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Highlights

Information Sources, Interest, and
Involvement

Television and the Internet are Americans’ primary
sources of science and technology (S&T) information.

4 More Americans select television as their primary source
of S&T information than any other medium.

4 The Internet ranks second among sources of S&T informa-
tion, and its margin over other sources is large and growing.

4 To learn about specific scientific issues, more than half
of Americans choose the Internet as their main informa-
tion source.

4 Internet users do not always assume that online S&T infor-
mation is accurate. About four of five surveyed said they
had checked on the reliability of information at least once.

Surveys have long shown that most Americans express
substantial interest in S&T. However, other indicators
suggest a lower level of interest.

4 In surveys conducted annually from 2001 to 2006, between
83% and 87% of Americans said they had “a lot” or “some”
interest in new scientific discoveries.

4 Survey data indicate that, relative to other topics, interest in
S&T is not particularly high. However, some topics that rank
higher than S&T, such as new medical discoveries, include
extensive S&T content.

4 Aswith many news topics, the percentage of Americans who
say they follow S&T news closely has declined over the past
10 years, but S&T’s decline has been more pronounced.

4 Recent surveys indicate that elsewhere in the world, includ-
ing Japan and Europe, public interest in S&T is lower than
in the United States. China is a notable exception.

4 In 2006, about three of five Americans said they had visited
an informal science institution, such as a zoo or museum,
in the past year. This proportion is generally consistent with
results from surveys conducted since 1979.

Public Knowledge About S&T

Many Americans do not give correct answers to basic
factual questions about science and questions about the
scientific inquiry process.

4 Americans’factual knowledge about science has not changed
much over time. Factual knowledge is positively related to
level of formal schooling, income level, and number of sci-
ence and math courses taken.

4 People who score well on long-standing survey questions
that test for information typically learned in school also ap-
pear to know more about nanotechnology and the Earth’s

polar regions, topics that historically have not been central to
the standardized content of American science education.

4 Levels of factual knowledge of science in the United States
are comparable with those in Europe and appear to be better
than those in Japan, China, or Russia.

4 Americans’ understanding of the scientific process appears
to have improved slightly in recent years. Their level of un-
derstanding is strongly associated with factual knowledge of
science and with level of education.

U.S. scores on questions about the theory of evolution
and the “big bang” are lower than those in other coun-
tries, and many Americans are receptive to including
nonscientific views in science classrooms.

4 Many Americans appear skeptical of established scientific
ideas in these areas, even when they have some basic famil-
iarity with them.

4 Americans’ responses to questions about evolution have re-
mained virtually unchanged over the past 25 years.

4 More Americans approved than disapproved of instruction
about three explanations of the origins of life (evolution, in-
telligent design, and creationism) in public school science
classes. However, many were unsure.

Public Attitudes About S&T in General

Americans consistently and by large margins endorse the
past achievements and future promise of S&T. This sup-
port has been evident in surveys conducted since 1979.

4 In 2006, more than half of Americans said that the benefits
of scientific research have strongly outweighed the harmful
results, and only 6% said the harms slightly or strongly out-
weighed the benefits. Other indicators yield similar results.

4 Americans’ positive attitudes about S&T cross demographic
boundaries: men and women, college graduates and high
school dropouts, and blacks and whites all express support.

4 Americans also express some reservations about S&T. A
majority agree that “scientific research these days doesn’t
pay enough attention to the moral values of society,” al-
though the proportion agreeing dropped substantially in an-
nual surveys between 2001 and 2006. Nearly half believe
that science makes life change too fast.

4 Attitudes about the benefits of S&T are somewhat more
favorable in the United States than in Europe, Russia, and
Japan. Attitudes in China and South Korea, however, are
comparable with and perhaps even more favorable than
those in the United States.



7-4 ¢

Support for government funding of scientific research is
strong and growing.

4 In 2006, 87% of Americans expressed support for govern-
ment funding of basic research, up from levels around 80%
in past surveys dating back to 1979.

4 The percentage of Americans who said that the government
spends too little on scientific research grew from 34% to
41% between 2002 and 2006.

4 Other kinds of federal spending, however, generate even
stronger public support.

The public consistently expresses confidence in science
leaders.

4 In 2006, more Americans expressed a great deal of con-
fidence in leaders of the scientific community than in the
leaders of any other institution except the military. Despite
a general decline in confidence in institutional leaders since
the early 1970s, confidence in science leaders has remained
relatively consistent.

4 Onscience-related public policy issues (including global cli-
mate change, stem cell research, and genetically modified
foods), Americans believe that science leaders, compared
with leaders in other sectors, are relatively knowledgeable
and impartial and should be relatively influential. However,
they also perceive a significant lack of consensus among sci-
entists on these issues.

In deciding whether a study is scientific, most Americans
rely on criteria related to the research process: whether
results are evidence based, carefully interpreted, and
replicated.

4 Research process characteristics are especially important
among more highly educated Americans, who are less likely
than others to rely on other criteria such as researchers’ cre-
dentials, institutional settings, and consistency with common
sense or with religious beliefs.

4 Americans and Europeans both see medicine as more sci-
entific than other fields, with physics and biology following
close behind it.

Public Attitudes About Specific S&T Issues

Americans have recently become more concerned about
environmental quality.

4 1n 2007, 43% of Americans expressed strong concern about
the environment, up from 35% in 2005. However, concern
about the environment ranks somewhere in the middle
among 12 issues.

4 Global warming has recently become more prominent
among environmental issues of concern to the public, al-
though it still ranks 8th among 10 issues.

Chapter 7. Science and Technology: Public Attitudes and Understanding

Many Americans are unfamiliar with emerging tech-
nologies and research topics, and many have significant
misconceptions about them.

4 Few Americans (about 1 in 10) consider themselves “very
familiar” with biotechnology.

4 Most Americans (60%) believe they have not eaten geneti-
cally modified foods, although in fact processed foods com-
monly contain genetically modified ingredients.

4 More than half of Americans (54%) have heard “nothing at
all” about nanotechnology.

4 Most Americans say they are “not very clear” (35%) or “not
clear at all” (35%) about the distinction between reproduc-
tive and therapeutic cloning.

A majority of Americans support medical research that
uses stem cells from human embryos. However, Ameri-
cans are wary of innovations using cloning technology,
and they overwhelmingly oppose reproductive cloning.

4 In three surveys conducted between 2004 and 2006, a ma-
jority agreed with the statement that it was more important
to continue with stem cell research than to avoid destroying
human embryos used in the research.

4 About half of Americans oppose using human cloning tech-
nology even if it is limited to helping medical research de-
velop new treatments for disease.

4 Four of five Americans oppose using “cloning technology to
produce a child.”

Americans, Europeans, and Canadians share similarly fa-
vorable attitudes about biotechnology and nanotechnology.

4 In 2005, 71% of Americans and 67% of Canadians ex-
pressed support for products and processes involving
biotechnology. Almost two-thirds of Europeans said they
expected biotechnology to positively affect their way of
life in the next 20 years.

4 When told about nanotechnology, about half of Americans
surveyed in 2005 foresaw substantial or some benefit from
it, and 14% expected substantial or some risk. Canadian re-
sponse to the same question was similar. Among Europeans,
48% expected positive effects from nanotechnology, where-
as only 8% expected negative effects.
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Introduction

Chapter Overview

In today’s America, science and technology (S&T) are ev-
erywhere. Americans encounter S&T in their roles as citizens,
workers, and consumers. As citizens, they vote for candidates
with different views about global warming, stem cell research,
and deficit spending, issues about which atmospheric scien-
tists, microbiologists, and macroeconomists claim expertise.
As workers, they compete for jobs in technology-driven sec-
tors of the economy that did not exist a generation ago, where
familiarity with recently invented devices and emerging sci-
entific disciplines makes them more competitive. As con-
sumers, in their leisure time, they rely on new technologies
to entertain themselves, build relationships with others, and
keep informed about the world around them.

It is increasingly difficult for Americans to be competent
as citizens, workers, and consumers without some degree
of competence in dealing with S&T. Because competence
begins with understanding, this chapter presents indicators
of how Americans get S&T news and information and how
much they know about S&T. How the American citizenry
collectively deals with public issues that centrally involve
S&T in turn affects whether America will continue to be a
fertile environment for developing scientific knowledge and
applying it in practical contexts. It also affects the kinds of
S&T development America will support. The chapter there-
fore includes indicators of attitudes about S&T-related is-
sues. Because citizens often rely on trusted leaders to shape
their attitudes on contested issues, the chapter includes indi-
cators of public perceptions concerning the influence scien-
tific experts ought to have on S&T-related policies.

Indicators of what Americans know and think concerning
S&T may be considered in two essentially different ways.
They may be compared to a benchmark that suggests what
people ought to know or how they ought to apply their knowl-
edge. These indicators may also be compared with similar in-
dicators for past years or other countries. In an increasingly
globalized world, international comparisons become increas-
ingly relevant: a culture in which S&T flourish can give a
country a competitive advantage, and public understanding of
and support for S&T are components of such a culture.

Chapter Organization

The chapter is divided into four major sections. The first
includes indicators of the public’s sources of information
about, level of interest in, and active involvement with S&T.
This section contains data on public use of the mass media
for science news and information and on involvement with
informal science in museums, science centers, zoos, and
aquariums. The second section of the chapter reports on in-
dicators of public knowledge, including measures of factual
knowledge and understanding of the scientific process. The
third and fourth sections of the chapter are about attitudes to-
ward S&T. The third section contains data on attitudes about
S&T in general, including support for government funding

of basic research, confidence in the leadership of the sci-
entific community, perceptions of the prestige of S&E as
occupations, and opinions about how much influence sci-
ence and scientists ought to have in public affairs. The fourth
section addresses attitudes on specific S&T-related issues. It
includes indicators of public opinion about several emerging
lines of research and new technologies, including biotech-
nology, genetically modified food, nanotechnology, stem
cell research, and cloning.

A Note About the Data

Throughout, the chapter emphasizes trends over time,
patterns of variation within the U.S. population, and inter-
national patterns. It gives less weight to the specific percent-
ages of survey respondents who gave particular answers to
the questions posed to them. Although, inevitably, the chap-
ter reports these percentages, they are subject to numerous
sources of error and should be treated with caution. Caution
is especially warranted for data from surveys that omit sig-
nificant portions of the target population, have low response
rates, for which significant methodological information
is unavailable, and have topics that are particularly sensi-
tive to subtle differences in question wording (see sidebar,
“Survey Data Sources™). In contrast to specific percentages,
consistent and substantial trends and patterns warrant great-
er confidence. However, international comparisons, where
language and cultural differences affect how respondents in-
terpret questions and can introduce numerous complexities,
also require special care.

Information Sources,
Interest, and Involvement

Because S&T are relevant to so many aspects of daily
life, information about S&T can help Americans make bet-
ter decisions and develop more confidence in their ability to
make sense of the world around them. In addition to open-
ing up avenues to the intrinsic satisfactions that S&T offer,
interest in and involvement with S&T can be paths to acquir-
ing more information and achieving greater understanding.

S&T Information Sources

U.S. Patterns and Trends

More Americans get most of their information about cur-
rent news events from television than any other source. About
half report television as their main information source, with
substantial percentages reporting newspapers (23%) and the
Internet (14%) as their main source (appendix table 7-1).
These figures have not changed substantially since 2004 (NSB
2006). Marked changes in media use for current news occurred
throughout the 1990s, including rapid growth in Internet use
and sharp declines in regular local and network news viewer-
ship and in newspaper readership. However, these trends ap-
pear to have slowed or stopped in recent years (Pew Research
Center for the People and the Press 2006a).
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Survey Data Sources
Number of
respondents/
margin of error
of general
Sponsoring Years Data collection population
Primary topic | organization Title used Information used method estimates
UsS. National Science NSF surveys on public attitudes toward [ 1979— Information sources, Random digit n =~1,600-2,000
(general) Foundation and understanding of science and 2004 interest, knowledge, dialing (RDD) +2.47% -
technology general attitudes computer-assisted |+3.03%
telephone survey
University of Chicago, | General Social Survey S&T module 2006 Information sources, Face-to-face n=1,864
National Opinion knowledge, general interviews +2.68%
Research Center attitudes, nanotechnology
attitudes
The Gallup Various ongoing surveys 1984, Evolution, environment, [RDD n =~1,000 each
Organization 1990-92, |stem cell for U.S., Canada,
1995, Great Britain
1997-
2007
Virginia VCU Life Sciences Survey 2001-06 |Stem cell research, RDD n=-~1,000
Commonwealth interest in S&T, general +3.0%
University Center for attitudes
Public Policy
International | European Commission | Eurobarometer 224/Wave 63.1: 1992, Various knowledge and | Face-to-face n = 32,897 total
Europeans, Science and Technology; [2005 attitude items, including |interviews (~1,000 each
Eurobarometer 225/Wave 63.1: Social public support for basic for 27 countries;
Values, Science and Technology (2005) research and trust in ~500 each for 4
scientists countries) £1.9%
-+3.1%
Canadian Canada-U.S. Survey on Biotechnology [2005 Attitudes toward RDD Canada: n =
Biotechnology technology, including 2,000 +2.19%
Secretariat biotechnology and
nanotechnology (includes U.S.:n=1,200
U.S. data on specific +2.81%
issues)
British Council, Russian Public Opinion of the 1996, Various knowledge and | Paper n=2,107
Russia Knowledge Economy (2004) 2003 attitude items questionnaires (2003)
Chinese Ministry China Science and Technology 2001 Various knowledge and | Information not n = 8,350
of Science and Indicators 2002 (2002) attitude items available
Technology
Japan National The 2001 Survey of Public Attitudes | 2001 Various knowledge and | Face-to-face n=2,146
Institute of Science Toward and Understanding of attitude items interviews
and Technology Science & Technology in Japan
Policy
Korea Science Survey of Public Attitudes Toward, 2006 Various knowledge and | Face-to-face n=1,000
Foundation and Understanding of Science and attitude items interviews +3.1%
Technology 2006
Malaysian Science Public Awareness of Science and 2004 Various knowledge and | Face-to-face n = 6,896
and Technology Technology Malaysia 2004 (2005) attitude items interviews +2.0%
Information Centre
Indian National India Science Survey 2004 2004 Various knowledge and | Face-to-face n = 30,255
Science Academy attitude items interviews

Americans report a somewhat different pattern of primary
sources for S&T information than for information about cur-
rent news events (Horrigan 2006) (figure 7-1; appendix table
7-2). For both kinds of information, more Americans select
television as their primary source than any other medium.
Unlike for current news, though, the Internet is the second
most common primary source of S&T information, and its
margin over other sources is large and growing. The Inter-
net, magazines, and books or other printed material loom
larger as primary information sources for S&T than for cur-
rent news; the opposite is true for television, newspapers,
and radio (figure 7-2).

To learn about specific scientific issues, over half of Amer-
icans choose the Internet as their main information source
(figure 7-1; appendix table 7-3). Television (19%) is the only
other medium that more than 10% of Americans choose as
their primary source. Considering that about one-fourth of
Americans lack access to the Internet at home or work (Har-
ris Interactive 2006c), the overall proportion who rely on it
for specific S&T information is especially noteworthy. How-
ever, presumably because of limited access, the percentage of
Americans who say they ever get science information from
the Internet is lower than the comparable figures for televi-
sion, newspapers, or magazines (Horrigan 2006).
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Survey Data Sources—continued
Number of
respondents/
margin of error
of general
Sponsoring Years Data collection population
Primary topic | organization Title used Information used method estimates
Information | Pew Research Center | Biennial News Consumption Survey | 1996— Information, interest RDD Biennial News
sources, for the People and the 2006 Consumption
interest, and | Press Survey
involvement n = 3,204
(2006) +2.0%
Pew Research Center | News Interest Index 2002- Information, interest RDD n=~1,000
for the People and the 06 +3.5%
Press
Pew Internet and Pew Internet and American Life 2006 Information, interest, RDD n = 2,000
American Life Project Survey involvement +3.0%
Project
USC Annenberg Surveying the Digital Future 2000- Internet use RDD n =~2,000
School Center for the 06
Digital Future
Institute of Museum InterConnections: The IMLS 2006 Involvement RDD n=1,057-5,082
and Library Services | national study on the use of libraries, +1.47% —
museums, and the Internet +3.01%
Public University of General Social Survey 1973- Government spending, Face-to-face Government
attitudes in Chicago, National 2006 confidence in interviews spending: n =
general Opinion Research institutional leaders 1,574-2,992
Center +2.12% —
+2.84%
Confidence in
institutional
leaders: n =
876-1,989
+2.60% —
+3.80%
Harris Interactive The Harris Poll 1977— Occupational prestige, RDD n=~1,000
2006 Internet use +3.0%
Public Pew Initiative Various ongoing surveys 2006 Biotechnology, RDD n=1,000
attitudes on Food and genetically modified +3.1%
about Biotechnology foods
specific
issues
Research! America Various ongoing surveys 2005 Stem cell research RDD 2; 5%20_1'000
Public Agenda Reality check 2006: Are parents and 2005 S&E education RDD n=1,379
students ready for more math and +3.8%
science? (2006)

Recent trends in how Americans say they learn about
specific scientific issues suggest the possibility of a declin-
ing reliance on longer printed sources, such as books and
magazines (but not newspapers), and an increased use of
television.* Reliance on the Internet, which had grown sub-
stantially over the past decade, is still growing but has shown
signs of leveling off (figure 7-3).2

These trends are open to various interpretations. One pos-
sibility, consonant with the idea that the lengthy narrative
in printed materials facilitates in-depth analysis of complex
issues, is that Americans are increasingly seeking relatively
brief and convenient overviews of such issues. This inter-
pretation is consistent with data on recent trends in news
consumption, which indicate that availability of Internet

news has not increased overall news consumption and that
Internet news users more often look for quick updates on
the Web than for detailed information (Pew Research Center
for the People and the Press 2006a). There are other pos-
sibilities, however. For example, because America’s media
environment is increasingly segmented, the assumption that
a particular information source provides a particular kind or
quality of information is becoming increasingly problematic.
Thus television includes a range of science-related material,
presented in specialized programs (e.g., Nova) and chan-
nels (e.g., the Science Channel) that cater to people with a
sustained interest in science; outlets (e.g., news magazines)
that offer occasional, ordinarily reliable scientific informa-
tion; and even entertainment programs that indiscriminately
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Figure 7-1
Primary source of information, by use: 2006

Family/friends/colleagues 4% Other 1%

Radio 6%

Newspapers 23%

Magazines
1%

Television 49% Internet 14%

Current news events

Don't know 1%
Other 2%
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Figure 7-2

Primary source of current news events and
science and technology information: 2006
Percent

60

. Current news events . Science and technology
L information |

Tele- News- Radio Internet Magazines Books
vision papers

SOURCE: University of Chicago, National Opinion Research Center,
General Social Survey (2006). See appendix tables 7-1 and 7-2.
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Family/friends/colleagues 3%
Radio 2%

Newspapers 11%

Magazines 10%

Figure 7-3
Primary source of information about specific
scientific issues: 2001, 2004, and 2006
Percent
60
L [l 2001 | 2004 [7] 2006 E
Television 39% Internet 23% 50

40 |
Books 7% 30 |
Science and technology information
Don't know 2% 20 |
. ONEENOWE " Other 2%
Family/friends/colleagues 2%

- Newspapers 6% B

Radio 1% 10

Magazines 6%

Internet Books Television Magazines Newspapers

Television 19%

SOURCES: National Science Foundation, Division of Science
Resources Statistics, Survey of Public Attitudes Toward and
Understanding of Science and Technology (2001); University of
Michigan, Survey of Consumer Attitudes (2004); and University of
Chicago, National Opinion Research Center, General Social Survey
(2006). See appendix table 7-3.
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Books 9%
Internet 53%

mix scientific information with fantasy speculations about
the physical and biological worlds. Other media also present
heterogeneous content. By this interpretation, then, a user
who moves from magazines to television may be doing it for
a variety of reasons and is not necessarily choosing informa-
tion of lesser quality.

In general, people who rely more on television for news
and information, including S&T information, tend to be older
and have fewer years of education than those who rely on
the Internet and other sources (appendix tables 7-1 and 7-2).
Access to high-speed Internet connections is also associated
with more extensive reliance on the Internet for news and
information (Cole 2005; Horrigan 2006).

Specific scientific issues

NOTES: Government agencies included in “other” category. For
current news events, books included in “other” category, and “don’t
know” not shown because <1.0% response. Detail may not add to
total because of rounding.

SOURCE: University of Chicago, National Opinion Research Center,
General Social Survey (2006). See appendix tables 7-1, 7-2, and 7-3.
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Perhaps because S&T information is not easily separable
from the general flow of information in the mass media, na-
tional data that address the processes through which Ameri-
cans acquire and sort through such information are scarce.
A Pew Internet and American Life Project survey (Horrigan
2006) probed how Americans use the Internet to acquire infor-
mation about science. It found that a clear majority of Internet
users had engaged in some information search activities, in-
cluding “look up the meaning of a particular scientific term or
concept” (70%), “look for an answer to a question you have
about a scientific concept or theory” (68%), and “learn more
about a science story or scientific discovery you first heard or
read about offline” (65%). In addition, just over half had used
the Internet to “complete a science assignment for school, ei-
ther for yourself or for a child” (55%) or “check the accu-
racy of a scientific fact or statistic” (52%). Fewer had used
the Internet to “download scientific data, graphs or charts”
(43%) or “compare different or opposing scientific theories”
(37%). How skillfully or how often Americans engage in the
search for scientific information, whether on the Internet or
elsewhere, remains unknown.

Using information well involves more than finding it. In
an information-saturated society, Americans need to make
critical assessments of the information they encounter and
somehow determine whether it is credible.

Survey data provide some indications of how Americans
assess the credibility of public information. For the past two
decades, Americans have been becoming more skeptical of
the information they encounter in the major broadcast and
print media generally, although this trend has leveled off
somewhat recently (Pew Research Center for the People and
the Press 2006a). Americans’ judgments of media credibility
appear to be shaped by more than their critical thinking skills
and the quality of the information provided. For example,
judgments of the credibility of particular mass media infor-
mation sources are associated with political party affiliations
(Pew Research Center 2005; Pew Research Center for the
People and the Press 2006a). (For data on perceived cred-
ibility of biotechnology information sources, see section on
“Biotechnology and Its Medical Applications.”)

Compared with survey results on the credibility of the
major broadcast and print media, data on the credibility of
Internet information suggest greater public confidence, most
likely because the survey questions are asked in a context
that makes respondents think of information that is neither
value laden nor controversial.® For example, a majority of
Internet users considered most or all online information to
be accurate and reliable. In a survey on Internet use, ap-
proximately three-quarters of Internet users rate government
websites and websites associated with established print and
broadcast media as reliable (Cole 2006). These same estab-
lished media fare less well in survey contexts that are more
likely to invite respondents to ponder the reliability of po-
litically sensitive information in the media (Pew Research
Center for the People and the Press 2006a).

Evidence about how Americans judge the credibility of
S&T information in the media is scant. Pew’s study of how
Americans acquire science information indicates that Inter-
net users who seek science information online do not always
assume that the information they find there is accurate (Hor-
rigan 2006). Eighty percent report that they have “ever”
done at least one of the following kinds of checks:

4 Compare it to other information you find online to make
sure it’s correct (62%)

4 Compare it to an offline source like a science journal or
encyclopedia (54%)

4 Look up the original source of the information or the
original study it’s based on (54%)

It is natural to assume that people’s choice of media
sources affects how they think about S&T. However, it is
difficult to design research that clearly isolates the effects
of the media and establishes causal linkages. One reason is
that people’s preexisting opinions and orientations are likely
to affect their media choices; another is that media content
often affects people indirectly, filtered through the views of
trusted friends and relatives (see sidebar, “Media Effects”).

International Comparisons

Data collected between 2001 and 2004 on sources of S&T
information used by people in other countries, including
the European Union (EU) states, Japan, Russia, South Ko-
rea, and China, uniformly identify television as the leading
source of S&T news and information. Newspapers generally
ranked second. Relatively few survey respondents cited the
Internet as an important source of S&T information, perhaps
in part because many lacked access to the Internet. However,
national differences in how questions were asked make pre-
cise comparisons among different countries impossible. In
a 2006 South Korean survey, more respondents named the
Internet (23%) as their primary source of S&T information
than named newspapers (16%) (Korea Gallup 2007). More
recent data on the other countries do not exist; further details
on these older data are presented in the 2006 edition of Sci-
ence and Engineering Indicators (NSB 2006).

Television is also the dominant source of S&T informa-
tion in India, where about two-thirds of survey respondents
in 2004 said it was their main information source (Shukla
2005). Radio (13%) and friends/relatives (12%) ranked
ahead of written sources such as newspapers, books, and
magazines, which together accounted for 9% of responses.
India’s relatively low literacy rate (144th of 176 countries in
a 2005 ranking) is useful context for these findings.
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Media Effects

Citizens of economically advanced societies live in a
world that is permeated by mass media of communica-
tion. A large social science literature probes how these
media operate, what kinds of messages they send, how
they tailor their messages to reach different audience seg-
ments, and how those messages relate to public opinion.
Mass media messages interact with the opinions of the
American public in complex ways, and teasing out the
reciprocal effects is complicated (Perse 2001).

Providers of media content are not free to supply what-
ever content they prefer. In making content decisions, the
people who own and manage media organizations take
into account the views of the segments of the public that
purchase their products and are well aware that their au-
diences can select other content providers. Likewise, the
journalists who gather information and report stories for
mass media transmission, whatever their personal views,
are guided by the standards of the organizations for which
they work and the professions in which they are trained.
In addition, they are typically motivated by the desire to
make an impact on a large audience by presenting stories
in compelling and dramatic ways.

At the same time, the mass media do not simply reflect
the public they serve. Members of the public are depen-
dent on mass media for much of their information about
public issues, either through direct exposure or second
hand from friends and relatives. Because Americans tend
to rely on sources of information that typically adopt a
perspective akin to their own, the ways trusted mass me-
dia pose new or less familiar issues can assume great im-
portance. Moreover, even for members of the public who
search out multiple points of view on an issue, the shared
terms and assumptions in the media shape how they think
about issues. Interested parties, including newsmakers,
are increasingly sophisticated in crafting messages to
capture media attention and appeal to the public.

Studies that seek to isolate the effects of mass media
face numerous challenges:

4 Laboratory research, which can control for factors
other than media exposure that influence people’s
opinions, has an uncertain relationship to real world
situations, in which people choose media programs,
interpret media messages through conversations with
others, and pay varying degrees of attention to what is
said in the mass media. It is difficult to recreate these
conditions in laboratories.

4 Even when research can demonstrate short-term effects
of media exposure, it is hard to know how much these
persist over time or affect behavior in natural settings.

4 People interpret a media message differently depend-
ing on the beliefs they bring to it and the attention they
give it. Thus, media messages may affect individuals,
but, because the effects are not uniform and can run
in opposite directions, aggregate opinion may be left
almost unchanged.

4 Media messages may have more to do with motivating
people who already hold an opinion to become more
active in civic and political contexts than with persuad-
ing people to adopt new opinions. Surveys may have
difficulty capturing this kind of effect.

4 In a society with multiple sources of media content,
even highly influential media sources, such as programs
on major television networks, reach only a fraction of
the population and, at any given time, change the per-
spectives of only a fraction of the people they reach.

4 Mass media messages are significantly shaped by
events—what is actually taking place in the situations
about which they are reporting. Although facts are
open to various interpretations and presentations, they
set limits beyond which media organizations cannot go
without losing credibility.

4 It is easy to demonstrate correlations between me-
dia content and shifts in public opinion, but hard to
demonstrate causation. Sometimes, changes in media
content reflect changes in elite opinion or actual cir-
cumstances, rather than changes initiated or caused by
the mass media themselves.

4 Media exposure may have threshold effects, in which a
certain amount of repetition is necessary for a message
to get through, but beyond that amount further repetition
has little or no impact. Compared with effects that work
incrementally, threshold effects are harder to isolate.

Recent research in communications has stressed the role
of the mass media in shaping the agenda for public debate
and political action (agenda-setting) and the terms in which
the public sees an issue (framing) (Scheufele and Tewks-
bury 2007). Agenda-setting works largely through making
a topic more salient and accessible to memory by frequent
or more prominent mention of it, thereby increasing the
public’s sense that the topic is important. Framing refers to
ways that mass media construct stories to make a topic com-
prehensible and relevant to the public. Frames stress some
aspects of a topic and minimize others. Some kind of fram-
ing is necessary to reduce complexity and provide a focus to
make sense of what would otherwise be undigested facts. In-
terested parties vie to get the mass media to present topics in
their preferred frames. Research on how S&T are discussed
in the mass media has identified competing frames that have
been used to present contested issues (Gamson and Modigli-
ani 1989; Nisbet and Lewenstein 2002). Recognizing that
most members of the public pay limited attention to S&T
information, some researchers have argued that representa-
tives of the scientific community need to do more to influ-
ence how the mass media frame issues (Nisbet and Mooney
2007; Scheufele 2006). In their view, when it comes to influ-
encing public opinion, influencing the frames through which
the public processes and understands science-related issues
may be more important than increasing the scientific and
technical content of news coverage.
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Public Interest in S&T

U.S. Patterns and Trends

In surveys, Americans consistently express high levels of
interest in S&T. Asked in 2006 whether “I enjoy learning
about science and new science discoveries” describes them,
about three-fourths of Americans said it describes them ei-
ther very (43%) or somewhat (31%) well (Horrigan 2006).
Likewise, in six annual surveys conducted between 2001
and 2006, between 83% and 87% of Americans reported that
they had either “a lot” or “some” interest in new scientific
discoveries, with the remaining small minority expressing
less interest (table 7-1). In 2006, 47% claimed they had “a
lot” of interest. More highly educated people tend to express
greater interest in S&T (Pew Research Center for the People
and the Press 2004).

High levels of expressed interest in S&T are part of a
long-standing pattern, evidenced in the results of 11 Nation-
al Science Foundation (NSF) surveys conducted between
1979 and 2001 (NSB 2002). In each survey, more than 80%
of Americans reported that they were either “very” or “mod-
erately” interested in “new scientific discoveries” and “new
inventions and technologies.”

However, the NSF surveys also give reason to doubt the
strength and depth of Americans’ interest in S&T. Relative
to interest in other topics, interest in S&T in these surveys
was not particularly high. S&T interest ranked in the middle
among the 10 areas frequently listed in the surveys: above
space exploration, international and foreign policy, and ag-
riculture and farming; below new medical discoveries, local
schools, and environmental pollution; and similar to eco-
nomic and business conditions and military and defense pol-
icy. Of course, a more inclusive concept of S&T might treat
several of the topics in this list, such as space exploration
and new medical discoveries, as part of the S&T category;
furthermore, other topics often include substantial S&T con-
tent (see sidebar, “What Are Science and Technology?”).

Survey responses about S&T news also raise questions
about how interested Americans are in S&T in general. For
10 years, Pew (Pew Research Center for the People and
the Press 2006a) has collected data on categories of news
that Americans follow “very closely.” In 2006, S&T news
was followed closely by 15% of the public and ranked 10th
among 14 topics, ahead of only business and finance, en-
tertainment, consumer news, and culture and the arts (table
7-2). As is the case for many other news topics, the per-
centage of Americans who say they follow S&T closely has
declined over this period. But S&T’s decline has been more
pronounced, with the result that its relative standing in the
list of topics has also slipped over the decade: whereas S&T
ranked ahead of seven topics in 1996, three of these had sur-
passed it by 2002 and have remained ahead since then.

Among regular newspaper readers, articles on “health and
medicine” and “technology” rank relatively high as portions
of the newspaper that Americans spend “some time” or “a
lot of” time reading (table 7-3). Data on these topics might
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Table 7-1
Public interest in new scientific discoveries:
2001-06

(Percent)

Level of interest 2001 2002 2003 2004 2005 2006

Alot....ccoovveeeeenn. 43 39 44 42 45 47
SOMEe..oeeeeeeennnenn 44 44 43 42 42 40
Not much............ 8 12 10 10 8 9
Not at all............. 4 4 3 5 4 4
Don't know ......... 1 0 0 0 1 0

NOTE: Responses to: How much are you personally interested in
new scientific discoveries?

SOURCE: Virginia Commonwealth University (VCU), Center for

Public Policy, Survey and Evaluation Research Laboratory, VCU
Life Sciences Survey 2006, http://www.vcu.edu/lifesci/centers/
cen_ Ise_surveys.html.
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What Are Science and
Technology?

When Americans refer to science and technology
(S&T), they rarely define their terms. Ordinary lan-
guage rests on the assumption that terms such as these,
even if their precise meanings are not quite the same
for everyone, invoke a bundle of associations that are
similar enough to enable people to communicate. Sur-
vey research gathers attitude data about how people
respond to the ill-defined linguistic bundles, such as
S&T, that people use in ordinary conversation.

For purposes of analysis and comparison, research
studies usually classify topics in the news in a way that
makes space, environment, and health and medicine
separate from S&T. The meaning respondents ascribe
to a topic category, such as S&T, is affected by the
context in which it appears and the other categories
listed with it.

In interpreting survey data that use these terms,
it is important to take into account the uncertainties
surrounding the meaning of S&T. For example, it is
not clear how often survey respondents who are asked
about “science and technology” think they are being
asked about two separate entities about which they
might have different interests or attitudes, rather than
about a single complex whole. Likewise, although en-
gineers often think of technology as a broad category
of devices and systems that humans construct to solve
problems and interact with their environments, there
is some evidence that for many people the term tech-
nology refers more narrowly to electronic informa-
tion technology, especially computers (Cunningham,
Lachapelle, and Lindgren-Streicher 2005; Rose and
Dugger 2002).
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Table 7-2
News followed very closely by American public: 1996-2006
(Percent)
Type of news 1996 1998 2000 2002 2004 2006
NA NA NA NA 53 50
41 36 30 30 32 29
35 34 26 31 28 26
34 34 29 26 26 24
26 27 27 25 25 23
Local government..........c.cceeerueeen. 24 23 20 22 22 20
Washington news..... 16 19 17 21 24 17
International affairs... 16 16 14 21 24 17
Religion........ccccceeviueenen. 17 18 21 19 20 16
Science and technology............... 20 22 18 17 16 15
Business and finance.................... 13 17 14 15 14 14
Entertainment .........cccoceeeveiiiiinnes 15 16 15 14 15 12
COoNSUMEr NEWS .....eeeeeuveeaacieeaanns 14 15 12 12 13 12
Culture and arts.......ccccccveeeceeeennes 9 12 10 9 10 9

NA = not available, question not asked
NOTES: Data reflect respondents who said they followed type of news “very closely.” Table includes all years for which data collected.

SOURCE: Pew Research Center for the People and the Press, Online papers modestly boost newspaper readership: Maturing Internet news
audience broader than deep (30 July 2006), Biennial News Consumption Survey (27 April-22 May 2006), http://people-press.org/reports/display.
php3?ReportlD=282, accessed 26 April 2007.
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be interpreted as indicating relatively high S&T interest; at

Table 7-3 _ a minimum, these topics can spur readers to learn about hu-
What people read in the newspaper: 2006 man biology and advances in engineering. Conversely, in-
(Percent) . . . . . .
terest in these topics may be limited to information that is
Type of news 2006 immediately related to personal and family well-being or
News stories about one’s city, town, or region ............ 91 news about computer technology. The available c_iata do not
National NEWS SEOMES «.....v.vvueererrreseererteseseeseeseeseesensenees 88 indicate how survey respondents themselves define the fo-
International news stories ............cccovveiiieiiiiiiniiecs 84 cus or scope of their interest.*
Articles on health and Medicine...........ccooooccunvveveiveennnss ” Since 1986, the Pew Research Center for the People and
Articles BDOUL tECNNOIOGY...vvssvvrsvvssvvrs v o the Press has maintained a news interest index that tracks
Editorial and opinion pages...... 60 individual stories that ke headli The index is based
Business and financial news ... 60 individual stories that make headlines. The index is base
Articles about food, diet, cooking ............. . 55 on frequent surveys that record the proportion of Amerlcgns
News stories and columns about religion ................... 51 who, when asked about a news story, say they are following
Consumer tips on products and Services ................... 50 it “very closely.” Stories that attract considerable public in-
2B EEBOD ot 0 0 000000 S terest are often included in several surveys, and results from
ENEMANMENt NEWS. oo 46 each survey appear separately several times on the news in-
Obituaries ........cceveeriiriennneene .. 42 t t ind For 2002—06. high li . the i t
Carilien, [, AT TS A erest index. For 2002-06, high gasoline prices, the impac
e T — 39 of hurrlcan_es Katrina and Rita, and dgbates on the war in
AQVErtISEMENES......cvvececeececeeeeeieeeraeeeeesaeeeseeesesseeaneeees 35 Iraq comprise all but one of the top 20 items on the list (the
Rzl SRR SEEHEM oo 32 Washington, DC area sniper shootings was the other item)
TV/movis/entertainment information and schedules.... 29 (Pew Research Center for the People and the Press 2007a).
FIEENCL I Rl S i s 2 If S&T content were what generated sustained high levels
Society pages, weddings/engagements/births............ 24

of public interest in a news story, a different set of stories
would be at the top of the list.

NOTES: Based on respondents reading newspaper “just about every
day” or “sometimes.” Data reflect those saying they spent “some

time” or “a lot of time” reading type of news in newspaper. However: top stories may not be the best indicator of
SOURCE: Pew Research Center for the People and the Press, Online pUb“C interest and exposure. S&T stories rafe'V feature the
papers modestly boost newspaper readership: Maturing Internet evolving human drama of wars and disasters or the immedi-
news audience broader than deep (30 July 2006), Biennial News ate persona| effects of gasoline pI’iCES, making it harder for
Consumption Survey (27 April-22 May 2006), http://people-press.org/ . . . .

reports/display.php3?ReportiD=282, accessed 26 April 2007. them to capture widespread and sustained attention in the

population at large. It is safe to say that all of the top stories at
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times focused public attention on S&T issues and that Amer-
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icans who had a sounder understanding of S&T were better
able to comprehend at least some aspects of them. Thus, the
geology, chemical engineering, and economics involved in
finding gasoline, refining it, and getting it to market are at
times part of news coverage of gas prices; the atmospheric
science, civil engineering, and sociology involved in disas-
ters and disaster response are at times part of news coverage
of hurricanes; and the chemistry and biology of weaponry
and the political science of building democracy are at times
part of the coverage of the Iraq war. The survey data can-
not discriminate finely enough to determine how much the
public engages with the more scientific and technological
aspects of stories like these.

A different kind of news indicator is the amount of cover-
age news organizations devote to S&T. This indicator can
involve either sheer quantity (e.g., newspaper space, broad-
cast time) or prominence (e.g., lead stories). For 20 years,
the Tyndall Report has tracked the time that the three ma-
jor broadcast networks devoted to 18 categories of news on
their nightly newscasts (Tyndall Report 2007). Two cat-
egories with large S&T components are science, space, and
technology, and biotechnology and basic medical research.®
Neither category has ever occupied a large percentage of
the approximately 15,000 minutes of newscast coverage on
the networks; science, space, and technology, the larger of
the two categories, garnered 752 minutes in its peak year
(1999). Both categories began the period at relatively low
levels of coverage, climbed sharply beginning some time
in the mid to late 1990s, dropped off even more sharply
very early in the new century, and then showed signs of re-
bounding, but ending well below their peak levels (figure
7-4). Trends in the science, space, and technology category,
along with recent annual lists of leading individual stories in
that category, suggest that the advent of the Internet and the
significance of developments in the nation’s space program
affected the amount of news coverage (table 7-4). The im-
portance of competing stories, such as terrorist attacks, also
plays a role. Data on front-page newspaper stories suggest
that science figured somewhat more prominently in 2004
than in 1977, when it was hardly visible (Project for Excel-
lence in Journalism 2005).

International Comparisons

Recent surveys conducted in other countries indicate that
the overall level of public interest in S&T is less than that in
the United States. In 2005, 30% of survey respondents in Eu-
rope said they were very interested in new scientific discov-
eries, about half (48%) said they were moderately interested,
and one-fifth said they were not at all interested. Compa-
rable 2001 U.S. numbers were substantially higher for “very
interested” and substantially lower for “not at all interested.”
The distribution of European responses about interest in new
inventions and technologies was almost identical to that for
scientific discoveries. There was considerable variation in
interest among European countries, and the overall level of
interest was down somewhat from 1992, the last time these
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questions were asked. Survey respondents who said they
were not at all interested in either new scientific discoveries
or new inventions and technologies most often gave “I don’t
understand it” or “I do not care about it” as reasons (Euro-
pean Commission 2005a). As in the United States, men in
Europe showed more interest in S&T than women. Unlike
in the United States, S&T interest in Europe appears to have
declined between 1992 and 2005.

Residents of several Asian countries, including Japan,
South Korea, and Malaysia, seem to express less interest
than Americans and Europeans in S&T. However, China is
a notable exception: interest levels for China were about the
same as those for the United States (Chinese Ministry of Sci-
ence and Technology 2002; European Commission 2005a,
b; Korea Gallup 2007; Korea Science Foundation 2004; Ma-
laysian Science and Technology Information Centre 2004;
National Institute of Science and Technology Policy 2002).

Like Americans, Europeans are more interested in medi-
cine than in S&T in general. In the United States, in particu-
lar, nearly everyone is interested in new medical discoveries.
In contrast, interest in new medical discoveries seems to be
much lower in Asian countries than in the West.

Relative to other topics, including S&T-related topics, in-
terest in space exploration has consistently ranked low both in
the United States and around the world. Surveys in Europe,
Russia, China, and Japan document this general pattern.

Figure 7-4
Network nightly news coverage of science and
technology: 1988-2006

Annual minutes
800

600 | e

Science, space,
and technology
400 [ S P\

200 [ NS A T

| Biotechnology and basic
medical research

0
1988 1990 1992 1994 1996 1998 2000 2002 2004 2006

NOTES: Data reflect annual minutes of story coverage on these
topics by major networks ABC, CBS, and NBC out of approximately
15,000 total annual minutes on weekday nightly newscasts.
Excluded from science, space, and technology are forensic science;
math, science, and math education in schools; and media content.
Excluded from biotechnology and basic medical research are stories
on clinical research and medical technology.

SOURCE: Tyndall Report, special tabulations (March 2007),
http://www.tyndallreport.com.
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Involvement

Involvement with S&T outside the classroom in informal,
voluntary, and self-directed settings such as museums, sci-
ence centers, zoos, and aquariums is an indicator of interest
in S&T.% By offering visitors the flexibility to pursue indi-
vidual curiosity, such institutions provide a kind of exposure
to S&T that is well suited to helping people develop further
interest. Professional scientists and engineers often stress the
role of their informal S&T experiences in motivating them
to pursue S&T careers (Bayer 2007).

Surveys conducted for the Pew Internet and American Life
Project and the Institute for Museum and Library Services
(IMLS) indicate that about three of five American adults vis-
ited an informal science institution in the year preceding the
survey (Griffiths and King 2007; Horrigan 2006). In the Pew
survey, almost half said they had visited a zoo or aquarium;
the IMLS data indicate that a little more than one-third had
done so0.” The two surveys produced comparable estimates
for “natural history museum” and “science or technology
museum,” with percentages in the low to mid-twenties. The
IMLS survey reported similar attendance figures for “nature
center” (28%), “arboretum or botanical garden” (23%), and
“children’s or youth” museum (20%). Fewer Americans
(14% in the Pew survey) said they had visited a planetarium.
Data from these surveys are generally consistent with NSF
data collected between 1979 and 2001.2

When adults visit science-related informal learning institu-
tions, they are more likely to be accompanied by family mem-
bers and children than when they visit non-science-related

Table 7-4
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institutions such as art or history museums. The IMLS sur-
vey asked parents who had visited a museum in the past year
about whether their children had also made visits. For children
between 3 and 17 years old, over two-thirds visited a zoo or
aquarium in 2006. About half visited S&T museums, nature
centers, and children’s or youth museums. Comparable fig-
ures for history museums and historic sites were about 40%,
and the percentage for art museums (22%) was even lower.®
Although similar percentages of adults (almost half) visited
S&T museums and art museums, a much larger percentage of
the children of those adults visited S&T museums (55%) than
art museums (22%) (Griffiths and King 2007).

Americans who have more years of formal education are
more likely than others to engage in these informal science
activities (figure 7-5). Whereas 76% of college graduates
engaged in at least one of the four informal S&T-related
activities during the year preceding the Pew survey, the
comparable figures for adults in other education categories
were well below this (Horrigan 2006). Similar education dif-
ferences also exist among visitors to public libraries and art
museums. Education patterns in the IMLS data are similar
(Griffiths and King 2007). Among Americans who visit these
informal science institutions, younger adults and parents of
minor children were also somewhat overrepresented.

The IMLS survey found that nearly one-third of Ameri-
cans visited science-related informal learning institutions
remotely via the Internet, mostly in conjunction with their
in-person visits. Slightly less than half watched television
programs that contained content from these institutions. The
percentages for non-science-related institutions are similar.

Leading nightly news story lines on science and technology, by topic area: 2005 and 2006

(Annual minutes of coverage)

Topic area/leading story line 2005 Topic area/leading story line 2006

Science, space, and technology Science, space, and technology
NASA Space Shuttle program .........cccceeceeeiiieeesniieesninens 146 NASA Space Shuttle program ..........cccceeceeeiicieeeiieeenninnes 59
Databases invade privacy: files on individuals................. 30 Internet used for social networking by teenagers ........... 27
NASA Deep Impact astronomy probe studies comet...... 10 Digital media: videostreams shared viral networks ......... 23
Internet online commerce volume increases.. 10 China censors Internet access, e-mail traffic 13
Internet hardcore pornography proliferates.... 9 Computer laptop batteries fire safety recall... 12
Digital media: online downloadable music ..............c....... 8 Internet search engine private data sought...................... 11
Computer executive Carly Fiorina fired ..........cccoooeeeiieens 8 Solar system astronomy: Pluto disqualified as planet..... 10
NASA mulls renewed manned missions to moon............ 7 Cellular telephone use log privacy easily invaded........... 8
Digital media: online video on demand .............cccccueeueeee. 7 Internet gambling Websites operate offshore.................. 8
Computer privacy invaded by spyware software ............ 6 NASA Hubble space telescope needs repair .................. 7

Biotechnology/basic medical research
Human embryo stem cell biotechnology research........... 62
Animal cloning in agriculture research......................
Animals-to-humans organ transplant research ..

Biotechnology/basic medical research
War on cancer basic research efforts...........ccccocceeenneenn. 50
Human embryo stem cell biotechnology research ..
Animal cloning in agriculture research.....................

NOTES: Data reflect annual minutes of story coverage on these topics by major networks ABC, CBS, and NBC, out of approximately 15,000 total annual
minutes on weekday nightly newscasts. Shown are the 10 science, space, and technology story lines receiving most minutes of coverage in 2005 and
2006 and the 3 biotechnology and basic medical research story lines receiving more than 5 minutes of coverage. Excluded from science, space, and
technology are stories on forensic science; math, science, and engineering education in schools; and media content. Excluded from biotechnology and

basic medical research are stories on clinical research and medical technology.

SOURCE: Tyndall Report, special tabulations (March 2007), http://www.tyndallreport.com.
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Fewer Europeans report visits to informal science institu-
tions (European Commission 2005a). In the EU-25, about
27% of adults said they had visited a zoo or aquarium, 16%
said they had visited a “science museum or technology mu-
seum or science centre,” and 8% said they had attended a
“science exhibition or science ‘week’.” As in the United
States, older and less-educated Europeans reported less in-
volvement in these activities. In addition, European adults
in households with more inhabitants more often reported
informal science activities; insofar as household size indi-
cates the presence of minor children, this probably indicates
another parallel with the United States. One demographic
pattern is notably different between Europe and the United
States: whereas European men (19%) are much more likely
than women (13%) to visit informal science or technology
museums and centers, in the United States visitors are drawn
about equally from both sexes.

Europeans who said they had not visited S&T museums
often mentioned lack of time (35%) or interest (22%) in do-
ing so. Reasons relating to lack of awareness, for example,

Figure 7-5
Attendance at informal science institutions, by
institution type and education level: 2006

Public library
Zoo or aquarium

Art museum . College graduate
B some college
D High school graduate

Natural history

. <High school
museum : | i

Science or
technology
museum

Planetarium

0 20 40 60 80 100
Percent

SOURCE: Horrigan J, The Internet as a Resource for News and
Information about Science, Pew/Internet (November 2006); and Pew
Internet & American Life Project Survey (January 2006),
http://www.pewinternet.org.
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“l didn’t think about it” (21%) and “I do not know where
these museums are” (9%), also suggest an absence of strong
interest in this kind of activity. However, lack of involve-
ment can stem from factors unrelated to interest, too. Many
respondents appeared to consider these institutions relatively
inaccessible, either because they were “too far away” (23%)
or too expensive (7%).1°

Compared with the United States, visits to informal sci-
ence institutions are also less common in Japan, South Ko-
rea, China, and, especially, Russia (Gokhberg and Shuvalova
2004). It is unclear to what degree these international varia-
tions are a result of differences in interest, differences in ac-
cessibility, or other factors.

Public Knowledge About S&T

As the scientific and technical content of modern life
grows, citizens increasingly need to be more scientifically
literate to make sound public policy and personal choices. In
developing an internationally agreed upon approach to con-
ceptualizing and measuring scientific literacy, the Organisa-
tion for Economic Co-operation and Development (OECD)
(2003) noted that literacy had several components:

Current thinking about the desired outcomes of science
education for all citizens emphasizes the development
of a general understanding of important concepts and
explanatory frameworks of science, of the methods by
which science derives evidence to support claims for its
knowledge, and of the strengths and limitations of science
in the real world. It values the ability to apply this un-
derstanding to real situations involving science in which
claims need to be assessed and decisions made. . . .

Scientific literacy is the capacity to use scientific knowl-
edge, to identify questions and to draw evidence-based
conclusions in order to understand and help make deci-
sions about the natural world and the changes made to it
through human activity. (pp. 132-33)

As the reference to changes made through human activity
makes clear, the OECD definition encompasses an under-
standing of technology. In addition, OECD takes the view
that literacy is a matter of degree and that people cannot be
classified as either literate or not.

A good understanding of basic scientific terms, concepts,
and facts; an ability to reason well about issues involving
S&T; and a capacity to distinguish science from pseudo-
science are indicators of scientific literacy. (For a different
perspective on scientific literacy, see sidebar “Asset-Based
Models of Knowledge”).

Americans need to comprehend common scientific and
technological terms such as DNA or molecule and recall com-
monly cited facts so they can make sense of what they read
and hear about S&T-related matters. Whether they turn their
attention to congressional debates over stem cell research
or to instructional videos or pamphlets explaining how to
use a newly purchased electronic device, the messages they
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get presuppose some basic knowledge of terms, concepts,
and facts. For S&T, as for other topics, even people with
superior reasoning and cognitive skills are at a disadvantage
when they lack basic information, especially if others take
such information for granted and make statements that build
on it (Hirsch 2006).

Appreciating the scientific process can be even more im-
portant than knowing scientific facts. People often encounter
claims that something is scientifically known. If they under-
stand how science generates and assesses evidence bearing

Asset-Based Models of
Knowledge

Many researchers and educators interested in the
public’s understanding of science advocate studying
the assets people bring to bear on scientific issues that
they deal with in their daily lives. Because individu-
als encounter S&T in different ways, they acquire dif-
ferent S&T knowledge “assets,” which they then can
use to make sense of unfamiliar issues. For research-
ers and educators who favor an asset-based model of
scientific literacy, public understanding of science
is less a “generalized body of knowledge and skills
that every citizen should have by a certain age” than
“a series of specific sets of only moderately overlap-
ping knowledge and abilities that individuals construct
over their lifetimes” (Falk, Storksdieck, and Dierking
forthcoming). In education, asset-based perspectives
on knowledge have been useful in helping teachers
build on children’s existing strengths to improve their
performance.

Generalized assessments of S&T knowledge, by
asking questions on topics that may be of little inter-
est to many respondents, may underestimate the as-
sets available to individuals when they deal with S&T
matters of greater interest and consequence to them.
In contrast, a knowledge assessment that is tailored to
an S&T domain with which an individual is familiar
might yield very different results. In addition, because
people often use their knowledge assets in group in-
teractions, such as a nature outing, some researchers
question the value of individual assessments in a test
or survey (Roth and Lee 2002).

National indicators that evaluate domain-specific
knowledge or group problem-solving are not practi-
cal. Surveys cannot use different measures to enable
gardeners, auto mechanics, and amateur astronomers
to demonstrate their different S&T-related assets and
then reliably aggregate the results from different S&T
domains. Nonetheless, a perspective on scientific lit-
eracy that stresses domain-specific or group assets is
useful in that it points to a significant limitation of
generalized indicators of individual scientific literacy.
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on these claims, they possess analytical methods and critical
thinking skills that are relevant to a wide variety of facts and
concepts and can be used in a wide variety of contexts.

An additional indicator of how well people apply scientific
principles in real world contexts is how they assess pseudo-
scientific claims, which adopt the trappings of science to pres-
ent knowledge claims that are not grounded in the systematic
methodology and testing associated with science.

U.S. survey data indicate that many Americans cannot
provide correct answers to basic questions about scientific
facts and do not reason well about selected scientific issues.
Residents of other countries, including highly developed
ones, perform no better, on balance, when asked similar
questions. In international comparisons of scientific knowl-
edge and reasoning, then, American adults appear to rank
somewhat better than American middle and high school
students (see chapter 1, “Elementary and Secondary Educa-
tion”). Any generalizations about Americans’ knowledge of
science must, however, be tentative, given the measurement-
related uncertainties discussed elsewhere in this chapter.

Understanding Scientific Terms and Concepts

U.S. Patterns and Trends

U.S. data do not show much change over time in the pub-
lic’s level of factual knowledge about science.’* Figure 7-6
shows the average numbers of correct answers to a series
of mostly true-false science questions in different years (ap-
pendix table 7-4).2 Although performance on individual

Figure 7-6

Correct answers to scientific literacy questions:
1992-2006

Mean

8

1992 1995 1997 1999 2001 2006

NOTES: Number correct of 12 questions. See notes to appendix
table 7-4 for explanation of “factual knowledge of science scale 1”
used for this figure. See appendix tables 7-5 and 7-6 for responses to
individual scientific literacy questions included in scale. Table
includes all years for which data collected.

SOURCES: National Science Foundation, Division of Science
Resources Statistics, Survey of Public Attitudes Toward and
Understanding of Science and Technology (1992-2001); and
University of Chicago, National Opinion Research Center, General
Social Survey (2006).
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Table 7-5

Correct answers to scientific literacy questions, by sex: 2001, 2004, and 2006
(Percent)

Question 2001 2004 2006

Physical science
The center of the Earth is very hot. (True)

VLI ...ttt ettt etk a e e eh et et e e oAt e e ae e oAt e oAt e eaA e e R et enAe e eh et eab e e ehteeneeenbeeeneeeaneenneean 85 86 85

FOIMAIE ...ttt e et e et e e e e e e e et e e ae e e e e aR e e e e R e e e R R R e e e nnn e e enn e e e annneenanneeennnnas 76 72 75
All radioactivity is man-made. (False)

Y= = PSPPSR 81 82 77

LY =SSR 71 66 64
Lasers work by focusing sound waves. (False)

IVIIE ...ttt ettt etk e bt eh et e te e Rt e e bt e eAte oAt e eaAe e Rt e enheeeReeeabeeenteeneeenteeaneeeareaaneean 61 59 62

LT 0 = SRR 30 28 32
Electrons are smaller than atoms. (True)

= PSSP 52 52 61

FOIMAIE ...ttt e e e e e et e e e e et e e e e e e e e e e e s n e e e e nne e e e nn e e e ennreenannreennnnas 43 39 48
The universe began with a huge explosion. (True)

] LSS 43 41 40

FOIMAIE ...ttt e ettt e et e e e st e e e e ate e e e aee e e e ae e e e e ne e e e Rn e e e e nneeeenneeeenneeeeanneeeennean 24 27 27
The continents have been moving their location for millions of years and will continue to move. (True)

Y = USRS 83 85 85

LY 0 0= PSPPSR 74 71 75

Does the Earth go around the Sun, or does the Sun go around the Earth? (Earth around Sun)

How long does it take for the Earth to go around the Sun? (One year)
1= PSPPSR 66 NA2 66
FOIMAIE ...ttt ettt ettt e et e e e a e e e e ase e e e aee e e e ae e e e e ne e e eenneeeenneeeenneeeannneeaannneeeannean 42 NA 46

Biological science
It is the father’s gene that decides whether the baby is a boy or a girl. (True)

= =PSRRI 58 51 55
FEIMAIE ...ttt ettt e e e ettt e e at e e e st e e e e ate e e e oAt e e e e ae e e e e nae e e e enne e e e anneeeenneeennnneeeanneen 72 70 72
Antibiotics kKill viruses as well as bacteria. (False)
VLI ...ttt ettt et e ke et e eh e e e te e Rt e e ae e oAt e oAt e ease e At e eaAe e eheeeabeeenseeneeenbeeeneeereaaneean 46 49 50
Female.. 59 58 61
Human beings, as we know them today, developed from earlier species of animals. (True)
== OSSPSR 57 45 47
=Y 0= L P 50 40 40
A doctor tells a couple that their genetic makeup means that they’ve got one in four chances
of having a child with an inherited illness. Does this mean that if their first child has the illness,
the next three will not? (No)
Y= =PTSRS PO 85 83 90
=Y 0= 1L PSP 83 81 84
A doctor tells a couple that their genetic makeup means that they’ve got one in four chances of having a
child with an inherited illness. Does this mean that each of the couple’s children will have the same risk
of suffering from the illness? (Yes)
] LSS 76 76 76
Y0 =PRSS 74 71 74
Two scientists want to know if a certain drug is effective against high blood pressure. The first scientist
wants to give the drug to 1,000 people with high blood pressure and see how many of them experience
lower blood pressure levels. The second scientist wants to give the drug to 500 people with high blood
pressure and not give the drug to another 500 people with high blood pressure, and see how many in
both groups experience lower blood pressure levels. Which is the better way to test this drug? Why is it
better to test the drug this way? (The second way because a control group is used for comparison)
1 LSRR 39 49 42
FOIMAIE ...ttt e e e ettt e e e st e e e e ate e e e ae et e e ae et e e Rne e e e nn et e e Rne e e eann e e e anneeeeanneeeenneas 38 43 41

NA = not available
aNot asked in 2004, so composite percentage not computed.

SOURCES: National Science Foundation, Division of Science Resources Statistics, Survey of Public Attitudes Toward and Understanding of Science and
Technology (2001); University of Michigan, Survey of Consumer Attitudes (2004); and University of Chicago, National Opinion Research Center, General
Social Survey (2006). See appendix tables 7-5 and 7-6.
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questions varies somewhat over time (appendix table 7-5),
overall scores are relatively constant.

Factual knowledge of science is positively related to level
of formal schooling, income level, and number of science
and math courses taken. In addition, the oldest respondents
are less likely than others to answer the questions correctly
(appendix tables 7-4 and 7-6). Especially for questions out-
side the biological sciences, men tend to answer correctly
more often than women (table 7-5).

The factual knowledge questions that have been repeated-
ly asked in U.S. surveys involve information that was being
taught in grades K-12 when most respondents were young.
Because science continually generates new knowledge that
reshapes how people understand the world, scientific litera-
cy requires lifelong learning so that citizens become familiar
with terms, concepts, and facts that emerged after they com-
pleted their schooling. In 2006, the General Social Survey
(GSS) asked Americans questions that tested their knowl-
edge of two topics that historically have not been central
to the standardized content of American science education:
nanotechnology and the Earth’s polar regions. For all but the
youngest respondents, several of the questions concerned
knowledge that was too new for them to have learned it in
school. Nonetheless, survey respondents who scored rela-
tively well on the questions that have been asked repeatedly
over the years also exhibited greater knowledge of these two
topics (figure 7-7).% Likewise, the educational and demo-
graphic characteristics associated with higher scores on the
knowledge questions that have been repeatedly asked are
also associated with higher scores for these two new topics
(appendix table 7-7). These data suggest that the knowledge
items used to measure trends, although focused on the kind
of factual knowledge learned in school, are a reasonable in-
dicator of factual science knowledge more generally, includ-
ing knowledge that is acquired later in life.

If Americans’ performance in answering factual knowl-
edge questions concerning science can be deemed disap-
pointing, the same is true for their performance in other areas
of knowledge (see sidebar, “Science Knowledge and Civic
Knowledge”). Survey data of varying quality have been in-
terpreted to indicate that Americans, especially the young,
do not know enough about history, civics, geography, and
politics, and are not sufficiently interested in these and other
domains of knowledge that, like scientific knowledge, can
serve as a foundation for understanding the world around
them (Bauerlein 2006; Gravois 2006).

International Comparisons

Adults in different countries and regions have been asked
identical or substantially similar questions to test their factu-
al knowledge of science.** Knowledge scores for individual
items vary from country to country, and no country consis-
tently outperforms the others (figure 7-8). For the widely
asked questions reported in figure 7-8, knowledge scores are
relatively low in Russia, China, and Malaysia. Compared
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with the United States and the highly developed countries in
Europe, Japanese scores are also relatively low.™

Science knowledge scores vary considerably across the
EU-25 countries (figure 7-9), with northern European coun-
tries, led by Sweden, recording the highest total scores on a
set of 13 questions. For a smaller set of four items that were
administered in both 1992 and 2005 in 12 European coun-
tries, each country performed better in 2005 (appendix table
7-8); in contrast, the U.S. data on science knowledge do not
show upward trends over the same period. In Europe, as in
the United States, men, younger people, and more highly
educated people tend to score higher on these questions.

Figure 7-7

Correct answers to polar and nanotechnology
questions, by factual knowledge of science: 2006
Mean

3.5

3.0

2.5 I
2.0 I
1.5 I
1.0 I

0.5

0

Top quartile 2nd quartile 3rd quartile  Bottom quartile
Factual knowledge of science
Polar
1.2
. [ -
Top quartile 2nd quartile 3rd quartile  Bottom quartile

Factual knowledge of science
Nanotechnology

NOTES: Number correct of five polar questions and two
nanotechnology questions. See notes to appendix table 7-4 for
explanation of “factual knowledge of science scale 1.” Respondents
saying they had heard “nothing at all” about nanotechnology not
asked two factual questions on nanotechnology; these respondents
count as zero (0) correct in nanotechnology panel. See appendix
table 7-7 for responses to polar and nanotechnology questions.

SOURCE: University of Chicago, National Opinion Research Center,
General Social Survey (2006).
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Science Knowledge and Civic Knowledge

Political scientists have collected data on how much
Americans know about U.S. civic institutions, politics, and
history. In an exhaustive review of 50 years of research
on civic knowledge, Delli Carpini and Keeter (1996) find
patterns that are very similar to those in the distribution of
scientific knowledge. More recent data give no indication
that these patterns have changed (Pew Research Center
for the People and the Press 2004, 2007b).

The following survey results, culled from a long list
of knowledge questions about civic institutions and pro-
cesses, give a flavor of what Americans do and do not
know (Delli Carpini and Keeter 1996:70-1):

4 Can correctly define Presidential veto (89% in 1989).

4 Know that the First Amendment protects free press/
speech (75% in 1985).

4 Know that English is not the official national language
(64% in 1986).

4 Can state the substance of the Brown v. Board of Edu-
cation decision (55% in 1986).

4 Know that Congress declares war (45% in 1987).

4 Know the length of a term of office in the U.S. House
of Representatives (30% in 1978).

These data suggest that limited public mastery of
fundamental factual information is not a problem that is
unique to S&T.

Patterns in civic knowledge closely parallel those for
science knowledge. Thus, much as individuals who dem-
onstrate knowledge of the scientific process (see “Under-
standing the Scientific Process”) also tend to score well on
factual knowledge questions, people who are more famil-

Evolution and the “Big Bang”

In international comparisons, U.S. scores on two science
knowledge questions are significantly lower than those in
almost all other countries where the questions have been
asked. Americans were less likely to answer true to the fol-
lowing scientific knowledge questions: “human beings, as
we know them today, developed from earlier species of ani-
mals” and “the universe began with a huge explosion.” In the
United States, 43% of GSS respondents answered true to the
first question in 2006, about the same percentage as in every
year (except one) that the question has been asked. In other
countries and in Europe, the comparable figures were sub-
stantially larger: 78% in Japan, 70% in China and Europe,
and more than 60% in South Korea. Only in Russia did less
than half of respondents (44%) answer true. Among the indi-
vidual countries covered in the 2005 Eurobarometer survey,
only Turkey’s percentage answering true to this question
was lower than the U.S. percentage (Miller, Scott, and Oka-
moto 2006). Similarly, Americans were less likely than oth-

iar with the rules that govern civic institutions also tend to
be more knowledgeable about political figures, parties, and
the substance of public policy. The data on civic knowl-
edge also parallel the data on science knowledge in other
respects: political knowledge is strongly associated with
formal education, women and minority group members
tend to score somewhat less well on knowledge measures,
more knowledgeable Americans tend to express more in-
terest in political and civic matters and rely more on longer
written sources of information, and political knowledge is
associated with higher income.

There are some minor differences, too. Older Ameri-
cans tend to be better informed about civic matters but
not about science. Unlike science knowledge, Ameri-
cans’ civic knowledge shows no signs of increasing over
time and appears to be slightly weaker than that in other
developed countries.

Divisions among scholars over the implications of
data on Americans’ civic and science knowledge follow
similar lines (Delli Carpini and Keeter 1996; Lupia 2006;
Nisbet 2003; Toumey 2006). Some stress that by trust-
ing knowledgeable people, Americans can adequately
perform necessary tasks without acquiring much civic
or scientific knowledge. Others stress that considerable
knowledge is required as context for deciding whom and
what to trust. Similarly, for some scholars, singling out
civic or scientific knowledge as distinctively valuable
amounts to imposing elite preferences on people who
would rather not spend time learning about either science
or politics. To others, however, knowledge of these do-
mains seems central to active problem-solving and par-
ticipation in the shared cultural life of a modern society.

er survey respondents (except the Chinese) to answer true to
the big bang question. In the most recent surveys, less than
40% of Americans answered this question correctly com-
pared with over 60% of Japanese and South Korean survey
respondents.

Americans’ responses to questions about evolution and
the big bang appear to reflect factors beyond unfamiliarity
with basic elements of science. The 2004 Michigan Survey
of Consumer Attitudes administered two different versions
of these questions to different groups of respondents. Some
were asked questions that tested knowledge about the natural
world (“human beings, as we know them today, developed
from earlier species of animals™ and “the universe began with
a big explosion™). Others were asked questions that tested
knowledge about what a scientific theory asserts or a group
of scientists believes (“according to the theory of evolution,
human beings, as we know them today, developed from ear-
lier species of animals” and “according to astronomers, the
universe began with a big explosion”). Respondents were
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Figure 7-8

Correct answers to scientific literacy questions, by country/region: Most recent year
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SOURCES: University of Chicago, National Opinion Research Center, General Social Survey (2006); Japan—Government of Japan, National Institute of
Science and Technology Policy, Ministry of Education, Culture, Sports, Science and Technology, The 2001 Survey of Public Attitudes Toward and
Understanding of Science and Technology in Japan (2002); South Korea—Korea Science Foundation, Survey of Public Attitudes Toward and
Understanding of Science and Technology (2004); Russia—Gokhberg L and Shuvalova O, Russian Public Opinion of the Knowledge Economy: Science,
Innovation, Information Technology and Education as Drivers of Economic Growth and Quality of Life, British Council, Russia (2004); China—Chinese
Ministry of Science and Technology, China Science and Technology Indicators 2002 (2002); India— National Council of Applied Economic Research, India
Science Survey (2004); Malaysia—Malaysian Science and Technology Information Centre, Public Awareness of Science and Technology Malaysia 2004
(2005); and EU—European Commission, Research Directorate-General, Eurobarometer 224/Wave 63.1: Europeans, Science and Technology (2005).

much more likely to answer correctly if the question was
framed as being about scientific theories or ideas rather than
as about the natural world. When the question about evo-
lution was prefaced by “according to the theory of evolu-
tion,” 74% answered true; only 42% answered true when it
was not. Similarly, 62% agreed with the prefaced question
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about the big bang, but only 33% agreed when the prefatory
phrase was omitted. These differences probably indicate that
many Americans hold religious beliefs that cause them to
be skeptical of established scientific ideas, even when they
have some basic familiarity with those ideas.
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Figure 7-9
Scientific literacy in Europe: 2005
. Mean percent
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NOTES: See appendix table 7-8. Mean percent for this figure based
on responses to 13 factual science questions: (1) The Sun goes
around the Earth. (True); (2) The center of the Earth is very hot. (True);
(3) The oxygen we breathe comes from plants. (True); (4) Radioactive
milk can be made safe by boiling it. (False); (5) Electrons are smaller
than atoms. (True); (6) The continents on which we live have been
moving for millions of years and will continue to move in the future.
(True); (7) It is the mother’s genes that decide whether the baby is a
boy or a girl. (False); (8) The earliest humans lived at the same time as
the dinosaurs. (False); (9) Antibiotics kill viruses as well as bacteria.
(False); (10) Lasers work by focusing sound waves. (False); (11) All
radioactivity is man-made. (False); (12) Human beings, as we know
them today, developed from earlier species of animals. (True); (13) It
takes one month for the Earth to go around the Sun. (False)

SOURCE: European Commission, Research Directorate-General,
Eurobarometer 224/Wave 63.1 (3 January-15 February 2005):
Europeans, Science and Technology (2005).
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Surveys conducted by the Gallup Organization provide
similar evidence. An ongoing Gallup survey, conducted most
recently in 2004, found that only about a third of Americans
agreed that Darwin’s theory of evolution has been well sup-
ported by evidence (Newport 2004). The same percentage
agreed with the alternative statement that Darwin’s theory
was not supported by the evidence, and an additional 29% said
they didn’t know enough to say. Data from 2001 were similar.
Those agreeing with the first statement were more likely to be
men (42%), have more years of education (65% of those with
postgraduate education and 52% of those with a bachelor’s
degree), and live in the West (47%) or East (42%).

In response to another group of questions on evolution
asked by Gallup in 2004, about half (49%) of those surveyed
agreed with either of two statements compatible with evo-
lution: that human beings developed over millions of years
either with or without God’s guidance in the process. How-
ever, 46% agreed with a third statement, that “God created
human beings pretty much in their present form at one time
within the last 10,000 years or so.” These views on the ori-
gin of human beings have remained virtually unchanged (in
seven surveys) since the questions were first asked in 1982
(Newport 2006).

For almost a century, whether and how evolution should
be taught in U.S. public school classrooms has been a fre-
quent source of controversy (see sidebar, “Evolution and the
Schools™). The role of alternative perspectives on human
origins, including creationism and intelligent design, and
their relevance to the teaching of science, has likewise been
contentious. When Gallup asked survey respondents in 2005
whether they thought each of three “explanations about the
origin and development of life on earth (evolution, creation-
ism, and intelligent design) should or should not be taught
in public school science classes” or whether they were “un-
sure,” for each explanation more Americans chose “should”
than chose either of the other alternatives (table 7-6).

In other developed countries, controversies about evo-
lution in the schools have also occurred, but more rarely.

Table 7-6

American views on which explanations of human
origins should be taught in public school science
classes: 2005

(Percent)

Explanation of human Should be Should not

origins taught be taught Unsure
Evolution.......cccceeeecuuenen 61 20 19
Creationism ............ 54 22 24

43 21 36

NOTES: Responses to: Do you think each of the following
explanations about the origin and development of life on earth
should or should not be taught in public school science classes, or
are you unsure? Question asked 8-11 August 2005.

Intelligent design

SOURCE: Evolution, creationism, intelligent design, The Gallup Poll,
http://www.galluppoll.com/content/?ci=21814&pg=1, accessed 25
January 2007.
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Evolution and the Schools

The American Association for the Advancement of
Science (AAAS) gave its annual Award for Scientific
Freedom and Responsibility for 2006 to 10 people “who
have been on the front lines of the battle to prevent intro-
duction of ‘intelligent design’ into science classrooms as
an alternative to evolution” (AAAS 2007). According to
Dr. John Marburger, the head of the White House Office
of Science and Technology Policy, the theory of evolution
is “the cornerstone of modern biology” (Bumiller 2005).
In a March 4, 2005, letter to National Academy of Sci-
ences (NAS) members, Dr. Bruce Alberts, then president
of NAS, characterized the theory of evolution as “one
of the foundations of modern science,” urged America’s
leading scientists to help in their states and localities “to
confront the increasing challenges to the teaching of evo-
lution in the public schools,” and cited the succession of
NAS efforts devoted to ensuring that evolution is taught
appropriately (Alberts 2005).

Yet, despite endorsements of evolution from these
and other representatives of the scientific and political
establishment, controversy over how evolution should
be taught in public schools remains a perennial feature
of American life and shows no sign of disappearing. In-
stead, the controversy is evolving.

Eight of the AAAS awardees were science teachers
in the Dover, Pennsylvania, school district who fought
their school board’s decision to require that they read a
disclaimer about the theory of evolution to their ninth
grade biology students. After stating that evolution was a
theory, not a fact, and had “gaps,” the disclaimer directed
students’ attention to intelligent design, “an explanation
of the origin of life that differs from Darwin’s view.”*

The Dover disclaimer was successfully challenged
in court (Kitzmiller v. Dover 2005). The case turned on
whether the disclaimer violated the Establishment Clause
of the First Amendment to the U.S. Constitution, which
deals with the relationship between government and reli-
gion. The court concluded that intelligent design was a re-
ligious view and not a scientific theory and that, because
the school board’s policy was animated by a religious
purpose and had a religious effect, neither the policy nor
the disclaimer that implemented it was constitutional.

In reaching this conclusion, the court reviewed the
history of efforts to have biblical views of the origins
of life taught in the public schools, the legal decisions
that posed obstacles to these efforts, and the subsequent
efforts to exclude the teaching of evolution from the
schools or undermine the scientific status of the theory

in the eyes of high school students. It traced a succes-
sion of legal conflicts in which the teaching of creation-
ism and creation science had been found to violate the
Establishment Clause and that had led to the develop-
ment of intelligent design.

The Discovery Institute (2007), a Seattle policy and
research organization, is the leading proponent of intel-
ligent design. The Discovery Institute characterizes itself
as a secular institution and maintains that intelligent de-
sign is not based on the Bible and is not the same as cre-
ationism. It does not advocate requiring that intelligent
design be taught in schools. Rather, it “recommends that
states and school districts focus on teaching students more
about evolutionary theory, including telling them about
some of the theory’s problems.” At the same time, it be-
lieves “there is nothing unconstitutional about discussing
the scientific theory of design in the classroom.” Framed
in this way, intelligent design may appear to be more dis-
tant from religion and less vulnerable to legal challenge
than doctrines such as creationism and creation science,
which have failed to pass constitutional muster (for a dis-
cussion of framing, see sidebar, “Media Effects”).

Even where, as in Dover, legal controversies over the
teaching of evolution are resolved with affirmations of
scientific evidence and criteria, thorough and substantive
presentation of the theory of evolution in the schools is
by no means guaranteed. The possibility that parents and
students may object to the teaching of evolution, let alone
evidence of organized efforts to resist it, may discour-
age some teachers from covering the topic in depth (Dean
2005). In addition, not all high school biology teachers
subscribe to the accepted view of evolution or are well
versed in the topic (Monastersky 2006).

Numerous efforts are under way in the scientific com-
munity to make materials available to middle and high
school teachers that will help them do a better job pre-
senting the scientific evidence about evolution (Holden
2006; Monastersky 2006). Niles Eldredge, a prominent
researcher in evolutionary biology, has announced plans
to initiate a new journal, Evolution: Education and Out-
reach, to serve as a resource for teachers at all levels who
wish to improve their treatment of the topic. The journal
is scheduled to begin publication in March 2008 (Monas-
tersky 2007).

*Intelligent design “holds that certain features of the universe and of
living things are best explained by intelligent cause, not an undirected
process such as natural selection.” (www.discovery.org)
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However, signs of opposition to the theory of evolution are
emerging in Europe (Nature 2006).

Understanding the Scientific Process

U.S. surveys have used questions on three general topics
to assess trends in Americans’ understanding of the process
of scientific inquiry. One set of questions tests how well
respondents apply principles of probabilistic reasoning to
a series of questions about a couple whose children have a
one-in-four chance of suffering from an inherited disease.®
A second set of questions deals with the logic of experimen-
tal design, asking respondents about the best way to design
a test of a new drug for high blood pressure. An open-ended
question probes what respondents think it means to “study
something scientifically.” Because probability, experimental
design, and scientific method are all central to so much re-
search that claims to be scientific, these questions are highly
relevant to how respondents evaluate scientific evidence.

There appears to be a modest tendency for Americans
to score better on these inquiry questions in recent years,
especially when the questions are analyzed together in an
inquiry index (appendix table 7-9). However, despite the use
of identical coding instructions in different survey years, it
is possible that year-to-year variations in coding practices
for open-ended items and other subtle methodological dif-
ferences may have affected this result. Performance on these
questions is strongly associated with the different measures
of science knowledge and education (appendix table 7-10).
Older Americans and those with lower incomes, two groups
that tend to have less education in the sciences, also tend to
score less well on the inquiry measures.

Pseudoscience

The large numbers of Americans who regard astrology as
at least somewhat scientific is an indicator that many Ameri-
cans do not reliably distinguish between scientific and non-
scientific knowledge claims. Available national data cannot
differentiate those who misapply what they think are scientific
criteria from those who in some respects reject conventional
scientific criteria, even though they are familiar with them.

About one-third of Americans in 2006 said they believed
that astrology was at least “sort of scientific.” This propor-
tion was almost exactly the same as in 2004. However,
the 2004 and 2006 surveys indicate an apparent decline in
the perception of astrology as scientific: the percentage of
Americans who viewed astrology as not at all scientific was
higher in these 2 years than it ever was in the 10 other times
that this question was asked between 1979 and 2001 (ap-
pendix table 7-11). Respondents who have more years of
formal education are less likely to perceive astrology to be
at all scientific.
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Public Attitudes About S&T in General

The U.S. S&E community hopes to improve society by
developing knowledge and using it to solve problems and
shape the world in which Americans live. U.S. national pol-
icy is built on this hope, which underlies the government’s
broad support for scientific research and technological de-
velopment. The public’s orientation toward S&T in general
and toward institutions that are committed to S&T affects
America’s willingness and capacity to rely on S&T as a ma-
jor strategy for improving the country’s quality of life.

Generalized public support for S&T can make a differ-
ence in many ways. Public openness to technological change
gives U.S. businesses opportunities to build a domestic cus-
tomer base, create a foundation for worldwide technical
competitiveness, and foster the national advantages that flow
from pioneering innovations. Broad public and political sup-
port for long-term commitments to S&T research, especially
in the face of pressing immediate needs, enables ambitious
proposals for sustained federal S&T investments to reach
fruition. Public confidence that S&E community leaders are
trustworthy, S&E research findings are reliable, and S&E
experts bring valuable judgment and knowledge to bear on
public issues permits scientific knowledge to have influence
over practical affairs. And, in an environment where positive
public perceptions of S&E occupations predominate, prom-
ising young people are encouraged to pursue S&E careers.

To be sure, not all technological innovations, federal S&T
investments, scientific pronouncements, or decisions to pur-
sue S&E careers warrant support. It would be easy to cite
instances in which scientific and technological optimism has
been carried too far, and hard to dispute the idea that asser-
tions that S&T-led social and economic progress will or has
occurred in particular instances should be evaluated critical-
ly. But widespread, indiscriminate public skepticism about
S&T, going beyond the reasoned examination of particular
cases, would represent a radical and consequential change in
American public opinion and would affect national strate-
gies that link progress in S&T to overall national progress.

This section presents indicators of public attitudes and
orientations toward S&T in general, in America and in other
countries. It covers views of the promise of S&T and reserva-
tions about S&T; overall support for government funding of
research; confidence in the leadership of the scientific com-
munity; perceptions of the proper influence of scientists over
contested public issues about which the research commu-
nity claims expertise; perceptions about what it means to be
scientific and which disciplines and practices are scientific;
and views of S&E as occupations. These indicators reflect
general attitudes expressed in response to survey questions
and disconnected from real-life decisions. How people apply
these general views in practical situations, when attitudes
toward science are only one of many considerations, is, of
course, uncertain.
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Attitudes and Question Wording

In the first paragraph of a May 16, 2006, press release,
the Coalition for the Advancement of Medical Research
(CAMR) reported that “nearly three-quarters of Americans
support embryonic stem cell research.” Two weeks later,
the United States Conference of Catholic Bishops (USC-
CB) issued a press release. The first paragraph of that press
release indicated that “48% of Americans oppose feder-
al funding of stem cell research that requires destroying
human embryos, while only 39% support such funding”
(CAMR 2006; Levin 2006; Nisbet 2004; USCCB 2006).

How could two surveys, conducted by telephone 2
weeks apart and using similar methodologies, arrive at
such different results?

The answer lies in wording and context (Schuman and
Presser 1996). To their credit, later in their press releases,
both organizations provided the wording of the actual
questions respondents were asked:

CAMR question: I’m going to read you a brief descrip-
tion of embryonic stem cell research, and then get your
reaction. Embryonic stem cells are special cells that can
develop into every type of cell in the human body. The
stem cells are extracted from embryonic cells produced
in fertility clinics and then frozen days after fertilization.
If a couple decides that the fertilized eggs are no longer
needed, they can choose to donate the embryos for re-
search or the clinic will throw the embryos away. Scien-
tists have had success in initial research with embryonic
stem cells and believe that they can be developed into
cures for diseases such as cancer, Parkinson’s, heart dis-
ease, juvenile diabetes, and spinal cord injuries. Having
heard this description, do you strongly favor, somewhat

More than responses to questions about facts or behav-
iors, responses about attitudes are highly sensitive to the
way questions are worded and the context in which they are
placed (see sidebar, “Attitudes and Question Wording”).
Although this sensitivity affects survey responses about the
general attitudes covered in this section, it is probably even
more important for the specific, controversial issues, such
as stem cell research or global climate change, that are dis-
cussed in the next section.

Promise and Reservations

Americans of all kinds—men and women, college gradu-
ates and high school dropouts, blacks and whites—consis-
tently endorse the past achievements and future promise of
S&T. In practically any major American social grouping,
individuals who express serious doubt about the promise of
science are a rare breed.

In six annual Virginia Commonwealth University (VCU)
Life Science Surveys beginning in 2001, the percentage

favor, somewhat oppose, or strongly oppose medical re-
search that uses stem cells from human embryos?

USCCB question: Stem cells are the basic cells from
which all of a person’s tissues and organs develop. Con-
gress is considering the question of federal funding for
experiments using stem cells from human embryos. The
live embryos would be destroyed in their first week of de-
velopment to obtain these cells. Do you support or oppose
using your federal tax dollars for such experiments?

These two questions provide very different contextual
information about stem cell research. To the organizations
that sponsored the two surveys, the questions doubtless
present the most relevant information for informed deci-
sions. Most members of the public do not follow issues
such as stem cell research very closely (Pew Research
Center for the People and the Press 2006b), and the way
questions are framed can influence their views.

Even neutral survey organizations ask questions in
different ways and produce different results. Their ques-
tions, although generally more useful for scientific re-
search on public attitudes, neither present a “correct”
context, create a situation in which context plays no role
in how people respond, nor establish a context that close-
ly approximates the one in which most citizens make de-
cisions. Because survey responses are affected by subtle
differences in wording and context, thoughtful research-
ers pay attention to precisely how questions are asked,
give more weight to patterns and trends in survey results
than to the percentage of people who choose a particular
response, and examine the degree to which responses are
stable across different surveys on the same topic.

of respondents who agreed that “developments in science
helped make society better” ranged between 85% and 90%.
Responses for “developments in new technology” ranged
between 83% and 88% in these same surveys. Similarly,
between 2002 and 2006, the surveys asked respondents
whether they believed “scientific research is essential for
improving the quality of human lives” and found that agree-
ment ranged between 87% and 92% (VCU Center for Public
Policy 2006).

NSF surveys dating back to 1979 have yielded similar re-
sults. In 2006, about half (48%) of GSS respondents said that
the benefits of scientific research strongly outweighed the
harmful results. Substantial percentages said that benefits
either slightly outweighed harms (22%) or volunteered that
the two were about equal (17%), and only a small percentage
(6%) said that harms either slightly or strongly outweighed
benefits. The remainder said they did not know. These num-
bers were generally in keeping with those from earlier sur-
veys (figure 7-10; appendix table 7-12).
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Figure 7-10
Public assessment of scientific research: 1979-2006
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SOURCES: National Science Foundation, Division of Science
Resources Statistics, Survey of Public Attitudes Toward and
Understanding of Science and Technology (1979-2001); University of
Michigan, Survey of Consumer Attitudes (2004); and University of
Chicago, National Opinion Research Center, General Social Survey
(2006). See appendix tables 7-12 and 7-13.
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Americans also overwhelmingly agree that S&T will foster
“more opportunities for the next generation,” with about 90%
expressing agreement in the 2006 GSS. Agreement with this
statement has been increasing moderately for over a decade.

Americans who have more years of formal education
and score higher on measures of science knowledge express
more favorable attitudes about S&T. A review of numerous
surveys from around the world found, other things equal, a
weak but consistent relationship between greater knowledge
of science and more favorable attitudes toward it (see side-
bar, “How Knowledge Relates to Attitudes”).

Although data from other countries are not entirely com-
parable, they appear to indicate that Americans have some-
what more positive attitudes about the benefits of S&T than
Europeans, Russians, and Japanese. Attitudes in China and
South Korea, however, are comparable with and perhaps
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How Knowledge
Relates to Attitudes

In an analysis of data from almost 200 nationally
representative surveys conducted in 40 countries be-
tween 1989 and 2003, Allum et al. (2008) examined
how knowledge of science relates to attitudes toward
S&T. Data are mostly from Europe and North Ameri-
ca, but suitable surveys from countries in other regions
were also included; these tended to be economically
developed countries, such as Japan and New Zealand.

The analysis divided knowledge indicators into two
groups depending on whether they involved general
knowledge of scientific facts and processes or knowl-
edge of a relatively specific scientific domain such
as biology or genetics. It grouped attitude indicators
by topic, distinguishing among science in general,
nuclear power, genetic medicine, genetically modified
food, and environmental science.

To isolate the relationship between knowledge
and attitudes, the study used statistical techniques to
control for factors that might be expected to influence
both knowledge and attitudes, such as the age, sex,
and education level of the respondent and the country
in which the survey was conducted. Controlling for
these influences, it reached several conclusions:

¢ There is “a small positive correlation between
[favorable] general attitudes toward science and
general knowledge of scientific facts and processes.”
Though small, this relationship appears consistently
across countries.

4 The relationship is stronger in the United States
than in any of the other countries studied.

4 The strength and nature of the relationship between
knowledge and attitudes did not vary systematically
over time during the period studied.

4 Favorable attitudes about topics in a particular do-
main are more closely related to knowledge in that
domain than to general science knowledge. Attitudes
about genetically modified food, for example, show
a stronger relationship to knowledge about biology
and genetics than to general science knowledge.

4 Contrary to findings in some other, less comprehensive
studies, the relationship between knowledge and atti-
tudes did not vary depending on differences in the level
of economic development of the countries studied.

The study does not establish a causal link between
knowledge and attitudes. Indeed, the authors conclude
that “scholars have overlooked the need to provide a
satisfactory account of how knowledge of science re-
lates to preferences regarding its technological imple-
mentation in society,” and recommend that researchers
address “the social and psychological mechanisms that
generate the associations we observe.”
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even more favorable than those in the United States (ap-
pendix table 7-13). In 2005, for example, Europeans were
asked a question about the benefits and harms of science that
was very similar to the U.S. question about the benefits and
harms of scientific research.’® The U.S. percentage for more
benefits than harms was 18 points higher than the European
number, and the European percentage for more harms than
benefits was 8 points higher than the U.S. number. However,
differentials are less evident for other questions. In all of the
countries and regions where survey data exist, statements
about the achievements and promise of science elicit sub-
stantially more agreement than disagreement.

Both in the United States and abroad, respondents also ex-
press reservations about S&T. For 6 years (2001-06), VCU
Life Sciences Surveys have asked respondents whether they
agree that “scientific research these days doesn’t pay enough
attention to the moral values of society.” In each year, a ma-
jority has agreed. During this period, though, the percentage
that agreed has dropped substantially, going from 73% in
2001 to 56% in 2006. In the 2006 GSS, large minorities of
survey respondents registered agreement with other state-
ments expressing reservations about science, including “sci-
ence is too concerned with theory and speculation to be of
much use in making concrete government policy decisions
that will affect the way we live” (34% agree, 58% disagree)
and “science makes our way of life change too fast” (44%
agree, 53% disagree) (appendix tables 7-14 and 7-15). The
latter question has been asked in numerous other countries
(appendix table 7-13). Although levels of agreement with
this statement in the United States appear to be similar to
those in Russia, surveys in other countries record much
higher levels of agreement.

Federal Funding of Scientific Research

U.S. public opinion consistently and strongly supports
federal spending on basic research. NSF surveys have re-
peatedly asked Americans whether “even if it brings no
immediate benefits, scientific research that advances the
frontiers of knowledge is necessary and should be sup-
ported by the Federal Government.” Since 1979, about 80%
of Americans have registered agreement in response to this
question. In the most recent survey, agreement was even
higher than in the past, with 87% favoring federal support in
2006. Responses to a GSS question about federal spending
on scientific research provide further evidence of increasing
public support for federal spending on scientific research.
For the decade beginning in 1992, the percentage of Ameri-
cans who thought that the government was spending too
little on scientific research hovered between 34% and 37%.
This percentage then grew from the 34% registered in 2002
to 38% in 2004 and 41% in 2006. In the 2006 survey, only
11% said that the government was spending too much in this
area, which is lower than the comparable figure in any of
the other 10 NSF or GSS surveys in which this question has
been asked since 1981 (figure 7-11; appendix tables 7-16,
7-17,7-18, and 7-19).
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Figure 7-11

Attitudes toward government funding of scientific
research: 1981-2006
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SOURCES: National Science Foundation, Division of Science
Resources Statistics, Survey of Public Attitudes Toward and
Understanding of Science and Technology (years through 2001);
University of Michigan, Survey of Consumer Attitudes (2004 in top
panel); and University of Chicago, National Opinion Research Center,
General Social Survey (2006 in top panel, 2002-06 in bottom panel).
See appendix tables 7-16 and 7-17 for top panel and appendix table
7-18 for bottom panel.
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Although support for federal research investment is at
historically high levels, other kinds of federal spending gen-
erate even stronger public support (appendix table 7-18).
Support for increased spending is greater in numerous pro-
gram areas, including education (73%), health care (72%),
assistance to the poor (68%), environmental protection
(67%), and Social Security (61%). Scientific research ranks
about on a par with mass transit (38%) and well ahead of
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space exploration (14%) and assistance to foreign countries
(10%) in the proportion of the U.S. population favoring in-
creased spending.

In other countries where similar though not precisely
comparable questions have been asked, respondents also
express strong support for government spending on basic
scientific research. In 2005, 76% of Europeans agreed that
“even if it brings no immediate benefits, scientific research
which adds to knowledge should be supported by govern-
ment,” and only 7% disagreed. Because the European survey
offered a middle option (“neither agree nor disagree”), both
of these percentages are lower than figures for the United
States, where no middle category was offered. Agreement
in South Korea, China, Malaysia, and Japan reaches levels
generally comparable to those in the United States and Eu-
rope. Support for increased government spending on scien-
tific research appears to be relatively common in Europe as
well. Over half of Europeans agreed in 2005 that their “gov-
ernment should spend more money on scientific research
and less on other things.” Although this proportion is nomi-
nally higher than the percentage of Americans who support
more government spending, humerous context and wording
differences between the questions leave responses open to
substantially differing interpretations.® Public support for
increased spending on scientific research was substantially
greater in South Korea (67% in 2004) than in the United
States (Korea Gallup 2007).

Confidence in the Science Community’s
Leadership

For the science-related decisions that citizens face, a com-
prehensive understanding of the relevant scientific research
would require mastery and evaluation of more evidence than
even working scientists could handle. In addition to relying
on direct evidence from scientific studies, citizens who want
to draw on scientific evidence must consult the judgments
of leaders and other experts who they believe can speak au-
thoritatively about the scientific knowledge that is relevant
to an issue.

Numerous questions arise about how, when, and how
well citizens rely on others to help shape their opinions on
scientific issues. When it comes to scientific questions, do
they trust the leaders of the scientific community to provide
reliable information and advice? Whom else do they trust to
speak with authority about such matters? How, and how well,
do they distinguish widely respected experts and consensual
views from marginal dissidents and idiosyncratic judgments?
Do they recognize the relevance of scientific evidence as of-
ten as they should? Do they exaggerate its relevance in some
cases? Insofar as they must trust others, do they do so blindly,
or do they make critical, though inevitably partial, evalua-
tions of whose scientific claims warrant their trust and what
kinds of evidence make those claims trustworthy?

Public confidence in the leaders of the scientific commu-
nity is one indicator of public willingness to rely on science.
At a minimum, such confidence is ordinarily a prerequisite
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for taking scientific knowledge seriously in personal and
public matters.

Since 1973, the GSS has tracked public confidence in the
leadership of various institutions, including the scientific
community. The GSS asks respondents whether they have
“a great deal of confidence, only some confidence, or hardly
any confidence at all” in institutional leaders. In 2006, the
percentage of Americans expressing “a great deal of confi-
dence” in leaders was higher for the scientific community
than for any other institution except the military. Converse-
ly, the percentage expressing “hardly any confidence at all”
was lower for scientific leaders than for leaders of any other
institution about which this question was asked (table 7-7).

Throughout the entire period in which this question has
been asked, the percentage of Americans expressing a great
deal of confidence in the leaders of the scientific community
has fluctuated within a relatively narrow range, hovering be-
tween 35% and 45% (appendix table 7-20). In contrast, for
some other institutions, confidence has been more sensitive
to current events: the percentage of Americans professing a
great deal of confidence in military leaders changed more
between 2004 and 2006 than the comparable percentage for
science leaders changed between 1973 and 2006.

Science has usually ranked second or third in the public
confidence surveys, with medicine or the military ranking
first. The consistently high confidence in the leadership of
the scientific community is in contrast to a general decline
in confidence in institutional leaders over the past three
decades. The medical community, for example, has seen a
long-term decline in confidence: whereas over half of Amer-
icans expressed a great deal of confidence in medical leaders
in the mid-1970s, the number has been around 40% in recent
years. Since 2002, science has scored as well as or better
than medicine on this indicator, although the scores for the
two fields remain close.

Influence on Public Issues

Government support for scientific research is predicated
in significant measure on the idea that science can play a
useful role in many public decisions. For science to play this
role, it is helpful for the general public to support judicious
efforts to bring scientific knowledge to bear on public mat-
ters and share the view that science ought to be considered
relevant and influential .

The 2006 GSS contained new batteries of questions that
ask about the appropriate influence of science on four con-
tested public issues to which scientific research might be
considered relevant—global climate change, research using
human embryonic stem cells, federal income taxes, and ge-
netically modified foods. For each issue, survey respondents
were asked how much influence a group of scientists with
relevant expertise (e.g., medical researchers, economists)
should have in deciding about the issue, how well the sci-
entists understood the issue, and to what extent the scien-
tists would “support what is best for the country as a whole
versus what serves their own narrow interests.”?* The same
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questions were asked about elected officials and either reli-
gious leaders (for stem cell research) or business leaders (for
the other issues). Respondents were also asked a question
about their perception of the level of consensus among the
scientists regarding a largely factual aspect of the issue and a
question that probed their attitude regarding the issue.?

The GSS data indicate that Americans believe that scientists
should have a relatively large amount of influence on public
decisions concerning these issues (table 7-8).% For the four is-
sues, the percentage who said that scientists should have either
a great deal or a fair amount of influence ranged from 85%
(global warming) to 72% (income taxes). For each issue, the

Table 7-7
Public confidence in institutional leaders: 2006
(Percent)

Level of confidence in leaders Don't
Type of institution A great deal Some Hardly any know
IVITIE@IY ettt ettt neen e nne s 47 39 12 2
Scientific community 41 48 6 (5)
1Y 1=To [ [o7 g TP SP PSPPSR 40 49 10 1
U.S. SUPIemME COUI ......eiiiiiiiiiiiee et 33 49 15 4
Banks and financial institutions...........ccccviiiiiiiiinieee 30 56 13 1
=0 [UTo= 4 o] o [P SRR 28 57 15 —
Organized religion.. 24 51 22 3
Major companies.........cccccvverieeiiriieeenenns 18 62 18 2
Executive branch of federal government . 16 45 37 2
Organized [aDOF .......c.cuiiiuiiiiie i s 12 56 28 5
[O7oTgTe | (=TT OO 12 53 33 2
PSS et ae e e aee e s 10 48 40 1
TEIBVISION ..ttt et e e et e e e e e e e e e e e e e nneeaan 9 49 41 1

— =<0.5% responded

NOTE: Detail may not add to total because of rounding.

SOURCE: University of Chicago, National Opinion Research Center, General Social Survey (2006). See appendix table 7-20.
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Table 7-8
Preferred groups for influencing decisions about public issues: 2006
(Percent)
Preferred degree of influence Don’t
Public issue/group A great deal A fair amount A little None at all know
Global warming
Environmental scientists.........ccccceeeeeiiiiieeeeecciciieeeeen, 47 38 7 & 4
BUSINESS [€AEIS .....uvvieeeeecciiieiee e 10 22 38 25 5
Elected officials ......ccuvveeeeiiiiiieieee e 17 33 88 1% 4
Stem cell research
Medical reSEarChers .........ccccvveeeeeeeeciieeeee e eeciieeeeeennn 39 41 11 4 5
Religious [eaders ..........ccccooviiiiiiiiiiiiiieciecceeeeeee 8 21 36 29 6
Elected officials ......cccuveeeeeiiiciiieee e 11 85) 82 15 6
Federal income taxes
ECONOMISES....ciiiiiiieiee et 21 51 18 4 6
Business leaders 9 37 36 13 4
Elected officials .......ceeeeieiiiiiiieeiecccieeee e 21 40 24 11 4
Genetically modified foods
Medical reSEarChers ........cccvuveeeeeeecciieeeeeeeecciieee e e e e 41 40 10 3 5
BUSINESS 1€AAEIS ...eveeeeeieiiiiiieee e 3 16 41 85 5
Elected officials .......ceeeeieiiiiiieeee e 7 30 37 21 5

NOTES: Responses to: How much influence should each of the following groups have in deciding: global warming policy; government funding for stem
cell research; reducing federal income taxes; restricting sale of genetically modified foods? Detail may not add to total because of rounding.

SOURCE: University of Chicago, National Opinion Research Center, General Social Survey (2006). See appendix table 7-21.
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percentage was greater for scientists than for either of the other
leadership groups. The contrast among the groups was more
pronounced for the three issues that dealt with biological or
geophysical phenomena than for income taxes, where elected
officials ranked closely behind economists. Even for the tax
issue, however, this appears to be as much or more because
of greater willingness to accord elected officials substantial in-
fluence than because of greater skepticism about economists.
Among the three issues in which respondents compared scien-
tists, elected officials, and business leaders, the tax issue stands
out as the one where the public believes elected officials and
business leaders ought to have the most influence.

Americans also give scientists relatively high marks for
understanding the four issues (table 7-9).2* The GSS asked
respondents to rate each leadership group’s understanding
of a largely factual aspect of each issue on a five-point scale
ranging from “very well” to “not at all.” For the three issues
dealing with biological or geophysical phenomena, the dif-
ference in perceived understanding was big: between 64%
and 74% of the public placed the relevant scientists in one of
the top two categories, whereas only 9% to 14% placed any
of the other groups in those categories. The contrast among
groups was smaller for the tax issue, with economists (52%)
ranking ahead of business leaders (44%) and elected offi-
cials (28%). As was the case for influence, this narrower gap
among the groups is largely a matter of a relatively favorable
perception of business leaders’ and elected officials’ under-
standing of the tax issue, although a less positive view of the
economists’ understanding also plays a role.
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Patterns for the question about which groups would “sup-
port what is best for the country as a whole versus what serves
their own narrow interests” were similar (table 7-10).2 For
each issue, Americans placed the scientific group in one of
the top two categories much more often than they placed
either of the other leadership groups in those categories.
Differences were always at least 30 percentage points, even
where comparisons concerned religious leaders, a group that
might be expected to be perceived as less narrowly self-
interested than elected officials or business leaders.

One factor that may limit the influence of scientific knowl-
edge and the scientific community over public issues is the
perception that significant scientific disagreement exists,
making scientific knowledge uncertain (Krosnick et al. 2006).
GSS respondents were asked to rate the degree of scientific
consensus on a largely factual aspect of each of the four is-
sues, using a five-point scale ranging from “near complete
agreement” to “no agreement at all.”?® The “importance of
stem cells for research” was the only item for which as many
as half of respondents (52%) chose one of the two points near
the complete agreement end of the scale. Just 20% of respon-
dents chose one of these points when asked about the extent
to which “economists agree on the effects of reducing federal
income taxes.” For all four issues, this set of questions gener-
ated many “don’t know” responses and many responses at the
midpoint of the scale, both of which are consistent with the
idea that there is widespread public doubt about exactly how
scientists view the issues (table 7-11).

Table 7-9
Perceived understanding of public issues by various groups: 2006
(Percent)
Degree of understanding (on scale of 1 to 5)
Very well Not at all Don’t
Public issue/group 5 4 3 2 1 know
Global warming
Environmental scientists 44 22 22 4 4 4
Business leaders................ 4 8 30 32 22 4
Elected officialS........ceeivueeieiiieeieiee e 5 7 31 29 24 4
Stem cell research
Medical researcChers........cccvevecevieeeneiiiiiieeeeeenn 50 24 15 S & 6
Religious leaders.........ccceveiiiiiiiieiiiiieccieeees 6 8 26 29 25 6
Elected officialS........ceevvueereiieeiiiee e S 7 85 26 22 6
Federal income taxes
Economists.......... 88 19 29 7 7 5
Business leaders.. 15 29 88 12 6 4
Elected offiCialS........coevueeriiiiiiiiee e 10 18 34 19 15 5
Genetically modified foods
Medical researChers.......ccccoveveceeeeeeieessciieeeeeenne 32 32 18 8 5 6
Business leaders . 4 7 24 31 28 6
Elected offiCialS........ceevueeiiiiiiiiiie e 8 6 24 88 29 5

NOTES: Responses to: How well do the following groups understand: causes of global warming; importance of stem cell research; effects of reducing
federal income taxes; risks posed by genetically modified foods? Detail may not add to total because of rounding.

SOURCE: University of Chicago, National Opinion Research Center, General Social Survey (2006). See appendix table 7-22.
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With a few exceptions, responses to these questions do
not differ markedly among demographic groups (appendix
tables 7-21, 7-22, 7-23, and 7-24). Americans with higher
incomes, more education, and more science knowledge tend
to have more favorable perceptions of the knowledge, im-
partiality, and level of agreement among scientists. These
differences are especially pronounced for perceptions of
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economists, despite the fact that the science knowledge and
education measures do not test economic knowledge.

The interplay among the various indicators presented in
this section cannot be understood without further research and
analysis. It is not clear, for example, what mix of perceived
attributes—knowledge, consensus, impartiality, or others—
affects public perceptions of the appropriate influence of sci-

Table 7-10
Perceived impartiality of various groups in making policy recommendations about public issues: 2006
(Percent)
Extent to which group would support (on scale of 1 to 5)
What is best Own narrow
for country interests Don't
Public issue/group 5 4 3 2 1 know
Global warming
Environmental scientists............ 40 27 17 6 6 5
Business leaders ........cccccceunee. 6 4 22 27 36 5
Elected officials ........ccceeeeeennnns 9 10 25 24 28 5
Stem cell research
Medical researchers.................. 32 27 21 9 7 4
Religious leaders 13 12 22 20 26 6
Elected officials .......cccceeeeeennnns 8 7 32 23 25 5
Federal income taxes
Economists......ccceeeiiiiieeeeeicnnns 22 30 25 9 8 6
Business leaders ........cccccceunee. & 8 24 30 30 4
Elected officials ........ccceeeeeeennnns 8 14 26 24 24 4
Genetically modified foods
Medical researchers.................. 34 29 19 7 6 5
Business leaders ... 2 4 25 32 32 5
Elected officials .......cccceeeeeennnns 6 10 32 25 21 5

NOTES: Responses to: When making policy decisions about [public issue], to what extent do you think [group] would support doing what is best for the
country as a whole or what serves their own narrow interests? Detail may not add to total because of rounding.

SOURCE: University of Chicago, National Opinion Research Center, General Social Survey (2006). See appendix table 7-23.
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Table 7-11
Perceived scientific consensus on public issues: 2006
(Percent)
Degree of consensus (on scale of 1 to 5)
Near No
complete agreement
agreement at all
Group/public issue 5 4 3 2 1 Don’t know
Environmental scientists on existence and
causes of global warming ........ccccceecveeieeriiennnenne 14 28 35 9 6 9
Medical researchers on importance of
stem cells for research .........cccoooceeiiiiieiiiiieeiiies 19 33 29 4 5 9
Economists on effects of reducing federal
INCOME TAXES ...iiiiiieeeie e ) 15 40 14 13 13
Medical researchers on risks and benefits
of genetically modified foods ..........cccceveeriieeninene 9 19 41 11 7 13

NOTES: Responses to: To what extent do [people in group] agree on [public issue]? Detail may not add to total because of rounding.

SOURCE: University of Chicago, National Opinion Research Center, General Social Survey (2006). See appendix table 7-24.
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entists and scientific knowledge on public affairs. Likewise,
it is not clear why public perceptions vary concerning differ-
ent leadership groups or whether the interplay of attributes is
the same in all segments of the public. In addition, the choice
of factual examples raised in the questions may substantially
affect responses. For example, it is possible that economists
would be perceived very differently when the issue is foreign
trade or environmental scientists when the issue is energy
conservation. An alternative set of factual examples might
also highlight the role of additional considerations that affect
public views of who should influence public decisions.?’

What Makes an Activity Scientific

The label “scientific” is usually considered a favorable
one, and many claim it for their research or occupation.
When research studies claim to be scientific, they claim to
produce valid knowledge; when occupations claim to be sci-
entific, they claim their practitioners have systematic exper-
tise. Because not all claims to science are equally warranted,
it is important for the public to scrutinize these claims criti-
cally and use reasonable criteria to judge them.

The 2006 GSS asked two batteries of questions that
probed what characteristics Americans associate with sci-
entific studies and what disciplines and practices Americans
consider scientific. These indicators provide insight into
how Americans discriminate between more and less scien-
tific endeavors.

Attributes That Make Something Scientific

One group of questions asks how important each of eight
characteristics is in “making something scientific.” These char-
acteristics can be divided into three groups—features of the
research process, aspects of the credentials and institutional set-
tings that lend credibility to the research, and external valida-
tion by other belief systems (i.e., religious and common sense
beliefs). Americans were most likely to consider features of the
research process to be very important (appendix table 7-25).
Over two-thirds said that “conclusions based on solid evidence”
(80%), “carefully examin[ing] different interpretations of the
results” (73%), and replication of results by other scientists
(67%) were very important in making something scientific.

Americans thought that researcher qualifications were al-
most as important, with 62% classifying “the people who do it
have advanced degrees in their field” as very important. Insti-
tutional settings often associated with research, such as labora-
tories (41%) and universities (33%), ranked lower. For making
research scientific, these settings were viewed as similar in
importance to having results that were “consistent with com-
mon sense,” a belief system that is not a part of science. Most
Americans viewed consistency with religion, another belief
system outside of science, as either not too important (31%) or
not at all important (39%) to making something scientific.

Response patterns for this group of questions are related to
education (figure 7-12; appendix table 7-26). Although Amer-
icans at all levels of education rated research process charac-
teristics as most important, more highly educated Americans
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gave these the highest ratings. In contrast, individual creden-
tials, institutional auspices, and consistency with other beliefs
were less important among more highly educated respondents
than among others. As a result of these divergent patterns, the
gap in importance between process characteristics and other
attributes is very wide at higher levels of education but rela-
tively narrow for people with less schooling.

It is reasonable to interpret the relationship between edu-
cation and a more dominant emphasis on process criteria for
judging whether something is scientific as indicating that
more education fosters a more critical, evidence-oriented ap-
proach to studies and conclusions that claim to be scientific.
This interpretation would likewise suggest that less-educated
people more often give weight to more questionable criteria
that are either correlated with or unrelated to being scientific.
However, other interpretations cannot be entirely ruled out.
For example, people who internalize process-oriented un-
derstandings of science early in their schooling may be more
successful academically and more likely to pursue advanced
education. Another possibility is that additional schooling

Figure 7-12

Importance of process, credentials, and external
validation to belief that something is scientific, by
education level: 2006

Mean score

4

Process

Credentials

0 . . . .
<High >High school Some Associate’s Bachelor’'s Graduate
school graduate or college degree degree degree

equivalent

NOTES: Responses to how important each of eight statements is to
making something scientific—very important, pretty important, not
too important, not important at all (where 4 = very importantand 1 =
not important at all). Mean importance scores for process,
credentials, and external validation are computed averages of
responses to all statements in category. Process statements: (1) The
conclusions are based on solid evidence; (2) The researchers
carefully examine different interpretations of the results, even ones
they disagree with; (3) Other scientists repeat the experiment, and
find similar results. Credentials statements: (1) The people who do it
have advanced degrees in their field; (2) It is done by scientists
employed in a university setting; (3) The research takes place in a
laboratory. External validation statements: (1) The results of the
research are consistent with common sense; (2) The results of the
research are consistent with religious beliefs.

SOURCE: University of Chicago, National Opinion Research Center,
General Social Survey (2006). See appendix tables 7-25 and 7-26.
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may lead individuals to adopt a conventional account of sci-
ence in general without having a strong or consistent impact
on how they actually evaluate knowledge claims.

Which Fields Are Scientific

The 2006 GSS asked Americans about eight fields of re-
search or practice and whether they were “very scientific,
pretty scientific, not too scientific, or not scientific at all.” A
similar question on the 2005 Eurobarometer about an over-
lapping set of fields allows some comparison between U.S.
and European perspectives.

Practically all Americans perceived medicine as very or
pretty scientific (table 7-12). Americans identified medicine
most strongly with science even though it is focused more
on practical service delivery and less on research than other
fields on the list, including biology and physics. Nonethe-
less, both of these disciplines were also overwhelmingly
seen as either very or pretty scientific. Americans with more
years of education and more classroom exposure to science
and mathematics more often believed that these two fields
were relatively scientific (appendix table 7-27). This was
especially true for physics. Engineering, which, like medi-
cine, involves the application of scientific knowledge to
practical problems, nonetheless ranked well below the other
three fields on this measure. About 50% of Americans said
that the two social science disciplines on the list (econom-
ics and sociology) were very or pretty scientific. Accounting
and history were least often placed at the scientific end of
the scale. About 30% of Americans consider each of these
fields “not at all scientific,” a percentage that far exceeds
that for any of the other fields. Survey respondents with less
education were more likely than others to classify history as
relatively scientific.

The 2005 Eurobarometer asked about five fields that were
included in the 2006 GSS (figure 7-13). For these fields, Eu-
ropeans and Americans had similar views: medicine was
seen as the most scientific, with physics and biology follow-
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ing closely behind and, after a large gap, economics leading
history. There were two minor differences. Europeans rated
physics as somewhat more scientific than biology, whereas

Figure 7-13

European perceptions of scientific nature of various
fields: 2005

B inNotatal [ ]2 [ 3 M4 []5very [ Dont

scientific scientific know

Medicine E

Biology

Economics

0 20 40 60 80 100
Cumulative percent

NOTES: Responses to: People have different opinions about what is
scientific and what is not. | am going to read out a list of subjects. For
each one tell me how scientific you think it is, on a scale from 1 to 5,
where 5 means that you think it is “very scientific” and 1 that it is “not
at all scientific.” The intermediate scores allow you to qualify your
answer. See table 7-12 for U.S. responses to similar question.

SOURCE: European Commission, Research Directorate-General,
Eurobarometer 224/Wave 63.1 (3 January-15 February 2005):
Europeans, Science and Technology (2005).
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Table 7-12
Perceptions of scientific nature of various fields: 2006
(Percent)

Very Pretty Not too Not at all Haven’t heard
Field scientific scientific scientific scientific of field Don’t know
MediCiNe.....ccceveieiiiieiieeeeeeee 81 16 1 — — 1
Biology ... 70 24 2 1 — 2
Physics... 69 21 3 1 2 4
Engineering. 45 32 11 7 — 4
ECONOMICS.....ceiiiieeiieeeieeeee 16 35 31 13 1 3
STeTo1 o] oo | V2RSS 8 41 29 9 8 6
Accounting .....cooeieeiiiiee s 13 21 31 32 — 3
HiStory ...eeeeieeeeeee e 10 21 37 29 — 3

— =<0.5% responded

NOTES: Responses to: How scientific is [field]? Detail may not add to total because of rounding.

SOURCE: University of Chicago, National Opinion Research Center, General Social Survey (2006). See appendix table 7-27.
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Americans rated the two fields as about equal. Europeans
saw history as more scientific than Americans did, and the
gap between history and economics was wider in the United
States than in Europe.

Views of S&E Occupations

Data on public esteem for S&E occupations may be an
indicator of the attractiveness of these occupations and their
ability to recruit talented people into their ranks. Such data
may also have a bearing on the public’s sense that S&E af-
fect the nation’s well being in the future.

For nearly 30 years, the Harris Poll (Harris Interactive 2006b)
has asked about the prestige of a large number of occupations,
including scientists and engineers (table 7-13). In 2006, over
50% of Americans said that scientists had “very great prestige,”
and about one-third expressed this view about engineers. Most
occupations in the surveys rank below engineers.

The percentage of survey respondents attributing “very great
prestige” to scientists has fluctuated between 51% and 59%
in 11 surveys conducted since 1982 and for which results are
available in its most recent Harris Poll summary of trends. Dur-
ing the same period, the percentage for engineers has also fluc-
tuated in a relatively narrow range, moving between 28% and
37%. In neither case has there been a clear trend. In contrast,
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long-term trends are evident for other occupations, including
teachers (up), military officers (up), and lawyers (down).

Scientists ranked higher in prestige than almost all occupa-
tions in the Harris surveys. In recent years, their ranking was
comparable with that of nurses, doctors, and firefighters and
slightly ahead of teachers and military officers. Although en-
gineers are not in this top group, very few respondents say that
engineers have “hardly any prestige at all.” In 2006, only 4%
of the public gave this response, which was about the same as
for scientists and four other occupations; only medical doctors
ranked noticeably better on the “hardly any prestige at all”
measure, and 14 occupations ranked significantly lower.

Prestige appears to reflect perceived service orientation
and public benefit more than high income or celebrity (Har-
ris Interactive 2004). Americans are more likely to trust peo-
ple in prestigious occupations (including scientists) to tell
the truth (Harris Interactive 2006a).

Some evidence suggests that Americans rate scientific
careers more positively than is the case in at least some other
countries. In 2004, a little over 50% of South Koreans said
they would feel happy if their son or daughter wanted to be-
come a scientist, but 80% of Americans surveyed in 2001
expressed this feeling. Among Chinese, however, science
ranked second to medicine as an occupation that survey re-
spondents would like for their children (NSB 2006).

Table 7-13
Prestige of various occupations: Selected years, 1977-2006
(Percent)
Occupation 1977 1982 1992 1997 1998 2000 2001 2002 2003 2004 2005 2006
DOCHON ... 61 55 50 52 61 61 61 50 52 52 54 58
Scientist.....c.overieriieeeeee 66 59 57 51 55 56 53 il 57 52 56 54
Teacher......cocuveeveneniiieneen 29 28 41 49 58 58 54 47 49 48 47 52
Military officer.........ccoovveriuennene NA 22 32 29 34 42 40 47 46 47 49 51
Police officer.......cccvviieriiennen. NA NA 34 36 41 38 37 40 42 40 40 43
Priest/minister/clergyman......... 41 42 38 45 46 45 43 36 38 32 36 40
Engineer ......cccoeeoiiiiiiiiiiiieen, 34 30 37 32 34 32 36 34 28 29 34 34
Member of Congress NA NA 24 23 25 33 24 27 30 31 26 28
Architect .......ccceeeuene NA NA NA NA 26 26 28 27 24 20 27 27
26 20 18 21 20 21 22 21 17 21 23 23
36 30 25 19 23 21 18 15 17 17 18 21
18 16 17 18 19 21 20 19 17 16 18 18

NA 13 14 18
17 17 17 15
17 16 15 15
NA NA 12 14
18 16 19 16

17 14 15 13 15 10 13 17
18 15 16 15 14 15 15 17
15 16 18 1) 15 14 14 16
16 16 17 14 15 16 15 12
18 15 12 18 18 19 15 11

NA = not available, question not asked

NOTES: Based on “very great prestige” responses to: | am going to read off a number of different occupations. For each, would you tell me if you feel it is
an occupation of very great prestige, considerable prestige, some prestige, or hardly any prestige at all?

SOURCE: Firefighters, doctors and nurses top list as “most prestigious occupations,” according to latest Harris Poll, The Harris Poll #58, Harris
Interactive (26 July 2006), http://www.harrisinteractive.com/harris_poll/index.asp?PID=685, accessed 7 August 2006.
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Public Attitudes About
Specific S&T-Related Issues

Public attitudes can affect the speed and direction of
S&T development. When science plays a substantial role in
a national policy controversy, more than the specific poli-
cies under debate may be at stake. The policy debate may
also shape public opinion and government decisions about
investments in general categories of research. Less directly,
a highly visible debate involving science may shape overall
public impressions of either the credibility of science or the
proper role of science in other, less visible public decisions.
Likewise, public attitudes about emerging areas of research
and new technologies can have an impact on innovation. The
climate of opinion concerning new research areas can influ-
ence levels of public and private investment in related tech-
nological innovations and, eventually, the adoption of new
technologies and the growth of industries based on these
technologies.

For these reasons, survey responses about policy controver-
sies involving science, specific research areas, and emerging
technologies are worthy of attention. In addition, responses
about relatively specific matters provide a window into the
practical decisions through which citizens translate more gen-
eral attitudes into actions, although, like all survey responses,
how these responses relate to actual behavior remains un-
certain. More generally, even in democratic societies, public
opinion about new scientific and technological developments
does not translate directly into actions or policy. Instead, it
filters through institutions that selectively measure what the
public believes and either magnify or minimize the effects of
divisions in public opinion on public discourse and govern-
ment policy (see sidebar, “Designs on Nature™).

Policy attitudes always involve a multitude of factors and
not just knowledge or understanding of relevant science.
Values, morals, judgments of prudence, and numerous other
factors can come strongly into play, and judgments about sci-
entific fact are often secondary. In assessing the same issue,
different people may find different considerations relevant.

This section begins with data on environmental issues, es-
pecially global climate change. It then covers attitudes toward
recent and novel technologies, including medical biotechnol-
ogy, agricultural biotechnology (i.e., genetically modified
food), and nanotechnology. Data on cloning and stem cell
research follow, and the section concludes with some recent
data on attitudes toward science and mathematics education.

Environment and Climate Change

The Gallup Organization’s annual survey on environmen-
tal issues indicates that Americans have recently become
somewhat more concerned about environmental quality (fig-
ure 7-14). Between 2005 and 2007, the percentage of Ameri-
cans expressing “a great deal” of worry about the “quality
of the environment” rose from 35% to 43%, returning to ap-
proximately its 2001 level after 4 years (2002-05) at about
35% (Saad 20064, 2007).
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Figure 7-14

Worry about quality of environment: 2001-07
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SOURCES: Saad L, Americans See Environment as Getting Worse,
The Gallup Poll (20 April 2006), http://www.galluppoll.com/content?
ci=22471, accessed 4 March 2007; and special tabulation (2007).
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Despite this rise in concern, however, worry about the
environment ranked somewhere in the middle among the
12 issues about which Gallup asked in 2007. Between 70%
and 80% of Americans expressed either a great deal or a
fair amount of worry about environment and most other is-
sues (Social Security, drug use, crime and violence, future
terrorist attacks, the economy, hunger and homelessness,
and availability and affordability of energy); only avail-
ability and affordability of healthcare (83%) ranked above
this range, and only illegal immigration (68%), unemploy-
ment (59%), and race relations (51%) ranked below it. In
2006 Gallup surveys, most Americans (62%) believed that
the government spent too little to protect the environment
and only a handful thought it spent too much (4%) (Gal-
lup Organization 2007a). These numbers are in keeping with
2006 GSS responses to a similar question. Support for ad-
ditional government spending, after dropping between 1992
to 2003, has rebounded in recent years, rising 11 percent-
age points between 2003 and 2006. Nonetheless, the trend
in support for environmental protection is less evident when
Americans are asked about tradeoffs between environmen-
tal protection and economic growth (figure 7-15). Indeed,
as gasoline prices increased, public support for oil explo-
ration in the Alaskan Arctic National Wildlife Refuge and
expanded use of nuclear energy rose substantially between
2003 and 2006. However, support dropped significantly in
Gallup’s 2007 survey (Gallup Organization 2007a).

Global warming has recently become more prominent
among environmental issues for the American public. In
2004, 2006, and 2007, Gallup asked Americans how much
they worry about 10 environmental issues. The percentage
of Americans who said they worried “a great deal” about
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Designs on Nature

In Designs on Nature (2005), Sheila Jasanoff analyzed
how the United States, Great Britain, and Germany have
grappled with recent developments in biotechnology. Her
study sought to explain numerous differences among these
three leading S&T powers in the kind of political dynamics
spawned by biotechnology:

4 Agricultural biotechnology generated much more con-
cern in British public life than in either Germany or
the United States.

4 Embryo research was relatively uncontested in Brit-
ain, publicly divisive in the United States, and debated
in institutionalized governmental forums in Germany
without becoming a salient political issue for a wider
public.

4 Patenting life forms was seen as an ethical issue in Eu-
rope but not in the United States.

4 All three nations considered bioethics important, but
each understood it very differently.

For Jasanoff, differences in public opinion do not, for
the most part, account for these political differences. Rather,
differences in political culture and institutions shape when,
whether, and how public opinion is mobilized in the political
arena and becomes a significant force affecting biotechnol-
ogy issues. Often, elite deliberations are relatively insulated
from public attitudes, and elite politics plays a large role in
how the public defines and responds to new scientific issues.

Jasanoff points to differences in how knowledge be-
comes publicly validated in the three countries, differ-
ences that affect “national discourses of risk and safety,
naturalness and artificiality, innovation and ownership,
constitutional rights, and bioethics” (Jasanoff 2005, pp.
20-1). Differences in public discourse, combined with
differences in regulatory approaches, legal institutions,
and styles of managing conflict, affect how these coun-
tries respond to the new ethical and policy challenges
posed by biotechnology. Although countries tend to re-
spond in accordance with long-standing cultural and in-
stitutional patterns, Jasanoff observed that countries also
alter and adapt these patterns to deal with the novel issues
that biotechnology raises.

For each country she studied, Jasanoff identified a
dominant cultural and institutional paradigm that character-
izes its general approach to issues at the intersection of
science and politics:

4 United States. In a predominantly “contentious,” ad-
versary process, groups with competing interests vie
to define relevant knowledge. Courts loom unusually
large as arbiters of disputes, and federal administrators
are relatively passive. Public optimism about technolo-
gy creates an environment that is open to experimenta-
tion unless there are demonstrated risks or pre-existing
regulatory barriers. New technologies often validate
themselves only after they are introduced, by not caus-
ing unacceptable harms. Skepticism about expertise
makes it difficult to resist demands for quantified
measures, formal credentials, and transparent decision
processes. Science is viewed as a sphere of objective
knowledge separate from “the contaminating touch of
politics” (Jasanoff 2005, p. 288).

4 Great Britain. Biotechnology policy is developed
in an atmosphere in which the credibility of state-
regulated science has been damaged by the nation’s
experience with mad cow disease. Public trust in ex-
perts imbued with an ethic of public service and a
reputation for character and judgment, although dam-
aged, remains a key resource for validating scientific
knowledge. Scientific experts associated with the
government are trusted to be able to consult with af-
fected parties, gather relevant information, and reach
objective decisions that “discern the public’s needs”
(Jasanoff 2005, p. 268). Transparency is more an op-
tion than a requirement.

4 Germany. Decisionmaking is consensus oriented, with
interested parties participating in institutionalized de-
liberative processes organized by the federal govern-
ment. Public debate is largely restricted to matters of
values, and technical and factual issues are reserved
for expert committees whose work is largely removed
from public view. Committee members derive their
stature from public trust in the institutions they rep-
resent. The public assumes that the state can assemble
competent expert bodies composed of reasonable in-
dividuals who, although they reflect diverse interests
and perspectives, can negotiate a shared view of the
public interest.

Jasanoff emphasized that these patterns, though resil-
ient, are not rigid, and that actual political processes are
more fluid than the central tendencies she described.

global warming rose by 15 points during this period, more ing water” (58%), “pollution of rivers, lakes, and reservoirs”
than for any of the other issues (Carroll 2006, 2007). Even (53%), “contamination of soil and water by toxic waste”
with this increase, however, global warming still ranked (52%), and “maintenance of the nation’s fresh water supply
eighth among these issues. At 36%, the percentage of Amer- for household needs” (51%).

icans worrying a great deal about this issue was 10 or more Recent data show other signs that awareness concern-

points below the comparable figure for “pollution of drink- ing global warming is increasing. After 5 consecutive years
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Figure 7-15

Public priorities for environmental protection
versus economic growth: 1984-2007
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NOTES: Responses to: With which one of these statements about
the environment and the economy do you most agree—protection of
the environment should be given priority, even at the risk of curbing
economic growth (or) economic growth should be given priority, even
if the environment suffers to some extent? Poll conducted in 1984,
1990-92, 1995, 1997-2006; other years interpolated.

SOURCE: Gallup’s Pulse of Democracy: Environment, Gallup Brain,
http://brain.gallup.com/content?ci=1615, accessed 24 May 2007.
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without any significant change, 2006 and 2007 Gallup sur-
veys registered a small increase in the percentage of Ameri-
cans who say they understand the global warming issue very
well (Gallup Organization 2007a; Saad 2006b). In addition,
the number of Americans who say that the effects of global
warming have already begun to occur was higher in 2006
and 2007 than it had been in a decade of surveys (Gallup
Organization 2007a; Saad 2006b). The percentage of Ameri-
cans who believe that most scientists think global warming
is occurring has also been rising for over a decade (Nisbet
and Myers 2007). However, although most Americans think
that global warming is mostly the result of human activities
rather than natural changes, public opinion on this question
has been stable since 2001 (Gallup Organization 2007a).

Biotechnology and Its Medical Applications

Recent advances in recombinant DNA technology enable the
manipulation of genetic material to produce plants and animals
with more desirable characteristics. Americans, Canadians, and
Europeans have similarly favorable attitudes toward biotech-
nology in general and medical applications in particular.

In 2005, over two-thirds of Americans said that they ei-
ther strongly supported (19%) or supported (52%) “the use of
products and processes that involve biotechnology.” Less than
one-fourth expressed opposition. In Canada, support for bio-
technology had been lower than in the United States in 2003,
but climbed to 67% in 2005, closely resembling the U.S. fig-
ure (Canadian Biotechnology Secretariat 2005).28 Similarly,
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in 2005 almost two-thirds of Europeans, when asked about
either biotechnology or genetic engineering,?® said that this
technology would have a positive effect on their way of life in
the next 20 years (European Commission 2005b).

Americans and Canadians also held similar views of
biotechnology’s potential in the field of medicine. In 2005,
more than 8 of 10 respondents in each country agreed that
biotechnology would be one of the most important sources
of health treatments and cures in the 21st century (Canadian
Biotechnology Secretariat 2005).

Few Americans (about 1 in 10) consider themselves “very
familiar” with biotechnology. Overall, Canadians report even
less familiarity, although this difference is small. Without
a strong knowledge base to use in evaluating information,
their assessment of the credibility of information sources is
an important element in forming their judgments about infor-
mation on this topic. The Canada-U.S. Survey on Biotech-
nology asked respondents in both countries to rate their trust
in various institutions that could provide information about
biotechnology. It found similar results for both Canada and
the United States. In both countries, scientific journals and
government-funded scientists placed at or near the top of the
list. Conversely, privately owned mass media, biotechnol-
ogy company executives, and religious and political leaders
ranked near the bottom in both countries (figure 7-16).

Genetically Modified Food

Although the introduction of genetically modified (GM)
crops has provoked much less controversy in the United
States than in Europe, U.S. popular support for this applica-
tion of biotechnology is limited and does not explain the dif-
ference (see sidebar, “Designs on Nature™). In a series of five
surveys conducted between 2001 and 2006, the Pew Initiative
on Food and Biotechnology (Mellman Group, Inc. 2006) has
consistently found that only about one-fourth of Americans
favor “the introduction of genetically modified foods into
the U.S. food supply.” Although opposition to GM food de-
clined to 46% in the most recent survey, opposition remains
much more common than support. The Canada-U.S. Survey
on Biotechnology (Canadian Biotechnology Secretariat 2005)
reported a similar finding. The proportion of U.S. survey re-
spondents reporting a negative reaction to the phrase “geneti-
cally modified food” (44%) was more than twice the 20% that
reported a positive reaction. Nonetheless, an analysis of pub-
lic opinion on GM food concluded that Americans express
more favorable views than Europeans, with Canadians falling
somewhere in between (Gaskell et al. 2006).

Pew Initiative on Food and Biotechnology data (Mellman
Group, Inc. 2006) suggest that misconceptions about GM
food are widespread in the United States. Most Americans
(60%) believe they have not eaten GM foods, even though
processed foods in the United States commonly contain GM
ingredients. This number has not shown a clear trend in the
5 years since Pew began asking this question. People who
claim to have heard more about GM foods are more likely to
say that they have eaten them. Although this survey found
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Figure 7-16
U.S. and Canadian views on credibility of sources
of information on biotechnology: 2005
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Senior executives of
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Print media

Political leaders
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NOTES: Responses to: For each of the following, if you were to hear
information from them regarding biotechnology, how much would
you trust that information to be credible, using a scale of 1-5, where
1 is not at all credible and 5 is extremely credible? Data reflect
responses of 4 or 5.

SOURCE: Canadian Biotechnology Secretariat, Canada-U.S. Survey
on Biotechnology (2005).
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Americans were fairly evenly divided about the safety of
GM foods—34% believed they are basically safe, 29% be-
lieved they are basically unsafe, and 37% said they had no
opinion—opinions change when people have more informa-
tion. Thus, when Americans are told that GM food is already
widely used in commonly purchased groceries, the percent-
age judging them to be safe rises by about 10 points.*®

As with biotechnology in general, Americans are apt to rely
on trusted sources of information concerning GM food, about
which their knowledge is also limited. Among sources listed in
both the Pew survey on GM food and the Canadian Biotechnol-
ogy Secretariat survey on biotechnology, American attitudes
are generally consistent: scientists and government rank rela-
tively high and biotechnology companies and the news media
rank relatively low. In the Pew survey, more Americans (37%)
expressed a great deal of trust in friends and family than in any
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other group. Although Americans’ level of trust in farmers as
sources of information on GM food was comparable with that
for scientists and academics, others involved in commercial
food production, including food manufacturers and biotechnol-
ogy companies, were near the bottom of the list (figure 7-17).

Surveys have generally found that Americans are even
more wary of genetic modification of animals than they
are of genetic modification of plants (Mellman Group, Inc.
2005). Stronger ethical and safety concerns appear to play
a role in people’s concern, and concern is greater among
women than among men, although this gender gap has been
declining. Many Americans express support for regulatory
responses, including labeling foods with GM ingredients, but
this support appears to be quite sensitive to the way issues
are framed. Thus, whereas 29% of Americans expressed a
great deal of confidence in “the Food and Drug Administra-
tion or FDA,” only about half as many expressed the same
confidence when the question was posed about “government
regulators.” In addition, the proportion that expressed great
confidence in the FDA dropped by 12 percentage points be-
tween 2001 and 2006 (Mellman Group, Inc. 2006).

Additional findings from earlier U.S. surveys can be found
in Science and Engineering Indicators 2006 (NSB 2006).

Figure 7-17
Trust in information sources about genetically
modified foods: 2006
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NOTES: Responses to: Please tell me how much you trust what
each group or organization says about genetically modified foods.
Do you trust what they have to say about genetically modified foods
a great deal, some, not too much, or not at all? Data reflect
responses of “a great deal.”

SOURCE: The Mellman Group, memorandum to the Pew Initiative
on Food and Biotechnology (16 November 2006) on results of poll
conducted for Pew in October 2006.

Science and Engineering Indicators 2008



7-38 ¢

Nanotechnology

Nanotechnology involves manipulating matter at unprec-
edentedly small scales to create new or improved products
that can be used in a wide variety of ways. Nanotechnol-
ogy has been the focus of relatively large public and private
investments for almost a decade, and innovations based on
nanotechnology are increasingly common. Even relative to
other new technologies, nanotechnology is still in an early
stage of development.

The general public remains relatively unfamiliar with
nanotechnology. Among 2006 GSS respondents, over half
(54%) had heard “nothing at all” about it. An additional 25%
had heard “just a little,” and smaller proportions had heard
either “some” (15%) or “a lot” (5%) (appendix table 7-28).
These numbers are similar to those that Cobb and Macoubrie
(2004) reported in a survey done 2 years earlier. Familiarity
with nanotechnology was at about the same level in Europe
in 2005, where 44% of survey respondents said they had
heard of it (Gaskell et al. 2005).

Even among the minority of GSS respondents who had
heard of nanotechnology, knowledge levels do not appear to
be high (appendix table 7-7). Over half (57%) correctly re-
sponded true when asked whether “nanotechnology involves
manipulating extremely small units of matter, such as indi-
vidual atoms, in order to produce better materials,” but many
(36%) said they did not know, and a few (7%) thought this
statement was false. About half (51%) did not know whether
or not “the properties of nanoscale materials often differ
fundamentally and unexpectedly from the properties of the
same materials at larger scales.” For this question, 39% cor-
rectly answered true and the remaining 9% answered false.

When nanotechnology is defined in surveys, Americans ex-
press favorable expectations for it. After receiving a brief expla-
nation of nanotechnology, GSS respondents were asked about
the likely balance between the benefits and harms of nanotech-
nology. About 40% said the “benefits will outweigh the harmful
results,” 19% expected the two to be about equal, and only 9%
expected the harms to predominate (appendix table 7-29). The
fact that about half of respondents either gave a neutral response
(19%) or said they didn’t know (32%) suggests that opinion may
be open to change as Americans become more familiar with this
technology. In a 2005 survey that asked Americans and Cana-
dians about risks and benefits in two separate questions, about
half of Americans foresaw substantial benefit or some benefit
from nanotechnology, compared with 14% who saw substantial
risk or some risk; Canadian responses were almost as optimis-
tic (Canadian Biotechnology Secretariat 2005). Eurobarometer
data, though not precisely comparable, indicate that European
opinion is generally consistent with that of Americans (Euro-
pean Commission 2005b). In the 2005 Eurobarometer, 48% of
Europeans expected nanotechnology to have “a positive effect
on our way of life in the next 20 years,” whereas only 8% ex-
pected a negative effect. Although familiarity with nanotechnol-
ogy is similar in Europe and the United States, more Europeans
than Americans said they did not know whether or not this new
technology would have a positive effect.
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Among Americans, favorable expectations for nanotech-
nology are associated with more education, greater science
knowledge, and greater familiarity with nanotechnology.
Men are also somewhat more likely to have favorable ex-
pectations than women (appendix table 7-29). Patterns are
similar to those for responses concerning S&T generally.
Unlike in Canada, where younger people’s views of nano-
technology are significantly more positive than the views of
older people, Americans of all ages have similar opinions
(Canadian Biotechnology Secretariat 2005).

Stem Cell Research and Human Cloning

Unlike most issues involving scientific research, stud-
ies using embryonic stem cells have generated considerable
public controversy. In the case of stem cell research, strongly
held views about moral fundamentals determine many peo-
ple’s attitudes. There is little reason to believe that this is the
case for certain other S&T issues, such as nanotechnology.

Although a majority of the public supports such research,
a significant minority is opposed. When surveys ask about
medical technologies to be derived from stem cell research in
the context of expected health benefits, public response is rel-
atively positive. But technologies that involve cloning human
embryos evoke consistently strong and negative responses.

Since 2004, the majority of the American public has fa-
vored “medical research that uses stem cells from human
embryos” (VCU Center for Public Policy 2006). Support
grew continuously from 2002 (35% in favor) to 2005 (58%
in favor), before returning to about the 2004 level in 2006
(figure 7-18). In five annual Gallup surveys between 2002
and 2006, the percentage of Americans who found such re-
search “morally acceptable” in general climbed from 52%
to 61%, while the percentage saying it was “morally wrong”
in general correspondingly dropped from 39% to 30% (Gal-
lup Organization 2007b). Likewise, a consistent majority in
three Pew surveys conducted between December 2004 and
July 2006 agreed that it was “more important to continue
stem cell research that might produce new medical cures
than to avoid destroying the human embryos used in the re-
search”; about one-third of Americans said not destroying
embryos was more important (Pew Research Center for the
People and the Press 2006b).

In some circumstances, support for medical technologies
derived from stem cell research can be even stronger than
support for the research itself. When the question is framed
as an emotionally compelling personal issue (“If you or a
member of your family had a condition such as Parkinson’s
Disease, or a spinal cord injury, would you support the use
of embryonic stem cells in order to pursue a treatment for
that condition?”), 70% of Americans support treatments that
use stem cells, and only 21% do not (VCU Center for Public
Policy 2006). Responses become more mixed when ques-
tions mention “cloning technology” and decidedly negative
when the technology is characterized as “used to create hu-
man embryos” (table 7-14).
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Figure 7-18
Public attitudes toward stem cell research:
2001-06
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NOTE: Responses to: On the whole, how much do you favor or
oppose medical research that uses stem cells from human embryos?
Question most recently asked 7-21 November 2006.

SOURCE: Virginia Commonwealth University (VCU), VCU Center for
Public Policy, Survey and Evaluation Research Laboratory, Opinions
Shifting on Stem Cell Research; Opposition to Cloning Continues,
VCU Life Sciences Survey (2006), http://www.vcu.edu/lifesci/
centers/cen_lse_surveys.html.
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Table 7-14
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Americans are overwhelmingly opposed to reproductive
cloning. In a Research!America survey, the idea of using
“cloning technology to produce a child” is rejected by about
4 of 5 people, and VCU Center for Public Policy and other
surveys produce very similar results (Center for Genetics and
Society 2006; Research! America 2006). In six annual VCU
surveys, at least 60% of Americans said they were “strongly
opposed” to “cloning or genetically altering” humans (VCU
Center for Public Policy 2006).

The specter of reproductive cloning can generate appre-
hension about therapeutic cloning. Asked how concerned they
were that “the use of human cloning technology to create stem
cells for human therapeutic purposes will lead to a greater
chance of human reproductive cloning,” over two-thirds of
Americans say they are either very (31%) or somewhat (38%)
concerned (VCU Center for Public Policy 2006).

Public attitudes toward stem cell research and cloning are
not grounded in a strong grasp of the difference between re-
productive and therapeutic cloning, however. Most Ameri-
cans say they are “not very clear” (35%) or “not clear at
all” (35%) about this distinction, with 22% saying they are
“somewhat clear” and only 7% characterizing themselves as
“very clear” about it. Since VCU began asking this question
in 2002, the number of Americans who profess greater com-
prehension has declined, despite, or perhaps because of, the
increased visibility of stem cell research as a public issue.

Support for stem cell research is strongest among people
with more years of formal education. Americans who are
more religious, more conservative, and older are more likely
to oppose such research (Gallup Organization 2007b; Pew
Research Center for the People and the Press 2006b; VCU
Center for Public Policy 2006).

Public opinion on medical technologies derived from stem cell research: Most recent year

(Percent)

Question

Favor Oppose

1. If you or a member of your family had a condition such as Parkinson's Disease, or a spinal cord injury, would you
support the use of embryonic stem cells in order to pursue a treatment for that condition? (yes or no) ............ccc.ccee.... 70 21

2. Therapeutic cloning is the use of cloning technology to help in the search for possible cures and treatments for
diseases and disabilities. Do you think that research into therapeutic cloning should be allowed? (yes or no,................ 59 35

3. Do you favor or oppose using human cloning technology IF it is used ONLY to help medical research develop new
treatments for disease? (strongly favor, somewhat favor, somewhat oppose, or strongly OPPOSE)...........coeevcvercrereueanee. 45 51

4. Do you favor or oppose using human cloning technology IF it is used to create human embryos that will provide stem
cells for human therapeutic purposes? (strongly favor, somewhat favor, somewhat oppose, or strongly oppose) .............. 85 57

NOTES: Questions 1, 3, and 4 asked 7-21 November 2006. Question 2 asked in 2005. Detail does not add to total because “don’t know” responses

not shown.

SOURCES: Questions 1, 3, and 4, Virginia Commonwealth University (VCU), Center for Public Policy, Survey and Evaluation Research Laboratory, VCU
Life Sciences Survey (2006), http://www.vcu.edu/lifesci/centers/cen_Ise_surveys.html; and Question 2, Research!America, America Speaks! Poll Data
Summary, vol. 7, p. 20 (March 2006), PARADE/Research!America Health Poll (2005), www.researchamerica.org.
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Canadian attitudes toward stem cell research are very
similar (Canadian Biotechnology Secretariat 2005). Al-
though European survey questions about stem cell research,
medical applications, and cloning are sufficiently different
from U.S. and Canadian data to make direct comparisons
impossible, overall patterns and levels of support appear
similar to those in North America (European Commission
2005b; Gaskell et al. 2006).

S&T Education

In much public discourse about how Americans will fare
in an increasingly S&T-driven world, education in science,
mathematics, engineering, and technology is seen as crucial
preparation for adult life. Perhaps because education is more
a local issue than a national one, however, national public
opinion data about education in science and related subjects
are lacking. A recent national survey of parents with school-
age children indicates that most believe that “greatly in-
creasing the number and quality of math and science courses
students take in high schools” would do “a lot” or “quite a
bit” to improve high school education in America (67%) and
that it is “crucial” for most students to “learn higher level
math skills like advanced algebra and calculus” (62%) (Pub-
lic Agenda 2006). Nevertheless, when questions are person-
alized to their own children, a majority of these parents are
satisfied with the amount of science their children are be-
ing taught in the schools. The percentage of Americans who
believe that “kids are not taught enough math and science”
is either a very or somewhat serious problem in their local
public schools (32%) is 20 points lower than it was when
this question was asked in 1994,

Conclusion

In assessing public knowledge and attitudes concerning
S&T, two kinds of standards for judgment are possible. One
standard is some conception of what a technologically ad-
vanced society requires, either currently or in the future, to
be well prepared to compete in the world economy and en-
able its citizens to live satisfying lives. The other standard
involves comparison with the past or with other countries.

By the first standard, individual judgments will inevitably
vary, but it is safe to say that most proponents of S&T will
find at least some of the data disquieting. They might view
as causes for concern the significant minorities of Ameri-
cans who cannot answer relatively simple knowledge ques-
tions about S&T, the proportion of Americans who express
basic misconceptions about emerging technologies such as
biotechnology and nanotechnology, or the proportion who
believe relatively great scientific uncertainty surrounds
global climate change. For many, some attitudes might ap-
pear problematic, too, such as the sizable parts of the popu-
lation who express serious reservations about the place of
morality in science or the speed of technological change, or
who favor coverage of nonscientific material about human
origins in public school science classes.
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Trend analyses that use past U.S. data as a basis for com-
parison paint a different picture. Relative to Americans in
the recent past, today’s Americans score as well on factual
knowledge and somewhat better on understanding the pro-
cess of scientific inquiry, are more skeptical about scientific
claims for astrology, and are at least as optimistic about new
technology and favorably disposed to increased government
investment in science. When Americans compare science
with other institutions, science’s relative ranking appears to
be as or more favorable than in the past. The survey data
provide little or no evidence of declining knowledge or in-
creasingly negative attitudes.

When the data are examined using other countries as a
benchmark, the United States compares favorably. Compared
with adult residents of other developed countries, Americans
appear to know as much or more about science, and they
express as much or more optimism about technology. The
only circumstance in which the United States scores below
other countries on science knowledge comparisons is when,
as with beliefs about human evolution, many Americans ex-
perience a conflict between accepted scientific knowledge
and their religious beliefs.

Regardless of the standard used in assessing public
knowledge and attitudes, one strong and persistent pattern
in the data stands out: more highly educated Americans tend
to know more about S&T, express more favorable attitudes
about S&T, and make discriminations that are more consis-
tent with those likely to be made by scientists and engineers
themselves. Thus, for example, they focus more heavily on
process criteria for evaluating whether something is scientif-
ic, and their classification of fields as more and less scientific
more closely resembles a classification that would be found
in a university catalog. Along with their formal schooling,
they appear to have acquired perspectives, attitudes, and
knowledge akin to those found among the proponents of
S&T. Whether or in what sense this association is causal is
uncertain: although greater knowledge may affect attitudes
and perspectives, pre-existing attitudes and perspectives may
affect whether or not people acquire the kinds of knowledge
available to them in school. What is clear, across a variety
of indicators, is that Americans with relatively more years of
education and more science knowledge also have perspec-
tives and attitudes that more closely mirror those articulated
by the leaders of the American S&E community.

Notes

1. The patterns in the use of data sources do not neces-
sarily mean that people are getting information from less-
detailed sources. Newspapers and the Internet include long
articles, and the Internet contains links to additional sources
of information. In addition, declining reliance on magazines
may result from short-term causes, such as a few S&T maga-
zines going out of business without new ones immediately
filling the market niche, rather than from a long-term change
in information-seeking patterns.
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2. Like most survey data, General Social Survey (GSS)
data, used in figure 7-3 and elsewhere in this chapter, are
weighted to make them correspond more closely to known
parameters in the general population, such as sex and race
distributions. In tables and figures that compare different
survey years, the data are presented using a weighting for-
mula that can be applied to all years. In tables that present
only 2006 survey results, numbers are calculated using a
new weighting formula that is designed to produce more ac-
curate figures for that year. As a result, there may be minor
discrepancies between the 2006 GSS results that appear in
different tables and figures.

3. A survey that called attention to particular sources of
information on the Internet, such as Weblogs, might well
produce different results.

4. Although health news and science and technology
news may appear to be closely related categories, the profile
of people who follow each type of news closely is different:
63% of Americans who follow health closely are women,
whereas 69% of Americans who follow S&T news closely
are men (Pew Research Center for the People and the Press
2006a). Many researchers stress that both interest in and
knowledge about S&T are often specific to individually de-
fined domains within this broad category and do not gener-
alize to the category as a whole (see sidebar, “Asset-Based
Models of Knowledge”).

5. Science, space and technology includes manned and
unmanned space flight, astronomy, scientific research,
computers, the Internet, and telecommunications media. It
excludes forensic science, S&E education, and telecommu-
nications media content. Biotechnology and basic medical
research includes stem cells, genetic research, cloning, and
agribusiness bioengineering. It excludes clinical research
and medical technology. Stories often do not fall neatly into
a single category.

6. People can become involved with S&T through many
other non-classroom activities. Participating in government
policy processes, going to movies that feature S&T, bird
watching, and building computers are a few examples. Data
on this sort of involvement with S&T are unavailable.

7. It is possible that the substantial difference between
Pew and IMLS estimates for “zoos or aquariums” is the re-
sult of differences in the categories the two surveys offered to
respondents. Both surveys asked about zoos and aquariums,
but IMLS also asked about nature centers and children’s or
youth museums, whereas Pew did not. Pew respondents who
visited these kinds of museums may have reasoned that “zoo
or aquariums” was the most closely comparable category in
the survey and classified their visits accordingly.

8. The NSF surveys asked respondents the number of
times in the past year that they have visited an art museum,
a natural history museum, a science or technology museum,
a zoo or aquarium, or a public library. The Pew survey asks
them whether or not they have visited one of the institutions,
and includes planetarium in the list. For the S&T-related
institutions in the list, the historic NSF numbers are about
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4 percentage points higher than the Pew numbers, but the
difference may have to do with how the questions were
asked. Some research suggests that when surveys ask for the
number of times respondents have engaged in an activity,
the percentage saying they have engaged in the activity at
least once is larger than the percentage who would answer
“yes” if asked whether they had engaged in the activity at all,
probably because some respondents experience the first type
of question as implying that the activity is common or ac-
ceptable (Knauper 1998; Sterngold, Warland, and Herrmann
1994). The IMLS survey’s institution categories are suffi-
ciently different from the NSF categories to make focused
comparisons over time problematic.

9. The IMLS survey only asked about children’s museum
visits in households where adults had visited a museum in
2006, either in-person or remotely via the Internet. Because
IMLS assumed that children in other households did not visit
museums, there is reason to believe that the actual percent-
ages are somewhat higher than the IMLS estimates.

10. One possible explanation for differences between Eu-
rope and the United States in attendance at informal science
institutions is that adult leisure patterns reflect patterns that
developed in childhood, when, especially for older Europe-
ans, informal science institutions were less readily available
than in the United States. The available national data do not
permit a test of this explanation.

11. Survey items that test factual knowledge sometimes
use readily comprehensible language even at the cost of some
scientific imprecision. This may prompt some highly knowl-
edgeable respondents to feel that the items blur or neglect im-
portant distinctions, and in a few cases may lead respondents
to answer questions incorrectly. In addition, the items do not
reflect the ways that even established scientific knowledge
evolves as scientists accumulate new evidence. Although the
text of the factual knowledge questions may suggest a fixed
body of knowledge, it is more accurate to see scientists as
making continual, often subtle, modifications in how they
understand existing data in light of new evidence.

12. Early NSF surveys used additional factual knowl-
edge indicators, which were combined to form an aggregate
indicator. Bann and Schwerin (2004) performed statistical
analyses on this and other groups of indicators to produce
shorter scales that involved fewer questions and required
less time to administer, but were functionally equivalent to
the scales that used additional items (e.g., had similar mea-
surement properties and yielded performance patterns that
correlated with similar demographic characteristics). For
factual knowledge, Bann and Schwerin produced two alter-
native scales that, except for one item, used identical ques-
tions. One of these scales was administered in 2004, and the
other was substituted in 2006. Appendix table 7-4 presents
trend data using each scale. To enable aggregated compari-
sons of 2004 and 2006 results, it includes the average num-
bers of correct answers to the group of overlapping items
from those 2 years.
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13. The two nanotechnology questions were asked only
of respondents who said they had some familiarity with nan-
otechnology, and a sizable majority of the respondents who
ventured a substantive answer (i.e., not “don’t know”) an-
swered the questions correctly. To measure nanotechnology
knowledge more reliably, researchers would prefer a scale
with more than two questions.

14. Even small, apparently nonsubstantive differences in
question wording can affect survey responses. U.S. surveys,
for example, have asked respondents whether or not it is true
that “it is the father’s gene that decides whether the baby is
a boy or a girl.” In contrast, the 2005 Eurobarometer asked
whether or not it is true that “it is the mother’s genes that de-
cide whether the baby is a boy or a girl.” To a scientifically
knowledgeable respondent, these questions are equivalent.
To other respondents, however, they may not be. Research
has shown that some survey respondents have an “acquies-
cence bias”—when given the opportunity to do so, they tend
to provide positive responses to questions and are therefore
more likely to answer true than false (Schaeffer and Presser
2003). Thus, the U.S. question is probably easier to answer
correctly than the Eurobarometer question; in other words, in
two equally knowledgeable populations, more people would
get the U.S. question right. Although Americans score better
on this topic than Europeans, it is possible that this has as
much or more to do with acquiescence bias as it does with
scientific knowledge.

15. In its own international comparison of scientific lit-
eracy, Japan ranked itself 10th among the 14 countries it
evaluated (National Institute of Science and Technology
Policy 2002).

16. Early NSF surveys used additional questions to mea-
sure understanding of probability. Through a process similar
to that described in endnote 12, Bann and Schwerin (2004)
identified a smaller number of questions that could be admin-
istered to develop a comparable indicator. These questions
were administered in 2004 and 2006, and appendix tables
7-9 and 7-10 record combined probability responses using
these questions; appendix table 7-9 also shows responses to
individual probability questions in each year.

17. Methodological issues make fine-grained compari-
sons of data from different survey years suspect. Although
the question content and interviewer instructions were iden-
tical in 2004 and 2006, for example, the percentage of re-
spondents who volunteered “about equal” was substantially
different. This difference may have been produced by the
change from telephone interviews in 2004 to in-person in-
terviews in 2006 (though telephone interviews in 2001 pro-
duced results that are similar to those in 2006). More likely,
customary interviewing practices in the three different or-
ganizations that administered the surveys affected their inter-
viewers’ willingness to accept responses other than those
that were specifically offered on the interview form, in-
cluding “don’t know” responses.

18. The English version of the European question reads,
“The benefits of science are greater than any harmful effects
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it may have.” Respondents can strongly agree, tend to agree,
neither agree nor disagree, tend to disagree, strongly dis-
agree, or say that they do not know. The U.S. question is
prefaced by the statement that “People have frequently noted
that scientific research has produced benefits and harmful
results” and asks the respondent, “Would you say that, on
balance, the benefits of scientific research have outweighed
the harmful results, or have the harmful results of scien-
tific research been greater than the benefits.” Respondents
who say that the benefits are greater are then asked whether
“the balance has been strongly in favor of the benefits, or
only slightly.” Respondents who say the harmful results are
greater are asked a parallel question to distinguish strongly
from slightly. Some respondents are recorded as saying that
the benefits and harmful results are “about equal” when they
volunteer this response.

Although these questions differ in their references to
“science” and “scientific research,” “effects” and “results,”
and in the exact wording of the response categories, they are
similar in their overall thrust and in the availability of a mid-
dle category (“neither agree nor disagree,” “about equal”).
For other questions that are worded similarly in the 2005
Eurobarometer and either the 2004 or 2006 NSF surveys, the
presence of a middle category in Europe and the absence of
one in the United States makes direct comparison problem-
atic. This lengthy, though incomplete, comparison regard-
ing a single question pair should provide some indication
of why international attitude comparisons should be treated
with caution.

19. Unlike the U.S. question, the European question joins
two logically independent ideas—more spending on science
and less spending on other priorities. In addition, because
nations begin from different levels of spending, survey re-
sponses cannot be read as indicating different views about
the proper level of spending in this area, nor do they indicate
the strength of sentiment in different countries. Differences
in the connotations of questions posed in different languages
add further complexities. Perhaps for some or all of these
reasons, variations among European countries in responses
to this question are large, with about two-thirds of respon-
dents agreeing in Italy, Spain, and France, but less than one-
third in Finland and the Netherlands.

20. Some Americans may think that science can resolve
differences over what to value or settle policy questions
without requiring value judgments. This view accords sci-
ence a kind of influence that goes beyond what the scientific
community thinks it can properly exercise. There are no sur-
vey data that indicate how many Americans accord science
too much influence in this regard.

21. Although these questions treat economists as scien-
tists and compare them to other categories of scientists, data
reported later in this chapter indicate that many Americans
do not consider economics to be very scientific. To under-
stand public perceptions of the role of science and scientists
in dealing with contested public issues, it helps to have indi-
cators both for disciplines that the public almost universally
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sees as scientific and for disciplines whose scientific status
is less secure in the public’s eyes. Many social scientists
(e.g., Gieryn 1999) believe that much can be learned from
research on how institutional boundaries are defined and
maintained. Universities overwhelmingly categorize eco-
nomics as a social science.

22. These question batteries were designed as indica-
tors of public views regarding the appropriate influence of
science on public issues generally. Questions were posed
concerning specific issues both because (1) this is likely to
increase the degree to which respondents think of similar
situations when they make judgments and (2) because views
about the appropriate role of science are likely to depend
heavily on context. A study of any one of the specific issues
would likely make somewhat different distinctions and ask
more and different questions about the topic.

Three other issues are worthy of mention: (1) Because sur-
vey respondents are variably familiar with the issues posed
in these questions, certain categories are characterized with
significant imprecision. For example, “medical researchers”
is not an optimal characterization of the kind of researchers
who are experts on the health effects of genetically modified
foods. (2) Judgments that affect trust in leaders may be dif-
ficult to capture in survey questions. A concept such as dis-
interestedness, for example, (in the sense of a judgment made
and expressed in light of appropriate collective interests and
independent of personal interests that are not supposed to be
given any weight) likely cannot be stated in language that can
be used in a survey. (3) Comparable data on other issues is
lacking, which makes generalizing observed patterns to other
issues hazardous. Just as it is uncertain how attitudes that are
highly general shape concrete judgments, it is uncertain how
more specific judgments generalize beyond the terms in which
they are posed. Because different attitude indicators have dif-
ferent limitations, it can be valuable to have indicators with
complementary strengths and flaws. In all cases, it is worth
keeping the actual question wording in mind when interpret-
ing the significance of patterns in the data.

23. The questions were worded as follows:

4 “How much influence should each of the following
groups have in deciding what to do about global warm-
ing? a. Environmental scientists. Would you say a great
deal of influence, a fair amount, a little influence, or none
at all?” This wording was then repeated in the next two
questions, except that “elected officials” and “business
leaders” were substituted for environmental scientists.

4 “How much influence should each of the following groups
have in deciding about government funding for stem cell
research? a. Medical researchers. Would you say a great
deal of influence, a fair amount, a little influence, or none
at all?” This wording was then repeated in the next two
questions, except that “religious leaders” and “elected of-
ficials” were substituted for medical researchers.

4 “How much influence should each of the following groups
have in deciding whether to reduce federal income taxes?
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a. Economists. Would you say a great deal of influence, a
fair amount, a little influence, or none at all?” This word-
ing was then repeated in the next two questions, except
that “business leaders” and “elected officials” were sub-
stituted for economists.

4 “Some say that the government should restrict the sale of
genetically modified foods. Others say there is no need
for such restrictions. How much influence should each
of the following groups have in deciding whether to re-
strict the sale of genetically modified foods? a. Medical
researchers. Would you say a great deal of influence, a
fair amount, a little influence, or none at all?” This word-
ing was then repeated in the next two questions, except
that “elected officials” and “business leaders” were sub-
stituted for medical researchers.

24. The questions were worded as follows: “On a scale of
1to 5, where 1 means “very well” and 5 means “not at all,”
how well do the following groups understand” each of four
public issues: “the causes of global warming,” “stem cell
research,” “the likely effects of reducing federal taxes,” and
“the risks posed by genetically modified foods.” For global
warming, respondents were asked about environmental sci-
entists, elected officials, and business leaders. For stem cell
research, respondents were asked about medical research-
ers, religious leaders, and elected officials. For federal taxes,
respondents were asked about economists, business lead-
ers, and elected officials. For genetically modified foods,
respondents were asked about medical researchers, elected
officials, and business leaders.

25. The questions were worded as follows: “When mak-
ing policy recommendations about” each of four public is-
sues “on a scale of 1 to 5, to what extent do you think the
following groups would support what is best for the country
as a whole versus what serves their own narrow interests?”
The issues were “global warming,” “stem cell research,”
“federal income taxes,” and “genetically modified foods.” If
asked about what narrow interests meant, interviewers were
instructed to respond “Well, someone might gain financially
if a certain policy were adopted or it might advance his or
her career.”

26. Three of the four questions were worded as follows:
“On a scale of 1 to 5, where 1 means “near complete agree-
ment” and 5 means “no agreement at all,” to what extent
do” groups of scientists “agree on” an issue. The groups
and issues were “environmental scientists/the existence and
causes of global warming,” “medical researchers/the impor-
tance of stem cells for research,” “economists/the effects of
reducing federal income taxes” and “medical researchers/the
risks and benefits of genetically modified foods.” The global
warming question read “agree among themselves about” in-
stead of “agree on.”

27. Among the considerations that might be considered rel-
evant are the role of ordinary citizens whose interests are spe-
cially affected by a decision and the institutional context for
a decision (e.g., public versus private, different branches or
levels of government). There is an extensive literature, analyz-
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ing mostly qualitative and nonnational data, that explores the
complexities in when and why the public treats scientists and
others as having the authority to influence or make decisions.
Although attempts to synthesize that literature and clarify its re-
lationship to what can be learned from national surveys would
be welcome, this kind of multivariate analysis and interpreta-
tion goes well beyond the scope of this document.

28. A 2006 Canadian survey showed little or no change from
2005 (Decima Research 2006).

29. Although experts generally consider these two terms to
be synonymous, survey results for “biotechnology” are gener-
ally more favorable than for “genetic engineering” (Gaskell et
al. 2006).

30. Food safety concerns are not the only reason that people
oppose use of genetically modified foods. Other concerns in-
clude the environmental effects of genetically modified crops
and the power that large corporations that manufacture geneti-
cally modified seed gain over the food supply.

Glossary

Biotechnology: The use of living things to make products.

EU-25: Austria, Belgium, Cyprus, Czech Republic, Den-
mark, Estonia, Finland, France, Germany, Greece, Hungary,
Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Neth-
erlands, Poland, Portugal, Slovakia, Slovenia, Spain, Swe-
den, United Kingdom.

Genetically modified food: A food product containing
some quantity of any genetically modified organism as an
ingredient.

Nanotechnology: Manipulating matter at unprecedent-
edly small scales to create new or improved products that
can be used in a wide variety of ways.

Therapeutic cloning: Refers to the use of cloning tech-
nology in medical research to develop new treatments for
diseases; differentiated from human reproductive cloning.
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