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One of the strongest driving forces in the global
and complex society of today’s world is the conti-
nuous advance of scientific and technological
knowledge. Such advances have become a kind of
“life-support system”. For any society, its collecti-
ve possibilities, and those of the planet as a
whole, are a function of its capacity to continue
to expand the scientific image of the world and of
its ability to better understand and more effecti-
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vely design “the artificial”, which is the objective
of technology and engineering.

Science and technology’s current pre-eminen-
ce has emerged amid tension with other concep-
tual constructs and institutions. In the last three
decades, indicators of “cultural unease” and
resistance to scientific change have appeared.
Groups and associations have arisen that fight for
greater control or an external orientation of scien-
ce. They also demand a redefinition of the rules of
the “implicit contract” between the scientific
community and society (Guston and Keniston,
1994). In recent years, regulators, public officials,
and members of the scientific community have
formed the view that we are faced with a wides-
pread crisis of confidence in science and its most
characteristic institutions. Recommendations and
action plans have taken this diagnosis of the
science—society relation as a basis for their res-
ponses. In reality, neither the diagnosis nor the
treatment is entirely new. In fact, they have reoc-
curred in a cyclical manner since at least the end
of the 1970s. A brief look at the course of the

science—society relation from the perspective

adopted in this report could assist in identifying
new factors in this interaction in relation to other
periods of time.

Science has been increasingly connected to a
large number of institutions and social practices,
in the context of a more general process of
modernisation. In parallel, it has become formali-
sed as the exclusive activity of a professional
group. This has given rise to a sharp demarcation
between the scientific and public communities,
clearly visible since the end of the nineteenth cen-
tury. Along with this tdjfoujgjdagvcerjd! dpn nvojuz
demarcation arose what is known as the jnqsjdju
dpoushdu, regulating the interactions of the two
communities. This has been in effect since the end
of World War Il. By virtue of this tacit agreement,
the scientific community attained autonomy (in
selecting objectives and carrying out research)
and an increasing volume of financial and human
resources. In exchange, it contributed to the pro-
duction of a stream of material goods and servi-
ces (among which those in the field of health care
stand out), and the transformation of the average
person’s education and cultural facilities. Through
its spokespeople, society accepted- with little
argument— the assumption that material support
and non-interference, added to how the scientific
community operated, even if this appeared to be
esoteric and unnatural, would sooner or later
improve the quality of life and create more choi-
ces for most of society. There has been unbroken
confidence in the existence of this link between
scientific theory and material progress (and, less
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explicitly, cognitive and educational progress)
throughout the central period of the modern age.
The undesired effects of scientific advances were
generally viewed as temporary episodes that
could be resolved by more science and more tech-
nology (Pardo, 2001).

In areas of the world where the science—industry
complex became rooted, the source of legitimisation
of science lay more in its practical effects or applica-
tions (levels of well-being increase steadily and beco-
me widespread) than in its strictly cognitive aspect (a
greater capacity to construct representations of the
natural and social world, which are constantly revised
and have growth potential, unparalleled by other
forms of higher culture). This utilitarian function of
science was expressed most clearly in modern medi-
cine (Handlin, 1972: 260).

This situation changed dramatically after the
demonstration of devastating nuclear power in
World War Il. It was also affected during the
1970s by the environmental effects of the part-
nership between science and industry. The visibi-
lity of the unwanted consequences of applying
scientific knowledge underwent a change of such
magnitude that the erudite optimism of the scien-
tific community, and the belief in science-based
progress that is characteristic of modern societies,
could no longer get around it.

The dramatic confirmation of the dual nature
of scientific knowledge, “creating new parame-
ters of risk and danger [while] offering beneficent
possibilities for humankind” (Giddens, 1991), led
to an erosion in public confidence in the link bet-
ween scientific advances and social progress
(Marx, 1988). The culture of critical and alternati-
ve movements at the end of the 1970s attributed
a wide spectrum of undesired effects to science
and technology, which were criticised for: being a
causal agent in the processes of alienation and
dehumanisation. Intuitive images of the world
supported by common sense were allegedly being
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replaced with fragmentary and abstract represen-
tations unconnected to the way most people
visualised the world from daily life. These un turn
gave rise to artificial and “unnatural” lifestyles,
seriously alterations in the seasons and environ-
mental equilibrium, and support of the nuclear
arms industry.

The scientific community viewed outside criti-
cism as inciting regulation by state agencies, or
even the direct intervention of the public in mat-
ters that were thought to be reserved for scien-
tists. Sensitivity to this criticism led, in the mid-
1970s, to a sense of alarm, expressed by media
and scientific institutions, who feared for the abi-
lity of science to survive the attacks being laun-
ched against it. The idea of a dsjtjt!sfhbsejoh!uif
rfhjuinbdz!tdjfodf took shape, and indirectly con-
tributed to increasing the then modest level of
research into public perceptions of science. It also
resulted in initiatives to improve “public literacy”.
Until the end of the 1980s, this task was led by
the National Science Foundation in the United
States. The NSF analysed a biennial series of scien-
ce and technology indicators measured since
1972. At the end of the 1980s, the European
Commission and other nationally based private
institutions joined in the mapping public percep-
tions of science.

This area of research is known on the other
side of the Atlantic as tdjfoujgjd! rjufsbdz-! and in
Europe as qvcnjd!voefstuboejoh!pg!tdjfodf!(Miller,
1983). The above context helps to understand
why the focus of this research agenda has been
measurement of the degree of public approval of
science and the scientific community, and why it
has continued to be the focus of such surveys.
The main hypothesis of this research programme
is that (favourable) attitudes to science are a func-
tion of the public’s level of scientific knowledge.
The public’'s cognitive deficit, documented using

an extensive series of surveys in advanced coun-
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tries, has been taken to be the variable that is
related to the occurrence of criticism or resistance
to certain scientific and technical applications.
There is no formal or statistical evidence to sup-
port this hypothesis, and it has been subjected to
scrutiny only in recent years (Evans and Durant,
1995), with unclear results.

With the perspective of time, the seriousness
of the supposed dsjtjt!sFhbsejoh!uif!rfhjujnbdz!pg
tdjfodflcan be re-evaluated. A second examination
of the data gives a more qualified opinion, alt-
hough we should bear in mind that while the best-
documented case is that of the United States., it
cannot be directly applied to European societies.
Despite this cautionary note, available empirical
and historiographic evidence shows that the fears
of the scientific community, from the mid-1970s
until the end of the following decade, only par-
tially corresponded to reality. More specifically,
those fears were mainly based on the attitudes
and behaviour of a few, quite active minorities,
and on the mass media’s disproportionate covera-
ge of a few critical episodes involving science and
technology. These were given a weight that was
disproportionate to their actual social impact. This
disparity illustrates that public opinion cannot be
directly inferred from either opinions disseminated
by the mass media, or the demonstrations and
actions of pressure groups (Pardo, 2001).

According to data from surveys undertaken in
the US between the end of the 1950s and the
beginning of the 1970s, analysed by Karen
(1974), the

public’s overall assessment of science’s role was

Oppenheim and Amitai Etzioni
positive. People rejected openly anti-scientific
viewpoints and had high regard (prestige and
trust) for professional scientists. Even so, these
positive perceptions were based, above all, on the
instrumental (practical effects) rather than the
cognitive (explanatory capacity) dimension of

science .

The constant dissemination of information
regarding the undesired effects of science- and
technology-based progress opened the way for
sceptical attitudes and criticisms of technological
advances. Paradoxically, a higher level of know-
ledge brings with it a greater awareness of the
risk factors, as remains the case today. Thus, a
constantly expanding list of risks has been gene-
rated that has gradually taken the form of the
current culture of {fsp!uprfshodf! (at least on a
symbolic or declarative level), which frequently
conflicts with the fearless, personal acceptance of
some preventable risks in daily life.

Therefore, there is a dividing line between the
widespread trend of optimism and confidence in
science up to the beginning of the 1970s, and the
culture of criticism, or at least ambivalence, in the
face of progress and science that marked the end
of the decade. This occurred in the context of a
more general crisis of confidence in modern
society’s main institutions (Lipset, 1987). Despite
this erosion of confidence, the scientific and
medical communities continued to be highly
favourably viewed. Moreover, in contrast to the
conventional idea that the relative loss of confi-
dence in science occurred in the most educated
sectors, an analysis of the data shows that the
opposite was true.

The emergence of environmental conscious-
ness is one of the changes in modern societies
that has had the most enduring effects and the
greatest influence on perceptions of science. The
historian Leo Marx (MIT) pointed out that the
optimistic Euroamerican view of progress has ero-
ded during the last three decades. The main con-
tributing factor to its decline has been growing
pessimism about the role of humans in nature; i.e.
an awareness of the serious, undesired effects of
the industrial productive system and the modern
age in general on the global ecosystem. Such
effects are sustained by science and technology
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(Marx, 1998). Extensive, concurring evidence indi-
cates that late modern age societies are aware of
negative environmental developments, such as
global warming, the greenhouse effect, and spe-
cies extinction. Simultaneously, improvements in
the standard of living and lifestyles fostered by
the transference of scientific and technological
advances to society via the productive system are
taken for granted, nor does the public seem
willing to relinquish these advances. Thus, the
public's ambivalence to science at the turn of the
century has largely arisen from these two oppo-
sing vectors.

An overview of the public’s perceptions of
science and technology in recent years is typified
by the following points. These are useful when
formulating programmes for bringing science and
society closer together, and for establishing dialo-
gue between the scientific community and the
public:

e Nptu'tdjfoujgjd!jttvFtiboelui fjs!tpdjbrbgqnjdb.
ujpot! bsf! opu! b! tpvsdf! pg! gspeifnt! gps! ui f
nbkpsjuz! pg! ui fl qvenjd. Nboz! tvdi! jttvft! bsf
tffo! bt! cfjoh! difbsiz! cfofgjdjbn/ Typically,
scientific and technological advances are
quietly integrated into the basis of the com-
plex manner in which the public’s needs are
collectively satisfied. To a lesser extent, advan-
ces are also incorporated into conceptual sche-
mes used to interpret the world and to order
daily experiences.

e In general, outside the scientific community,
only limited, brief attention is given to these
advances. In other words, tdjfoujgjd!jttvftinvtu
opx!dpngfuflgpsiui flbuufoujpo!pg blqvenjdiuibu
dbo!dipptflcfuxffolbo!fopsnpvt!iovncfs! pg
tpvsdft!pgljogpsnbujpoltvdiluibuljut!cjoufsftute
nvijgnz! cfzpoe! uif! njnjut! pg! jut! dphojujwf
dbgbdjujft!boe! bwhjibcrflujnf. The population
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segment referred to as the buufoujwf! qvcijd
(satisfying the set of conditions for being
“interested in” and “informed” about science)
is around 10% of the adult population of more
advanced countries.

C'Ponzlijnjufelsftjtubodflup'tdjfoujgjd!boe!ufdi.
opnphjdbrtdibohf!jt!gsftfou!jo!ui f!dvssfou!drj.
nbuf/IBt!blsvif-tvdi Isftjtubodflepft!opuljowpn.
wF!bthfofsbrjtfe!dsjujdbn! buujuveflup! tdjfodf/!In
the second half of the twentieth century, resis-
tance and controversy were mainly related to
the undesired impacts (observable or suppo-
sed) of some aspects of science and techno-
logy, such as: the natural environment, central
cultural values, views on human identity, and

the demarcation between species.

C!'Tuvejft!bjnfe!bul efufsnjojoh!usfoet! Xjuijo
ui frhfofsbn! qverjd! sfhbsejoh! ui fjs! buujuveflup
tdjfodf! (measured, for example, using ques-
tions about the expected effects of a wide
range of scientific and technological areas over
the next 25 years) tipx!uibu-!pwfsbm-ljuljt pquj.
njtuyjd/ In addition, analyses of the public’s
confidence in groups and institutions reveal
that there is a favourable opinion of scientific
institutions remains, although confidence has
decreased since the 1970s.

e Uijt! pwFswjfx! dpssfibuft! xjui! sftfswft! boe
boyjfuz!dpodfsojoh!tpnflbsfbt!pg!tdjfodf-land
some specific applications of biotechnology in
particular. These are the focus of concern and
debate within a wide range of institutions (e.g.
the church), associations (these are often reli-
gious, although advocacy groups for patients
with specific illnesses —the potential beneficia-
ries of new biochemical advances- often act as
a counterweight to such groups), the general
media, the media and institutions representing
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the scientific community, and, of course, regu-
latory agencies. The most rigorous studies
show that ui finfwfnlpg!qvejd!voefstuboejoh!pg
npefso!hfofujdt jt fyusFnfizlipx, and confu-
sion and erroneous beliefs abound. However,
there is also evidence of nfhjujnbuf!npsbnldpo.
dfsot!linked to developments in genetics and
their applications. The scientific community
generally tackles these issues inadequately,
making dialogue between researchers, the
public, and regulatory agencies difficult.

e |t is also clear that the qvcnjd!ejtujohvjtift
cfuxffo! efhsfft! pg! bddfqubcjijuz! pg ejggfsfou
bqanjdbujpot-! fwfo! jo! uif! bctfodf! pg! fybdu
jogpsnbujpo/ The “approval” of a specific
application is mainly based on judgement of
its end use. However, in other notable cases
(such as stem cell research) the nfbot!are also
extremely important (e.g. opinions about
embryonic stem cells and cells from adult tis-
sues differ). In general, while there are relati-
vely few conflicts between public attitudes to
science and religious beliefs, the latter are
much more relevant in cases such as the noted
above. Therefore, the scientific community
and regulatory agencies should be sensitive to
these differences of opinion and be able to
approach the moral debate without reserva-
tions (Solter fu'bi/, 2004; Pardo, Midden and
Miller, 2002).

e A series of analyses of public perceptions of
science appeared in the second half of the
1990s and at the start of the new century.
These questioned the effect of scientific know-
ledge or familiarity on attitudes (acceptance or
resistance) to science. A theory developed in
literature until 2 or 3 years ago claimed that, in
general, a high level of scientific knowledge
has no effect on favourable attitudes to scien-

ce. Variants of this theory stated that its effect
is contrary to previous beliefs, i.e. more know-
ledge leads to more critical and sceptical atti-
tudes to science. As this theory spread among
political leaders, particularly in the European
Commission but also in some European coun-
tries, it led, after an initial period of disorien-
tation, to a change in strategy, in which the
goal of scientific dissemination and communi-
cation was replaced by the aim of establishing
a dialogue with the public as well as public
participation in resolving scientific—-technologi-
cal controversies (using mechanisms such as

consensus conferences).

Empirical evidence from the Eurobarometers
was used as the basis for criticism of the tdjfoujgjd
njufsbdz (“knowledge matters”) paradigm. A new,
more detailed examination of this evidence has
helped to re-establish, in a more elegant and une-
quivocal way, the differential effect of the public’s
familiarity with science on their inclinations
towards it (Pardo and Calvo, 2002; Munoz, 2003;
Sturgis and Allum, 2004). Hardly any significant
gaps could be found joluifluifpsz!ijoljoh!ijhifs
rfwfnt! pg! lopxnfehf! boe! npsf!gbwpvsbenf qverjd
buvjuveft! up! tdjfodf/! The few gaps that do exist
are confined to science’s prospects in areas that
could be classified as “science-technology mira-
cles”. Logically, together with other matters
directly and deeply involving ethical principles,
these have been rejected by the well-informed
public.

These new analyses have formed the basis for
the renewed effort during the last decade at
increasing the number of scientific communica-
tion activities. At the same time, other general
variables (world views), such as those on nature
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and “natural” and ethical orientations, have pla-
yed a supporting role in significantly influencing

the general population’s view of science. Without
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denying the effect that specific public-participa-
tion has on the formation of opinions regarding
controversial issues, two conclusions have arisen
in this recent period. First, the gvcijd!'boe!qgsjwbuf
fygpsut! up! dpnnvojdbuf! tdjfodf! up! uif! qverjd
tipvne! cfldpotjefsbenz! jodsfbtfe/! Ui f!sFtviut! pg
ui ftf fogpsut! tipwvie! cf! tvckfdu! up! tdsvujoz! ps
bttfttnfou!(i.e. it should be compulsory to assess
the results of implementing public policies). The
number of researchers involved in bringing scien-
ce closer to the public is still negligible, as this
activity does not form part of researchers’ normal
concerns and many researchers consider that it is
outside their role, and even contrary to their inte-
rests. The effectiveness of different approaches
and means of communicating science to the
public needs to be rigorously evaluated. Second,
ui ! tdjfoujojd! dpninvojuz! tipvie! gbz! jodsthtfe
buufoujpoluplifhjujnbuf! rvftujpot gspn!uiflgvenjd
bepvului fifuijdt!boe!wbnvt!pg!jut!bdujwjujft, or the
results of these activities. This should lead to: bet-
ter training of researchers in this area, the dra-
wing-up of guidelines up by scientific institutions,
and constant attention being paid to the concerns
and sensitivities of pluralistic societies like the
Spanish one.

C! Tuvejft! dbssjfe! pvu! cz! uif! Fvspgfbo
Dpnnjttjpo! boe! gsjwbuf! jotujuvujpot! dpodvs! jo
dibsbdufsjtjoh! Tgbojti! tpdjfuz! bt! pof! pg! uif
nptu! pqujnjtujd-! xjuii! vif! rfbtu! sFtfswbujpot
bcpvu! tdjfodf/! This is even the case in areas
(such as biotechnology) that are problematic in
countries with a similar religious orientation
(such as Italy and Poland). The scientific com-
munity is highly valued and ranked only just
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behind another highly valued group, the medi-
cal profession. The fast pace of socio-economic
change experienced in Spain during the last
three decades, the development of a markedly
pluralistic democracy, and the country’s full
incorporation into Europe seem to have eroded
or even pushed aside all traditions and princi-
ples perceived as obstacles to innovation, plura-
lism, and greater well-being. Nonetheless, uijt
pqujnjtujd! boe! vogspcrfnbujd! gspgjrf!—pof!uiibu
ejtujohvjtift!Tgbojti!tpdjfuz!gspnluiptf!xjuilb
1poh! tdjfoujgjd! boe! gnvsbrjtujd! usbejujpo- jt
bddpngbojfe!cz!b!mfwfil pg! tdjfoujgjd! lopxifehf
bnpohluiflgpgvibujpoluibu!jt!tihojgjdbounzinpx s
uibo! uif! nfwfn! jo! uif! Nnbkpsjuz! pg! bewbodfe
Fvspgfbo! tpdjfujft/!! In other words, Spain’s
open attitude to science is, in fact, passive. It is
not linked to personal efforts to take an interest
in science or to obtain information about it.
Even “second stage” university students have
little knowledge of such activities. Thus, more
than in other European societies, science in
Spain needs to be brought much closer to the
interests of its citizens by increasing the amount
and accessibility of information and sustaining
the public’s interest in the dynamics and results
of research activities. This is even more urgent
than illustrating the benefits of certain areas of
research and their applications, which is a
worthwhile objective but one that should be

carried out in a realistic way, with no “oversell”.

These points describe the both the general and
Spanish background to the more specific conside-
rations set out in the next sections.
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