 

.69 

.65 

.59 

.59 

.56 

.46 

.46 

.83 

.68 

.63 

.62 

.59 

.48 

.42 

.35 

.34 

.31 

.22 

.21 

.68 

.46 

.38 

X2 = 91.1/45 degrees of f reedom; Roo t Mean Square Er ro r of Approx imat ion 
= .02; 
Upper l imit o f the 90% confldence interval fo r RMSEA = .029; 
Cor re la t ion between t w o factors = .86; N u m b e r of Cases = 2,006 

level o f l inkage is especial ly i m p o r t a n t in v i e w o f t h e smal ler 
n u m b e r o f i tems loading o n t h e c o n s t r u c t vocabu la ry d imens ión in 
Japan 8. 

8 In the conf i rmatory factor analysis, t w o addit ional items loaded on the 
vocabulary dimensión, but did no t scale appropriately. O n e i tem on evolut ion 
had a poo r f i t t ing i tem-response curve, and an i tem on sunlight as a cause of 
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T A B L E 2 0 
D i m e n s í o n s o f C i v i c S c i e n t i f i c L i t e r a c y , J a p a n , 1991 

Construct Vocabulary 
Measures 

Construct 
Knowledge 
Dimensión 

Process 
Knowledge 
Dimensión 

Proportion 
of Variance 
Explained 

Disagree that "A l l radioactivity is 
man-made" 

Agree that "The cont inents on 
which w e live have been moving 
thei r locations for mill ions of 
years and wi i l cont inué t o move 
in the fu tu re " 

Agree that "Electrons are smaller 
than a toms" 

Disagree that "Lasers w o r k by fo-
cusing sound waves" 

Disagree that "Ant ib iot ics kill v irus-
es as wel l as bacteria" . . . . 

Demónst ra te an understanding of 
the meaning of the probabi l i ty of 
one- in- four by applying this pr in
cipie t o an example of f l ower ge-
netics in four sepárate questions 

Demónst ra te an understanding of 
the nature of exper imen ta ron in 
a pair of closed-ended questions 

.73 

.66 

.56 

.54 

.44 

.5 ! 

.43 

54 

.43 

.32 

.29 

.19 

.26 

% = 15.9/10 degrees of f reedom; Roo t Mean Square Er ro r of Approx imat ion 
(RMSEA) = .02; 

Upper l imit o f the 90% confidence interval fo r RMSEA = .038; 
Cor re la t ion between t w o factors = .88; 
Number of Cases = 1,457 

T h e c o n s t r u c t vocabu la ry d imens ión f o r Canadá was a n c h o r e d by 
an o p e n - e n d e d i t em c o n c e r n i n g t h e mean ing o f DNA, f o l l o w e d by 
c losed-ended i tems c o n c e r n i n g t h e c o m p o s i t i o n o f lasers, t h e size 
o f e l ec t rons and a toms , t h e t e m p e r a t u r e o f t h e cen te r o f t h e Ear th , 
t h e re la t ive speed o f l ight and s o u n d , t h e r o t a t i o n o f t h e Earth and 
t h e Sun, píate t ec ton i cs , and w h e t h e r humans and d inosaurs c o -
ex is ted . A l l o f these i tems w e r e used in t h e 1992 E u r o b a r o m e t e r 
o r t h e 1995 U.S. Science Ind ica to rs s tudy and t h e i tems loaded in 
a pa t t e rn s imi lar t o t h e U.S. resu l ts . 

T o faci l i tate c ross-na t iona l compar i sons , i t was necessary t o c réa te 
s u m m a r y measures o f th is d imens ión across t h e f o u r studies. 
Mu l t i p l e -g roup IRT m e t h o d s , as i m p l e m e n t e d in t h e B I L O G - M G 
p r o g r a m , p r o v i d e a means f o r c o m p u t i n g i t e m valúes and tes t 
scores t h a t take i n to a c c o u n t t h e re la t ive di f f icul ty t h e i tems, and 

cáncer had a l ow threshold valué (meaning that i t was easily compared w i t h o ther 
national surveys) reducing the estimated vocabulary score fo r Japanese respon-
dents. 
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T A B L E 21 
D i m e n s i o n s o f C i v i c S c i e n t i f i c L i t e r a c y , C a n a d á , 1989 

Construct Vocabulary Measures 
Construct 
Knowledge 
Dimensión 

Process 
Knowledge 
Dimensión 

Proportion 
of Variance 
Explained 

Provide a co r rec t open-ended defi-
n i t ion of DNA 

Disagree that "Lasers w o r k by fo -
cusing sound waves" 

Agree that "Eiectrons are smaller 
than a toms" 

Agree that "The center of the Earth 
is very h o t " 

Indícate that light travels faster than 
sound 

Indícate that the Earth goes around 
the Sun once each year th rough 
a pair of closed-ended questions 

Agree that "The cont inents on 
wh ich w e live have been moving 
the i r locations fo r mil l ions of 
years and wl l l cont inué t o m o v e " 

Disagree that "Radioactlve mi lk can 
be made safe by boil ing i t " . . 

Disagree that "The earliest humans 
lived at the same t ime as the d i -
nosaurs" 

Provide an open-ended explanation 
of the meaning of studying some-
thing scientifically 

Indícate that astrology is no t at ai! 
scientific 

.82 

.65 

.61 

.60 

.59 

.58 

.51 

.49 

.40 

.66 

.39 

.67 

.42 

.37 

.36 

.35 

.34 

.26 

.24 

.16 

.43 

.15 

X = 53.3/37 degrees of f reedom; Roo t Mean Square Er ro r of Approx ima t ion 
(RMSEA) = .02; 

Upper l imit of the 90% confidence interval fo r RMSEA = .023; 
Cor re la t ion between t w o factors = .90; 
N u m b e r of Cases = 2,000 

t h e d i f fe ren t c o m p o s i t i o n o f each t e s t (Bock & Z i m o w s k i 1997). 
T h e p r o g r a m places t h e i tems f r o m ali tes ts o n a c o m m o n scale 
by j o i n t l y es t imat ing t h e i t e m pa rame te r s and t h e la tent d i s t r i b u t i o n 
o f each g r o u p , o r na t i on , and uses t h e m á x i m u m marg ina l -
l i ke l i hood m e t h o d . Th is m e t h o d is capable o f p rov id i ng re l iable 
resul ts f o r tests o r scales w i t h f e w e r than 10 i tems (Bock and 
A i t k e n 1981). 

T h e basic c o n c e p t o f IRT is t h a t responses t o a k n o w l e d g e i t e m 
w i l l f o r m an i t em- response cu rve (see Figure I ) , a p robab i l i t y 
d i s t r i b u t i o n o f responses t o each i t e m , usually o f a logist ic na tu re 
(a i though i t can be a n o r m a l d i s t r i b u t i o n ) . Assum ing t h a t al! r e -
sponden ts tak ing a t e s t c o u l d be a r rayed in an o r d e r re f lec t ing t h e i r 
k n o w l e d g e o f t h e área being t e s t e d , t h e x-ax is o f t h e i t em- response 
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F I G U R E I: 
I t e m R e s p o n s e C u r v e 

cu rve is an es t ímate o f k n o w l e d g e o r abi l i ty. T h e y-axis is t h e 
p robab i l i t y t h e ques t i on w i l l be a n s w e r e d c o r r e c t l y , g iven t h e 
responden t ' s abi l i ty. T h e i t em- response cu rve indicates t h a t f e w 
indiv iduáis w i t h a l o w level o f k n o w l e d g e o f t h e sub jec t w i l l be able 
t o answe r t h e hypo the t i ca l ques t i on in Figure I , and t h a t m o s t o f 
t h e responden ts w i t h a high level o f k n o w l e d g e w i l l be able t o 
answer i t . 

Fo r each i t em in t h e f o u r studies, t h e B I L O G - M G p r o g r a m calcu-
lates t h r e e sepárate IRT pa rame te rs (a t h r e s h o l d pa rame te r , a 
s lope pa rame te r , and a guessing p a r a m e t e r ) t o d iscr imínate 
b e t w e e n subjects w i t h d i f f e ren t degrees o f know ledge . Cu rves t o 
t h e left o f t h e f igure indícate i tems o f a l o w e r d i f f icu l ty level than 
i tems loca ted o n t h e r ight , and i tems w i t h s teeper curves rep resen t 
g rea te r d i sc r im ina t i on capaci ty than i tems w i t h f l a t te r curves (see 
Tab le 22 ) . T h e t h r e s h o l d p a r a m e t e r is a measure o f i t em di f f icul ty, 
w i t h h igher valúes mean ing t h a t f e w e r responden ts w e r e able t o 
answer i t c o r r e c t l y . T h e s lope p a r a m e t e r es t imates t h e measure -
m e n t eff ic iency o f t h e i t e m . T h e guessing p a r a m e t e r p rov ides a 
c o r r e c t i o n f o r guesses in c losed-ended quest ions , o r f o r cod ing 
e r r o r s in o p e n - e n d e d ques t ions . In t h e hypo the t i ca l i t em- response 
cu rve s h o w n in Figure I , t h e guessing p a r a m e t e r raises t h e base 
f r o m a z e r o c o r r e c t level t o a level t h a t w o u l d be ob ta ined by 
guessing a lone, w i t h n o substant ive k n o w l e d g e o f t h e d o m a i n . A l l 
o f t h e i t e m pa ramete rs a re es t ima ted in a s tandard ized f o r m , w i t h 
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T A B L E 2 2 
I R T P a r a m e t e r s f o r B a s i c S c í e n t í f i c C o n s t r u c t I t e m s 

Basic Scientific 
Construct Items 

Threshold 
Parameter 

Slope 
Parameter 

Guessing 
Parameter 

Provide a co r rec t open-ended defi-
ni t ion o f DNA 

Provide a co r rec t open-ended defi-
ni t ion o f a molecule 

Indícate tha t light travels faster than 
sound 

Indícate that the Earth goes around 
the Sun once each year through 
a pair of closed-ended questions 

Disagree that "Lasers w o r k by f-
ocusing sound waves" . . . . 

Disagree that "A l l radioactivity is 
man-made" 

Agree that "Electrons are smaller 
than a toms" 

Disagree that "The earliest humans 
lived at the same t ime as the di-
nosaurs" 

Agree that "The cont inents on 
which w e live have been moving 
thei r locations fo r mili ions of 
years and wi l l cont inué t o move 
¡n the f u tu re " 

Disagree tha t "Radioactive mi lk can 
be made safe by boil ing i t " . . 

Agree that " T h e center of the Earth 
is very h o t " 

Disagree tha t "Ant ib io t ics kill virus-
es as wel l as bacter ia" . . . . 

1.191 

1.902 

-0.872 

0.066 

0.435 

-0.185 

0.312 

-0.074 

-1.636 

-0.499 

-1.887 

1.158 

1.006 

1.179 

0.775 

0.600 

0.893 

1.044 

0.535 

0.536 

0.750 

0.853 

0.863 

0.534 

0.020 

0.000 

0.234 

0.077 

0.018 

0.117 

0.000 

0.000 

0.000 

0.169 

0.000 

0.000 

a mean o f z e r o and a s tandard dev ia t ion o f 1.0 in t h e c o m b i n e d 
la tent d i s t r i bu t i ons o f t h e g roups . 

T h e responses f r o m all adul ts par t íc lpa t ing in t h e f o u r s tudies w e r e 
used f o r c o m p u t l n g i t e m pa rame te rs f o r th is set o f basic scient i f ic 
cons t r uc t s . Th is p r o d u c e d o n e set o f i t em pa ramete rs t h a t appl ied 
t o all i tems in t h e f o u r s tudies. T h e c o m m o n , o r l i nked , ques t ions 
p r o v i d e a means f o r placing o n t h e same scale t h e pa rame te rs f o r 
i tems asked in s o m e coun t r i es b u t n o t in o t h e r s . It is possib le t o 
c o m p u t e c o m p a r a b l e scores f r o m each set o f i tems since all o f t h e 
i t e m pa rame te rs a re placed o n a single m e t r i c . 

T h e c o m p u t a t i o n o f ind iv idua l sco res by B I L O G - M G ut i l izes a 
s t anda rd i zed m e t r i c , w i t h a mean o f z e r o and a s t a n d a r d dev ia
t i o n o f 1.0 in t h e c o m b i n e d p o o l o f r e s p o n d e n t s . Th i s s t a n d a r d 
ized m e t r i c , h o w e v e r , is con fus ing s ince a p p r o x i m a t e l y half o f t h e 
r e s p o n d e n t s w o u l d have a negat ive sco re . T o o b t a i n a m o r e 
c o m p r e h e n s i b l e m e t r i c , t h e mean f o r t h e c o m b i n e d p o o l o f 
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r e s p o n d e n t s in t h e f o u r s tud ies is se t t o a va lué o f 50 , w i t h a 
s tanda rd d e v i a t i o n o f 2 0 . In p rac t i ce , th is means t h a t f o r all 
r e s p o n d e n t s w i t h i n 2.5 s t a n d a r d dev ia t i ons o f th is c o m m o n 
m e a n , t h e s c o r e w i l l v a r y b e t w e e n z e r o and 100. T h e a p p r o x i -
m a t e l y 1% o f r e s p o n d e n t s w h o m i g h t fal l o u t s i d e th is range a re 
t r u n c a t e d i n t o t h e z e r o t o 100 scale. Us ing th is m e t r i c , t h e mean 
v o c a b u l a r y s c o r e w a s 49 .3 f o r t h e Eu ropean U n i o n , 54.5 f o r t h e 
U n i t e d States, 36.1 f o r Japan, and 46.3 f o r Canadá . T h e s e resu l ts 
a re c o n s i s t e n t w i t h t h e m e a n p e r c e n t c o r r e c t responses o n t h e 
n ine c o m m o n i t ems b e t w e e n t h e E u r o p e a n U n i o n and t h e U.S., 
b u t p r o v i d e m o r e p rec i se ind iv idua l s co r i ng , a l l o w i n g c o m p a r i -
sons a m o n g na t i ons w i t h o v e r l a p p i n g , b u t n o t i den t i ca l , sets o f 
k n o w l e d g e i t e m s (M i l l e r 1996) . 

It is necessary t o d e t e r m i n e t h e m í n i m u m sco re f o r t h e analyt ic 
Ident i f i ca t ion o f indiv iduáis capable o f f o l l o w i n g and unders tand ing 
a publ ic po l i cy d ispu te o v e r a scient i f ic o r techno log ica l issue. In 
p rev ious es t imates o f civic scient i f ic l i teracy, M i l l e r (1987a, 1989, 
1995, 1996) has used a t h r e s h o l d level o f 67 o r m o r e , re f lec t ing 

t h e abi l i ty o f a r e s p o n d e n t t o sco re t w o - t h i r d s o f t h e possib le 
po in ts o n t h e c o n s t r u c t vocabu la ry index . W h e n th is s tandard is 
appl ied t o t h e 1995 U.S. data, 27 .2% o f A m e r i c a n s sco re at o r 
above t h e 6 7 - p o i n t level c o m p a r e d w i t h 20 .2% o f Europeans 9 and 
17.4% o f Canadians. Th is resu l t suggests t h a t a p p r o x i m a t e l y t h r e e 
o f f o u r adul ts in t h e U n i t e d States and f o u r o f f ive adul ts in Eu rope 
and Canadá w o u l d be unable t o read and unders tand news o r 
o t h e r I n f o r m a t i o n ut i l iz ing basic scient i f ic c o n s t r u c t s such as DNA, 
mo lecu le , o r rad ia t i on . 

T h e app l ica t ion o f IRT pa rame te rs t o t h e data f r o m Japan caused 
p r o b l e m s . T h e 1991 Japanese su rvey inc luded a smal ler set o f 
k n o w l e d g e i t ems than t h e o t h e r s tudies, and t h e ques t ions t e n d e d 
t o have l o w e r t h r e s h o l d valúes; t h e y w e r e ranked easier by IRT 
scor ing . A s a resu l t , a Japanese r e s p o n d e n t w h o a n s w e r e d all f ive 
o f t h e i tems in t h e vocabu la ry scale c o r r e c t l y w o u l d n o t have 
ach ieved 67 po in t s . T h e IRT pa rame te rs f o r each ques t i on can be 
c o m p a r e d w i t h t h e d i f f icu l ty sco re assigned t o va r ious dives in 
O l y m p i c d iv ing c o m p e t i t i o n s . A n easier d ive m igh t have a d i f f icu l ty 
valué o f 2.9 w h i l e a v e r y d i f f icu l t d ive m igh t have a valué o f 4 . 1 . 
Each O l y m p i c judge scores t h e d ive o n a z e r o t o 10 scale, and th is 
sco re is t h e n mu l t i p l i ed by t h e d i f f icu l ty sco re assigned t o t h e d ive. 
In IRT scor ing , a r e s p o n d e n t gets t h e i t e m e i t he r r igh t o r w r o n g , 
w h i c h m igh t be t h o u g h t o f as having t h e valúes o f one and z e r o 

9 In a sepárate anaiysis of 14 industrial nations, Mi l ler (1996) found that the 
p ropo r t i on o f adults meeting this standard wi th in the European Un ion ranged 
f r o m 27.2% in the Nether lands t o 6.6% in Greece. 
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respect ive ly , and each c o r r e c t response is mu l t i p l i ed by its IRT 
pa rame te rs t o c o m p u t e a t o t a l sco re . 

T h e f ive i tems w i t h adequa te charac ter is t i cs t o be inc luded in t h e 
c o n s t r u c t vocabu la ry d imens ión f o r Japan had suff ic ient ly l o w 
t h resho lds t h a t t h e i r co l lec t l ve t o t a l was m a r k e d l y l o w e r than t h e 
co l lec t ive sets o f i tems in t h e o t h e r coun t r i es . T h e leve! o f di f f icul ty, 
n o t t h e n u m b e r o f i t ems inc luded , c rea ted t h e sco r ing p r o b l e m . 
Even nine o r m o r e i tems o f th is re la t ive ly l o w e r d i f f icu l ty leve! 
w o u l d have p r o d u c e d t h e same resu l t . Th is is analogous t o a d i ve r 
w h o makes f ive exce l len t , b u t easy, dives. Even t h o u g h t h e d i ve r 
m igh t have d o n e we l l o n m o r e d i f f icu l t d ives, no ev idence s u p p o r t s 
o r opposes t h a t possib i l i ty . 

T h e t w o cholees f o r th is analysis w e r e t o d r o p t h e Japanese s tudy 
resul ts f r o m t h e c o m p a r i s o n , o r t o l o w e r t h e m í n i m u m s tandard 
since t h e c o m p o s i t i o n o f t h e 1991 Japan i n t e r v i e w ques t i onna i re 
made i t imposs ib le f o r anyone t o m e e t t h e s tandard o f 67 po in ts . 
A r e v i e w o f Japanese adu l t scores s h o w e d a b reak in t h e data jus t 
b e l o w 60. Ra ther than d r o p t h e Japanese s tudy f r o m t h e c o m p a r 
ison, t h e m í n i m u m s tandard was r e d u c e d f r o m 67 t o 60 t o es t ímate 
t h e percen tage o f Japanese adul ts w i t h a suf f ic ient vocabu la ry o f 
basic scient i f ic cons t rue t s t o read and t o f o l l o w science and 
t e c h n o l o g y po l i cy issues in t h e news . A p p r o x l m a t e l y 25% o f 
Japanese adul ts m e t th is s tandard . 

A T y p o l o g y o f P r o c e s s U n d e r s t a n d i n g 

Measur ing publ ic unders tand ing o f t h e na tu re o f scient i f ic i nqu i ry 
is paral le l t o measur ing c o n s t r u c t unders tand ing . C iv ic scient i f ic 
l i te racy requ i res t h a t an ind iv idual display a m in ima l unders tand ing 
o f t h e empi r i ca l basis o f scient i f ic inqu i ry . Ideally, an indiv idual 
w o u l d unders tand sc ience as t h e o r y d e v e l o p m e n t and tes t ing . A n 
i m p o r t a n t c o m p o n e n t o f unde rs tand ing t h e na tu re o f scient i f ic 
i nqu i ry is t h e idea t h a t sc ient i f ic t h e o r i e s are p r o p o s i t i o n s logical ly 
c o n n e c t e d in a deduc t i ve m a n n e r and, in p r inc ip ie , sub jec t t o 
emp i r i ca l sc ru t iny , w i t h t h e poss ib i l i ty o f being falsif ied (Popper 
1959). Respondents in scient i f ic l i te racy surveys are e x p e c t e d t o 
p r o v i d e a genera l n o t i o n o f scient i f ic i nqu i ry cons is ten t w i t h t h e 
Popper ian parad igm. 

In his or ig ina l U.S. s tud ies, M i l l e r (1983b , 1987a, 1989, 1995) 
u t i l i zed a c o m b i n a t i o n o f a single o p e n - e n d e d inqu i ry a b o u t t h e 
mean ing o f scient i f ic s tudy and a c losed-ended ques t i on a b o u t 
as t ro logy as scient i f ic o r non-sc ien t i f i c t o ident i fy r esponden ts w h o 
held a t least a m in ima l unde rs tand ing o f t h e process o f scientific 
inquiry. Respondents w e r e asked w h e t h e r t h e y had a clear under-
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standing, a general sense, o r not much understanding o f w h a t i t means 
t o s tudy some th ing scient i f ical ly. Individuáis w h o r e p o r t e d t ha t 
t h e y had a c lear unders tand ing o r a genera l sense w e r e asked t o 
descr ibe , in t h e i r o w n w o r d s , w h a t i t means t o s tudy some th ing 
scient i f ical ly. T h e responses w e r e co l l ec ted v e r b a t i m and w e r e 
c o d e d by teams o f t h r e e o r m o r e i ndependen t c o d e r s . In t h e 1988 
U.K.-U.S. s tudy, Br i t ish and A m e r i c a n teams c o d e d all o f t h e 
responses f r o m b o t h coun t r i es , and t h e f inal resul ts had an in te r -
c o d e r re l iab i l i ty coef f i c ien t above .90. 

A c o m m o n response t o t h e o p e n - e n d e d ques t i on a b o u t t h e mean -
ing o f scient i f ic s tudy was t h a t i t i nvo lved do ing an e x p e r i m e n t . 
Th is was, o f t en , t h e on ly response p r o v i d e d , and i t was c o d e d as 
c o r r e c t , b u t an expanded measure o f t h e meaning o f experiment 
was needed . M i l l e r and Pifer (1995) i n t r o d u c e d a n e w ques t ion 
c o n c e r n i n g e x p e r i m e n t a t i o n in t h e 1993 B iomedica l L i teracy Study: 

N o w , please t h i n k o f th is s i tua t ion . T w o scient ists w a n t 
t o k n o w if a ce r ta in d r u g is ef fect ive against high b l o o d 
pressure . T h e f i r s t sc ient is t wan t s t o give t h e d r u g t o 
1,000 peop le w i t h high b l o o d p ressure and see h o w 
many expe r i ence l o w e r b l o o d p ressure levéis. T h e 
second sc ient is t w a n t s t o give t h e d r u g t o 500 peop le 
w i t h high b l o o d p ressure , and n o t give t h e d r u g t o 
a n o t h e r 500 peop le w i t h high b l o o d p ressure , and see 
h o w many in b o t h g roups expe r i ence l o w e r b l o o d 
pressure levéis. W h i c h is t h e b e t t e r w a y t o t es t th is 
drug? 

W h y i t is b e t t e r t o t e s t t h e d r u g th is way? 

A l l r e s p o n d e n t s w e r e asked t h e f o l l o w - u p p r o b é w h i c h p r o v e d 
t o be essent ia l in assessing t h e leve l o f u n d e r s t a n d i n g . M o s t o f 
t h e 17% o f U.S. adu l ts w h o se lec ted t h e s i ng l e -g roup e x p e r i m e n t 
des ign d id n o t u n d e r s t a n d t h e r a t i o n a l e f o r es tab l i sh ing a 
c o n t r o l g r o u p , a l t h o u g h a smal l n u m b e r exp la i ned t h a t t h e y 
u n d e r s t o o d t h e logic o f c o n t r o l g r o u p s , and p lacebos , b u t c o u l d 
n o t e th i ca l l y w i t h h o l d m e d i c i n e f r o m a s ick p e r s o n . Se t t i ng aside 
t h e e th i ca l a r g u m e n t , i t is c lea r f r o m th i s r e s p o n s e t h a t th is smal l 
g r o u p o f r e s p o n d e n t s , r e p r e s e n t i n g a p p r o x i m a t e l y 1% o f t h e 
t o t a l samp le , d i d have an a d e q u a t e level o f u n d e r s t a n d i n g o f 
e x p e r i m e n t a l logic and t h e y w e r e c o d e d as u n d e r s t a n d i n g t h e 
n a t u r e o f sc ien t i f i c i n q u i r y . 

A m o n g t h e 69% of indiv iduáis w h o se lec ted t h e t w o - g r o u p expe r 
i m e n t design, t h e o p e n - e n d e d p r o b é revea led substant ia l m isun-
ders tand ing o f t h e ra t iona le f o r e x p e r i m e n t a l design. A m a j o r i t y o f 
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th is g r o u p , rep resen t i ng a p p r o x i m a t e l y 4 0 % o f t h e t o t a l p o p u l a t i o n , 
ind icated t h a t t h e y se lec ted t h e t w o - g r o u p design so t h a t if t h e 
d r u g "k i l l ed a l o t o f p e o p l e " , i t w o u l d c la im f e w e r v i c t ims since i t 
w o u l d have been adm in i s te red t o f e w e r subjects. Th is is n o t t h e 
unders tand ing o f logic i n tended by t h e cho lee o f t h e t w o - g r o u p 
e x p e r i m e n t design, and i l lust rates a hazard o f c losed-ended ques
t i ons . A p p r o x i m a t e l y 12% o f U.S. adul ts se lected t h e t w o - g r o u p 
design and w e r e able t o exp la in t h e logic o f establ ishing c o n t r o l 
g roups . A n add i t iona l 14% o f t h o s e i n t e r v l e w e d in t h e 1995 U.S. 
s tudy se lected t h e t w o - g r o u p design and p r o v i d e d a ra t iona le t h a t 
inc luded a c o m p a r i s o n b e t w e e n t h e t w o g roups , b u t t h a t lacked 
t h e language o r logic o f c o n t r o l g roups . 

A c losed-ended ques t i on assessing each responden t ' s u n d e r s t a n d 
ing o f p robab i l i t y was aíso used in assessing a min ima l level o f 
unders tand ing o f t h e na tu re o f scient i f ic inqu i ry . T h e ques t i on 
posed a s i tua t ion in w h i c h a d o c t o r " te l ls a coup le t ha t t hey ' ve g o t 
a o n e - i n - f o u r chance o f having a chi ld w i t h an i nhe r i t ed i l lness". 
Each r e s p o n d e n t was asked t o indícate w h e t h e r each o f f o u r 
s ta tements was a c o r r e c t o r an i n c o r r e c t i n t e r p r e t a t i o n o f t h e 
meaning o f one-in-four chances: 

If t h e y have on l y t h r e e ch i l d ren , none w i l l have t h e 
il lness. 

If t h e i r f i r s t ch i ld has t h e i l lness, t h e n e x t t h r e e w i l l n o t . 

Each o f t h e coup le 's ch i l d ren has t h e same r isk o f 
suf fer ing f r o m t h e il lness. 

If t h e i r f i r s t t h r e e ch i l d ren are heal thy, t h e f o u r t h w i l l 
have t h e i l lness. 

A p p r o x i m a t e l y 5 4 % o f U.S. adul ts d e m o n s t r a t e d an unde rs tand ing 
o f probabil i ty by se lect ing t h e t h i r d cho lee as c o r r e c t and label ing 
t h e o t h e r t h r e e cho ices i n c o r r e c t . 

Responden t s w e r e r e q u i r e d t o m e e t t w o c r i t e r i a t o be classi f ied 
as having a m i n i m a l u n d e r s t a n d i n g o f t h e n a t u r e o f sc ient i f i c 
i nqu i r y . F i rs t , t h e y had t o d e m ó n s t r a t e an u n d e r s t a n d i n g o f t h e 
n a t u r e o f sc ient i f i c s t udy e i t h e r by desc r i b i ng t h e n a t u r e o f 
sc ient i f ic s t u d y as t h e o r y bu i ld ing and t e s t i n g o r by d e m o n s t r a t i n g 
a c o r r e c t u n d e r s t a n d i n g o f e x p e r i m e n t a l p r o c e d u r e . Second , 
t h e y had t o d e m ó n s t r a t e a c o r r e c t u n d e r s t a n d i n g o f probabi l i ty. 
A t o t a l o f 2 1 % o f U.S. r e s p o n d e n t s m e t th is s tanda rd in t h e 1995 
s tudy . 
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T h e 1992 E u r o b a r o m e t e r inc luded t h r e e sets o f c losed-ended 
process unders tand ing i tems b u t n o o p e n - e n d e d i tems. These 
ques t ions re la tad t o an unders tand ing o f t h e na tu re o f scient i f ic 
i nqu i r y and w e r e loaded o n a second f a c t o r ¡n a c o n f i r m a t o r y 
f a c t o r analysis in a p a t t e r n s imi lar t o t h a t descr ibed above f o r t h e 
U n i t e d States (see Tab le 18). T h e i m p o r t a n c e o f t h e t w o -
d imens ion hypothes is t o th is analysis requ i res a br ie f r e v i e w o f 
these t h r e e i t ems . 

First, t h e t o t a l E u r o b a r o m e t e r sample was r a n d o m l y spl i t i n t o t w o 
g roups . A pai r o f c losed-ended ques t ions asked responden ts t o 
t h i n k a b o u t e i t h e r a medica l examp le o r a mach ine t o o l examp le 
and d e t e r m i n e h o w t h e y w o u l d ob ta in I n f o r m a t i o n t o assess t h e 
ef fect iveness o f a d r u g o r t h e l ikely durab i l i t y o f a me ta l . Each 
ques t i on o f f e red t h e responden ts t h r e e o p t i o n s : asking t h e o p i n i ó n 
o f an e x p e r t in t h e f ie ld , using t h e i r o w n scient i f ic k n o w l e d g e , o r 
do ing an e x p e r i m e n t . T h e e x p e r i m e n t cho lee was c o d e d as t h e 
c o r r e c t cho lee. A p p r o x i m a t e l y 38% o f European adul ts p r o v i d e d a 
c o r r e c t response. 

A n add i t iona l ques t i on assessed t h e unders tand ing o f e x p e r i m e n t s , 
ut í l iz ing t h e f i r s t pa r t o f t h e ques t i on w r i t t e n f o r t h e 1993 U.S. 
Biomedicai Literacy Study, and p resen ted in t h e c o n t e x t o f t h e U.S. 
s tudy q u o t e d above . 

A p p r o x i m a t e l y 6 5 % o f European responden ts se lected t h e t w o -
g r o u p m o d e l . T h e E u r o b a r o m e t e r d id n o t use t h e f o l l o w - u p p r o b é 
e m p l o y e d in t h e U n i t e d States in 1993 and 1995; thus i t is l ikely 
t h a t th is response ove rs ta tes t h e real level o f publ ic unders tand ing 
o f t h e logic o f e x p e r i m e n t a r o n . 

A l t h o u g h ne i t he r o f these ques t ions u t i l i zed an o p e n - e n d e d p r o b é , 
t h e c o m b i n a t i o n o f t h e t w o i tems i n t o a single i nd i ca to r i m p r o v e s 
t h e qual i ty o f t h e measure . A l l r esponden ts w h o se lec ted t h e 
e x p e r i m e n t o p t i o n in t h e first c losed-ended ques t i on and w h o 
se lec ted t h e t w o - g r o u p m o d e l in t h e second ques t i on w e r e clas-
sif ied as having a t least a min ima l ly acceptab le level o f u n d e r s t a n d 
ing o f e x p e r i m e n t a t i o n . A p p r o x i m a t e l y 2 8 % o f European adul ts 
w e r e def ined as know ledgeab le a b o u t e x p e r i m e n t a t i o n in t h e Eu
r o b a r o m e t e r . 

Second, a sp l i t -ba l lo t app roach was e m p l o y e d w i t h a ques t i on 
a b o u t t h e scient i f ic o r non-sc ient i f i c basis o f as t ro logy . A l l r e s p o n 
dents w e r e asked t o ra te h o w scient i f ic a set o f discipl ines o r 
act iv i t ies w e r e , using a scale t h a t ranged f r o m I f o r not at all 
scientific t o 5 f o r very scientific. T h e l ist inc luded b io logy, a s t r o n o m y , 
h i s to ry , physics, as t ro logy , e c o n o m i c s , med ic ine , and psycho logy . 



56 Public Perceptions of Science and Technology 

A r a n d o m half o f t h e r e s p o n d e n t s w e r e g iven an add i t iona l 
sen tence o f exp lana t ion exp la in ing t h e f o r m a l p u r p o s e o f each 
d isc ip l ine. For examp le , ostronomy was def ined as t h e s tudy o f t h e 
heavenly bod ies and astrology was def ined as t h e s tudy o f o c c u l t 
in f luence o f stars and p lanets o n human affairs. N e a r l y 4 0 % o f 
European adul ts ind ica ted t h a t as t ro logy was n o t at all sc ient i f ic , 
b u t 5 2 % t h o u g h t t h e r e was at least s o m e scient i f ic c o n t e n t in 
as t ro logy . 

T h i r d , a c losed-ended q u e s t i o n assessed each responden t ' s unde r -
s tand ing o f probability. Paral lel t o t h e ques t i on used in t h e U.S. 
s tudy , th is E u r o b a r o m e t e r ques t i on posed a s i tua t ion in w h i c h a 
d o c t o r " te l ls a coup le t h a t t hey ' ve g o t a o n e - i n - f o u r chance o f 
having a ch i ld w i t h an i n h e r i t e d i l lness". Each r e s p o n d e n t was t h e n 
s h o w n a card w i t h t h e same f o u r cholees used in t h e U.S. s tudy. 
A p p r o x i m a t e l y 7 1 % o f Eu ropean adul ts se lec ted t h e c o r r e c t equal 
p robab i l i t y cho lee. 

A s imple t y p o l o g y was c o n s t r u c t e d , based o n t h e f r a m e w o r k 
e m p l o y e d in t h e analysis o f t h e U.S. data set, t o es t ímate t h e 
p r o p o r t i o n o f Europeans w i t h an unders tand ing o f t h e na tu re o f 
sc ient i f ic inqu i ry . A l l r e s p o n d e n t s w h o satisf ied t h e c o n d i t i o n o f 
d e m o n s t r a t i n g a m in ima l l y acceptab le leve! o f unde rs tand ing o f 
experimentat ion, w h o recogn ized t h a t as t ro logy is n o t a t all 
sc ient i f ic , and w h o d e m o n s t r a t e d a c o r r e c t response t o t h e 
p robab i l i t y ques t i on w e r e c o d e d as unders tand ing t h e na tu re o f 
scient i f ic inqu i ry . A p p r o x i m a t e l y 12% o f European adul ts in t h e 
E u r o b a r o m e t e r s tudy m e t th is s tandard . 

T h e Japanese s tudy inc luded t w o I tems re levan t t o unders tand ing 
t h e na tu re o f scient i f ic inqu i ry . Each r e s p o n d e n t in t h e s tudy was 
asked t h e mean ing o f scientific study, t h e same ques t i on used in t h e 
o t h e r c o u n t r i e s ' s tudies. T h e Japanese s tudy d id n o t inc lude an 
o p e n - e n d e d p r o b é . W h e n asked h o w we l l t h e y u n d e r s t o o d w h a t 
i t means t o s tudy s o m e t h i n g scient i f ical ly, 4 % o f Japanese adul ts 
c la imed a c lear unde rs tand ing and 36% said t h a t t h e y u n d e r s t o o d , 
b u t a t a level b e l o w c lear unders tand ing . N e a r l y half o f Japanese 
adul ts said t h e y hard ly u n d e r s t o o d , and 12% said t h a t t h e y d id n o t 
u n d e r s t a n d at all. W h i l e i t w o u l d have been desi rable t o have had 
a c o n f i r m a t o r y o p e n - e n d e d p r o b é , t h e l i t e r a t u r e o n Japanese publ ic 
o p i n i ó n and cu l t u re suggests t h a t m o s t r esponden ts w o u l d be 
re l uc tan t t o exaggerate t h e i r level o f unders tand ing , w h i c h sup-
p o r t s th is se l f - r epo r t ed response as o n e i nd i ca to r o f t h e unde r 
s tand ing o f scient i f ic s tudy a m o n g Japanese adul ts (Car l l and 
B o w m a n 1996). 

T h e n each r e s p o n d e n t was asked a c losed-ended ques t i on a b o u t 
a hypo the t i ca l d rug - tes t i ng issue. Responden ts w e r e t o l d t h a t m e d -
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ical researchers w a n t t o d e t e r m i n e t h e eff icacy o f a given d rug , 
and t h e y w e r e asked t o d e t e r m i n e w h e t h e r t h e best i n f o r m a t i o n 
w o u l d be ob ta i ned by asking t h e pa t ien t , using t h e b iochemica l 
k n o w l e d g e o f t h e physic ians, o r c o n d u c t i n g an e x p e r i m e n t . T h e 
e x p e r i m e n t response was c o d e d as c o r r e c t , and 38% o f Japanese 
adul ts p r o v i d e d a c o r r e c t response. 

T o bu i ld a single i nd i ca to r o f t h e unders tand ing o f t h e logic o f an 
e x p e r i m e n t , r esponden ts w h o r e p o r t e d c lear unders tand ing 
o r s o m e unders tand ing o f t h e mean ing o f a scient i f íc s tudy 
and se lected t h e e x p e r i m e n t o p t i o n in t h e drug-assessment 
ques t i on w e r e r e c o r d e d as having at least a min ima l ly acceptable 
unders tand ing o f e x p e r i m e n t a r o n . A p p r o x i m a t e l y 18% o f Japanese 
adul ts qual i f ied in t h e 1991 s tudy. 

T h e second i t em loaded o n the unders tand ing o f t h e scienti f íc 
inquí ry f ac to r was an i t e m c o n c e r n i n g p robab i l i t y . T h e Japanese 
s tudy designers mod i f í ed t h e p robab i l i t y ques t i on o n i nhe r i t ed 
illness w h i c h was used in Eu rope and t h e U n i t e d States t o a p lant 
genet ics ques t i on , using an examp le c o n c e r n i n g r e d and w h i t e 
f l o w e r s . It was fe l t t ha t y o u n g e r Japanese responden ts w h o f in ished 
schoo l in t h e last 20 years w e r e m o r e l ikely t o e n c o u n t e r p r o b a 
b i l i ty concep ts in t h e c o n t e x t o f p lant genet ics than d rug tes t ing . 
T h e ques t i on used f o u r p r o b e s t h a t w e r e s t r u c t u r e d s imi lar ly t o 
t h e p robab i l i t y ques t ion in t h e U.S. studies. A p p r o x i m a t e l y 2 0 % o f 
Japanese adul ts in t h e 1991 s tudy w e r e able t o p r o v i d e t h e equal 
p robab i l i t y response and t o re jec t t h e t h r e e i n c o r r e c t responses. 

Fo l l ow ing t h e same p r o c e d u r e u t i l i zed in t h e o t h e r analyses, a 
s imple t y p o l o g y was c o n s t r u c t e d t o ca tegor ize t h e level o f under 
s tanding o f t h e na tu re o f scienti f íc inqu i ry . Japanese responden ts 
w h o qual i f ied as unders tand ing b o t h e x p e r i m e n t a r o n and p r o b a 
b i l i ty w e r e classif ied as unders tand ing t h e na tu re o f scienti f íc inqu i 
ry. O n l y 5% o f Japanese adul ts m e t th is s tandard in 1991. Th is is 
a surpr is ing ly l o w resu l t s ince 18% u n d e r s t o o d e x p e r i m e n t a r o n 
and 2 0 % u n d e r s t o o d p robab i l i t y . T h e po l ycho r i c 10 c o r r e l a t i o n 
coef f i c ien t f o r t h e re la t ionsh ip b e t w e e n t h e t w o var iables is . 2 1 . It 
is unc lear f r o m t h e l im i t ed Japanese data set w h e t h e r th is second 
d imens ión w o u l d have been es t ima ted d i f fe ren t ly if add i t iona l p r o -
cess -o r ien ted ques t ions o r o p e n - e n d e d i tems had been used. 

T h e 1989 Canadian s tudy inc luded an o p e n - e n d e d ques t ion c o n 
ce rn ing t h e mean ing o f scientifíc study ident ica l t o t h e ques t ion used 

10 A polychor ic cor re la t ion coefficient reflects the relationship between t w o 
ordinal variables, assuming that each ordinal variable is a crude measurement of 
an underlying cont inuous variable ( joreskog and Sórbom 1993). 
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in U.S. surveys, as we l l as Mi l le r 's ques t i on o n t h e scient i f ic o r 
non-sc ient i f i c basis o f as t ro logy used in his ear l ie r es t imates o f civic 
scient i f ic l i teracy. T h e c o d i n g u t i l i zed categor ies t ha t cou ld be 
co l lapsed i n t o a m e t h c c o m p a r a b l e t o t h a t used in t h e U.S. Re-
sponden ts w h o w e r e able t o p r o v i d e an acceptab le exp lana t ion o f 
scient i f ic s tudy and w h o u n d e r s t o o d t h a t as t ro logy is n o t a t al! 
sc ient i f ic w e r e classif ied as having a min ima l l y acceptab le unde r -
s tand ing o f t h e na tu re o f sc ient i f ic inqu i ry . A p p r o x i m a t e l y 8% o f 
Canadians m e t th is s tandard . 

C o n f i r m i n g t h e B a s i c S t r u c t u r e 

T h e re la t ionsh ip b e t w e e n t h e c o n s t r u c t vocabu la ry and t h e p r o -
cess unders tand ing d imens ions indicates t h a t these t w o measures 
shou ld be pos i t ive ly c o r r e l a t e d . T h e essential issue is w h e t h e r 
suf f ic ient d i f fe ren t ia t i on ex is ts t o m e r i t t r e a t m e n t as t w o d i m e n 
sions. A set o f c o n f i r m a t o r y f a c t o r analyses exam ined t h e i t e m 
loadings o n c o n s t r u c t vocabu la ry and t h e process unders tand ing 
d imens ions as we l l as t h e re la t ionsh ip b e t w e e n t h e t w o fac to rs . 

A c o n f i r m a t o r y f ac to r analysis f o r t h e European U n i o n f o u n d t w o 
c lear fac to rs in t h e 1992 data. N i n e c o n s t r u c t vocabu la ry i tems 
loaded o n o n e fac to r , and t h r e e p rocess unders tand ing var iables 
loaded o n a second f a c t o r (see Tab le 18). T h e t w o fac to rs w e r e 
c o r r e l a t e d at .87, ind icat ing t h a t t h e y a re re la ted , b u t separable f o r 
analyt ic purposes . 

A c o n f i r m a t o r y f a c t o r analysis o f t h e U.S. data f o u n d t w o c lear 
fac to rs , w i t h n ine i tems load ing o n a c o n s t r u c t vocabu la ry d i m e n 
s ión and t h r e e i tems load ing o n a p rocess unders tand ing f a c t o r 
(see Tab le 19). T h e t w o fac to rs w e r e c o r r e l a t e d at .86, v i r tua l l y 
ident ica l t o t h e European U n i o n p a t t e r n . 

Desp i t e d i f ferences in b o t h w o r d i n g and f o r m a t , a c o n f i r m a t o r y 
f a c t o r analysis o f t h e 1991 Japanese data f o u n d a s imi lar t w o - f a c t o r 
s t r u c t u r e (see Tab le 20 ) . O n e f a c t o r was c o m p o s e d o f f ive c o n 
s t r u c t vocabu la ry i tems, and t h e second f ac to r inc luded t w o 
p rocess unders tand ing i tems. T h e t w o fac to rs w e r e c o r r e l a t e d at 
.88, ident ica l t o t h e European and t h e U.S. resul ts . 

A c o n f i r m a t o r y f a c t o r analysis o f t h e 1989 Canad ian da ta f o u n d 
t h e same t w o - f a c t o r p a t t e r n (see T a b l e 2 1 ) . N i n e c o n s t r u c t 
v o c a b u l a r y i t ems de f i ned o n e f a c t o r ; t w o p r o c e s s u n d e r s t a n d i n g 
i t e m s c o m p o s e d t h e s e c o n d f a c t o r . T h e t w o f a c t o r s w e r e c o r 
r e l a t ed a t .90 , v i r t u a l l y i nd i s t i ngu i shab le f r o m t h e t h r e e p r e v i o u s 
p a t t e r n s. 
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These f o u r sets o f f a c t o r pa t te rns suggest t h a t a c o m m o n s t r u c t u r e 
t o civic scient i f ic l i te racy exists in indust r ia l ized coun t r i es . Desp i te 
d i f ferences in t h e n u m b e r o f i tems, t h e use o f o p e n - e n d e d and 
c lose-ended i tems, and s o m e va r ia t i on in w o r d i n g , a near ly ident ica l 
s t r u c t u r e emerged in each analysis. T h e ev idence f o r t w o c o r r e l a 
t e d , bu t analyt ical ly separable, fac to rs is s t r ong . 

C o m p u t i n g t h e R e s u l t s 

I t is useful t o c réa te a single e s t i m a t o r o f t h e leve! o f civic scient i f ic 
l i te racy based o n t h e t w o - d i m e n s i o n a l m o d e l , having f o u n d a 
c o m m o n f ac to r s t r u c t u r e . Individuáis w h o d e m ó n s t r a t e a high level 
o f unders tand ing o n b o t h t h e vocabu la ry and process d imens ions 
are assumed t o be t h e m o s t capable o f acqu i r ing and c o m p r e h e n -
d ing I n f o r m a t i o n a b o u t a science o r t e c h n o l o g y po l i cy c o n t r o v e r s y . 
These indiv iduáis are r e f e r r e d t o as we l l i n f o r m e d , o r civic sc ien-
t i f ical ly l i te ra te . 

Individuáis w h o e i t he r d e m ó n s t r a t e an adequate vocabu la ry o f 
scient i f ic cons t ruc t s o r display an acceptable level o f unders tand ing 
o f t h e na tu re o f scient i f ic inqu i ry , b u t n o t b o t h , a re assumed t o 
be s o m e w h a t less capable o f unders tand ing I n f o rma t i on a b o u t a 
science o r t e c h n o l o g y po l i cy d ispute . T h e y are r e f e r r e d t o as 
m o d e r a t e l y we l l i n f o r m e d o r par t ia l ly civic scient i f ical ly l i te ra te . 

European responden ts w h o earned a sco re o f 67 o r m o r e and w h o 
d e m o n s t r a t e d at least a m in ima l l y acceptable level o f unders tand ing 
o f t h e na tu re o f scient i f ic inqu i ry w e r e classif ied as we l l i n f o r m e d . 
Individuáis w h o qual i f íed o n o n e d imens ión , b u t n o t t h e o t h e r , 
w e r e classif ied as m o d e r a t e l y we l l i n f o r m e d . Five pe rcen t o f Eu ro -
pean adul ts qual i f íed as w e l l i n f o r m e d w h i l e an add i t iona l 2 2 % w e r e 
m o d e r a t e l y w e l l i n f o r m e d . In terest ing ly , w i t h i n Europe , t h e per -
centage o f civic scient i f ical ly l i te ra te adul ts ranged f r o m 10% in 
Br i ta in t o 1% in Por tuga l . In con t ras t , 12% o f U.S. adul ts qual i f íed 
as we l l i n f o r m e d and a p p r o x i m a t e l y 2 5 % qual i f íed as m o d e r a t e l y 
we l l i n f o r m e d (see Tab le 23) . 

Japanese adul ts w i t h a sco re o f 60 o r h igher and w i t h a m in ima l 
unders tand ing o f t h e na tu re o f scient i f ic inqu i ry w e r e classified as 
w e l l i n f o r m e d . A p p r o x i m a t e l y 3% o f Japanese adul ts w e r e we l l 
i n f o r m e d and an add i t iona l 2 2 % w e r e classif ied as m o d e r a t e l y we l l 
i n f o r m e d . 

Canadian responden ts w h o sco red 67 o r h igher and w h o w e r e 
able t o d e m ó n s t r a t e a min ima l unders tand ing o f t h e na tu re o f 
scient i f ic inqu i ry w e r e classif ied as w e l l i n f o r m e d . O n l y 4 % o f 
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T A B L E 23 
P e r c e n t a g e o f A d u l t s E s t i m a t e d t o b e C i v i c S c i e n t i f i c a l l y 
L i t e r a t e b y E d u c a t i o n , G e n d e r , a n d A g e 

Civic Scientifically 
Literate Adults 

European 
Union 

United 
States J a p a n Ganada 

Al l Adul ts 18 and Ove r 5/22 ( 1 2 , 1 4 7 ) 12/25 (2,006) 3/22, (1 .457) 4/17 (2,000) 

LEVEL O F E D U C A T I O N 

Less than Secondary 
School 

Secondary School Grad
úate 

Universi ty Gradúate . . 

1/10 ( 3 ,324 ) 1/8 ( 3 8 7 ) 2/1 ( 4 3 3 ) 

4/22 (6 ,103) 8/28 (1,228) 2/25 (701) 

1/37 P.712) 35/33 (392) 7/30 (323) 

1/9 (1,143) 

4/23 ( 6 5 1 ) 

21/40 (206) 

GENDER 

Female . 

Male . . 
3/17 
7/27 

(6,372) 
(5,775) 

8/20 
16/30 

(1,053) 
(953) 

1/15 
6/29 

(746) 
(711) 

2/1 I 
6/23 

(1,024) 
(976) 

AGE 

18 t o 29 years . . 
30 t o 39 years . . 
40 t o 49 years . . 
50 t o 64 years . . 
65 years and over 

6/27 
7/26 
6/24 
3/20 
2/1 I 

(3,028) 
(2,317) 
(1,837) 
(2,734) 
(2,231) 

12/32 
15/30 
17/23 
8/20 
3/13 

(479) 
(479) 
(383) 
(340) 
(321) 

5/26 
6/24 
3/18 
1/26 
2/18 

(330) 
(252) 
(302) 
(243) 
(331) 

5/20 
6/25 
4/17 
2/9 
1/8 

(582) 
(445) 
(339) 

(364) 
(245) 

% wel l Informed o r civic 
partially civic scientifically I 
N u m b e r of Cases = ( ) 

scientifically 
i térate 

l i terate/% moderately wel l in formed o r 

Canadian adul ts w e r e classif ied as w e l l i n f o r m e d and an add i t iona l 
17% w e r e classif ied as m o d e r a t e l y w e l l i n f o r m e d . 

Distríbutlon of Civic Scientific Literacy 

Hav ing def ined and m e a s u r e d civic scient i f ic l i teracy, i t is a p p r o -
p r ia te t o examine its d i s t r i b u t i o n acco rd ing t o educa t i on , gender , 
and age. A n ini t ia l e x a m i n a t i o n o f t h e basic pa t te rns o f d i s t r i b u t i o n 
indicates t h a t t h e percentages o f adul ts w h o qual i f ied as m o d e r 
ate ly w e l l i n f o r m e d , o r par t ia l ly civic scient i f ical ly l i te ra te , are 
s imi lar in these f o u r soc ie t ies . T h e d i s t r i b u t i o n p a t t e r n o f t h o s e 
w h o w e r e we l l i n f o r m e d , o r civic scient i f ical ly l i t e ra te , was d i f fe ren t 
w i t h t h e U.S. d i f ferent ia l advantage c lear ly m a r k e d ( m o r e t han 
t w i c e t h e n u m b e r o f adul ts in Eu rope , m o r e than t h r e e t imes t h o s e 
in Canadá and f o u r t imes t h o s e in Japan). A substant ia l va r ia t i on 
ex is ts , h o w e v e r , in t h e es t ima ted levéis o f sc ient i f ic l i te racy w i t h i n 
educa t i on , gender , and age classi f icat ions and across t h e f o u r so -
c iopo l i t i ca l systems (see Tab le 23 ) . 

Un i ve r s i t y graduates a re signi f icant ly m o r e l ikely t o qual i fy as civic 
scient i f ical ly l i te ra te in all f o u r soc iopo l i t i ca l systems than ind iv id 
uáis w i t h f e w e r years o f f o r m a l e d u c a t i o n . T h e un ivers i ty advantage 
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is g rea tes t in t h e U n i t e d States and smal lest in Japan (see Tab le 
23 ) . 

Th is d i f fe rence may be a t t r i b u t e d t o t h e s t r u c t u r e o f h igher edu -
ca t i on . In t h e U n i t e d States, un ivers i t ies genera l ly r equ i re s tudents 
t o c o m p l e t e a c o r e o f l iberal educa t i on courses , regardless o f t h e 
i n tended academic ma jo r . A n U.S. un ivers i ty g radúate w i t h a bac-
ca laureate degree in h i s t o r y o r l i t e ra tu re w o u l d have c o m p l e t e d 
col lege- level cou rse w o r k in science o r mathemat i cs as w e l l as in 
social science. In con t ras t , many European systems and Japanese 
univers i t ies encourage s tuden ts t o focus cou rse w o r k in a single 
discip l ine o r a n a r r o w band o f courses . 

M e n w e r e at least t w i c e as l ikely t o qual i fy as civic scient i f ical ly 
l i t e ra te than w e r e w o m e n . T h e s imi la r i t y o f th is d i f fe rence across 
all f o u r soc iopo l i t i ca l sys tems and cu l tu res is s t r i k ing . 

Individuáis 50 years o íd o r o l d e r w e r e signif icant ly less l ikely t o be 
scient i f ical ly l i t e ra te t han y o u n g e r indiv iduáis. I t is l ikely t ha t th is 
re f lects d i f ferences in educat iona l a t t a i n m e n t w i t h i n t h e f o u r 
d i f fe ren t soc iopo l i t i ca l systems. 

It ís i m p o r t a n t t o recogn ize t ha t t h e educa t i on , gender , and age 
fac to rs are signif icant ly re la ted t o each o t h e r . T rad i t i ona l l y , a smal -
ler p r o p o r t i o n o f w o m e n have c o m p l e t e d a un ivers i ty educa t ion 
than m e n , a l though t h e p r o p o r t i o n is n a r r o w i n g in all f o u r soc i -
et ies, and w o m e n have been t h e m a j o r i t y o f un ivers i ty graduates 
in t h e U n i t e d States f o r near ly 20 years. In all f o u r societ ies, a 
h igher p r o p o r t i o n o f m o r e r ecen t genera t ions have c o m p l e t e d 
secondary educa t ion o r e n t e r e d a un ivers i ty than t h e p r o p o r t i o n 
in ear l ie r genera t ions . 

S t ruc tu ra l equa t ion mode ls 11 w e r e c o n s t r u c t e d and analyzed t o 
assess t h e re la t ive in f luence o f each o f these fac to rs o n t h e d i s t r i -
b u t i o n o f civic scient i f ic l i te racy (see A p p e n d i x B). In these s imple 
mode ls , gender and age are t r e a t e d as backg round var iables t h a t 
may inf luence the level o f educat ion attained (see Figures 2, 3, 4 , and 
5 and Tab le 24) . G e n d e r , age, and educat iona l a t t a i nmen t are 
assumed t o inf luence t h e level o f an indiv idual 's civic scient i f ic 
l i teracy. The path coeff icients and the to ta l effects may be compa red 

11 A structural equation model is a set of regression equations that provides the 
best estímate fo r a set of relationships among several independent variables and 
one or mo re dependent variables. The program LISREL was used f o r all of the 
structural analyses presented in this monograph. This program allows the 
simultaneous examinat ion of structural relationships and the model ing of mea-
surement e r ro rs . For a mo re comprehensive discussion of structural equation 
models, see Hayduk (1987) and Jóreskog and Sórbom (1993). 
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u catión 

Gender 

F I G U R E 2 : 
A P a t h M o d e l t o P r e d i c t C i v i c S c i e n t i f í c L i t e r a r y , 
E u r o p e a n U n i o n , 1992 

Education 

Gender 

F I G U R E 3: 
A P a t h M o d e l t o P r e d i c t C i v i c S c i e n t i f í c L i t e r a r y , 
U n i t e d S t a t e s , 1995 
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u catión 

F I G U R E 4: 
A P a t h M o d e l t o P r e d í c t C í v i c S c i e n t i f i c L i t e r a r y , 
J a p a n , 1991 

u catión 

Gender 

F I G U R E 5: 
A P a t h M o d e l t o P r e d i c t C i v i c S c i e n t i f i c L i t e r a r y , 
C a n a d á , 1989 
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T A B L E 2 4 
T o t a l E f f e c t s o f A g e , E d u c a t i o n , a n d G e n d e r 
o n t h e P r e d í c t i o n o f C i v i c S c i e n t i f i c L i t e r a c y 

Variable 

Estimated Total Effect 

Europe United 
States Japan Canadá 

Level of Formal Education 
Gender (Female is Positive) 
Age 

.34 
- .35 
- . 27 

.73 
- . 28 
- . 1 0 

.1 I 
- .55 
- . 16 

.49 
- .53 
- . 42 

Múlt iple R .28 .64 .36 .63 

Number of Cases 6,122 2,006 1,457 2,000 

across t h e nat ional mode l s since these mode ls w e r e analyzed as 
f o u r g roups w i t h a p o d e d var iance and a c o m m o n m e t r i c . 

These mode ls p r o v i d e useful s t r uc tu ra l i n f o r m a t i o n a b o u t t h e 
d i s t r i bu t i on o f educa t i on in these f o u r societ ies. Educat ion in t h e 
U n i t e d States does n o t d i f fer s ignif icant ly by age, b u t negat ive paths 
ex is t f r o m age t o educa t i on in Eu rope , Japan, and Canadá, ho ld ing 
cons tan t d i f ferences due t o gender . Th is p a t t e r n ref lects t h e di f fer-
ent ial ef fect o f W o r l d W a r II on t h e educat iona l systems o f Eu rope 
and Japan. A l t h o u g h t h e w a r i n t e r r u p t e d and delayed f o r m a l 
educa t ion f o r y o u n g m e n in t h e U n i t e d States, t h e educat iona l 
i n f r as t ruc tu re was n o t damaged, and p o s t - w a r educat iona l benef i ts 
f o r ve te rans o p e n e d d o o r s o f un ivers i t ies t o a gene ra t i on w h o s e 
p r e - w a r e c o n o m i c status w o u l d have made s tudy at a un ivers i ty 
unl ike ly . T h e in i t ia t ion o f massive U.S. educat iona l benef i t p r o g r a m s 
50 years ago impac ted t h e educat iona l o p p o r t u n i t i e s o f t w o gener -
at ions o f A m e r i c a n s . In con t ras t , t h e d e s t r u c t i o n o f m a j o r ci t ies 
in Europe and Japan had a substant ia l impac t o n the educa t iona l 
i n f r as t ruc tu re , and ne i t he r Japan ñ o r any European c o u n t r y o f fe red 
a nat ional p r o g r a m o f p o s t - w a r educat iona l benef i ts comparab le t o 
t h e U.S. p r o g r a m . By t h e I950 's , t h e educat iona l i n f r as t r uc tu re and 
its teachers w e r e ful ly r e s t o r e d , a l l ow ing m o s t European coun t r i es 
and Japan t o place a high p r i o r i t y o n educat iona l o p p o r t u n i t i e s f o r 
t ha t school -aged gene ra t i on , in c o n t r a s t t o t h e p rev ious genera 
t i o n , w h i c h c o n t r i b u t e s t o t h e re la t ive ly s t r o n g negat ive path c o -
eff ic ients in Eu rope and Japan. 

In t h e European , Japanese, and Canadian mode ls , a negat ive path 
f r o m gender t o educa t i on indicates t ha t men have been signif icant ly 
m o r e l ikely than w o m e n t o a t ta in h igher levéis o f educa t i on , r e -
f lec t ing d i f fe ren t educa t iona l expec ta t i ons f o r w o m e n in these 
coun t r i es c o m p a r e d w i t h U.S. expec ta t i ons . 
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T h e absence o f a signif icant path b e t w e e n gende r and educa t iona l 
a t t a i nmen t in t h e U n i t e d States indicates an increasingly s t r o n g 
c o m m i t m e n t t o equal access t o pos t - seconda ry educa t i on f o r 
males and females in t h e p o s t - w a r years. A sl ight ly h igher p r o p o r -
t i o n o f y o u n g w o m e n than y o u n g m e n have en ro l l ed in and c o m -
p le ted a baccalaureate degree p r o g r a m in t h e past 20 years. W h i l e 
t h e p r o p o r t i o n o f U.S. w o m e n en ro l l i ng in and c o m p l e t i n g col lege 
was m a r k e d l y l o w e r than men ¡n t h e o l d e r age c o h o r t s , t h e e l im i -
na t ion o f th is d i f fe rent ia l in r e c e n t decades appears t o have fu l ly 
of fset t h e disadvantage o f ear l ie r genera t ions . It is su rp r i s ing t ha t 
no signi f icant gende r d i f f e ren t ia t i on appeared in t h e U.S. m o d e l , 
g iven t h e s t r o n g focus o f t h e p o s t - w a r educat iona l p r o g r a m s in t h e 
U.S. o n male ve te rans . 

T h e path coef f ic ients are i n fo rma t i ve , b u t t h e s t r onges t i n d i c t o r o f 
t h e in f luence o f each o f these var iables is its es t ima ted t o t a l ef fect . 
T h e t o t a l e f fect is c o m p u t e d by mu l t i p l y ing t h e coef f ic ients in each 
path f r o m an i ndependen t var iab le t o t h e p r e d i c t e d var iab le. If 
mú l t i p le paths f r o m an i n d e p e n d e n t var iable ex is t t o t h e p r e d i c t e d 
var iable, t h e effects o f t h e sepárate paths are s u m m e d i n t o a single 
es t ímate o f t h e t o t a l e f fect ( H a y d u k 1987; Jó reskog and S ó r b o m 
1993). 

In t h e U n i t e d States, educat iona l a t t a i n m e n t is t h e s t r onges t p r e -
d i c t o r o f c iv ic scient i f ic l i teracy, b u t gender is t h e s t r onges t p r e -
d i c t o r in Eu rope , Japan, and Canadá (see Tab le 24 ) . I t appears t h a t 
t h e scope o f s t uden t e x p o s u r e t o col lege- level science courses in 
t h e U n i t e d States compensa tes f o r w e a k e r p re -co l leg ia te p r o 
g rams, and may p r o v i d e an advantage re la t ive t o t h e o t h e r nat iona l 
g roups inc luded in th is analysis. Th is is surpr is ing , g iven t h e per 
f o r m a n c e o f U.S. s tuden ts in In te rna t iona l science assessments 
o v e r t h e last 30 years. 

T h e in f luence o f age and gender o n scient i f ic l i teracy di f fers by 
soc ie ty . In all f o u r mode l s , a residual negat ive path f r o m gende r t o 
scient i f ic l i te racy indicates tha t m e n w e r e signif icant ly m o r e l ikely 
t o be scient i f ical ly l i te ra te than w o m e n , ho ld ing cons tan t d i f fe ren-
ces in age and educa t i on . Th is is cons i s ten t w i t h research ind icat ing 
t h a t w o m e n have t rad i t i ona l l y t aken f e w e r science and m a t h e m a t -
ics courses and have been less l ikely t o pu rsue scient i f ic and 
eng ineer ing careers ( O r m e r o d and D u c k w o r t h 1975; Tob ias 1978; 
H a r d i n g 1 9 8 ! ; W e i s 1988; C h i p m a n , Brush and W i l s o n 1985; 
Fennema and Lede r 1990). 

A smal l , b u t signif icant, res idual negat ive path f r o m age t o scient i f ic 
l i te racy exists in all f o u r mode ls . These paths re f lec t t h a t indiv iduáis 
w h o had n o t s tud ied sc ience f o r a n u m b e r o f years w e r e less l ikely 
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t o re ta in a suf f ic ient level o f unders tand ing t o quali fy as civic 
scient i f ical ly l i te ra ta , o r t h a t r e c e n t genera t ions o f s tuden ts have 
been exposed t o m o r e sc ience, and m o r e c u r r e n t science, t han 
ear l ie r genera t ions . It is l ikely t h a t th is resu l t re f lects a c o m b i n a t i o n 
o f these fac to rs . 

In Eu rope , Japan, and Canadá, t h e c o m b i n e d t o t a l effects o f age 
and gende r a re g rea te r than t h e t o t a l e f fect a t t r i bu tab le t o educa-
t i o n . In t h e U n i t e d States, t h e t o t a l ef fect o f educat iona l a t t a i n m e n t 
is substant ia l ly g rea te r than t h e c o m b i n e d effects o f age and gender . 
It appears t h a t t h e p o s t - w a r emphasis o n expand ing educat iona l 
o p p o r t u n i t i e s in t h e U n i t e d States, ranging f r o m t h e ve te rans -edu -
cat ional p r o g r a m s in t h e I940 's and I950 's t h r o u g h t h e gende r 
equ i t y p rov is ions o f T i t l e IX , c o m b i n e d t o genéra te real s t r uc tu ra l 
change. 

It is useful t o conc lude w i t h a r e v i e w o f t h e f i t o f t h e c o m b i n e d 
m o d e l and its f o u r c o m p o n e n t nat ional mode ls . In t e r m s o f f i t , t h e 
t o t a l m o d e l m e t all o f t h e r e q u i r e d pa rame te rs (see Tab le 24) . T h e 
a m o u n t o f var iance in scient i f ic l i te racy exp la ined by each o f t h e 
f o u r mode l s d i f fe red signif icant ly, w i t h t h e mú l t i p l e R2 ranging f r o m 
.64 f o r t h e U.S. m o d e l and .63 f o r t h e Canadian m o d e l t o .28 f o r 
t h e European m o d e l . T h e mú l t i p l e R2 f o r t h e Japanese m o d e l was 
.36. T h e f i t in t h e European and Japanese mode ls may have been 
reduced f o r m e t h o d o l o g i c a l reasons. T h e absence o f o p e n - e n d e d 
k n o w l e d g e ques t ions in t h e European and Japanese studies reduced 
t h e qual i ty o f t h e measure o f civic scient i f ic l i teracy. T h e prac t ice 
o f using a responden t ' s age a t end o f fu l l - t ime s tudy as t h e measure 
o f educa t iona l a t t a i n m e n t in t h e E u r o b a r o m e t e r reduces t h e qual 
i ty o f t h a t ind ica to r . Th is resu l t emphasizes t ha t h igh-qual i ty c ross -
nat ional research requ i res a c o m m i t m e n t t o m e a s u r e m e n t accura-
cy in b o t h i ndependen t and d e p e n d e n t var iables. 



CHAPTER IV 

PUBLIC PARTICIPATION IN FORMULATING 
SCIENCE POLICY 





T h e l o w p r o p o r t i o n o f c iv ic scient i f ic l i te racy in Eu rope , t h e U.S., 
Japan, and Canadá raises t h e ques t i on o f h o w t h e publ ic par t ic ipa tes 
in f o r m u l a t i n g science and t e c h n o l o g y po l icy . If t h e n u m b e r o f civic 
scient i f ical ly l i te ra te c i t izens increased, w h a t changes m igh t be 
e x p e c t e d in t h e publ ic 's ro le in f o r m u l a t i n g po l i cy and reso lv ing 
d isputes in sc ience and t e c h n o l o g y policy? A n e x p l o r a t i o n o f c i t izen 
pa r t i c i pa t i on in t h e po l i t i ca l systems in m o d e r n indust r ia l soc iet ies 
o v e r t h e last 50 years and the g r o w i n g impac t o f pol i t ica l specializa-
t i o n in these systems p r o v i d e a useful f r a m e w o r k f o r unde rs tand -
ing t h e f o r m u l a t i o n o f sc ience po l i cy in d e m o c r a t i c po l i t i ca l 
sys tems. 

Political Specíalizatíon 

Pol i t ics and publ ic affairs c o m p e t e w i t h demands f r o m w o r k , fami ly , 
f r iends , and o t h e r social and po l i t ica l act iv i t ies f o r c i t izens in indus-
t r ia l i zed na t ions . These pressures c o n t i n u é t o increase, as dis-
cussed in C h a p t e r I. T h e ev idence suggests t h a t i n te res t in po l i t i cs , 
measured by t h e p r o p o r t i o n o f adul ts w h o take t h e t i m e t o v o t e 
in nat ional and local e lec t ions , has dec l ined in many c o u n t r i e s 
(Kaase and N e l s o n 1995; Ve rba , Sch lozman and Brady 1995). 

H o w e v e r , scient i f ic and techno log ica l issues c o m p e t e re la t ive ly 
w e l l f o r t h e a t t e n t i o n o f c i t izens in Eu rope , t h e U n i t e d States, and 
Canadá, and sl ight ly less we l l a m o n g Japanese adul ts . E c o n o m i c 
issues are o f t e n v i e w e d as t h e cen t ra l focus o f publ ic c o n c e r n s , 
a l though t h e analysis in C h a p t e r II revealed t h a t a h igher p r o p o r 
t i o n o f c i t izens in t h e U n i t e d States, Japan, and Canadá r e p o n e d 
i n te res t in e n v i r o n m e n t a l and hea l th issues t han e c o n o m i c issues 
(see Tab le 16). Th is is re f l ec ted in t h e popu la r i t y o f sc ience t e l e -
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v is ión shows , science magazines, and heal th and e n v i r o n m e n t a l 
r e p o r t i n g in newspapers . 

I n te res t in an issue is a p re requ i s i t e f o r ef fect ive c i t izen par t i c ipa-
t i o n , b u t on l y o n e c o n s i d e r a r o n . A l andmark s tudy o f publ ic par-
t i c i pa t i on in f o r m u l a t i n g U.S. f o re ign po l i cy argües t h a t i t is neces-
sary f o r c i t izens t o feel t h a t t h e y a re reasonably we l l i n f o r m e d and 
t h a t t h e y are con t i nu ing c o n s u m e r s o f re levan t news and i n f o r m a -
t i o n ( A l m o n d 1950). C i t i zens a re signif icant ly m o r e l ikely t o ac t by 
vo t i ng , con tac t i ng a leg is lator o r g o v e r n m e n t of f ic ial , o r engaging 
in po l i t ica l meet ings o r act iv i t ies in pu rsu i t o f a par t i cu la r po l i cy 
w h e n t h e y have a high level o f i n te res t in an issue, feel reasonably 
we l l i n f o r m e d , and f o l l o w t h e issues in t h e news (Rosenau 1974). 

T h e p r o p o r t i o n o f adu l t s in e v e r y c o u n t r y w h o r e p o r t i n t e r e s t 
in a pub l ic po l i cy issue is fa r g r e a t e r t h a n t h e p r o p o r t i o n w h o 
r e p o r t t h a t t h e y a re w e l l i n f o r m e d a b o u t t h e issue. A d u l t s w h o 
feel w e l l i n f o r m e d a re m o r e inc l ined t o pa r t i c ípa te in pub l ic 
po l i c y debates . Th i s c o n c l u s i ó n is based o n na t iona l s tud ies in 
E u r o p e , t h e U.S., Japan, and Canadá in w h i c h r e s p o n d e n t s 
assessed t h e i r k n o w l e d g e as very wel l in formed, moderate ly wel l 
i n fo rmed o r poorly in fo rmed. T h e p e r c e p t i o n o f n o t be ing w e l l 
i n f o r m e d appears t o d e t e r ind iv iduá is f r o m engaging in o v e r t 
e f f o r t s t o in f luence pub l ic po l i cy t h r o u g h w r i t i n g a l e t t e r t o , o r 
pe rsona l l y c o n t a c t i n g , a pub l i c o f f ic ia l . T h e actua l level o f k n o w l 
edge, w h i c h may d i f fe r f r o m an ind iv idua l ' s se l f -assessment , also 
c o n t r i b u t e s t o t h e l i k e l i h o o d o f o v e r t e f f o r t s , especia l ly d u r i n g 
non-c r i s i s p e r i o d s (Ressmeye r 1994) . 

In th is s t ra t i f ied m o d e l , c i t izens w i t h a high level o f i n te res t in an 
issue and a sense o f be ing w e l l i n f o r m e d a b o u t t h a t issue are 
r e f e r r e d t o as t h e attentive public. M o s t c i t izens w h o f o l l o w publ ic 
po l i cy issues t e n d t o b e c o m e a t ten t i ve t o t w o o r t h r e e issues, 
c rea t ing an a t t en t i ve publ ic f o r a l m o s t every issue. C i t i zens w h o 
are a t ten t i ve t o a pa r t i cu la r área t e n d t o acqu i re I n f o r m a t i o n and 
stay i n f o r m e d a b o u t t h a t issue o n a con t i nu ing basis. A t t e n t i v e 
c i t izens t e n d t o unde rs tand po l i cy issues and a re b e t t e r able t o 
rece ive and p rocess n e w I n f o r m a t i o n , a l though i t is a ra re f o r a 
c i t izen t o be a t ten t i ve t o f o u r o r m o r e issues. 

A S t r a t i f i e d M o d e l o f F o r m u l a t i n g P u b l i c P o l i c y 

Scient i f ic and techno log ica l issues, t o a large e x t e n t , are reso lved 
ou t s i de t h e e lec to ra l p rocess . Few candidates f o r nat ional of f ice 
w i n o r lose o n an issue o f science o r t e c h n o l o g y pol icy. Elected 
off icials have t h e f inal a u t h o r i t y t o make b ind ing decis ions, b u t t h e y 
are ra re ly e lec ted o n t h e basis o f a c o m m i t m e n t t o a specif ic 
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science o r t e c h n o l o g y pol icy. H o w , t h e n , does t h e specia l izat ion 
process affect f o r m u l a t i n g publ ic po l i cy and reso lv ing disputes? 

A pyramida l s t r u c t u r e i l lust rates t h e types o f publ ic pa r t i c ipa t ion 
t h a t a re l ikely t o o c c u r u n d e r cond i t i ons o f issue special izat ion in 
t h e po l icy f o r m u l a t i o n process o n issues at t h e federa l g o v e r n m e n t 
level o f t h e U n i t e d States ( A l m o n d 1950). In th is s t ra t i f ied m o d e l , 
dec is ion -makers a re at t h e p innacle o f t h e sys tem w i t h t h e p o w e r 
t o make b ind ing decis ions o n po l i cy m a t t e r s (see Figure 6) . For 
science and t e c h n o l o g y po l i cy in t h e U.S., th is g r o u p includes a m i x 
o f federa l - leve l execu t i ve , legislat ive, and judic ia l off icials. In t h e 
un i ta ry pa r l i amen ta ry systems c o m m o n in Europe , Japan, and C a n 
adá, t h e dec is ion -makers inc lude t h e Pr ime Min is te r , re levant ca-
b ine t off icials, and re levant c o m m i t t e e chairs and m e m b e r s , w h e n 
a substant ive legislative c o m m i t t e e s t r u c t u r e exists. 

Decis ión Makers 

Policy 
Leaders 

At ten t ive Pubiic 

Interested Public 

Residual Pubiic 

F I G U R E 6: 
A S t r a t i f i e d M o d e l o f P o l i c y F o r m a t i o n 

T h e second level o f t h e sys tem consists o f a g r o u p o f non -gov -
e r nmen ta l po l icy leaders. Th is g r o u p includes leading scient ists and 
engineers, leaders o f m a j o r c o r p o r a t i o n s act ive in science and 
engineer ing, leaders o f scient i f ic and profess iona l societ ies, t h e 
pres idents and deans o f m a j o r research un ivers i t ies , t h e m e m b e r s 
o f t h e nat ional academies o f science o r eng ineer ing and var ious 
business and academic leaders i n te res ted in science and t e c h n o l o g y 
ma t t e r s , as we l l as leaders o f c o n s u m e r and labor organ izat ions 
and leaders o f t h e C r e e n pol i t ica l par t ies and associat ions in Eu
r o p e . Pol icy leaders m o v e i n t o dec is ion-mak ing pos i t ions and de
c is ion-makers m o v e i n t o po l icy leadership f r o m t i m e - t o - t i m e 
(Rosenau 1961 , 1963, 1974). 
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W h e n dec is ion-makers and pol icy leaders concur , pol icy is f o r m e d , 
and l i t t le publ ic par t ic ipat ion is sought. A t least 90% o f all science 
and techno logy pol icy decisions in industr ia l societ ies are made 
t h r o u g h th is concu r rence system. A divis ión o f v iews w i t h i n t h e 
pol icy leadership g roup , o r be tween t h e pol icy leaders and t h e 
dec is ion-makers, o f ten results in appeals t o t he a t tent ive publ ic t o 
inf luence dec is ion-makers p r imar i l y by d i rec t con tac t and personal 
persuasión, b u t somet imes employ ing o t h e r f o r m s o f c o m m u n i c a -
t i o n , including demons t ra t i ons and boyco t t s . Trad i t iona l ly , pol icy 
making has been a legislative process. H o w e v e r , in recen t decades 
some prívate organizat ions have gained access t o t he e labora t ion and 
imp lementa t ion process o f specific pol icies, in r e tu rn f o r ensur ing 
the compl iance w i t h these pol icies among t he i r members . A s t h e 
neoco rpo ra t i s t l i te ra ture has po in ted ou t , organized in te res t g roups , 
mainly business associat ions and labor unions, and m o r e recent ly 
consumer and G r e e n organizat ions, have increased the i r i nvo lvement 
in this k ind o f po l icy-making (Lehmbruch and Schmi t ter , 1982; 
St reeck and Schmi t te r , 1985). T h e deve lopmen t o f science and 
techno logy pol ic ies, par t icu lar ly in sensit ive áreas, migh t be a candi-
date f o r t h e f o r m a l par t ic ipat ion o f d iverse in te res t g roups . 

T h e a t ten t i ve publ ic , t h e t h i r d level o f t h e m o d e l , is c o m p o s e d o f 
individuáis w h o are i n te res ted in an issue área, r e p o r t t h a t t h e y 
are v e r y w e l l i n f o r m e d , and are regu lar readers o f daily newspapers 
o r magazines. T h e a t t en t i ve publ ic in t h e U n i t e d States, Br i ta in , and 
Canadá is c o m p o s e d o f b e t t e r educated ci t izens w h o have c o m p l e -
t e d some courses in science and w h o may have a pro fess iona l o r 
occupa t iona l re la t ionsh ip t o science and t echno logy po l i cy w h i l e in 
France, G e r m a n y , and o t h e r European coun t r i es , t h e a t t en t i ve 
publ ic inc ludes many o f t h e same character is t ics , bu t also inc ludes 
individuáis m o t i v a t e d by c o n s u m e r o r G r e e n in teres ts . W h i l e 
G r e e n pa r t y m e m b e r s have e n t e r e d e lec to ra l con tes ts and w o n 
legislative seats in several European coun t r i es and in t h e European 
Par l iament , t hese c i t izens appear less c o m f o r t a b l e w i t h t r ad i t i ona l 
lobby ing approaches . It w i l l be i m p o r t a n t t o s tudy h o w n e w 
en t ran ts i n t o t h e a t t en t i ve publ ic f o r science and t e c h n o l o g y po l i cy 
seek t o in f luence dec is ion -makers in t h e ear ly decades o f t h e 2 l s t 
c e n t u r y and w h e t h e r these n e w e r approaches have an impac t o n 
t h e lobby ing act iv i t ies o f o t h e r i n te res t g roups . 

It appears t h a t m o s t po l i cy leaders appeal t o t h e a t t en t i ve publ ic 
t h r o u g h pro fess iona l o rgan iza t ions , newspapers , te lev is ión news 
ta lk and d iscussion shows , special ized magazines and jou rna ls , and 
e m p l o y m e n t - r e l a t e d ins t i t u t i ons , a l though t h e process by w h i c h 
t h e leadership g r o u p mobi l i zes t h e a t ten t i ve publ ic has n o t been 
we l l s tud ied e x c e p t in f o re ign po l icy . T h e a t ten t i ve publ ic con tac t s 
publ ic off icials t h r o u g h l e t t e r - w r i t i n g , t e l e p h o n e calis, and persona l 
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visi ts. T h e g r o w t h o f e-mai l use and c o m m u n i c a t i o n o n t h e W e b 
suggests t h a t t h e I n t e r n e t may b e c o m e a n o t h e r i m p o r t a n t m e t h o d , 
par t i cu la r l y a m o n g b e t t e r - e d u c a t e d ci t izens. These n e w t e c h n o l o -
gles may be especlal ly appeal lng t o y o u n g e r c o n s u m e r s and env i -
r o n m e n t a l act lv ls ts. 

C i t i zens w i t h a high level o f i n te res t in a issue área, b u t w h o d o 
n o t t h i n k t h e y are w e l l i n f o r m e d , are classif ied as t h e ¡nterested 
public. Persons in th is g r o u p display a high level o f I n f o r m a t i o n 
c o n s u m p t i o n o n an issue bu t a re less l ikely t o par t i c ípa te in t h e 
po l i t ica l p rocess due t o t h e i r p e r c e p t i o n t h a t t h e y a re n o t we l l 
i n f o r m e d . indiv iduáis may b e c o m e a t ten t i ve du r i ng a par t i cu la r 
c o n t r o v e r s y , such as a local s i t ing d ispute , if t h e y b e c o m e c o n -
v inced t h a t t h e y k n o w enough a b o u t t h e issue. H o w e v e r , in t h e 
case o f t h e e x p l o s i ó n o f t h e shu t t le Challenger, f e w m e m b e r s o f t h e 
¡n te res ted publ ic f o r space e x p l o r a t i o n became m e m b e r s o f t h e 
a t ten t i ve pub l ic desp i te s ix m o n t h s o f hearings and invest igat ions 
and ex tens ive med ia coverage (M i l l e r 1987b). 

A t t h e b o t t o m o f t h e p y r a m i d is t h e non -a t t en t i ve , o r res idual , 
publ ic . Indiv iduáis in th is g r o u p display a l o w level o f i n t e res t in , o r 
k n o w l e d g e a b o u t , a specif ic po l i cy área. T w o po in ts a b o u t th is 
g r o u p are i m p o r t a n t . First , t h o s e in th is p o p u l a t i o n re ta in a po l i t i ca l 
v e t o if t h e y disagree w i t h t h e pol ic ies f o s t e r e d by dec is ion -makers , 
po l i cy leaders, and t h e a t ten t i ve publ ic . T h e A m e r i c a n publ ic 's r o l e 
in end ing t h e w a r s in K o r e a and V i e t n a m i l lust rates t h e p o w e r o f 
th is v e t o . Second , non-a t ten t i veness t o a specif ic po l i cy área shou ld 
n o t be equa ted w i t h ignorance o r a lack o f in te l lec tua l act iv i ty . 
Many peop le w h o are n o t a t t en t i ve t o o n e issue área may be 
i n te res ted in and know ledgeab le a b o u t o t h e r issues. 

I m p o r t a n t commona l t i es ex is t a m o n g sociopol i t ica l systems, inc lud-
ing the need t o deve lop science and techno logy policies t h a t s u p p o r t 
and sustain a compe t i t i ve pos i t ion in t h e global e c o n o m y and tha t 
help t o p r o t e c t t h e natura l env i ronmen t . This strat i f ied mode l o f 
pol icy f o r m u l a t i o n p r imar i l y ref lects t h e U.S. pol i t ical system. 
Substantial di f ferences ex is t be tween t h e U.S. and the par l iamentary 
pol i t ical systems as we l l as among nat ional pol i t ical systems in regard 
t o pol i t ical part ies, se lect ion o f legislators, and roles o f legislative 
commi t t ees (Cope land and Pat terson 1994; Lañe and Ersson 1996). 

The Attentive Public for Science 
and Technology Policy 

T h e A l m o n d m o d e l was used by M i l l e r and o t h e r s t o def ine and 
descr ibe an a t t en t i ve publ ic f o r science and t e c h n o l o g y po l i cy in 
t h e U n i t e d States (M i l l e r 1983a, 1983b). T h e Mi l le r and P r e w i t t 
measure o f a t ten t i veness t o sc ience and t e c h n o l o g y po l i cy was 
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based o n r e s p o n d e n t r e p o r t s , beginning in 1979, o f i n te res t in , and 
self-assessed k n o w l e d g e abou t , issues a b o u t n e w scient i f ic d iscov-
er ies and issues a b o u t t h e use o f n e w inven t ions and techno log ies 
as we l l as a measure o f pers is tence in consuming re levant i n f o rma-
t i o n (Mi l le r , P r e w i t t and Pearson 1980). A n assessment o f t h e 
a t t en t i ve publ ic in va r ious soc iopo l i t i ca l systems can be made 
because ident ica l , o r c o m p a r a b l e , ¡ tems w e r e asked in t h e Euroba-
r o m e t e r , and Japanese and Canadian studies. 

A p p r o x i m a t e l y o n e in 10 adu l ts in Eu rope , t h e U n i t e d States, and 
Canadá qual i f ied as a t t en t i ve t o science and t e c h n o l o g y po l icy , 
c o m p a r e d w i t h a b o u t 7% in Japan (see Tab le 25 ) . Science and 
t e c h n o l o g y po l i cy dec is ions may be in f luenced by i n te res ted , i n -
f o r m e d , and c o n c e r n e d c i t izens and g roups in ali soc iopo l i t i ca l 
systems. T h e abi l i ty f o r a t t en t i ve c i t izens t o in f luence po l i cy may 
be g rea te r in c o m p e t i t i v e m u l t i - p a r t y systems than in de (acto 
o n e - p a r t y systems. 

T h e S t r u c t u r e a n d D is t r ibu t ion o f A t t e n t i v e n e s s 

T h e aggregate p r o p o r t i o n o f c i t izens a t ten t i ve t o science and 
t e c h n o l o g y po l i cy in each o f these f o u r soc iopo l i t i ca l sys tems is 
i m p o r t a n t . In Europe , o n e in 10 adul ts w e r e a t t en t i ve t o t h e issues. 
Be t t e r -educa ted c i t izens w e r e m o r e l ikely t o qual i fy as a t ten t i ve t o 
sc ience and t e c h n o l o g y po l i cy issues than less we l l - educa ted c i t i 
zens. T h e o rd ina l measure o f assoc iat ion gamma (a p ropo rc i ona l 
r e d u c t i o n in e r r o r s ta t is t ic ) f o r t h e re la t ionsh ip b e t w e e n t h e level 
o f educa t i on and a t ten t i veness t o science and t e c h n o l o g y po l i cy 
was .32, ind icat ing t h a t th is b ivar ia te re la t ionsh ip accoun ts f o r 
a p p r o x i m a t e l y 32% o f t h e t o t a l va r ia t i on b e t w e e n t h e t w o ( G o o d 
man and Kruska l 1954; C o s t n e r 1965). C iv ic scient i f ical ly l i te ra te 
Europeans w e r e m o r e l ikely t o be a t t en t i ve t o science and t e c h o l -
ogy po l i cy t han o t h e r c i t izens (gamma b e t w e e n civic scient i f ic 
l i te racy and a t ten t iveness = .36) . In c o n t r a s t t o t h e U n i t e d States 
and Canadá, y o u n g e r Europeans w e r e sl ight ly m o r e l ikely t o be 
a t ten t i ve t o science and t e c h n o l o g y issues t han o l d e r c i t izens 
(gamma b e t w e e n age and a t ten t i veness = - . 13). 

In t h e U n i t e d States, w h i c h has a w e a k pa r t y sys tem and s t r o n g 
legislative c o m m i t t e e s , t h e resul ts f r o m t h e 1995 s tudy indícate 
t h a t a p p r o x i m a t e l y 10% o f A m e r i c a n adul ts w e r e a t t en t i ve t o 
science and t e c h n o l o g y po l icy , and t h a t an add i t iona l 4 7 % w e r e 
i n te res ted in science and t e c h n o l o g y issues. Individuáis in t h e U.S. 
w i t h m o r e years o f f o r m a l schoo l i ng w e r e signif icant ly m o r e l ikely 
t o be a t ten t i ve t o sc ience and t e c h n o l o g y po l icy , w i t h o n e in f ive 
co l lege graduates qual i fy ing as a t t en t i ve and an add i t iona l 53% 
r e p o r t i n g a high level o f i n te res t in these issues (gamma b e t w e e n 
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T A B L E 25 
P e r c e n t a g e o f A d u l t s A t t e n t i v e t o , o r I n t e r e s t e d i n , 
S c i e n c e a n d T e c h n o l o g y P o l i c y 

Variable 

% Adults Attentive to, or Interested in, Science 
and Technology Policy 

Europe 

A * 

United 
States Japan Ganada 

Al l Adul ts 10 33 10 47 12 40 

E D U C A T I O N 
Less than High School 
High School Gradúate 
Baccaiau reate . . . . 

G A M M A = 

25 
33 
40 21 

37 
48 
53 

.32 .37 .38 

19 

37 
45 
46 

.22 

GENDER 
Female . 
Male . . 

G A M M A = 

30 
36 

45 
49 

-.23 -.17 -.48 

47 
44 

-.28 

AGE 

18 through 29 Years 
30 through 39 Years 
40 through 49 Years 
50 through 64 Years 
65 Years o r Mo re . 

G A M M A = 

13 
10 
10 
9 

35 
36 
35 
32 
25 

52 
48 
47 
47 
40 

.13 -.05 -.14 

38 
4 ! 
46 
46 
28 

.02 

CIVIC SCIENTIFIC LITERACY 

W e l l Informed 
Moderately W e l l Informed 
N o t W e l l Informed . . . 

G A M M A = 

18 
14 
7 

45 
39 
27 

29 
14 
7 

55 
5! 
45 

40 
12 
4 

26 
2 ! 

9 

.36 .36 .56 

26 
16 
8 

42 
44 
40 

.27 

N u m b e r of Cases = 1,226 3,971 195 946 177 209 809 

: A = Attentive to; I = Interested in 

educa t i on and a t ten t iveness = .32) . T h e level o f civic scient l f ical ly 
l l te racy displayed t h e second s t ronges t b lvahate re la t lonsh ip w i t h 
a t tent iveness in t h e U.S. data (gamma = .36) , w i t h 29% o f civic 
scient i f ic l i te ra te A m e r i c a n s qual i fy ing as a t ten t i ve t o science and 
t e c h n o l o g y po l icy . Men in t h e U.S. w e r e m o r e l ikely t o be a t ten t i ve 
than w o m e n , a l though n o p a t t e r n o f a t tent iveness is re la ted t o age. 
T h e gamma f o r t h e re la t lonsh ip b e t w e e n gender and at tent iveness 
was - . 1 7 , ind icat ing t h a t m e n w e r e sl ight ly m o r e l ikely t o be 
a t ten t i ve t o science and t e c h n o l o g y po l icy issues than w o m e n . T h e 
gamma f o r t h e re la t lonsh ip b e t w e e n age and at tent iveness t o 
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science and t e c h n o l o g y po l i cy was - . 0 5 , w h i c h indicates t h a t these 
t w o var iables a re essential ly un re la ted in th is b ivar ia te re la t ionsh ip . 

In Japan, 7% o f adul ts qual i f ied as a t ten t i ve t o science and t e c h n o l 
ogy pol icy. A n add i t iona l 12% o f Japanese adul ts m e t t h e c r i t e r i a 
f o r t h e i n te res ted publ ic f o r science and t echno logy po l icy . Th is 
l o w e r level o f a t ten t iveness appears t o be a re f lec t ion o f Japanese 
pol i t ica l and social systems r a t h e r than a m e a s u r e m e n t p r o b l e m . 
A s discussed in C h a p t e r I I , a mod i f i ed scale was used in response 
t o t h e fou r - l eve l response in t h e 1991 s tudy. Fo r s imi lar reasons, 
Japanese r e s p o n d e n t s w h o ind icated t ha t t h e y w e r e v e r y k n o w l -
edgeable o r modera te ly knowledgeable abou t n e w scientific d iscove-
ries o r n e w inven t ions and techno log ies w e r e classif ied as m e e t i n g 
t h e c r i t e r i o n f o r feel ing adequate ly i n f o r m e d a b o u t an issue. T h e r e 
may be a m e t h o d o l o g i c a l bias resu l t ing in a sl ight o v e r e s t i m a t e o f 
t h e level o f a t ten t iveness t o science and t echno logy po l i cy a m o n g 
Japanese responden t s . 

In Canadá, t h e p a t t e r n o f a t tent iveness t o science and t e c h n o l o g y 
po l icy was s imi lar t o t h a t f o u n d f o r t h e U n i t e d States. A p p r o x i 
mate ly 19% o f co l lege graduates w e r e a t ten t i ve t o science and 
t e c h n o l o g y po l i cy (gamma b e t w e e n educa t i on and a t ten t i veness 
= .22) . In t h e 1989 s tudy , 25% o f Canadians w h o qual i f ied as civic 
scient i f ical ly l i te ra te w e r e a t ten t i ve t o science and t e c h n o l o g y p o l 
icy (gamma b e t w e e n civic scient i f ic l i te racy and a t ten t iveness 
= .27) . Canad ian m e n w e r e t w i c e as l ikely t o be a t t en t i ve t o 
science and t e c h n o l o g y po l icy (gamma b e t w e e n gende r and 
a t ten t iveness = - . 2 8 ) . A l t h o u g h t h e r e was no assoc ia t ion b e t w e e n 
age and a t ten t i veness in Canadá, i t is i n te res t ing t o n o t e t h a t t h e 
l o w e s t rates o f a t ten t iveness t o science and t e c h n o l o g y po l i cy in 
b o t h Canadá and t h e U n i t e d States w e r e a m o n g ci t izens f r o m 18 
t o 29 years o íd . 

A Structural Analysis of Attentiveness 

It is useful t o examine t h e s t r u c t u r e o f t h e re la t ionsh ip o f age, 
educa t i on , gender , and civic scient i f ic l i te racy t o a t ten t i veness . 
H i s t o r i e pa t t e rns o f assoc iat ion a m o n g age, educa t i on , and gende r 
d e m ó n s t r a t e va r ia t i on across po l i t ica l and social systems. T h e 
s t ruc tu ra l l oca t i on o f a t ten t iveness is i m p o r t a n t w h e n examin ing 
overa l l and po l i cy a t t i t udes in C h a p t e r V. 

T h e basic s t r u c t u r a l m o d e l f o r t h e U n i t e d States has a mú l t i p le R2 
o f on ly .37, ind icat ing t h a t var iables n o t inc luded in th is m o d e l a re 
needed t o unde rs tand t h e d e v e l o p m e n t and d i s t r i b u t i o n o f a t t e n 
t iveness t o sc ience and t e c h n o l o g y po l icy (see Tab le 26 ) . Measures 
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o f an indiv idual 's sense o f po l i t ica l eff icacy, p r i o r expe r i ence w i t h 
t h e pol i t ica l sys tem, and c o m p e t i n g t i m e demands c o n t r i b u t e t o 
t h e p red i c t i ve p o w e r o f t h e sys tem ( A l m o n d and V e r b a 1963, 
1980; V e r b a and N i e 1972; Rosenau 1974; V e r b a , N i e and K i m 
1978; M i l l e r 1983a; V e r b a , Sch lozman and Brady 1995). Fo r t h a t 
p o r t i o n o f t h e var iance in a t ten t iveness p r e d i c t e d by th is m o d e l , 
t h e levéis o f educa t i on and civic scient i f ic l i te racy are t h e s t ronges t 
p r e d i c t o r s , w i t h t o t a l ef fects o f .49 and .58 respect ive ly , suggest ing 
t h a t issue a t ten t i veness is c o n t e n t d r i ven (see Figure 7 and Tab le 
26) . H o l d i n g cons tan t age, educa t i on , and civic scient i f ic l i teracy, 
m e n in t h e U.S. w e r e sl ight ly m o r e l ikely t o be a t ten t i ve t o science 
and t e c h n o l o g y po l i cy t h a n w o m e n ( to ta l ef fect = - . 0 8 ) . 

T A B L E 2 6 
E f f e c t o f A g e , E d u c a t i o n , G e n d e r , a n d C i v i c S c i e n t i f i c 
L i t e r a c y o n P r e d i c t i o n o f A t t e n t i v e n e s s t o S c i e n c e a n d 
T e c h n o l o g y P o l i c y 

Variable 

Estimated total Effect 

United 
States Europe Japan Ganada 

Age 
Gender (Female is Positive) 
Education 
Civic Scientific Literacy . . 

.22 

.08 

.49 

.58 

- . 2 6 
- .25 

.13 

.26 

- . 16 
- .41 

.29 

.40 

.35 
-.16 
.38 
.48 

Múlt iple R2 .37 .20 .39 .32 

N u m b e r of Cases 2,006 6,122 1,451 1,974 

X = 42.4/43 degrees of f reedom; Root Mean Square Er ro r of Approx ima t ion 
(RMSEA) = .00; 

Upper l imit o f the 90% confidence interval of RMSEA = .011 

In t h e European U n i o n , t h e s t r uc tu ra l m o d e l a c c o u n t e d f o r on l y 
2 0 % o f t h e t o t a l var iance in a t ten t iveness , ind icat ing t h a t i m p o r 
t an t e x p l a n a t o r y fac to rs w e r e o m i t t e d f r o m th is d e m o g r a p h i c 
m o d e l . Fo r t h a t p o r t i o n o f t he var iance p r e d i c t e d by t h e m o d e l , 
a t ten t iveness a m o n g Europeans was m o d e r a t e l y associated w i t h 
gender , educa t i on , and t h e level o f civic scient i f ic l i te racy (see 
Figure 8 and Tab le 26 ) . H o l d i n g t h e o t h e r c o m p o n e n t s o f t h e 
m o d e l cons tan t , y o u n g e r Europeans w e r e sl ight ly m o r e l ikely t o 
be a t t en t i ve t o science and t e c h n o l o g y po l icy than o l d e r r e s p o n -
dents ( to ta l e f fec t = - . 2 6 ) , and m e n w e r e m o r e l ikely t o be 
a t ten t i ve than w o m e n ( to ta l ef fect = - . 2 3 ) . As in t h e U n i t e d States, 
t h e c o m b i n e d t o t a l ef fects o f educa t i on and civic scient i f ic l i te racy 
suggest t h a t issue a t ten t iveness is r o o t e d in substant ive conce rns . 
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u catión 

Gender 

F I G U R E 7: 
A P a t h M o d e l t o P r e d í c t A t t e n t i v e n e s s t o S c i e n c e 
a n d T e c h n o l o g y P o l i c y , E u r o p e a n U n i o n , 1992 

Education 

Gender 

F I G U R E 8: 
A P a t h M o d e l t o P r e d i c t A t t e n t i v e n e s s t o S c i e n c e 
a n d T e c h n o l o g y P o l i c y , U n i t e d S t a t e s , 1995 
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ucation 

Gender 

F I G U R E 9: 
A P a t h M o d e l t o P r e d i c t A t t e n t i v e n e s s t o S c i e n c e 
a n d T e c h n o l o g y P o l i c y , J a p a n , 1991 

Education 

Gender 

F I G U R E 10: 
A P a t h M o d e l t o P r e d i c t A t t e n t i v e n e s s t o S c i e n c e 
a n d T e c h n o l o g y P o l i c y , C a n a d á , 1989 
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T h e s t r uc tu ra l m o d e l f o r Japan was t h e best f i t t i ng m o d e l o f t h e 
f o u r analyses, accoun t i ng f o r 39% o f t h e t o t a l var iance in a t t e n -
t iveness (see Tab le 26 ) . Even w i t h th is f i t , var iables associated w i t h 
t h e d e v e l o p m e n t o f a t ten t iveness t o science and t e c h n o l o g y po l icy 
w e r e obv ious ly o m i t t e d f r o m th is basic demograph i c m o d e l . Fo r 
t h a t p o r t i o n o f t h e var iance accoun ted f o r by t h e m o d e l , t h e 
s t ronges t t o t a l effects w e r e associated w i t h gende r ( to ta l ef fect = 
- . 4 1 ) and t h e level o f civic scient i f ic l i teracy ( to ta l e f fect = .40) , 
ho ld ing cons tan t t h e o t h e r fac to rs in t h e m o d e l (see Figure 9 and 
Tab le 26 ) . Y o u n g e r Japanese c i t izens w e r e s o m e w h a t m o r e l ikely 
t o be a t ten t i ve than o l d e r indiv iduáis ( to ta l ef fect = - . 16). 

In Canadá, t h e s t r uc tu ra l m o d e l accoun ted f o r on l y 3 2 % o f t h e 
t o t a l var iance in a t tent iveness t o science and t e c h n o l o g y po l icy 
(see Tab le 26 ) , ind icat ing t h a t th is s imple demograph i c m o d e l 
exc luded t h e m a j o r fac to rs associated w i t h t h e d e v e l o p m e n t o f 
a t ten t iveness t o science and t e c h n o l o g y pol icy. W i t h i n t h e p o r t i o n 
o f var iance exp la ined , civic scient i f ic l i te racy was t h e d o m i n a n t 
f a c t o r ( to ta l e f fect = .48) , ind icat ing t h a t Canadians w h o have a 
b e t t e r unde rs tand ing o f science are m o r e l ikely t o be a t ten t i ve t o 
science and t e c h n o l o g y issues t han c i t izens w i t h a w e a k e r scient i f ic 
unders tand ing (see Figure 10 and Tab le 26) . 

C o m p a r i n g these s t r uc tu ra l mode l s , t h e level o f civic scient i f ic 
l i te racy is pos i t i ve ly associated w i t h a t tent iveness t o science and 
t e c h n o l o g y po l i cy in t h e analysis o f all f o u r soc iopo l i t i ca l systems, 
a l though th is re la t ionsh ip is w e a k e s t in Europe . In terest ing ly , all t h e 
studies s h o w e d t h a t m e n w e r e signif icantly m o r e l ikely t o be 
a t ten t i ve t o science and t e c h n o l o g y po l i cy t han w o m e n , ind icat ing 
a pervasive social s t e r e o t y p i n g o f science and t echno logy . 

The Role and Importance of Attentive Publícs 

A t t h e end o f t he 20th cen tu ry , peop le encoun te r science and 
techno logy in múl t ip le con tex t s , f r o m w o r k t o en te r ta inment , f r o m 
health care t o in format ion-seek ing and educat ion. Usual ly t h e 
presence o f science and techno logy in these domains is taken f o r 
g ran ted , and t h e individuáis are able t o f o rmú la te demands o r t o 
suppo r t p rog rams and pol icies in t he i r ro les as w o r k e r s , consumers , 
parents, and ci t izens. T h e y d o n o t need t o pay expl ic i t a t ten t i on t o 
science and techno logy , much less t o specific policies and decisions 
regarding science and techno logy . 

N o t even t h e segment o f t h e publ ic w e have labeled a t t en t i ve t o 
science and t e c h n o l o g y f o rmu la tes t h e nat ional po l i cy agenda o r 
plays a signi f icant r o l e in t h e dai ly nego t ia t i on o f publ ic po l icy 
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re levant t o sc ience and t echno logy . But , f r o m t i m e t o t i m e , cr ises, 
b r e a k d o w n s , and conf l i c ts in t h e sys tem emerge , and in t h o s e 
s i tuat ions, o n e o f w h o s e cent ra l character is t ics is open c o n t r o v e r s y 
b e t w e e n leaders o r dec i s ion -makers , t h e publ ic can gain a vo ice . 
D i f f e ren t leaders seek t o enhance t h e s u p p o r t f o r t h e i r pos i t ions 
by appeal ing t o t h e publ ic a t t en t i ve t o t h e issue at hand and by 
a t t e m p t i n g t o mob i l i ze publ ic o p i n i ó n . L ike w a r s , these conf l i c ts d o 
n o t happen o f t e n , b u t w h e n t h e y d o , t h e y are l ikely t o revo l ve 
a r o u n d t h e m o s t i m p o r t a n t issues in t h e sc ience and t e c h n o l o g y 
arena, and ce r ta in l y t h e m o s t d i f f icu l t and c o n t r o v e r s i a l . A l m o n d 
has c o m p a r e d t h e r o l e o f an a t t en t i ve publ ic t o reserve uni ts in 
t h e m i l i t a ry (M i l l e r 1983a). 

W h e n an issue o r c o n t r o v e r s y c a n n o t be reso lved at t h e leadersh ip 
level , i t is essent ial t h a t t h e r e be a suf f ic ient n u m b e r o f c i t izens 
a t ten t i ve t o t h e área and able t o c o m p r e h e n d t h e debates a m o n g 
t h e leaders a b o u t t h e issue. W h i l e i t appears t h a t a t ten t i ve c i t izens 
need t o t h i n k o f themse lves as w e l l i n f o r m e d in o r d e r t o i n te rvene 
in a po l icy deba te via l e t te rs , d i r e c t con tac t , o r o t h e r f o r m s o f 
po l i t ica l a c t i o n , i t is i m p o r t a n t t h a t these c i t izens are fami l ia r w i t h 
science and t e c h n o l o g y , a re civic scient i f ical ly l i te ra te , and can 
f o l l o w and evalúate t h e m a j o r c o m p e t l n g a rgumen ts a b o u t an issue 
and c o n t r i b u t e t o shaping t h e dec is ion -mak ing process . 

In a d d i t i o n , in v i r tua l l y all advanced and p lura l is t ic soc ie t ies , a 
g r o w i n g n u m b e r o f single-issue g r o u p s re la ted t o genera l d i m e n -
sions o f sc ience and techno log ica l pract ices and impacts have 
e m e r g e d in r e c e n t decades, f r o m env i ronmen ta l i s t s t o an imal r ights 
g roups , c o n s u m e r associat ions, and indiv iduáis w i t h l i fe - th rea ten ing 
medica l c o n d i t i o n s . T h e e n h a n c e m e n t o f t h e qua l i ty and substance 
o f d e m o c r a c y in t h e c o m p l e x soc iet ies o f t h e last pa r t o f t h e 20th 
c e n t u r y requ i res t h a t such g r o u p s o f c o n c e r n e d c i t izens gain a 
vo i ce in t h e po l i cy -mak ing p rocess o f science and t echno logy , 
instead o f o p t i n g f o r a c o n f r o n t a t i o n a l o r an a l ienated pos i t i on 
( H i r s c h m a n 1970). Th is emphasizes t h e i m p o r t a n c e o f a sc ient i f i 
cally l i te ra te a t t en t i ve publ ic f o r sc ience and t e c h n o l o g y po l icy . 





CHAPTER V 

PUBLIC ATTITUDES TOWARD SCIENCE AND 
TECHNOLOGY 





T h e a t t i t udes o f c i t izens t o w a r d science and t e c h n o l o g y a re an 
i m p o r t a n t d i m e n s i ó n o f advanced d e m o c r a t i c soc ie t ies . W h i l e c i t i 
zens are ra re l y asked t o make dec is ions o n scient i f ic o r teehno log ica l 
issues, an increas ing n u m b e r o f publ ic pol ic ies invo lv ing scient i f ic o r 
teehno log ica l issues a re dec ided by g o v e r n m e n t s . In s o m e pol i t ica l 
systems, t hese dec is ions may be made en t i r e l y w i t h i n a cab ine t o r 
pa r l i amen ta r y c o m m i t t e e , w i t h m o d é r a t e med ia cove rage and 
v i r tua l l y n o publ ic d iscussion. In o t h e r po l i t ica l systems, legislat ive 
c o m m i t t e e s may h o l d publ ic hear ings o n issues, w i t h ex tens ive 
med ia cove rage o f t h e po l icy discussions. Th is chap te r focuses 
p r ima r i l y o n t h e substant ive a t t i t udes held by c i t izens t o w a r d 
science and t e c h n o l o g y and secondar i l y o n t h e specif ic issue o f 
publ ic s u p p o r t f o r g o v e r n m e n t spend ing o n basic research w i t h i n 
t h e soc iopo l i t i ca l systems. 

The Search for Structure 

I t is i m p o r t a n t t o d e t e r m i n e w h e t h e r a s t r u c t u r e ex is ts f o r t h e 
a t t i t udes re f l ec ted in t h e nat iona l s tudies and w h e t h e r sets o f 
ques t ions f o r m stat ist ical ly cons is ten t scales, o r Índices, t o faci l í tate 
and enhance c o m p a r a t i v e a t t i t u d e analysis. A d e s c r i p t i o n o f t h e 
genera l a p p r o a c h t o t h e analysis o f these data w i l l assist readers 
w h o have va ry ing stat is t ical and quant i ta t i ve backg rounds . 

I t is i m p o r t a n t t o u t i l ize cogn i t i ve sc ience and social psycho logy 
l i t e ra tu re f o r bu i ld ing t h e t heo re t i ca l f r a m e w o r k used in t h e anal
ysis o f pub l ic a t t i t udes t o w a r d sc ience and t echno logy . C o g n i t i v e 
science research s h o w s t h a t indiv iduáis, w h e n faced w i t h a dai ly 
barrage o f c o m p l e x I n f o r m a t i o n o f d i f fe ren t t ypes and f r o m di f fer-
e n t sources , re l y o n schemas t o f i l te r , s t r u c t u r e , and i n t e r p r e t t h e 
mean ing o f t h a t I n f o r m a t i o n . 
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Many o f t h e schemas are learned and t r a n s m i t t e d t h r o u g h everyday 
inf luences such as fami ly , s c h o o l , business, and t h e media . O t h e r 
schemas are e m b e d d e d in t h e cu l t u re o f a soc ie ty o r are cons id -
e red c o m m o n sense. Specialized schemas are specific t o professional 
p r o b l e m solving (medical doc to rs , lawyers, engineers). A l l individuáis 
deve lop and adapt t h e rece ived schemas o f t h e i r par t i cu la r soc ie ty 
t o t h e i r o w n persona l c i r cumstances , exper iences , and social 
re la t ions n e t w o r k . 

Schemas are i m p o r t a n t because peop le t e n d t o organize I n fo rma
t i o n ne i t he r in a logical ly deduc t i ve m a n n e r ñ o r in an a tom is t i c 
(b i t -by -b i t ) way , b u t in large f rames o f I n f o r m a t i o n (M insky 1986). 
Focused f rames o f I n f o r m a t i o n a b o u t ob jec ts , issues, o r s i tua t ions 
con ta in s lots t h a t a c c o m m o d a t e indiv idual pieces o f I n f o r m a t i o n . 
T h e connec t i ons b e t w e e n these d o n o t f o l l o w t h e classical logical 
pr inc ip ies . C o m m o n - s e n s e k n o w l e d g e in a cu l t u re consists o f a 
large n u m b e r o f such f rames. Scr ipts fulf i l l a s imi lar f u n c t i o n f o r 
deal ing w i t h s te reo typ i ca l s i tua t ions and ac t ions in everyday life 
(Schank 1977; M insky 1986; Lau and Sears 1986; M i l b u r n 1 9 9 ! ; 
Pick, van den D r o e k and Kni l l 1992). 

Schemas are la tent cons t ruc ts re fe r r ing t o coup led sets o f a t t i tudes 
and understandings o f science and techno logy . Schemas ar t icú late a 
cogni t ive and an affective o r evaluative d imens ión o f t he act ivi t ies, 
con ten t , ou tpu ts , and symbols associated w i t h science and t echno l 
ogy. Cons is tency in observed social behav ior is a func t ion o f t h e 
presence o f t h e schemas peop le apply in t he i r decis ion-making: 
t h e r e f o r e , p red ic t ing behav io r can be achieved by de te rm in ing t h e 
presence o r absence o f cer ta in schemas. Some individuáis have 
deve loped schemas a b o u t science and techno logy ref lected in t h e i r 
in terests and civic scienti f ic l i teracy wh i le m o s t people in a m o d e r n 
soc ie ty have basic schemas f o r scienti f ic and technologica l mat te rs . 
Schemas are equiva lent t o a t t i tudes, bu t assign m o r e we igh t t o t h e 
cogni t ive and s t ruc tu ra l d imensions. Accord ing ly , i t is i m p o r t a n t t o 
ident i fy general schemas t ha t may serve as a f r a m e w o r k f o r choices 
w h e n in te rp re t i ng a t t i tudes t o w a r d scientif ic o r technologica l issues. 
A n i m p o r t a n t aspect is t h e na tu re o f t he re lat ionship be tween an 
individual 's schema and his o r he r m o r e specific pol icy preferences. 

C o n f i r m a t o r y f a c t o r analyses a re used t o e x p l o r e these s t r uc tu res . 
C ross -sys tem c o m p a r i s o n s o f t h e f o u r s tudies w i l l d e t e r m i n e 
w h e t h e r i t is possib le t o ident i fy sets o f a t t i tud ina l scales t h a t can 
be meaningfu l ly c o m p a r e d across po l i t ica l systems. 

U l t ima te l y , t h e analysis l ooks a t t h e substant ive c o n t e n t o f t h o s e 
a t t i t u d e scales t h a t a re c o m p a r a b l e across pol i t ica l systems and 
seeks t o exp la in t h e c o m m o n a l t i e s and d i f ferences f o u n d . A set o f 
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s t ruc tu ra l equa t ion mode i s helps in unders tand ing re la t ionsh ips 
b e t w e e n a t t i t udes and t h e re levan t social and demograph ic charac-
ter is t ics o f indiv idual r esponden ts . 

E u r o p e a n U n i o n 

Respondents w e r e asked a w i d e array o f a t t i tud inal quest ions abou t 
science and techno logy pol icy issues in t h e Eu roba rome te r . A n init ial 
set o f 14 a t t i t ude quest ions was selected t o ident i fy t h e quest ions 
tha t might compr i se a schema f o r scientif ic and technological Infor
mat ion . A series o f c o n f i r m a t o r y fac to r analyses demons t ra ted t ha t 
a set o f six I tems f o r m e d a unid imensional f ac to r t ha t ident i f ied a 
general a t t i tude t o w a r d the p rom ise f o r science and techno logy. T h e 
same series of c o n f i r m a t o r y analyses revealed t ha t a second fac to r 
o f t h r e e I tems focused o n reservat ions, o r concerns , abou t t h e 
impact o f science and techno logy (see Table 27) . 

T h e six a t t i t ude i tems, al! o f f e red in an agree-disagree f o r m a t l2, 
appear t o re f lec t a genera l a t t i t ude t o w a r d t h e p r o m i s e f o r science 
and t e c h n o l o g y a m o n g European adul ts. These are: 

Thanks t o sc ience and t echno logy , t h e r e w i l l be m o r e 
o p p o r t u n i t i e s f o r t h e f u t u r e genera t ions . 

Science and t e c h n o l o g y a re mak ing o u r lives heal th ier , 
easier, and m o r e c o m f o r t a b l e . 

T h e benef i ts o f science a re g rea te r than any harmfu l 
effects i t may have. 

M o s t scient ists w a n t t o w o r k o n th ings t h a t w i l l make 
life b e t t e r f o r t h e average pe rson . 

Scienti f ic and techno log ica l p rogress w i l l help t o cu re 
ilinesses such as A I D S and cáncer. 

T h e app l ica t ion o f sc ience and n e w t e c h n o l o g y w i l l 
make w o r k m o r e in te res t ing . 

12 In the Eurobarometer , a methodological study was conducted on the effect 
of t w o alternative sets o f response categories. A random half of the respondents 
we re shown a card tha t included as choices strongly agree, agree, neither agree ñor 
disagree, disagree, o r strongly disagree. The o ther random half w e r e shown a card 
that included as cholees strongly agree, agree, disagree, o r strongly disagree, which 
is the fo rmat used in studies in the Uni ted States since 1979. A response of unsure 
o r neither agree ñor disagree was recorded in this format , but no t offered. For 
this analysis, the second set of choices (Form B) was used t o assure greater 
comparabi l i ty between the European Un ion and the Uni ted States, reducing the 
to ta l number of cases included in the analysis t o 6,122. 
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T A B L E 2 7 

C o n f i r m a t o r y F a c t o r A n a l y s i s o f A t t i t u d e s , 

E u r o p e a n U n i o n , 1992 

Attitudes 
Promise of 

Science 
Dimensión 

Reservation 
About 

Science 
Dimensión 

Proportion 
of Variance 
Explained 

Thanks t o science and technology, 
there wi l l be more opportuni t ies 
f o r the fu tu re generations . . 

Science and technology are making 
ou r lives healthier, easier, and 
more comfor tab le 

The benefits o f science are greater 
than any harmful effects i t may 
have 

Most sclentists wan t t o w o r k on 
things that wi l l make life bet ter 
fo r the average person . . . . 

Scientific and technological p ro -
gress wi l l help t o cure ilinesses 
such as A IDS and cáncer . . . 

The application o f science and new 
technology wi l l make w o r k more 
interesting 

Science makes our way of life change 
t o o fast 

W e depend t o o much on science 
and no t enough on faith . . . 

Because o f the i r knowledge, scien
tif ic researchers have a power 
that makes t h e m dangerous . 

.61 

.58 

.57 

.51 

.51 

.51 

.67 

.47 

.43 

.37 

.33 

.32 

.26 

.26 

.26 

.45 

.22 

.19 

X2 = 46.9/16 degrees o f f reedom; Roo t Mean Square Er ro r o f App rox ima t ion 
(RMSEA) = .02; 

Upper l imi t o f the 90% confidence interval f o r RMSEA = .024; Factor I and Factor 
2 are corre lated at - . 11; 

Number o f Cases = 6,122 

The i tem was " I wou ld like t o read you some statements that people have made 
about science, technology, o r the envi ronment . For each statement, please tel l me 
h o w much you agree o r disagree (Show Card) " . 

These i tems, l is ted in t h e o r d e r o f t h e i r loadings o n t h e f a c t o r (see 

Tab le 27 ) , re f lec t a m i x t u r e o f c u r r e n t assessment and f u t u r e 

p r o m i s e . A n indiv idual w h o agrees w i t h all s ix o f these s ta temen ts 

ho lds a pos i t i ve a t t i t u d e , o r schema, t o w a r d t h e p r o m i s e f o r 

science and t e c h n o l o g y . L ikewise , an indiv idual w h o disagrees w i t h 

all o r m o s t o f these s ta temen ts ho lds a signif icant ly less op t im i s t i c 

v i ew , o r schema, o f t h e p r o m i s e f o r science and t echno logy . 

T h r e e i tems f o r m a second d imens ión tha t is nearly i ndependen t o f 

t h e f i rs t fac to r . T h e second fac to r includes i tems t h a t expressed 

reservat ions a b o u t t h e impact o f science and techno logy o n indiv id

uáis and o n society. T h e t h ree i tems loading o n this f ac to r are: 
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Science makes o u r way o f l ife change t o o fast. 

W e d e p e n d t o o m u c h o n science and n o t enough o n 
fa i th . 

Because o f t h e i r k n o w l e d g e , scient i f ic researchers have 
a p o w e r t h a t makes t h e m dangerous . 

A n ind iv idual w h o agrees w i t h all t h r e e s ta temen ts ho lds reser -
vat ions a b o u t t h e i m p a c t o f sc ience and t e c h n o l o g y o n life and , 
perhaps, o n persona l o r soc ieta l valúes. 

Since the t w o fac tors are on ly weak ly co r re la ted , w i t h a co r re l a t i on 
o f - . I I , i t is a lmos t equally possible t ha t individuáis w h o score high 
o n o n e d imens ión w o u l d score high o r l o w o n t h e o t h e r d imens ión . 
A larger negative co r re la t i on m igh t have been expec ted , given t h e 
substant ive c o n t e n t o f t h e i tems o n t h e t w o d imensions. Th is degree 
o f independence suggests tha t many European adults bel ieve in t h e 
p rom ise o f science and techno logy f o r themselves and t he i r ch i ld ren , 
wh i le express ing personal concerns abou t potent ia l negative impacts 
o f science and techno logy o n t rad i t iona l and rel igious valúes. 

U n i t e d S t a t e s 

Many o f t h e i tems in t h e E u r o b a r o m e t e r have t h e i r r o o t s in t h e 
Science Ind ica to rs s tud ies. Fo r 20 years , t h e Na t i ona l Science 
Founda t i on has posed a t t i tud ina l ques t ions a b o u t science and t e c h 
no logy po l i cy issues and a b o u t peop le 's pe rcep t i ons o f t h e impac t 
o f science and t e c h n o l o g y o n t h e i r lives and o n soc ie ty . Recen t 
Science Ind ica to rs studies i n c o r p o r a t e d i tems f r o m t h e E u r o b a r o m 
e t e r and o t h e r s tud ies. 

A series o f c o n f i r m a t o r y f ac to r analyses o f t h e 1995 Science and 
Engineering indicators data ident i f ied a t w o - f a c t o r s t r u c t u r e s imi lar 
t o t h e Eu ropean data p a t t e r n . T h e f i r s t f a c t o r inc luded f o u r i tems, 
each v i r tua l l y ident ica l t o f o u r o f t h e six i tems f o u n d o n t h e f i r s t 
European f a c t o r (see Tables 27 and 28) . T h e f o u r i t ems are : 

Because o f sc ience and t echno logy , t h e r e w i l l be m o r e 
o p p o r t u n i t i e s f o r t h e n e x t genera t ions . 

Science and t e c h n o l o g y a re mak ing o u r lives hea l th ie r , 
easier, and m o r e c o m f o r t a b l e . 

M o s t sc ient is ts w a n t t o w o r k o n th ings t h a t w i l l make 
life b e t t e r f o r t h e average p e r s o n . 

W i t h t h e app l i ca t ion o f sc ience and n e w t echno logy , 
w o r k w i l l b e c o m e m o r e in te res t ing . 
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T A B L E 2 8 

C o n f i r m a t o r y F a c t o r A n a l y s í s o f A t t í t u d e s , 

U n i t e d S t a t e s , 1995 

Attítudes 
Promise of 

Science 
Dimensión 

Reservation 
About 

Science 
Dimensión 

Proportion 
of Variance 
Explained 

Because of science and technology, 
there wi l l be more oppor tun i t ies 
f o r the next generat ion . . . . 

Science and technology are making 
ou r lives healthier, easler, and 
more comfor table 

Most scientists wan t t o w o r k on 
things that wi l l make life bet ter 
f o r the average person . . . . 

W i t h t he appl icat ion o f science 
and new technology, w o r k w i l l 
become more interest ing . . . 

Science makes our way of life change 
t o o fast 

O n balance, the benefits o f scientific 
research have outweighed the 
harmful results 

W e depend t o o much on science 
and no t enough on faith . . . 

It Is no t impor tan t f o r me t o know 
about science in my daily life . 

.68 

.62 

.54 

.53 

.66 

.60 

.51 

.41 

.47 

.38 

.29 

.28 

.44 

.36 

.26 

.17 

X = 30.7/15 degrees of f reedom; Roo t Mean Square Er ro r of Approx imat ion 
(RMSEA) = .02; 

Upper l imit o f the 90% confidence interval f o r RMSEA = .034; Factor I and Factor 
2 are corre lated at - . 6 4 ; 

N u m b e r of Cases = 2,006 

The i tem was " l 'm going t o read you some statements such as those you might 
find in a newspaper o r magazine article. For each statement, please tel l me if you 
generally agree o r generally disagree. If you feel especially strongly about a 
statement, please tel l me that you strongly agree o r strongly disagree". 

The second factor was defined by fou r ítems, including a negative loading 

f o r o n e o f t h e i tems. T h e f o u r i t ems inc luded o n th is f a c t o r are 

Science makes o u r w a y o f life change t o o fast. 

O n balance, t h e benef i ts o f scient i f ic research have 

o u t w e i g h e d t h e ha rmfu l resul ts (negat ively c o r r e l a t e d ) . 

W e depend t o o m u c h o n science and n o t enough o n 

fa i th . 

I t is n o t i m p o r t a n t f o r m e t o k n o w a b o u t science in 

m y dai ly l ife. 

T h r e e o f t h e f o u r i tems inc luded o n th is second f a c t o r f o r m an 

A t t i t u d e T o w a r d O r g a n i z e d Science Scale ( A T O S S ) used by M i l l e r 
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w i t h resul ts r e p o r t e d in Sdence and Engineering Indicators and o t h e r 
papers (U.S. Na t i ona l Science Boa rd 1988, 1990, 1992, 1994, 1996; 
M i l l e r 1995). 

T h e pa t t e rn f o u n d in t h e 1995 U n i t e d States data is cons is ten t w i t h 
t h e resul ts f r o m t h e 1992 E u r o b a r o m e t e r , w i t h t h e f i r s t f ac to r 
re f lec t ing a bel ief in t h e p r o m i s e o f science and t echno logy and a 
second f a c t o r re f lec t ing c o n c e r n w i t h , o r reserva t ions abou t , p o -
ten t ia l l y negat ive impacts f r o m science and techno logy . In c o n t r a s t 
t o t h e European resu l t , h o w e v e r , these t w o fac to rs a re s t rong ly 
and negat ively c o r r e l a t e d in t h e U.S., w i t h a c o r r e l a t i o n o f - . 6 4 . 
Th is means t ha t an indiv idual w i t h a high sco re o n t h e f i r s t d i m e n 
s ión is l ikely t o have a l o w sco re o n t h e second fac to r , and v ice 
versa. A m e r i c a n s w h o bel ieve in t h e p r o m i s e o f science and t e c h 
no logy are less l ike ly t o have reserva t ions o r conce rns a b o u t 
possib le impacts , w h i l e indiv iduáis w h o have s t r o n g conce rns a b o u t 
science and t e c h n o l o g y are less l ikely t o recogn ize c o n t e m p o r a r y 
benef i ts o r t o have op t im i s t i c v iews f o r t h e p r o m i s e o f science and 
techno logy . Th is p a t t e r n po in ts t o a po la r ized a t t i t ude s t r u c t u r e 
c o m p a r e d w i t h Eu rope . 

j o p a n 

A series o f c o n f i r m a t o r y f a c t o r analyses o f t h e Japanese s tudy 
ident i f ied a t w o - f a c t o r s t r u c t u r e s imi lar t o t h a t f o u n d in Eu rope 
and t h e U n i t e d States. T h e f i r s t f ac to r inc luded f o u r i tems t h a t 
expressed a bel ief in t h e p r o m i s e o f sc ience, s imi lar in c o n t e n t t o 
t h e a t t i t ude fac to rs f o u n d in t h e European U n i o n and t h e U.S. (see 
Tab le 29) . T h e f o u r i tems are : 

W i t h t h e app l ica t ion o f science and n e w techno logy , 
w o r k w i l l b e c o m e m o r e in te res t ing . 

C o m p u t e r s and f a c t o r y a u t o m a t i o n w i l l c réa te m o r e 
jobs than t h e y w i l l e l imínate. 

Scientists a re seek ing t o benef i t human beings. 

T h e benef i ts o f scient i f ic research have o u t w e i g h e d any 
harmfu l resul ts . 

T h e c o n t e x t o f t h r e e o f t h e f o u r i tems is s imi lar a l though t h e 
ques t i on w o r d i n g di f fers f r o m t h e European and U.S. studies ( the 
remain ing i t em was n o t inc luded in these s tud ies) . T h e c o m m o n 
f a c t o r ref lects respec t f o r t h e in ten t ions o f scient ists and a sense 
t h a t scient ists p r o v i d e useful resul ts and p r o d u c t s f o r society. A 
s t reng th o f s t ruc tu ra l analysis is t h a t i t l ooks at a t t i tud ina l d i m e n -
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T A B L E 2 9 
C o n f i r m a t o r y F a c t o r A n a l y s i s o f A t t í t u d e s , 
J a p a n , 1991 

Attítudes 
Promise of 

Science 
Dimensión 

Reservation 
About 

Science 
Dimensión 

Proportion 
of Variance 
Explained 

W i t h the application of science and 
new techno logy, w o r k wi l l be-
come more interesting . . . . 

Compute rs and factory automat ion 
wi l l créate mo re jobs than they 
wi l l elimínate 

Scientists are seeking t o benefit hu
man beings 

The benefits of scientific research 
have outweighed any harmful re
sults 

Science makes our way of life change 
t o o fast 

W e depend t o o much on science 
and n o t enough on faith . . . 

Because o f the i r knowledge, scien
tif ic researchers have a power 
that makes t hem dangerous 

.67 

.45 

.44 

.36 .24 

.76 

.64 

.26 

.45 

.21 

.19 

.15 

.58 

.42 

.07 

%2 = 13.5/9 degrees of f reedom; Roo t Mean Square Er ror o f Approx ima t ion 
(RMSEA) = .02; 

Upper l imi t o f the 90% confidence interval fo r RMSEA = .038; Factor I and Factor 
2 are corre lated at - . 2 2 ; 

N u m b e r o f Cases = 1,427 

The i tem was "Fo r each statement, please tel l me if you strongly agree, agree, 
disagree, o r strongly disagree". 

sions t h a t may be s imi lar regardless o f var ia t ions in t h e w o r d i n g o f 
t h e ques t ions . 

A second f a c t o r was def ined by f o u r i tems, inc lud ing a negat ive 
loading f o r o n e o f t h e i tems t h a t loaded o n t h e first d i m e n s i ó n . 
Th is second d imens ión inc luded i tems express ing c o n c e r n a b o u t 
science and t echno logy . T h e f o u r i tems are: 

T h e benef i ts o f scient i f ic research have o u t w e i g h e d any 
ha rmfu l resul ts (negat ively c o r r e l a t e d ) . 

Science makes o u r way o f life change t o o fast. 

W e depend t o o m u c h o n science and n o t enough o n 
fa i th . 

Because o f t h e i r k n o w l e d g e , scient i f ic researchers have 
a p o w e r t h a t makes t h e m dangerous. 
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T h e p a t t e r n f o u n d in t h e data is cons is ten t w i t h t h e resul ts f r o m 
Europe and t h e U.S. T h e f i r s t f a c t o r re f lects a set o f i tems w o r d e d 
in pos i t i ve o r o p t i m i s t i c t e r m s and t h e second f a c t o r inc ludes a set 
o f i tems express ing c o n c e r n w i t h , o r reserva t ions abou t , science 
and t e c h n o l o g y . These t w o fac to rs w e r e w e a k l y and negat ively 
c o r r e l a t e d in t h e Japanese data, w i t h a c o r r e l a t i o n o f - . 2 2 . Th is 
re la t ionsh ip means t h a t an indiv idual w i t h a high sco re o n t h e f i r s t 
d imens ión has an a lmos t equal p robab i l i t y o f having a l o w o r a high 
sco re o n t h e second fac to r , and v ice versa. 

C a n a d á 

In c o m p a r i s o n w i t h t h e o t h e r s tud ies, t h e Canadian s tudy inc luded 
f e w e r a t t i t u d e i tems. A series o f c o n f i r m a t o r y f a c t o r analyses f o u n d 
t w o d imens ions in t h e Canadian data. O n l y t w o i tems loaded o n 
a d imens ión re f lec t ing t h e p r o m i s e o f science and t e c h n o l o g y (see 
Tab le 30) w h i l e f o u r i tems loaded o n a d imens ión re f lec t ing 
c o n c e r n s and reserva t ions . 

T A B L E 3 0 
C o n f i r m a t o r y F a c t o r A n a l y s i s o f A t t i t u d e s , 
C a n a d á , 1989 

Attitudes 
Promise of 

Science 
Dimensión 

Reservation 
about 

Science 
Dimensión 

Proportion 
of Variance 
Explained 

O n balance, the benefits of scientific 
research have outweighed the 
harmful results 

Science and technology are making 
our lives healthier, easier, and 
more comfor tab le 

Science makes our way of life change 
t o o fast 

W e depend t o o much on science 
and n o t enough on faith . . . 

It is no t impor tan t f o r me t o k n o w 
about science in my daily life . 

Because of the i r knowledge, sclen
tists have a p o w e r that makes 
them dangerous 

.68 

.27 

.65 

.64 

.40 

.38 

.46 

.07 

.42 

.41 

.16 

.14 

X2 = 5.3/7 degrees of f reedom; Roo t Mean Square Er ro r of Approx ima t ion 
(RMSEA) = .00; 

Upper l imi t of the 90% confidence interval fo r RMSEA = .023; Factor I and Factor 
2 are corre lated at .59; 

N u m b e r o f Cases = 2,000 

"For each statement, please tel l me if you strongly agree, agree, disagree, o r 
strongly disagree". 
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T h e t w o i tems re f lec t ing t h e p r o m i s e o f science are : 

O n balance, t h e benef i ts o f scient i f ic research have 
o u t w e i g h e d t h e ha rmfu l resul ts . 

Science and t e c h n o l o g y a re mak ing o u r lives heal th ier , 
easier, and m o r e c o m f o r t a b l e . 

T h e f o u r i tems re f lec t ing c o n c e r n s and reserva t ions are: 

Science makes o u r w a y o f l ife change t o o fast. 

W e depend t o o m u c h o n science and n o t enough o n 
fa i th . 

I t is n o t i m p o r t a n t f o r m e t o k n o w a b o u t science in 
m y dai ly l ife. 

Because o f t h e i r k n o w l e d g e , scient ists have a p o w e r 
t h a t makes t h e m dangerous . 

T h e t w o fac to rs w e r e c o r r e l a t e d negat ively at - . 5 9 , re f lec t ing a 
po la r i t y o f v iews s imi lar t o t h o s e f o u n d in t h e U n i t e d States. 

Developing Schemas for Science and Technology 

Schemas are essential in each individual 's ef for ts t o receive, organize, 
and make sense o f t h e c o m p l e x In fo rmat ion available daily in t h e 
broadcast and p r i n t media o f m o d e r n industr ia l and scientif ically 
advanced societ ies. Some individuáis are m o r e skil lful in cons t ruc t ing 
n e t w o r k s o f conc re te and abst ract schemas than o the rs . Psycholo-
gists o f ten re fer t o these di f ferences in In fo rmat ion processing and 
ut i l izat ion as menta l abi l i ty (S ternberg 1985, 1988). 

People have schemas f o r s imple tasks (such as d r i v ing an a u t o m o -
bi le in t ra f i le ) and f o r c o m p l e x o r abs t rac t tasks (such as unde r 
s tand ing t h e impac t o f sc ience o n soc ie ty ) . Schemas help indiv iduáis 
t o ac t in n o r m a l o r r e c u r r e n t s i tua t ions by f i l t e r ing o r channel ing 
t h e I n f o r m a t i o n re levan t f o r p e r f o r m i n g t h e r e q u i r e d task eff i -
c ient ly . Fo r examp le , w h e n a d r i v e r sees l ights in t h e f o r m o f an 
a r r o w , t h e d r i v e r w i l l t u r n in t h a t d i r e c t i o n and may s l o w t h e 
veh ic le t o e x e c u t e a t u r n safely w i t h o u t engaging in a lengthy, 
f o r m a l reason ing p rocess . T h e obse rva t i on o f t h e l ighted a r r o w 
act ivates p r i o r exper iences and k n o w l e d g e , br ing ing i n t o s h o r t -
t e r m m e m o r y a set o f a l te rna t i ve exp lanat ions and associated 
behav io rs . 
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O n l y nov ices w h o are in t h e process o f acqu i r ing o r re in fo rc ing 
schemas need t o engage in a consc ious t ra in o f t h o u g h t be fo re 
tak ing ac t i on , w h i l e e x p e r t s , in t h e p resence o f cer ta in data o r a 
par t i cu la r s i tua t ion , act ivate t h e c o r r e s p o n d i n g schema and r e -
spond immed ia te ly . T o d o o t h e r w i s e w o u l d resu l t in a loss in 
p e r f o r m a n c e (D rey fus and Drey fus 1986). I t is main ly in unexpec t -
ed c i rcumstances , l ike cr ises, b r e a k d o w n s , ma l func t ions , o r t h e 
emergence o f radical i nnova t ions , t h a t indiv iduáis are f o r c e d t o 
make sense o f a s i tua t ion by engaging in act ive cogn i t i ve processes 
o f p rob lem-so l v i ng , and even back t rack ing t o basic schemas. 

Simi lar ly, w h e n an indiv idual reads a news r e p o r t a b o u t a n e w d r u g 
being t es ted o n a large n u m b e r o f animáis w h i c h signif icantly 
reduces t h e d e v e l o p m e n t o f cáncer , t h e I n f o r m a t i o n may be rec-
ognized as a scient i f ic s tudy, and o n e o r m o r e schema re levant t o 
th is sub jec t may be ac t iva ted . A l t h o u g h t h e r e p o r t involves tes ts 
o f a d r u g o n animáis, t h e indiv idual may recogn ize t h a t insights 
gained f r o m animal studies may lead t o studies w i t h m o r e advanced 
animáis o r w i t h humans, u l t ima te ly resu l t ing in a d r u g t ha t m igh t 
be useful t o f r iends o r fami ly . If t h e indiv idual holds a pos i t i ve 
schema t o w a r d b iomed ica l research , th is r e p o r t may be ¡n te rp re t -
ed op t im is t i ca l l y w i t h an e x p e c t a t i o n o f n e w med ica t ions and 
r e i n f o r c e m e n t t h a t science p roduces th ings t h a t make life heal th ier , 
easier, and m o r e c o m f o r t a b l e . Conve rse l y , if an indiv idual holds a 
negative schema t o w a r d science, o t h e r p r o m i s i n g tes t r e p o r t s t h a t 
fai led t o p r o d u c e m a j o r resul ts may be reca l led. 

T h e f ac to r pa t te rns s u p p o r t t h e v i e w t h a t individuáis ho ld t w o 
p r i m a r y schemas t o w a r d science and techno logy . T h e f i r s t f ac to r 
f o u n d in each s tudy rep resen ts t h e p r o m i s e o f science and t e c h n o l 
ogy. I tems in t h e f a c t o r re f lec t t h e j u d g m e n t t ha t science and 
t e c h n o l o g y have i m p r o v e d t h e qual i ty o f l ife, w i t h t h e imp l i c i t 
assumpt ion o f c o n t i n u a t i o n , o r t h a t f u t u r e benef i ts are l ikely. T h e 
exac t w o r d i n g di f fers f r o m s tudy t o s tudy b u t resul ts in t h e same 
a t t i tud ina l d imens ión a bel ief t h a t science and t e c h n o l o g y p r ov i de , 
and w i l l c o n t i n u é t o p r o v i d e , benef i ts t o i m p r o v e t h e qual i ty o f l ife. 

T h e second f ac to r f o u n d in each s tudy represen ts reserva t ions 
a b o u t science and t echno logy . I tems in t h e f a c t o r express conce rns 
a b o u t t h e speed o f change in m o d e r n life and a sense t ha t science 
may, at t imes , pose conf l ic ts w i t h t rad i t i ona l valúes o r bel ief 
systems. T h e w o r d i n g and s o m e t i m e s t h e I tems di f fer sl ightly, b u t 
th is f ac to r ref lects a s imi lar a t t i tud ina l rese rva t i on . 

T h e cogn i t i ve science and social psycho logy l i t e ra tu re o n t h e f o r -
m a t i o n and use o f schemas indicates t h a t ¡t is reasonable t o e x p e c t 
t o f ind a ful l a r ray o f possib le comb ina t i ons o f these t w o schemas. 
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Individuáis may have a s t r o n g p r o m i s e schema and a w e a k reser -
va t ion schema, leading t h e m t o reac t pos i t ive ly t o sc ience news . 
A l t e rna t i ve l y , indiv iduáis may have a w e a k p r o m i s e schema and a 
s t r o n g rese rva t i on schema, leading t h e m t o reac t negat ively t o 
science news . Add i t i ona l l y , i t is possible f o r an indiv idual t o have 
a s t r o n g pos i t i ve schema and a s t r o n g negat ive schema, recogn iz ing 
b o t h t h e substant ia l p r o m i s e o f science and t e c h n o l o g y and t h e 
o p p o r t u n i t i e s f o r substant ia l h a r m f r o m scient i f ic and , especial ly, 
techno log ica l act iv i t ies. I t is l ikely t h a t many peop le have w e a k 
p r o m i s e and w e a k rese rva t i on schemas, and fuzzy images a b o u t 
t h e m (in t h e techn ica l sense o f fuzzy set t h e o r y ) , re f lec t ing l im i ted 
expe r i ence o r I n f o r m a t i o n and given t h e i r m in ima l unde rs tand ing 
o f science and t e c h n o l o g y (Zadeh 1987). 

T h e f o u r nat iona l data sets p r o v i d e an i m p o r t a n t o p p o r t u n i t y t o 
examine empi r i ca l l y t h e d i s t r i bu t i on o f these t w o schemas. T o 
p r o v i d e a c o m m o n m e t r i c f o r c o m p a r i s o n , a f a c t o r sco re was 
c o m p u t e d f o r each schema o n each o f t h e f o u r data sets. Th is 
sco re was t h e n c o n v e r t e d t o a z e r o t o 100 m e t r i c l3. T h e large 
n u m b e r o f c o m m o n i tems a l lows th is s imple c o n v e r s i ó n t o re ta in 
t h e concep tua l c o n t e n t o f each d imens ión wh i l e express ing t h e 
resul ts o n a s imp ler , b u t comparab le , me t r i c . 

A Posi t ive S c h e m a fo r S c i e n c e a n d T e c h n o l o g y 

T h e mean s c o r e o n t h e I ndex o f Scient i f ic P r o m i s e w a s 69 in 
t h e Eu ropean U n i o n , 68 in t h e U n i t e d States, 55 in Japan, and 72 
in Canadá (see Tab le 31 ) . T h e m a r k e d l y l o w e r level o f pub l ic 
be l ie f in t h e p r o m i s e o f sc ience in Japan appears t o be a r e f l e c t i o n 
o f a l o w e r level o f sc ient i f i c o p t i m i s m w h i c h is c o n s i s t e n t 
w i t h a l o w e r level o f o p t i m i s m and sat is fac t ion o n t h e p a r t o f 
t h e Japanese in o t h e r áreas o f l i fe r a t h e r t h a n t h e resu l ts o f 
m e a s u r e m e n t issues. 

T h e level o f bel ief in t h e p r o m i s e o f science and t echno logy , in all 
f o u r soc iet ies, is h ighest a m o n g ci t izens w i t h a un ivers i t y educa t i on 
and l o w e s t a m o n g c i t izens w h o d id n o t c o m p l e t e secondary e d u 
ca t i on . T h e assoc ia t ion b e t w e e n bel ief in t h e p r o m i s e o f science 
and t e c h n o l o g y and t h e level o f f o r m a l educa t ion was stat ist ical ly 
signif icant on l y in Canadá. T h e level o f civic scient i f ic l i te racy was 
pos i t ive ly associated w i t h bel ief in t h e p r o m i s e o f science and 
t e c h n o l o g y in t h e U.S. (5 po in ts o f d i f fe rence b e t w e e n t h e t w o 
e x t r e m e s o f civic scient i f ic l i te racy) , Japan (10 po in ts o f d i f fe rence) . 

13 The conversión assigned a score of zero fo r the factor score reflecting the 
lowest level o f agreement w i t h a dimensión and a score of 100 fo r the highest 
possible level of agreement w i t h a dimensión. 
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T A B L E 3 I 
M e a n S c o r e s o n t h e I n d e x o f S c i e n t i f i c P r o m i s e 

Variable 

Scientific Promise Index 

Europe United 
States Japan Canadá 

Al l Adul ts 69 68 55 72 

LEVEL O F F O R M A L E D U C A T I O N 

Comple ted Less than Secondary 
Comple ted Secondary 
Post Secondary 

68 
69 
71 

63 
68 
71 

54 
55 
56 

68 
75 
84 

GENDER 
Female . . 
Male . . . 

68 
70 

67 
69 

54 
55 

68 
76 

A G E 

18 through 29 Years 
30 through 39 Years 
40 through 49 Years 
50 through 64 Years 
65 o r Mo re Years . . 

69 
69 
70 
71 
68 

67 
69 
69 
69 
66 

53 
53 
54 
56 
57 

70 
74 
73 
75 
69 

CIVIC SCIENTIFIC LITERACY 

W e l l In formed 
Moderate ly W e l l Informed . . 
N o t W e l l In formed 

70 
69 
69 

72 
69 
67 

64 
58 
54 

84 
80 
69 

ATTENTIVENESS T O SCIENCE 
A N D T E C H N O L O G Y POLICY 

At tent ive Public 
Interested Public 
Residual Public 

74 
72 
67 

74 
69 
65 

56 
59 
54 

79 
74 
69 

N u m b e r o f Cases 6,122 2,006 ,457 2,000 

and Canadá (15 po in t s o f d i f fe rence) . N o signi f icant d i f fe rence 
ex is ted a m o n g Europeans. 

T h e a t t en t i ve publ ic in Europe , t h e U.S., and Canadá expressed a 
s t r o n g e r bel ie f in t h e p r o m i s e o f science and t e c h n o l o g y than 
n o n - a t t e n t i v e c i t izens o r t h e residual publ ic . T h e d i f fe rence in 
pe rcep t i ons o f p r o m i s e b e t w e e n t h e t w o e x t r e m e s o f t h e scale o f 
a t ten t iveness w e r e 7 po in ts in Eu rope , 9 po in ts in t h e U.S., and 10 
po in ts in Canadá. 

T h e European U n i o n and N o r t h A m e r i c a n resul ts indícate a high 
leve! o f soc ie ta l o p t i m i s m a b o u t t h e ach ievements and p romises o f 
science and t echno logy . T h e d i s t r i b u t i o n o f t h e pos i t i ve schema 
t o w a r d sc ience and t e c h n o l o g y was n o r m a l in all f o u r soc ie t ies . 
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A N e g a t í v e S c h e m a fo r S c i e n c e a n d T e c h n o l o g y 

T h e mean sco re o n t h e Index o f Scient i f ic Reserva t ion was 58 in 
t h e European U n i o n , 39 in t h e U n i t e d States, and 56 in Japan and 
Canadá (see Tab le 32) . In c o n t r a s t t o t h e d i s t r i b u t i o n o n t h e 
p r o m i s e schema, th is p a t t e r n suggests t h a t t h e ci t izens o f Eu rope , 
Japan, and Canadá ho ld m o d e r a t e l y high levéis o f rese rva t i on a b o u t 
t h e p resen t and po ten t i a l negat ive consequences o f science and 
techno logy . T h e signi f icant ly l o w e r level o f rese rva t ion f o u n d in t h e 
U n i t e d States is cons is ten t w i t h a l i t e ra tu re po in t i ng t o 50 years 
o f high o p t i m i s m fo r , and l o w c o n c e r n abou t , sc ience and t e c h n o l 
ogy a m o n g A m e r i c a n s (M i l l e r 1983a; Barke 1986; Hughes 1989; 
Te i ch 1990; U.S. Na t i ona l Science Boa rd 1990, 1992, 1994, 1996). 

In all f o u r soc iopo l i t i ca l sys tems, indiv iduáis w i t h t h e l o w e s t levéis 
o f f o r m a l educa t i on exp ressed t h e highest levéis o f rese rva t ion 
a b o u t science and t echno logy . C i t i zens w i t h h igher levéis o f civic 
scient i f ic l i te racy r e p o r t e d signi f icant ly l o w e r levéis o f rese rva t ion 
a b o u t science and t e c h n o l o g y than c i t izens n o t w e l l i n f o r m e d a b o u t 
science. These re la t ionsh ips w e r e s t ronges t in t h e U n i t e d States 
as was f o u n d w i t h t h e Index o f Scient i f ic P romise . T h e d i f ferences 
in mean scores o n t h e Index o f Scient i f ic Reserva t ion f o r t h e t w o 
e x t r e m e s o f t h e scale o f educa t iona l level w e r e I I po in ts f o r 
Eu rope , 24 po in ts f o r t h e U.S., 12 po in ts f o r Japan, and 20 po in ts 
f o r Canadá. 

In t h e U.S. and Canadá, c i t izens w h o w e r e a t ten t i ve t o science and 
t e c h n o l o g y po l i cy r e p o r t e d signif icant ly l o w e r levéis o f rese rva t ion 
a b o u t t h e impac t o f sc ience and t e c h n o l o g y than non -a t t en t i ve 
c i t izens o r t h e residual publ ic ( w i t h a d i f fe rence o f 12 po in ts f o r 
t h e U.S. and 14 po in ts f o r Canadá) . In Eu rope and Japan, a t ten t i ve 
and i n te res ted c i t izens w e r e on l y sl ight ly less c o n c e r n e d a b o u t t h e 
side effects and negat ive impac t o f science and t e c h n o l o g y than t h e 
residual publ ic . 

In all f o u r soc ie t ies , w o m e n w e r e sl ight ly m o r e l ikely t o ho ld 
reserva t ions a b o u t science and t e c h n o l o g y t han m e n . T h e margins 
o f d i f fe rence w e r e smal l and m o s t o f these o b s e r v e d d i f ferences 
may be a c c o u n t e d f o r by d i f ferences in educat iona l a t t a inmen t . 
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T A B L E 3 2 

M e a n S c o r e s o n t h e I n d e x o f S c i e n t i f i c R e s e r v a t i o n 

Variable 

Scientific Promise Index 

Europe United 
States Japan Canadá 

Al l Adul ts 58 39 56 56 

LEVEL OF FORMAL E D U C A T I O N 

Completed Less than Secondary 
Comple ted Secondary 
Post Secondary 

64 
57 
53 

51 
39 
27 

62 
55 
50 

60 
52 
40 

GENDER 
Female . . 
Male . . . 

60 
57 

40 
38 

57 
55 

58 
53 

AGE 

18 through 29 Years 
30 through 39 Years 
40 through 49 Years 
50 through 64 Years 
65 o r More Years . . 

53 
55 
58 
62 
64 

30 
38 
36 
39 
45 

54 
52 
56 
58 
63 

45 
54 
58 
60 
61 

CIVIC SCIENTIFIC LITERACY 

W e l l Informed 
Moderately W e l l Informed . . 
N o t W e l l Informed 

46 
55 
62 

24 
30 
42 

45 
55 
56 

39 
45 
59 

ATTENTIVENESS T O SCIENCE 
A N D T E C H N O L O G Y POLICY 

At tent ive Public 
Interested Public 
Residual Public 

57 
57 
60 

30 
38 
42 

54 
52 
57 

45 
54 
59 

Number of Cases 6,122 2,006 1,457 2,000 

L i n k s to S p e c i f i c P o l i c y P r e f e r e n c e s 

I t is reasonable t o expec t t ha t m o s t people ho ld s imul taneously one 

schema f o r t h e achievements and p rom ise o f science and techno logy 

and ano the r schema f o r harmfu l and pol i t ical ly harmfu l results f r o m 

science o r techno logy , a l though these schemas d o n o t necessarily 

car ry an equal we igh t in all societ ies. T o exp lo re t h e ro le o f these 

schemas in processing In fo rmat ion and fo rmu la t ing specific pol icy 

at t i tudes, i t is useful t o examine t h e responses o f individuáis in all 

f o u r sociopol i t ica l systems t o t he s ta tement14 tha t [ gove rnmen t ] 

14 In the European, U.S., and Japanese studies, the same statement was used 
w i t h a varying reference t o government . In the U.S. study, the t e r m Federal 
Government was inserted into the quest ion, whi le a more generic reference t o 
the national government was employed in the European and Japanese studies. In 
all th ree of these studies, the respondents we re asked if they strongly agreed, 
agreed, disagreed, o r strongly disagreed w i t h the statement, and don't know o r not 
sure responses we re coded in to a middle category, producing a five-category 
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"shou ld p rov ide s u p p o r t f o r basic scientif ic research even if i t 
p roduces n o immed ia te benef i ts" . A n ove rwhe lm ing ma jo r i t y o f 
adults suppo r ted t h e v i e w t ha t t h e nat ional g o v e r n m e n t should 
p rov ide s u p p o r t f o r basic scientif ic research. T h e level o f s u p p o r t 
was highest in Japan and Canadá, w i t h 86% and 8 8 % o f adul ts, 
respect ively, indicat ing t h a t they w o u l d l ike t he g o v e r n m e n t t o p r o 
v ide, o r con t i nué t o p rov ide , s u p p o r t f o r basic scientif ic research 
(see Table 33) . T h e s u p p o r t was 80% among Europeans and 78% in 
t h e U.S. 

T h e level o f f o r m a l educa t i on and t h e level o f civic scient i f ic l i te racy 
w e r e pos i t i ve ly associated w i t h s u p p o r t f o r g o v e r n m e n t fund ing o f 
basic scient i f ic research in all f o u r societ ies. C i t i zens w h o w e r e n o t 
i n te res ted in sc ience and t e c h n o l o g y po l i cy issues w e r e t h e least 
s u p p o r t i v e in all f o u r soc iopo l i t i ca l systems. Men w e r e sl ight ly 
m o r e l ikely t o s u p p o r t g o v e r n m e n t spending f o r basic scient i f ic 
research t han w e r e w o m e n . 

A set o f s t r uc tu ra l equa t ion mode l s was c o n s t r u c t e d t o e x p l o r e 
t h e impac t o f t h e t w o schemas—promise in science and d o u b t s 
a b o u t sc ience~ in deve lop ing and main ta in ing a specif ic po l icy 
p re fe rence in rega rd t o g o v e r n m e n t s u p p o r t f o r basic scient i f ic 
research (see Figures I I , 12, 13, and 14). I t is essential t o examine 
t h e marginal impac t o f these schema in a m u l t i v a h a t e c o n t e x t , 
tak ing i n t o a c c o u n t t h e c o n f i g u r a r o n o f social and educat iona l 
fac to rs since these t w o schemas are t h e p r o d u c t o f a c o m p l e x set 
o f demograph i c and educat iona l fac to rs . 

T h e in te rven ing re la t ionsh ips b e t w e e n t h e t w o schemas and 
a t t i tudes t o w a r d g o v e r n m e n t spend ing f o r basic scient i f ic research 
i l lus t ra te i m p o r t a n t d i f ferences in t h e f o u r societ ies. In Eu rope , a 
s t r o n g scient i f ic p r o m i s e schema was t h e m o s t signif icant p r e d i c t o r 
o f c i t izen approva l o f g o v e r n m e n t spending f o r basic scient i f ic 
research (see Figure I I and Tab le 34) . European adul ts f avo r 
g o v e r n m e n t spending f o r research as a means o f i m p r o v i n g t h e 
qual i ty o f l ife. T h e level o f rese rva t i on a b o u t t h e impac t o f science 
and t e c h n o l o g y is signif icant ly h igher a m o n g European adul ts t han 
U.S. adul ts , b u t i t is v i r tua l l y un re la ted t o a t t i t ude t o w a r d gov 
e r n m e n t spend ing f o r scient i f ic research. Th is is comparab le t o t h e 

ordinal variable. In the Canadian study, the question was no t asked, but the study 
did ask Canadians if they thought that thei r national [federal] government was 
spending too little, too much, o r about the right amount on basic scientific research, 
producing a three-category ordinal variable. The descriptive results repor ted in 
Table 33 include the strongly agree and ogree responses in European, Japanese, 
and U.S. studies and the obout right and too little responses in the Canadian study. 
In the structural equation analyses, all f ive-response categories w e r e retained in 
the European, Japanese, and U.S. data, and all th ree categories w e r e uti l ized in 
the Canadian data. 
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T A B L E 33 
A p p r o v a l o f G o v e r n m e n t S u p p o r t f o r B a s i c S c i e n t i f i c 
a n d T e c h n o l o g i c a l R e s e a r c h 

Variable 

% Strongly Agreeing or Agreeing 

Europe United 
States Japan Canadá 

Al l Adul ts 80 78 86 88 

LEVEL O F F O R M A L E D U C A T I O N 

Comple ted Less than Secondary 
Comple ted Secondary 
Post Secondary 

67 
83 
89 

67 
79 
87 

81 
86 
93 

85 
89 
98 

GENDER 
Female . . 
Male . . . 

77 
83 

77 
79 

83 
90 

84 
91 

A G E 

18 through 29 Years 
30 through 39 Years 
40 through 49 Years 
50 through 64 Years 
65 o r Mo re Years . . 

78 
85 
84 
80 
71 

86 
84 
78 
72 
65 

86 
86 
88 
88 
84 

84 
90 
89 
87 
92 

CIVIC SCIENTIFIC LITERACY 

W e l l In formed 
Moderate ly W e l l In formed . . 
N o t W e l l In formed 

91 
87 
74 

90 
87 
75 

96 
94 
85 

98 
93 
86 

ATTENTIVENESS T O SCIENCE 
A N D T E C H N O L O G Y POLICY 

At ten t ive Public 
Interested Public 
Residual Public 

91 
89 
73 

83 
85 
70 

89 
96 
84 

92 
90 
84 

Number o f Cases = 6,122 2,006 1,457 2,000 

ind iv idual w h o has a m o d é r a t e level o f anx ie ty a b o u t f ly ing in an 
a i rp lane b u t recogn izes t h e speed and conven ience o f a i r t r a n s p o r 
t a r o n and t rave ls by air . 

In t h e U n i t e d States, t h e sc ient i f ic p r o m i s e and sc ient i f i c rese r 
v a t i o n schemas d isp lay a c lear , b u t d i f f e r e n t i a t e d , r e l a t i onsh ip 
w i t h c i t i zens -po l i cy a t t i t u d e f o r g o v e r n m e n t s u p p o r t o f basic 
sc ient i f i c r esea rch (see Figure 12 and Tab le 34 ) . Th i s m o d e l 
ind ica tes t h a t c i t i zens w h o have a s t r o n g be l ie f in t h e p r o m i s e o f 
sc ience and t e c h n o l o g y and re la t i ve l y l i t t l e r e s e r v a t i o n a b o u t t h e 
i m p a c t o f sc ience and t e c h n o l o g y w e r e s ign i f icant ly m o r e l ike ly 
t o a p p r o v e o f g o v e r n m e n t spend ing f o r basic sc ient i f i c r esea rch . 
I t r e f l e c t e d t h e negat ive c o r r e l a t i o n b e t w e e n t h e p r o m i s e and 
t h e r e s e r v a t i o n schemas in t h e U.S. data . Th i s m o d e l suggests 
t h a t t h e s e t w o schemas o p é r a t e separa te ly , b u t n o t i n d e p e n d -
en t l y . 
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T A B L E 34 
E f f e c t o f A g e , E d u c a t í o n , a n d G e n d e r o n t h e P r e d í c t i o n 
o f A t t i t u d e T o w a r d S u p p o r t f o r B a s i c R e s e a r c h 

Variable 

Estimated Total Effect 

Europe United 
States Japan Ganada 

Age 
Gender (Female is Positive) . 
Educatíon 
Civic Scientific Literacy . . . 
Attent iveness t o Science & 

Technology Policy . . . . 
Science Promise Schema . . 
Science Reservation Schema 

.09 
-.17 
.15 
.22 

.38 

.56 

.08 

.01 
-.03 
.39 
.44 

.13 

.49 
-.42 

.20 
- . 54 

.10 

.10 

.15 

.46 
.42 

-.06 
-.45 
.09 
.13 

.18 

.00 
-.25 

Múlt ip le R2 .49 .63 .51 .30 

N u m b e r of Cases 6,122 2,006 1,451 2,000 

X = 42.4/43 degrees of f reedom; Roo t Mean Square Er ro r of Approx imat ion 
(RMSEA) = .00; 

Upper l imit o f the 90% confidence interval of RMSEA = .011 

In Japan, t h e t w o schema ¡I lústrate t h e un ique s u p p o r t f o r science 
and t e c h n o l o g y a m o n g its c i t izens. B o t h t h e scient i f ic p r o m i s e 
schema and t h e scient i f ic r ese rva t i on schema are pos i t i ve ly re la ted 
t o approva l o f g o v e r n m e n t spend ing f o r scient i f ic research . T h e 
mean Japanese sco re o n t h e Index o f Scienti f ic P romise was 55 and 
t h e mean sco re o n t h e Index o f Scient i f ic Reserva t ion was 56, b u t 
8 6 % o f Japanese adul ts vo i ced approva l f o r g o v e r n m e n t spending 
f o r scient i f ic research (see Figure 13 and Tab le 34) . T h e f ind ing 
t h a t science and t e c h n o l o g y po l i cy is a l o w sal ience issue suggests 
t h a t Japanese adul ts d o n o t have s t r o n g , crys ta l l ized feel ings a b o u t 
t h e p r o m i s e o r t h e dangers o f sc ience and techno logy . H o w e v e r , 
t h e y may a t t r i b u t e t o sc ience and t e c h n o l o g y s o m e respons ib i l i t y 
f o r t h e s t r o n g g r o w t h o f Japanese i ndus t r y in r ecen t decades. 
S u p p o r t f o r science research may have b e c o m e a social and soc io -
po l i t ica l e x p e c t a t i o n in Japan in t h e p o s t - w a r p e r i o d , b u t w i t h o u t 
a c lear cogn i t i ve f o u n d a t i o n o f associated schemas. T h e pos i t ive 
t o t a l ef fect (.20) b e t w e e n age and approva l o f g o v e r n m e n t spending 
f o r scient i f ic research in Japan s u p p o r t s th is i n t e r p r e t a t i o n . 

In Canadá, t h e best p r e d i c t o r o f approva l o f g o v e r n m e n t spending 
f o r scient i f ic research was a r e j ec t i on o f c o n c e r n a b o u t science 
and t e c h n o l o g y (see Figure 14 and Tab le 34) . I t is i m p o r t a n t t o 
r e m e m b e r t h a t Canadian adul ts had a h igher mean sco re , 72 , o n 
t h e Index o f Scienti f ic P romise t h a n Europe , t h e U. S., o r Japan and 
t h a t 8 8 % o f Canadians a p p r o v e d g o v e r n m e n t spending f o r scient i f ic 
research . T h e m o d e l had l im i ted var iance t o p red ic t , g iven these 
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Gender 

F I G U R E I I : 
A P a t h M o d e l t o P r e d i c t A t t i t u d e s t o w a r d 
G o v e r n m e n t S p e n d i n g f o r B a s i c S c i e n t i f i c R e s e a r c h , 
E u r o p e a n U n i o n , 1992 

Promise 

F I G U R E 12: 
A P a t h M o d e l t o P r e d i c t A t t i t u d e s t o w a r d 
G o v e r n m e n t S p e n d i n g f o r B a s i c S c i e n t i f i c R e s e a r c h , 
U n i t e d S t a t e s , 1995 
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Attitude 1 

Concern 

F I G U R E 13: 
A P a t h M o d e i t o P r e d i c t A t t í t u d e s t o w a r d 
G o v e m m e n t a l S p e n d í n g f o r B a s i c S c i e n t i f i c 
R e s e a r c h , J a p a n , 1991 

• CSL » APST 

F I G U R E 14: 
A P a t h M o d e í t o P r e d i c t A t t i t u d e s t o w a r d 
G o v e r n m e n t S p e n d i n g f o r B a s i c S c i e n t i f i c 
R e s e a r c h , C a n a d á , 1989 



Public Attitudes Toward Science and Technology | 05 

pa rame te r s , so t h e f a c t o r t h a t d is t inguished approva l f r o m dis-
approva l was a l o w level o f r ese rva t i on , o r c o n c e r n , a b o u t t h e 
impac t o f sc ience and t echno logy . Bel ief in t h e p r o m i s e o f science 
was n o t a g o o d p r e d i c t o r o f t h e spend ing a t t i t ude s ince i t was so 
pervasive a m o n g Canad ian adul ts . 

These mode l s p r o v i d e insights i n t o t h e social and po l i t i ca l c o n t e x t 
o f a specif ic po l i cy p re fe rence . T h e c o m b i n e d effects o f f o r m a l 
educa t l on and t h e d e v e l o p m e n t o f clvlc sclent i f ic l i te racy have 
substant ia l Inf luence in t h e U n i t e d States, b u t s igni f icant ly less 
impac t in t h e o t h e r t h r e e soc iet ies. Th is appears t o re f lec t s o m e 
o f t h e d i f ferences in access t o h igher educa t i on genera l ly , and t o 
un ivers i ty - leve l sc ience i n s t r u c t i o n in par t i cu la r , in E u r o p e , Japan, 
and Canadá. In Japan and Canadá, gende r is a m a j o r p r e d i c t o r o f 
a t t i t ude t o w a r d g o v e r n m e n t spend ing f o r scient i f ic research , h o l d 
ing cons tan t d i f ferences in educa t i on and o t h e r fac to rs . 

T h e c o m p l e x , b u t c o m p r e h e n s i b l e , e n v i r o n m e n t in w h i c h po l i cy 
a t t i t udes a re f o r m e d and ma in ta ined is in f luenced by se lec ted 
d e m o g r a p h i c charac ter is t i cs and genera l a t t i t u d e schemas o n spe
cif ic po l i cy a t t i t udes . T h e i tems in these f o u r s tudies f o r m mean ing-
ful d imens ions re f lec t ing cogn i t i ve and a t t i tud ina l schemas t h a t 
indiv iduáis use in f o r m i n g op in ions o n sc ience and t e c h n o l o g y 
po l i cy issues. These resu l ts d e m ó n s t r a t e b o t h t h e feasib i l i ty and 
t h e valué o f th is k ind o f research par t i cu la r l y t h r o u g h t h e analysis 
o f c o n t r o v e r s i a l sc ience and t e c h n o l o g y po l i cy issues. 





CHAPTER VI 

AN AGENDA FOR FUTURE RESEARCH 





Th is m o n o g r a p h has exam ined t h e s t r u c t u r e o f publ ic i n t e res t in 
science and t echno logy , t h e level o f publ ic unders tand ing o f basic 
scient i f ic c o n c e p t s , and t h e s t r u c t u r e and c o n t e n t o f publ ic a t t i t udes 
t o w a r d sc ience and t echno logy . I t is i m p o r t a n t t o r e v i e w t h e m a j o r 
substant ive fmdings and o u t l i n e an agenda f o r f u t u r e research . 

Principal Fíndings 

T h e level o f pub l ic i n t e res t in n e w scient i f ic and medica l d i scover -
ies, n e w inven t ions and techno log ies , and e n v i r o n m e n t a l issues 
was re la t ive ly high in Eu rope , t h e U n i t e d States, and Canadá. In 
t h e marke tp l ace f o r t i m e and a t t e n t i o n , science and t e c h n o l o g y 
c o m p e t e d re la t ive ly ef fect ively. T h e l o w e r level o f i n te res t in these 
issues in Japan appears t o re f lec t a c o m b i n a t i o n o f cu l tu ra l and 
po l i t ica l f ac to rs . 

T h e level o f publ ic unders tand ing o f basic scient i f ic concep ts was 
re la t ive ly l o w in t h e f o u r societ ies s tud ied . Based o n t h e Index o f 
C iv ic Scient i f ic L i te racy , a p p r o x i m a t e l y o n e in 10 adul ts in t h e 
U n i t e d States and o n e in 20 Eu ropean , Japanese, and Canadian 
c i t izens w e r e w e l l i n f o r m e d , o r civic scient i f ical ly l i te ra te . Th is 
finding raises ser ious ques t ions a b o u t t h e abi l i ty o f c i t izens t o 
c o m p r e h e n d t h e a rgumen ts in m a j o r scient i f ic c o n t r o v e r s i e s , and 
argües s t rong l y f o r r e n e w e d e f fo r t s t o i m p r o v e t h e qual i ty and 
effect iveness o f sc ience and t e c h n o l o g y educa t i on in all coun t r i es . 

It is i m p o r t a n t t o recogn ize t ha t t w o d is t inc t schemas, t h e p r o m i s e 
o f science and t e c h n o l o g y and reserva t ions a b o u t t h e impac t o f 
science and t e c h n o l o g y , o p é r a t e s imu l taneous ly in t h e m inds o f 
m o s t indiv iduáis in m o d e r n indust r ia l societ ies even w i t h d i f i e ren -
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t ia l we igh ts and c o m b i n a t i o n s in t h e va r ious social g roups and 
soc iet ies. A n issue may act ívate o n e schema, wh i l e a n o t h e r issue 
may act ívate a n o t h e r schema. Analys is o f these f o u r soc iopo l i t i ca l 
systems revealed t h a t substant ia l ma jo r i t i es o f adul ts in Europe , 
t h e U n i t e d States, and Canadá be l ieved in t h e p r o m i s e o f science 
and technoiogy, wh i ch ref lects a posi t ive assessment o f past achieve-
men ts . Relat ively f e w A m e r i c a n s had reserva t ions a b o u t t h e impac t 
o f science and t echno iogy , a l though a substant ia l p r o p o r t i o n o f 
Eu ropean , Japanese, and Canadian ci t izens expressed conce rns . 
These conce rns ex i s ted a longside high levéis o f e x p e c t a t i o n in 
science and t e c h n o i o g y d e v e l o p m e n t and d id n o t r ep resen t an 
ant i -sc ience s e n t i m e n t so m u c h as war iness . T h e a t t i t ude o f t h e 
publ ic m u s t be taken i n t o accoun t , o r appl icat ions o f n e w scient i f ic 
d iscover ies and techno log ies in sensi t ive áreas (b iomed ica l sc ience, 
genet ic eng ineer ing, I n f o r m a t i o n techno log ies t h a t i n t r u d e i n t o t h e 
pr íva te sphere , megapro jec ts o f high e n v i r o n m e n t a l impac t ) may 
be sub jec t t o an increase in t h e level o f d o u b t o r in adversar ia l 
ac t i on f r o m issue g r o u p s and m o v e m e n t s . 

Science and t e c h n o i o g y po l i cy m u s t c o m p e t e w i t h o t h e r publ ic 
po l i cy issues and w i t h social and rec rea t iona l act iv i t ies f o r t h e 
a t t e n t i o n o f c i t izens. Inevi tably, a p rocess o f po l i t ica l and issue 
specia l izat ion occu rs in w h i c h indiv iduáis a l locate re la t ive ly l i t t le 
t i m e o r a t t e n t i o n t o po l i t i ca l issues, w h i c h is re f lec ted in t h e l o w 
rates o f v o t e r pa r t i c i pa t i on in many d e m o c r a t i c pol i t ica l systems. 
T h o s e ci t izens w h o choose t o focus t h e i r t i m e and a t t e n t i o n o n 
publ ic po l i cy m a t t e r s m u s t i nhe ren t l y choose t h e issues. O n e in 10 
Europeans, A m e r i c a n s , and Canadians w e r e a t ten t i ve t o science 
and t e c h n o i o g y po l i cy issues. C i t i zens w h o w e r e a t ten t i ve t o sci 
ence and t e c h n o i o g y po l i cy in all f o u r soc iopo l i t i ca l systems gene-
ral ly had s t r o n g e r bel iefs in t h e p r o m i s e o f science and t e c h n o i o g y 
and l o w e r levéis o f r ese rva t i on a b o u t science and t e c h n o i o g y t han 
o t h e r c i t izens. 

Factors such as age, gender , educat iona l a t t a i nmen t , scient i f ic l i te r -
acy, and issue a t ten t iveness p r o d u c e t w o sc ience- re levant schema 
w h i c h u l t ima te ly in f luence specif ic po l icy p re fe rences . A ser ies o f 
s t r uc tu ra l equa t i on mode l s d o c u m e n t t h e i m p o r t a n t i n t e r m e d i a r y 
r o l e o f these educa t iona l , k n o w l e d g e , a t ten t iveness , and a t t i t u d e 
var iables o n indiv idual po l i cy p re fe rences in regard t o g o v e r n m e n t 
spend ing f o r basic sc ient i f ic research in Eu rope , t h e U n i t e d States, 
Japan, and Canadá. In teres t ing ly , t h e m o s t inf luent ia l f ac to rs a re 
educat iona l and d e m o g r a p h i c in charac te r , áreas n o t easily in f lu-
enced by I n f o r m a t i o n o r adver t i s ing campaigns. 
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Future Research Dírectíons 

T h e expe r ience ob ta i ned in c o n d u c t i n g th is anaiysis highl ights t h e 
i m p o r t a n c e o f establ ishing a cons is ten t m e t h o d o l o g y f o r c o n c e p t 
and w o r d i n g o f i t em sets and c o o r d i n a t i o n o f i n f o r m a t i o n . A d d i -
t iona l ly , t h e substant ive resul ts o f th is anaiysis raise ques t ions and 
issues ind icat ing w h e r e add i t iona l research is t i m e l y and w i l l be 
p r o d u c t i v e . 

M e t h o d o l o g i c a l Issues 

Th is anaiysis ident i f ied t h r e e i m p o r t a n t me thodo log i ca l issues: 
t ime-ser ies data, c ross-na t iona l c o m p a r i s o n , and mu l t i va r ia te anai
ysis. Each is discussed b e l o w . 

T i m e - S e r i e s D a t a . Th is anaiysis was based o n f o u r c ross-sec t ion-
al data sets, each re f lec t ing a single year. Th is anaiysis w o u l d have 
been en r i ched if t h e r e had been adequate t ime-ser ies data available 
f o r compara t i ve anaiysis. T h e c o m m o n a l t i e s a m o n g advanced 
indust r ia l nat ions exceed t h e i r d i f ferences, and i m p o r t a n t lessons 
can be learned f r o m systemat ic and c o n t i n u o u s compar i sons 
a m o n g d i f fe ren t po l i t i ca l , socia l , and educat iona l systems. T h e 
m a j o r indust r ia l c o u n t r i e s w i l l bene f i t f r o m a c o m m i t m e n t t o 
s u p p o r t nat ional s tudies o f t h e publ ic unders tand ing o f science and 
t e c h n o l o g y a t regular in terva ls , w i t h t h e i n t en t i on o f deve lop ing a 
t ime-ser ies data set c o m p a r a b l e t o t h e U.S. Science and Engineeríng 
Indicators. 

C r o s s - N a t i o n a l C o m p a r i s o n . T h e va lué o f c ross -na t i ona l 
c o m p a r i s o n s is h igh l ígh ted in th i s m o n o g r a p h . T o assure re l iab le 
c o m p a r a t i v e es t ima tes , r esea rche rs m u s t d e v e l o p a c o r e set o f 
i t ems as s im i la r as poss ib le in w o r d i n g and s t r u c t u r e . T h e 
d e v e l o p m e n t o f a c o r e set o f i t ems s h o u l d be p a r t o f an o n g o i n g 
d iscuss ion by t h e na t ions i nvo l ved in na t iona l s tud ies o n sc ient i f ic 
l i t e racy . 

M u l t i v a r i a t e A n a i y s i s . These resul ts d e m ó n s t r a t e t h e valué o f 
using a p p r o p r i a t e quan t i ta t i ve techn iques in compara t i ve analyses 
o f nat ional su rvey data. A c o m m i t m e n t shou ld be made t o using 
s ta te -o f - t he -a r t mu l t i va r ia te anaiysis, inc lud ing a p re fe rence f o r 
scales o v e r single i tems and re l iance o n mu l t i va r ia te mode ls t o 
p r o m o t e unders tand ing o f t h e re la t ive c o n t r i b u t i o n o f var ious 
fac to rs . 
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S u b s t a n t i v e Issues 

A n i m p o r t a n t d imens ión t h a t m e r i t s f u t u r e exam ina t i on is t h e 
in te rp lay b e t w e e n ins t i tu t iona l a r rangements and f o r m s o f pa r t i c l -
pa t ion by t h e publ ic in t h e dec is ion-mak ing process in scient i f ic and 
techno log ica l áreas o n o n e hand, and issue a t ten t iveness, a t t i t udes , 
and actual behav io r o f t h e publ ic o n t h e o t h e r . W h i l e studies have 
been c o n d u c t e d in t h e U.S., thís research needs t o be expanded 
t o o t h e r soc iopo l i t i ca l systems, par t i cu la r ly t h e European U n i o n 
w h i c h is e m b a r k i n g o n a path o f c o m p l e x ins t i tu t iona l r e f o r m t h a t 
may resu l t in d i f f e ren t o u t c o m e s (Ml l le r 1983a, 1995, 1996). Th is 
t r a n s f o r m a t i o n may resu l t in a d ramat i c change in t h e m o d e s 
o f gove rnance in Eu rope , w h i c h in t u r n may have a p r o f o u n d 
impac t o n t h e s t r u c t u r e and dynamics o f c i t izen i n v o l v e m e n t in t h e 
po l i cy -mak ing processes l5. 

T h e c o m p l e x i t y o f dec is ion -mak ing in t h e European U n i o n opens 
up an o p p o r t u n i t y t o s tudy t h e in te rac t ions a m o n g t h e ins t i tu t iona l 
d imens ión and s o m e o f t h e cr i t i ca l t op ics in t h e área o f publ ic 
unde rs tand ing o f sc ience, such as issue a t tent iveness t o sc ience and 
t e c h n o l o g y o r publ ic p a r t i c i p a r o n in po l i cy -mak ing . T h e f u t u r e 
research agenda shou ld make r o o m f o r address ing th is cr i t ica l 
charac te r i s t i c o f advanced democrac ies at t h e t u r n o f t h e 20th 
cen tu ry . 

Five substant ive issues m e r i t f u t u r e research : t h e s t r u c t u r e o f 
po l i t ica l sys tems, t h e in f luence o f f o r m a l educa t i on , t h e inf luence 
o f c o n t i n u i n g and i n fo rma l educa t i on , issue a t ten t iveness , and 
mob i l i za t i on t o par t ic ípate . These are discussed b e l o w . 

T h e S t r u c t u r e o f P o l i t i c a l S y s t e m s . T h e resul ts suggest t h a t 
i m p o r t a n t sys temic d i f ferences ex is t b e t w e e n t h e congress iona l 
sys tem in t h e U n i t e d States and t h e var ious nat ional pa r l i amen ta ry 
systems o f Eu rope , Japan, and Canadá. T h e e v o l u t i o n o f t h e gov -
e r n m e n t a l s t r u c t u r e f o r t h e European U n i o n mer i t s carefu l s tudy. 

15 "The Maastricht A c c o r d may have changed the t ra jectory o f European 
polit ical integrat ion and opened up a range of possible (but n o t ineluctable) 
outcomes tha t we re n o t previously apparent t o o r desired by ei ther national o r 
supranational actors. instead of t he coherent system of chedcs and balances long 
awaited by Eurofederalists, i t could encourage the development o f a hybr id 
arrangement fo r presences and absences in which member states, specific indus
tr ia l sectors, subnational polit ies, and supranational organizations wi l l be able 
initially t o pick up and choose the obligations they prefer and oniy later discover 
which are compatible w i t h each other . It is as if Europe-hav ing been previously 
invited by its nation-states t o sit d o w n t o a light snack of regional cooperat ion 
and by its supranational civil servants t o a heavy prix fixe dinner of centralized 
governance-suddenly found itself before a repas á la corte prepared by several 
cooks and tempt ing the invitees w i t h diverse, but unequally appealing, arrange
ments f o r managing the i r c o m m o n affairs!" (Schmitter 1997). 
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T h e separa t ion o f p o w e r s at t h e federa l level in t h e U n i t e d States 
o f t en pits t h e legislat ive b ranch and its c o m m i t t e e s against t h e 
leadership and bu reauc ra t i c expe r t i se o f t h e execu t i ve b ranch , 
inv i t ing po l i t i ca l i n t e r v e n t i o n by i n te res ted g roups . T h e single-
m e m b e r d i s t r i c t sys tem in t h e H o u s e o f Representa t ives and t h e 
Senate and a re la t ive ly w e a k po l i t ica l pa r t y sys tem a l l ow an e labó
ra te n e t w o r k o f i n te res t g roups t o f o r m profess ional ly -s ta f fed 
lobby ing o p e r a t i o n s t h a t o f fe r a c o m b i n a t i o n o f e n d o r s e m e n t s , 
v o l u n t e e r w o r k e r s f o r campaigns, and cash c o n t r i b u t i o n s f o r ad -
ver t i s ing and campaign use. 

T h e U.S. po l i t i ca l sys tem does n o t paral lel t h e systems in Japan, 
Canadá, o r any o f t h e m e m b e r states o f t h e European U n i o n . It 
appears t h a t t h e emerg ing g o v e r n m e n t o f t h e European U n i o n may 
u l t imate ly resemb le t h e U.S. sys tem in several essential aspects. 
T h e European U n i o n is beginning t o deve lop federa l charac ter is t i cs , 
especial ly w i t h t h e ra t i f i ca t ion o f t h e Maas t r i ch t T r e a t y . T h e E u r o -
pean Par l iament is based o n p o p u l a t i o n and is e lec ted f r o m single-
m e m b e r d is t r i c ts , w i t h a w e a k po l i t ica l pa r t y sys tem. T h e European 
Par l iament makes ex tens ive use o f c o m m i t t e e s and is bu i ld ing a 
pro fess iona l staff s t r u c t u r e t o s u p p o r t t h e w o r k o f its c o m m i t t e e s . 
T h e European C o m m i s s i o n is c o m p o s e d o f an equal n u m b e r o f 
m e m b e r s f r o m each m e m b e r s ta te , a p p o i n t e d by each nat iona l 
par l iament . Th is paral lels t h e or ig ina l senate a p p o i n t m e n t s speci f ied 
in t h e U.S. C o n s t i t u t i o n w h e r e d i r e c t e lec t ion o f sena to rs in t h e 
U.S. d id n o t o c c u r un t i l t h e I920 ' s . A l t h o u g h t h e European c o n 
s t i t u t i o n does n o t p r o v i d e f o r an e lec ted ch ie f execu t i ve , t h e 
Maas t r i ch t T r e a t y p rov i des f o r a r e v i e w o f th is issue. 

T h e g r o w t h and d e v e l o p m e n t o f t h e European U n i o n o f fe r an 
i m p o r t a n t and un ique o p p o r t u n i t y t o s tudy several i m p o r t a n t ques-
t i ons . I t is i m p o r t a n t t o unde rs tand h o w in te res t g r o u p s organ ize 
t o in f luence legis lat ion and po l icy a t t h e c o m m u n i t y level , especial ly 
as t h e pa r l i amen ta ry systems at t h e nat ional level may n o t e n c o u r -
age an o p e n lobby ing sys tem. It w i l l be useful t o obse rve t h e r o l e 
o f o rgan ized i n t e res t g r o u p s in e lec to ra l po l i t i cs , assuming t h a t t h e 
s i ng le -member d i s t r i c t sys tem con t i núes f o r e l ec t i on t o t h e E u r o -
pean Par l iament . I t w i l l be in te res t ing t o w a t c h w h e t h e r an o p e n 
and o v e r t l obby ing sys tem subsequent ly deve lops o r expands at 
t h e nat ional pa r l i amen ta ry level. 

T h e I n f l u e n c e o f F o r m a l E d u c a t i o n . T h e d e v e l o p m e n t o f civic 
scient i f ic l i te racy , a t ten t iveness t o science and t e c h n o l o g y po l i cy 
issues, and pa r t i c i pa t i on in t h e f o r m u l a t i o n o f publ ic po l i cy appear 
t o be re la ted t o f o r m a l educa t i on . Th is analysis suggests t h a t t h e 
h igher n u m b e r o f A m e r i c a n s qual i fy ing as civic scient i f ical ly l i te ra te 
and a t t en t i ve t o science and t e c h n o l o g y po l i cy issues m igh t be 
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a t t r i b u t e d t o t h e h igher p r o p o r t i o n o f s tuden ts e n t e h n g pos t -sec-
o n d a r y educa t i on and t o t h e w i d e s p r e a d use o f genera l educa t i on 
r e q u i r e m e n t s at b o t h t h e seconda ry and pos t - seconda ry levéis. 
I m p o r t a n t o p p o r t u n i t i e s ex is t t h r o u g h o u t Europe f o r r i go rous s t ud -
les o f t h e Impact o f f o r m a l educa t i on o n subsequent k n o w l e d g e 
and a t t i tudes t o w a r d sc ience and techno logy . 

T h e / n f l u e n c e o f C o n t i n u i n g a n d I n f o r m a l E d u c a t i o n . I n fo rma l 
educa t i on in m a j o r indust r ia l na t ions , especial ly t h o s e p r o g r a m s 
t h a t m igh t b roaden o r upda te an indiv idual 's unders tand ing o f 
sc ience and t e c h n o l o g y , has expanded in t h e last 30 years. A 
r e n e w e d e f f o r t ex is ts t o expand pos t - seconda ry educa t iona l 
o p p o r t u n i t i e s f o r adul ts in Japan and t h r o u g h o u t Europe . A steady 
g r o w t h in t h e avai labi l i ty o f sc ience te lev is ión p r o g r a m m i n g in 
Eu rope , t h e U n i t e d States, Japan, and Canadá has f o l l o w e d t h e 
examp le o f t h e Br i t i sh Broadcas t ing C o r p o r a t i o n . T h e avai labi l i ty 
o f sc ience b o o k s and magazines has g r o w n t h r o u g h o u t t h e indus-
t r ia l i zed w o r l d . I t is i m p o r t a n t t o s tudy t h e re la t ionsh ip o f these 
n e w resources t o f o r m a l schoo l i ng and t o a t ten t iveness t o science 
issues. 

I ssue A t t e n t i v e n e s s . I t is i m p o r t a n t t o l o o k a t t h e emergence o f 
issue a t ten t iveness in va r ious po l i t ica l systems, given changes in 
po l i t ica l systems and g r o w i n g o p p o r t u n i t i e s in f o r m a l and i n fo rma l 
educa t i on . Legislat ive systems t h a t encourage o p e n lobby ing may 
f o s t e r g rea te r i n t e r e s t - g r o u p ac t iv i ty and issue a t tent iveness. Th is 
is an empi r i ca l l y tes tab le hypothes is . Research t o e x p l o r e t h e 
o r ig ins , ma in tenance , and f unc t i on i ng o f issue a t ten t iveness and 
po l i t i ca l specia l izat ion shou ld be c o n d u c t e d in many po l i t ica l 
sys tems. 

M o b i l i z a t i o n to P a r t i c í p a t e . I t is i m p o r t a n t t o examine t h e fac-
t o r s associated w i t h c i t i zen pa r t i c i pa t i on in publ ic po l i cy d isputes 
invo lv ing science and t e c h n o l o g y . A d e m o c r a t i c sys tem assumes 
t h a t i n te res ted c i t izens w i l l o rgan ize t o in f luence publ ic po l i cy o n 
an issue. Th is p rocess has been o b s e r v e d f o r decades o n issues 
w h i c h peop le feel t h e y u n d e r s t a n d , such as co l lec t i ve bargaining. 
H o w e v e r , t h e p rospec ts f o r meaningfu l c i t i zen pa r t i c i pa t i on in 
f o r m u l a t i n g publ ic po l i cy o n sc ience and techno log ica l issues, such 
as nuc lear p o w e r o r t h e t h i n n i n g o f t h e o z o n e layer, have been 
m o r e chal lenging. T h e n u m b e r and c o m p l e x i t y o f publ ic po l i cy 
issues invo lv ing sc ience and t e c h n o l o g y w i l l g r o w substant ia l ly 
d u r i n g t h e 21st cen tu r y . Research m u s t focus o n t h e s t r uc tu res and 
processes t h a t w i l l fac i l í tate and max im ize publ ic pa r t i c i pa t i on in 
reso lv ing issues o f sc ience and t echno logy . Th is analysis shou ld be 
c o n d u c t e d in c ross -na t iona l s tudies t h a t inc lude adequate va r ia t i on 
in b o t h s t r u c t u r e and p rocess . 
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APPENDIX A 

CONFIRMATORY FACTOR ANALYSIS 





A l l f a c t o r analysis cap tu res concep ts o f i n te res t t o researchers , 
w h i c h c a n n o t be d i rec t l y obse rved . For examp le , social psycho lo -
gists agree t ha t indiv iduáis have an a t t i t u d e cal led se/f-esíeem, w h i c h 
c a n n o t be ascer ta ined by a single factual ques t i on such as used t o 
measure height o r we igh t . A n o t h e r examp le is tha t , w h e n measur -
ing an indiv idual 's abi l i ty t o solve algebra p r o b l e m s , a b r o a d set o f 
i tems is desi rable t o assess th is skil l r a t h e r than a o n e - i t e m tes t . 
C o n s t r u c t s such as se l f -es teem o r a lgebra skil l are r e f e r r e d t o as 
latent variables, o r factors. 

La ten t var iables c a n n o t be measured d i rec t l y , b u t I n f o rma t i on 
a b o u t t h e m can be ob ta i ned t h r o u g h t h e i r ef fect o n obse rved 
var iables ( K i m and M u e l l e r 1978; Long 1983). La ten t variables are 
respons ib le f o r cova r ia t i on a m o n g t h e observed variables. In f ac to r 
analysis, each obse rved var iab le, o r indicator, is a f unc t i on o f t h e 
unmeasu red latent construct and a unique error o r disturbance term 
(Bla lock 1971). In survey research , responses t o indiv idual ques-
t i ons are t h e obse rved var iables w h i l e cons t ruc t s such as scient i f ic 
l i teracy and a t t i tudes a b o u t t h e p r o m i s e o f science rep resen t latent 
variables. 

Fac to r analysis encompasses t w o áreas: exploratory f ac to r analysis 
and conf irmatory f ac to r analysis. Fac to r analyses c o n d u c t e d in sta-
t is t ica l packages such as SPSS are rep resen ta t i ve o f e x p l o r a t o r y 
f a c t o r analysis. E x p l o r a t o r y f a c t o r analysis is w h a t m o s t peop le 
t h i n k o f w h e n no qual i f ie r is a t tached t o t h e t e r m factor analysis 
(Loehl in 1987). In con t ras t , con f i rm ing fac to r analysis is t h e o r y - d r i v -
en . 

E x p l o r a t o r y f ac to r analysis measures t w o approaches : principal 
component analysis and common factor analysis. Pr incipal c o m p o n e n t 
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analysis is used in o r d e r t o reduce t h e n u m b e r o f var iables, assum-
ing t h a t all var iab i l i t y in an i t em shou ld be used in t h e analysis. 
C o m m o n f a c t o r analysis aims t o d e t e c t s t r u c t u r e in t h e data, using 
on ly t h e var iab i l i ty t h a t is shared by t h e i tems, o r var iables. Exp lo r -
a t o r y f ac to r analysis can be used as an " e x p e d i e n t w a y o f ascer ta in -
ing t h e m i n i m u m n u m b e r o f hypo the t i ca l f ac to rs t ha t can accoun t 
f o r t h e o b s e r v e d cova r i a t i on , and as a means o f e x p l o r i n g t h e data 
f o r possible data r e d u c t i o n " . E x p l o r a t o r y f a c t o r analysis o f t en 
generates mode ls o r hypotheses , r a t h e r than being based o n p r i o r 
t h e o r y ( K i m and Mue l l e r 1978; Jó reskog and S ó r b o m 1993). 

In c o n f i r m a t o r y f a c t o r analysis, t h e researcher deve lops a m o d e l 
t o expla in t h e re la t ionsh ips b e t w e e n obse rved variables and la ten t 
cons t ruc t s . P r i o r t h e o r y o r hypo theses f o r m these mode ls . Va r ious 
measures o f f i t a re used t o d e t e r m i n e h o w we l l t h e m o d e l accounts 
f o r t h e re la t ionsh ips o b s e r v e d in t h e actual data (Loeh l in 1987; 
Jó reskog and S ó r b o m 1993). LISREL, EQS, and L I S C O M P are 
stat ist ical packages t h a t can be used f o r c o n f i r m a t o r y f ac to r analysis. 

In e x p l o r a t o r y f a c t o r analysis, all l a ten t fac to rs a re e i t he r c o r r e l a -
t e d ( in t h e case o f an ob l i que r o t a t i o n ) o r u n c o r r e l a t e d ( in t h e case 
o f an o r t h o g o n a l r o t a t i o n ) . T h e researcher c a n n o t specify t h a t 
some latent cons t ruc ts are cor re la ted wh i le o the rs are uncor re la ted . 
In c o n f i r m a t o r y f a c t o r analysis, t h e researcher specif ies exac t ly 
w h i c h la tent c o n s t r u c t s are assumed t o be c o r r e l a t e d , and c o n -
strains those latent const ruc ts wh i ch are assumed t o be uncor re la ted 
(Long 1983). 

E x p l o r a t o r y f a c t o r analysis assumes t ha t all obse rved var iables are 
d i rec t l y af fected by all la tent cons t ruc t s , w h e t h e r o r n o t a sub
stant ive basis exists f o r th is assumpt ion . C o n f i r m a t o r y f ac to r anal
ysis requ i res a researcher t o specify t h e exact re la t ionsh ip b e t w e e n 
the la tent cons t ruc t s and t h e obse rved variables. T h e researcher 
de te rm ines w h e t h e r a given ind ica to r is af fected by o n e la tent 
cons t ruc t , o r m o r e , based o n p r i o r t h e o r y . 

Un ique e r r o r s are u n c o r r e l a t e d in e x p l o r a t o r y f a c t o r analysis, even 
w h e n ident ical m e a s u r e m e n t techn iques are used. In c o n f i r m a t o r y 
f a c t o r analysis, t h e researche r can specify t h a t s o m e un ique fac to rs 
are c o r r e l a t e d , w h i l e cons t ra in ing o t h e r s t o be u n c o r r e l a t e d . Th is 
is useful in survey research w h e r e t h e same ques t ion f o r m a t may 
measure an e n t i r e ser ies o f i tems, and a l low ing t h e un ique fac to rs 
t o c o r r e l a t e may be a reasonable assumpt ion . 

A graphic po r t r aya l o f these t w o types o f f a c t o r analysis i l lust rates 
t h e d i f ferences in t echn ique . Figures A - l and A - 2 p resen t t h e six 
hypo the t i ca l var iables: p robab i l i t y , scient i f ic s tudy, e x p e r i m e n t . 
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DNA, mo lecu le , and rad ia t i on . T h e t w o examples share t h e same 
t w o pr inc ip ies : scient i f ic p rocess and scient i f ic cons t r uc t s . 

In t h e m o d e l f o r e x p l o r a t o r y f a c t o r analysis (see Figure A - I ) , 
a r r o w s lead f r o m t h e la ten t f ac to rs t o each obse rved var iab le in 
t h e d iagram, rep resen t i ng t h e assump t i on o f e x p l o r a t o r y f a c t o r 
analysis t h a t all o b s e r v e d var iables a re d i rec t l y af fected by all la ten t 
cons t ruc t s . If th is w e r e a ques t i on o n DNA, t h e f igure w o u l d 
indícate k n o w l e d g e o f scient i f ic c o n s t r u c t s and an unde rs tand ing 
o f t h e scient i f ic p rocess . Th is assumpt ion is made " regard less o f 
t h e substant ive app rop r i a teness " , even in t h e case o f an o r t h o g o n a l 
r o t a t i o n in w h i c h t h e t w o la tent c o n s t r u c t s a re assumed t o be 
u n c o r r e l a t e d (Long 1983). 
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F I G U R E A - I : 
A n E x p l a n a t o r y F a c t o r A n a l y s i s 

In con t ras t , t h e m o d e l f o r c o n f i r m a t o r y f a c t o r analysis (see Fig
u r e A - 2 ) is based o n t h e hypothes is t ha t ques t ions o n scient i f ic 
s tudy, e x p e r i m e n t , and p robab i l i t y a re ind ica to rs o f an u n d e r s t a n d 
ing o f t h e scient i f ic p rocess bu t may have n o re la t ionsh ip w i t h an 
unders tand ing o f sc ient i f ic cons t ruc t s . If th is w e r e a ques t i on o n 
DNA, t h e f i gu re w o u l d s h o w mo lecu le and rad ia t ion as ind ica to rs 
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o f an unders tand ing o f sc ient i f ic c o n s t r u c t s , and w o u l d n o t have a 
re la t ionsh ip w i t h an unde rs tand ing o f scient i f ic p rocess . 

E x p l o r a t o r y f a c t o r analysis assumes t h a t un ique fac to rs are u n c o r -
re la ted , w h i l e c o n f i r m a t o r y f a c t o r analysis a l lows t h e researcher 
t o specify co r re la t i ons . In Figure A - 2 , t h e researcher speci f led t h a t 
t h e un ique e r r o r shou ld c o r r e l a t e b e t w e e n scient i f ic s tudy and 
e x p e r i m e n t , as is dep i c ted by t h e doub le -edged a r r o w b e t w e e n e l 
and e3. T h e e r r o r t e r m s have been a l l o w e d t o c o r r e l a t e b e t w e e n 
e4 and e5--DN>A and mo lecu le . 

A n advantage o f c o n f i r m a t o r y f a c t o r analysis is t h a t stat ist ical tes ts 
can be used t o d e t e r m i n e w h e t h e r data are cons is ten t w i t h t h e 
m o d e l assumpt ions . T h e stat ist ical measures o f f i t f o r s t r uc tu ra l 
equa t ion mode ls (and, by e x t e n s i ó n , c o n f i r m a t o r y f a c t o r analysis) 
are discussed ex tens ive ly by Bol len and Long (1993) . T h e i r po in ts 
o f consensus o n m o d e l f i t w e r e used t o gu ide t h e c o n f i r m a t o r y 
f a c t o r analyses c o n d u c t e d f o r th is m o n o g r a p h . These inc luded : 

T h e m o d e l shou ld be cons is ten t w i t h substant ive 
t h e o r y . 



Appendix A | 3 | 

Múl t ip le measures shou ld be used in assessing t h e f i t 
o f t h e m o d e l . 

T h e c o m p o n e n t s o f t h e m o d e l , such as t h e magn i tude 
o f coef f ic ient es t imates and t h e sign o f t h e est imates, 
shou ld make sense. 

M ú l t i p l e measures w e r e used t o assess t h e f i t o f al! o f t h e mode l s 
in th is m o n o g r a p h . T h e R o o t Mean Square E r r o r o f A p p r o x i m a -
t i o n (RMSEA) is a m e a s u r e o f d i sc repancy p e r deg ree o f f r e e d o m . 
Valúes o f .05 o r less ind íca te a c ióse f i t . I t is genera l l y suggested 
t h a t t h e 9 0 % c o n f i d e n c e in te rva l f o r t h e RMSEA shou ld be less 
t h a n .08 (Jóreskog and S ó r b o m 1993) . J ó r e s k o g and S ó r b o m 
(1988 ) r e c o m m e n d us ing t h e x2 as a goodness -o f - f i t measu re . 
Large %2 valúes ind íca te a bad f i t , and smal l x2 valúes ind íca te a 
g o o d f i t . H o w e v e r , t h e x2 is e x t r e m e l y sens i t ive t o large sample 
sizes. A s a resu l t , J ó r e s k o g and S ó r b o m (1988 ) r e c o m m e n d 
d i v id ing t h e measu re by t h e t o t a l degrees o f f r e e d o m in cases o f 
large sample size. W h e a t o n , M u t h e n , A l w i n , and S u m m e r s (1977) 
r e c o m m e n d an %2 t o a deg ree o f f r e e d o m r a t i o o f f ive o r less, 
w h i l e C a r m i n e s and M c l v e r ( 1 9 8 ! ) suggest a m o r e s t r i n g e n t r a t i o 
o f t w o t o t h r e e . 

In t h e c o n f i r m a t o r y f a c t o r analyses c o n d u c t e d f o r th is m o n o g r a p h , 
a large p r o p o r t i o n o f var iables w e r e o rd ina l . W h e n used t o p r o 
duce a s imple covar iance o r c o r r e l a t i o n m a t r i x , o rd ina l var iables 
can resu l t in d i s t o r t e d p a r a m e t e r es t imates, i n c o r r e c t a 2 measures, 
and i n c o r r e c t s tandard e r r o r s . Consequen t l y , t h e r a w data w e r e 
p r o d u c e d as a m a t r i x o f p o l y c h o r i c po lyser ia l co r re l a t i ons a long 
w i t h an asymp to t i c covar iance m a t r i x using PRELIS2. T h e mat r i ces 
w e r e t h e n es t ima ted using t h e W L S m e t h o d in LISREL (Jóreskog 
and S ó r b o m 1993). 





APPENDIX B 

STRUCTURAL EQUATION MODELS 





Research in t h e social and behav iora l sciences is c o n c e r n e d w i t h 
t w o b r o a d p r o b l e m s : m e a s u r e m e n t and causal re la t lonsh ips (Jóres-
kog and S ó r b o m 1993). 

T h e first p r o b l e m is c o n c e r n e d w i t h t h e m e a s u r e m e n t 
p r o p e r t i e s - v a l i d i t y and re l i ab i l i t y~o f t h e m e a s u r e m e n t 
Ins t rumen ts . T h e second p r o b l e m conce rns t h e causal 
re la t ionsh ips a m o n g t h e var iables and t h e i r re l -a t ive 
exp lana to r y p o w e r . 

S t ruc tu ra l equat íon mode ls c o m b i n e t h e t w o b r o a d conce rns o f 
social science research : m e a s u r e m e n t and causal re la t ionsh ips. 
D iscuss ions o n m e a s u r e m e n t o f t h e research a re c o n d u c t e d 
separate ly f r o m o t h e r stages o f research ( H a y d u k 1987). Speaking 
o f LISREL, t h e f i r s t s t r uc tu ra l equa t i on mode l i ng s o f t w a r e package, 
H a y d u k no tes tha t : 

LISREL in tegrates m e a s u r e m e n t conce rns w i t h s t ruc 
tu ra l equa t ion m o d e l i n g by i n c o r p o r a t i n g b o t h la tent 
t heo re t i ca l concep ts and obse rved o r measured ind i -
c a t o r var iables i n to a single s t r uc tu ra l equa t ion m o d e l . 
F u r t h e r m o r e , k n o w l e d g e o f t h e me thodo log i ca l ade-
quacy o f t h e data ga ther ing process and t h e qual i ty o f 
par t i cu la r ques t ionna i re i tems ( m e a s u r e m e n t Ins t ru 
men ts ) can be d i rec t l y i n c o r p o r a t e d i n to LISREL m o d 
els by speci fy ing ( f ix ing) a specif ic p r o p o r t i o n o f t h e 
var iance in an i nd i ca to r t o be e r r o r var iance. 

S t ruc tu ra l equa t ion mode ls have t w o par ts : m e a s u r e m e n t 
and s t ruc tu ra l equa t ion mode ls . M e a s u r e m e n t is used t o 
specify " h o w t h e la tent var iables o r hypo the t i ca l cons t ruc t s are 
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measured in t e r m s o f t h e o b s e r v e d var iables, and i t descr ibes t h e 
m e a s u r e m e n t p r o p e r t i e s (val id i ty and re l iabi l i ty) o f t h e o b s e r v e d 
var iab les" (Joreskog and S ó r b o m 1988). Loeh l in (1987) has de-
sc r ibed t h e m e a s u r e m e n t p o r t i o n as a var ian t o f c o n f i r m a t o r y 
f a c t o r analysis l6. T h e s t ruc tu ra l equa t ion m o d e l "speci f ies t h e 
causa! re la t ionsh ips a m o n g t h e la ten t var iables and descr ibes t h e 
causal effects and t h e a m o u n t o f unexp la ined va r iance" (Joreskog 
and S o r b o m 1988). 

A s t r uc tu ra l equa t i on m o d e l is a set o f equat ions t ha t p rov i des an 
es t ímate f o r a set o f re la t ionsh ips a m o n g i ndependen t var iables and 
one o r m o r e d e p e n d e n t var iables. Jo reskog and S ó r b o m (1988) 
def ine structural equation model ing as: 

[ I t ] es t imates t h e u n k n o w n coef f ic ients in a set o f l inear 
s t r uc tu ra l equat ions . Var iab les in t h e equa t i on sys tem 
may be e i t he r d i r ec t l y o b s e r v e d var iables o r unmea-
sured latent ( theoret ica l ) variables tha t are n o t observed 
b u t re la te t o o b s e r v e d var iables. T h e m o d e l assumes 
t ha t t h e r e is a " causa l " s t r u c t u r e a m o n g a set o f la ten t 
var iables, and t h a t t h e o b s e r v e d var iables are indica-
t o r s o r s y m p t o m s o f t h e la ten t var iables. 

Th is is s imi lar t o regress ion analysis w h i c h p rov ides es t imates o f 
t h e re la t ionsh ip b e t w e e n a series o f i ndependen t var iables and a 
dependen t var iab le. T h r e e s i tuat ions ex is t in w h i c h s t ruc tu ra l equa
t i o n mode ls shou ld be used because regress ion pa rame te rs d o n o t 
give re levant I n f o r m a t i o n : w h e n o b s e r v e d var iables con ta in mea
s u r e m e n t e r r o r , w h e n t h e o b s e r v e d var iables are i n t e r d e p e n d e n t , 
and w h e n i m p o r t a n t exp lana to r y var iables have been o m i t t e d o r 
n o t inc luded in t h e m o d e l . These t h r e e s i tuat ions o c c u r o n a 
r o u t i n e basis in social and behav iora l sciences research . 

S t ruc tu ra l equa t i on mode ls are a t h e o r y - d h v e n analyt ical t e c h -
n ique. T h e analyst deve lops a hypo the t i ca l m o d e l speci fy ing t h e 
ant ic ipa ted re la t ionsh ips b e t w e e n a series o f cons t ruc t s based o n 
t h e o r y . T h e t h e o r e t i c a l m o d e l is t es ted w i t h actual data. Stat ist ical 
so f twa re packages are available f o r s t r uc tu ra l equa t ion mode l i ng , 
inc lud ing LISREL, EQS, A M O S , CAL IS , and L I S C O M P . Each package 
p rov ides goodness -o f - f i t measures t o d e t e r m i n e w h e t h e r t h e m o d 
el t h e o r i z e d by t h e analyst f i ts t h e data. 

If t h e m o d e l does n o t f i t t h e data, a va r ie ty o f measures may be 
used t o m o d i f y t h e m o d e l t o b e t t e r f i t t h e data. H o w e v e r , Jo reskog 
and S o r b o m (1993) cau t i on : 

16 For a m o r e detailed discussion of the measurement model , o r conf i rmatory 
factor analysis, see Append ix A . 
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If t h e m o d e l fíts t h e data, i t does n o t mean t h a t i t is the 
" c o r r e c í " m o d e / o r even the "bes t " model. In fact , t h e r e can 
be many equivalent mode l s , all o f w h i c h w i l l f i t t h e data 
equal ly w e l l as judged by any goodness -o f - f i t measure . 
Th is ho lds n o t jus t f o r a par t i cu la r data set b u t f o r any 
data set. T h e d i r e c t i o n o f causat ion and t h e causal 
o r d e r i n g o f t h e c o n s t r u c t s c a n n o t be d e t e r m i n e d by t h e 
data. T o conc lude t h a t t h e f i t t e d m o d e l is t h e " b e s t " , 
o n e m u s t be able t o exe lude all mode l s equ iva len t t o i t 
o n a logical o r a substant ive basis. 

Jó reskog and S ó r b o m (1993) d is t inguish a m o n g t h r e e d i f fe ren t 
m o d e l tests in s t r u c t u r a l equa t i on mode l i ng : s t r i c t l y c o n f i r m a t o r y , 
a l te rna t i ve o r c o m p e t i n g mode ls , and m o d e l genera t ing . In s t r i c t l y 
c o n f i r m a t o r y m o d e l s , t h e resea rche r deve lops a m o d e l o n t h e basis 
o f t h e o r y , tes ts t h e m o d e l w i t h emp i r i ca l data, and accepts o r 
rejeets t he m o d e l o n the basis o f t he test . In al ternat ive o r compe t i ng 
m o d e l s , t h e resea rche r deve lops and tes ts a ser ies o f m o d e l s and 
selects t h e m o d e l t h a t best f i ts t h e data. In t h e m o s t c o m m o n 
s i tua t i on , m o d e l genera t ing , t h e researche r deve lops an ini t ial 
m o d e l based o n t h e o r y and tests t h e m o d e l w i t h emp i r i ca l data. If 
t h e m o d e l does n o t f i t t h e data, t h e analyst mod i f ies t h e m o d e l 
and tes ts i t again, using t h e same data. T h e goal o f m o d e l genera t i ng 
" m a y be t o find a m o d e l w h i c h n o t on l y f i ts t h e data w e l l f r o m a 
stat ist ical p o i n t o f v i ew , b u t also has t h e p r o p e r t y t h a t eve ry 
p a r a m e t e r o f t h e m o d e l can be g iven a substant ive ly meaningfu i 
i n t e r p r e t a t i o n " (Jóreskog and S o r b o m 1993). 

T h e pa th m o d e l used (see Figure B - l ) was used t o p r e d i c t civic 
sc ient i f ic l i te racy in t h e U n i t e d States. T h e m o d e l has t w o basic 
b a c k g r o u n d , o r exogenous, fac to rs . Each responden t ' s g e n d e r and 
age w e r e t a k e n as being t e m p o r a l l y and logical ly p r i o r t o t h e 
pe rson 's c u r r e n t level o f scient i f ic l i te racy. Th is does n o t imp ly t h a t 
g e n d e r o r age causes d i f ferences in one 's level o f civic scient i f ic 
l i teracy, b u t t h a t these var iables a re associated w i t h civic scient i f ic 
l i te racy. T h e s t r u c t u r a l equa t i on analysis ident i f ies t h e i n te rven ing 
var iables t h a t a c c o u n t f o r , o r exp la in , t h e b ivar ia te c o r r e l a t i o n s 
b e t w e e n b a c k g r o u n d var iables such as gende r and age and o u t -
c o m e measures such as scient i f ic l i te racy. 

O n e i n te rven ing var iab le, t h e responden t ' s level o f f o r m a l educa-
t i o n , was p laced in t h e m o d e l b e t w e e n t h e b a c k g r o u n d var iables 
and scient i f ic l i te racy, w h i c h helps exp la in t h e re la t ionsh ips 
b e t w e e n b a c k g r o u n d var iables such as gende r and age and o u t -
c o m e var iables such as scient i f ic l i te racy. 

T h e n u m b e r s above t h e a r r o w s a re t h e s tandard ized be ta coef f i -
c ients f o r t h e paths. S tandard ized be ta coef f ic ients a l l ow f o r c o m -
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F I G U R E B - l : 
A P a t h M o d e l t o P r e d i c t C i v í c S c i e n t i f i c L i t e r a r y 

par isons o f t h e re la t ive effects o f all o f t h e fac to rs in t h e m o d e l . 
A l l beta coef f ic ients p r e s e n t e d are signif icant a t t h e .05 level. 
S tandard ized beta coef f ic ients range f r o m -1.0 t o +1 .0 , w i t h valúes 
c ióse t o z e r o rep resen t i ng small paths, and valúes c ióse t o -1.0 o r 
+ 1.0 rep resen t i ng large paths. 

A n a r r o w , o n t h e left , f r o m age t o educa t i on indicates t h a t age has 
an ef fect o n t h e r esponden t s ' level o f educa t i on . T h e n u m b e r above 
t h e a r r o w , - . 2 9 , indicates t h e sign and size o f t h e ef fect . T h e 
negat ive sign means t h a t y o u n g e r responden ts t e n d t o have h igher 
levéis o f educa t i on t han o l d e r r esponden ts . N o a r r o w b e t w e e n 
gende r and educa t i on means t h a t o n c e age is t a k e n i n to accoun t , 
t h e r e is n o re la t ionsh ip b e t w e e n gende r and educa t i on . 

T h e effects o f b a c k g r o u n d ( o r exogenous ) var iables and in te rven ing 
var iables o n o u t c o m e fac to r s such as civic scient i f ic l i te racy are 
i m p o r t a n t in s t r uc tu ra l equa t i on mode ls . T h e total effects o f select-
ed fac to rs o n var ious o u t c o m e var iables are discussed in th is 
m o n o g r a p h . T o t a l ef fects a re c o m p r i s e d o f explained, o r i nd i rec t , 
ef fects and residual, o r d i r ec t , ef fects. T h e t o t a l exp la ined and 
residual effects o f gender , age, and educa t i on o n civic scient i f ic 
l i te racy in t h e U n i t e d States a re s h o w n o n Tab le B - l . Expla ined 
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effects o c c u r w h e n i n te rven ing var iables accoun t f o r par t , o r all, 
o f t h e re la t ionsh ip b e t w e e n backg round var iables and o u t c o m e 
var iables. Residual effects a re r ep resen ted by paths f r o m any back
g r o u n d o r i n te rven ing var iab le t o t h e o u t c o m e var iable. Figure B-l 
o n civic scient i f ic l i te racy in t h e U n i t e d States explains t h e di f fer-
ences in these effects. 

N o d i r e c t path leads f r o m age t o scient i f ic l i teracy, ind icat ing t ha t 
age has n o signif icant res idual , o r d i rec t , ef fect o n scient i f ic l i teracy. 
A n exp la ined ef fect is o b t a i n e d by analyzing o t h e r paths. T h e r e is 
a path o f - . 2 9 f r o m age t o educa t i on and o n e f r o m educa t ion t o 
scient i f ic l i te racy o f .86. These indícate t h a t t h e level o f educa t ion 
med ia tes , o r expla ins, t h e re la t ionsh ip b e t w e e n a responden t ' s age 
and his level o f civic scient i f ic l i teracy. W h e n t h e path o f - . 2 9 is 
mu l t i p l i ed by t h e path o f .86, a valué o f - . 2 5 is ob ta i ned , w h i c h is 
t h e valué o f t h e exp la ined , o r i nd i rec t , ef fect o f age o n civic 
scient i f ic l i teracy. T h e t o t a l effects o f age o n civic scient i f ic l i te racy 
are ob ta ined by add ing t h e residual effects o f age (.00) t o t h e 
exp la ined effects ( - .25) o f age. 

G e n d e r has a residual e f fect o f - . 15 o n civic scient i f ic l i teracy, as 
is dep ic ted by t h e a r r o w f r o m gende r t o civic scient i f ic l i teracy 
(see Figure B - l ) . Residual paths such as these suggest t h a t o t h e r 
possib le exp lana to r y fac to rs have been o m i t t e d f r o m t h e m o d e l . 
N o path exists b e t w e e n gende r and educa t i on . Th is means t ha t 
gende r has no exp la ined, o r i nd i rec t , ef fect o n scient i f ic l i teracy, 
resu l t ing in a valué o f .00 f o r t h e exp la ined effects o f gender on 
civic scient i f ic l i te racy (see Tab le B-1). T h e t o t a l effects o f gender 
o n civic scient i f ic l i te racy a re o b t a i n e d by add ing t h e residual effects 
o f gende r ( - . 15) t o t h e exp la ined effects (.00) o f gender . 

T A B L E B - l 
E x p l a i n e d , R e s i d u a l , a n d T o t a l E f f e c t s o f A g e , E d u c a t i o n , 
a n d G e n d e r o n P r e d i c t i o n o f C i v i c S c i e n t i f i c L i t e r a c y in 
t h e U n i t e d S t a t e s 

Variable 

Effects 

Explained 
(Indirect) 

Residual 
(Direct) Total 

Gender (Female is Positive) 
Age 
Level of Formal Education 

.00 
- .25 

-.15 
.00 
.86 

-.15 
-.25 
.86 

T h e exp la ined , res idual , and t o t a l effects o f t h e level o f f o r m a l 
educa t i on o n civic scient i f ic l i te racy are i t em ized in t h e f inal r o w 
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o n Tab le B - 1 . Since n o in te rven ing var iables w e r e inc luded in th is 
m o d e l b e t w e e n t h e level o f f o r m a l educa t i on and civic scient i f ic 
l i teracy, f o r m a l educa t i on can have n o exp la ined, o r i nd i rec t , ef fects 
o n civic scient i f ic l i te racy, and th is nui l case is ind icated by a dash. 











T h e BBV Founda t i on was c rea ted in 1989 as a conse -
quence o f t h e Banco Bi lbao Vizcaya's des i re t o c o m p l e m e n t 
its r i g o r o u s and innovat ive e c o n o m i c and f inancial s t ra tegy 
w i t h a d e m o n s t r a t í o n o f its sense o f social responsib i l i ty . I t 
is c o m m i t t e d t o i m p r o v i n g t h e e n v i r o n m e n t w e live in by 
encou rag ing scient i f ic i n n o v a t i o n and by p r o m o t i n g dia
logue, p lu ra l i sm and cu l tu ra l exchange. 

T h e BBV Founda t i on pursues these s t ra teg ic goals by 
deve lop ing b r o a d t h e m a t i c áreas as we l l as specif ic p ro jec ts . 
T h e m a j o r áreas c o r r e s p o n d t o t h e Foundat ion 's cen te rs : 
t h e C e n t e r o f Publ ic Economy, t h e C e n t e r f o r Bank ing 
Studies, t h e Science, Techno logy and Soc ie ty Cen te r , t h e 
BBV Founda t i on C h a i r P r o g r a m and t h e C r o s s - C u l t u r e 
C e n t e r ( C e n t e r f o r C u l t u r a l Exchange) . T h e i r act iv i t ies 
inc lude t h e design and d e v e l o p m e n t o f research p ro jec ts , 
t h e o rgan i za t i on o f con fe rences and debates , co l l abo ra t i on 
w i t h publ ic i ns t i t u t i ons o f h igher e d u c a t i o n , and exchanges 
b e t w e e n Spanish researchers and ou t s t and i ng un ivers i t ies 
and cen te r s a b r o a d . T h r e e basic p r inc ip ies shape t h e 
act iv i t ies o f t h e F o u n d a t i o n : i t a ims a t b r ing ing mu l t i d i s -
c ip l ina ry perspec t i ves t o bear o n t h e r e s o l u t i o n o f c o m p l e x 
p r o b l e m s ; t o p r o m o t e c o m p a r a t i v e ana l / t i c approaches 
pa r t i cu la r l y in v i e w o f t h e European c o n t e x t ; and t o b r i ng 
t h e sphere o f pub l ic and pr íva te dec i s ion -mak ing i n t o 
c lose r c o n t a c t w i t h i ns t i t u t i ons special iz ing in scient i f ic 
i n n o v a t i o n and anaiysis. 

T h e BBV Founda t i on is c o m m i t t e d t o i n f o r m i n g soc ie ty 
d i rec t l y o f t h e resul ts o f its p ro j ec t s and act iv i t ies. 
D o c u m e n t a , t h e Founda t ion 's pub l ish ing center , is des igned 
t o pub l ish w o r k s t h a t de r i ve f r o m t h e Foundat ion 's 
act iv i t ies . 



4) 
FUNDACION DDV 

Th is m o n o g r a p h , based o n research ca r r i ed o u t in co l lab -
o r a t i o n by t h e BBV Founda t i on and t h e Ch icago A c a d e m y 
o f Sciences, is t h e f i r s t sys temat ic c o m p a r a t i v e analysis o f 
t h e publ ic 's k n o w l e d g e , images, and a t t i t udes regard ing 
sc ience in E u r o p e , Japan, t h e U n i t e d States, and Canadá. I t 
focuses o n t h e d e v e l o p m e n t o f a set o f i nd i ca to rs t o 
e x p l o r e t h e re la t ions b e t w e e n i n t e res t in sc ient i f ic issues, 
level o f unde rs tand ing o f substant ive and m e t h o d o l o g i c a l 
d imens ions o f sc ience, and pa t t e rns o f a t t i t udes t o w a r d 
sc ience and t echno logy . Th is analysis leads t o t h e f o r m u 
l a r o n o f hypo theses a b o u t t h e publ ic 's r o l e in t h e f r e q u e n t 
c o n t r o v e r s i e s t h a t invo lve sc ience and t echno logy . T h e 
stat is t ical t echn iques o f c o n f i r m a t o r y f a c t o r analysis and 
s t r u c t u r a l e q u a t i o n m o d e l i n g take th is s tudy b e y o n d s imp le 
data analysis by e x p o s i n g data s t r u c t u r e and advanc ing 
e x p l a n a t o r y m o d e l s . T h e s e tasks, in t h e a u t h o r s ' v iew, 
shou ld i n f o r m a n e w ser ies o f c o m p a r a t i v e analyses o f 
sc ient i f ic c u l t u r e in advanced soc ie t ies . 
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