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INTRODUCTION

In April 2001, the Museum of Science in Boston launched the Current Science & Technology Center, an effort to address leading edge research for school and public audiences and to provide depth and context for science and technology stories in the news within a museum context and through various outreach methods. This experiment is one of the first of its kind in any informal science education institute anywhere and is the first to combine a daily schedule of live presentations, short-term exhibits, web and new media.  Already, the effort has been recognized as a “Best Practice in Communicating Science and Technology to the Public” by a Department of Energy and National Institute of Standards and Technology panel, and has been awarded the gold “MUSE” award for media and technology in science centers by a committee of the American Association of Museums.  

Health science programming in the CS&T Center is researched, produced and delivered to public and school audiences by a dedicated staff in partnership with selected New England area medical and public health schools, teaching hospitals, and biomedical research institutes. This Health Science Education Partnership is funded by SEPA grant #15653-01 from the National Center for Research Resources at the National Institutes of Health. The Museum of Science (MOS), in collaboration with the Institute for Learning Innovation (Institute), has initiated a multi-year evaluation effort designed to support the Current Science & Technology Center and its Health Science Education Partnership through (1) the monitoring and evaluation of CS&T’s several modes of education and outreach;  (2) the establishment of a baseline understanding of how a consortium of  research organizations working with a major science museum can help facilitate public interest in and understanding of research and stimulate further learning and dialogue, and (3) a comprehensive assessment of the efficacy of the the CS&T project as a whole, and the HSEP partnership in particular
Background and Description of the Current Science & Technology Center

In recent years, informal science education centers such as science museums have taken an increasingly important leadership role in complementing the role of school curricula and the popular media in informing K-12 students and the public on areas of scientific knowledge and research.

However, with the expansion of the public and privately funded science and technology enterprise and the growing pace of acquisition of knowledge in all fields of science and technology (largely due to advances in technology and computing), it has become increasingly difficult to keep science curricula up-to-date as well as science museum exhibits, which, because of their long-standing emphasis on interactivity, require years to plan and prototype and build.  The Current Science & Technology Center at the Museum of Science was an attempt to develop a new exhibit paradigm for science museums in consonance with these new conditions, where the investment would go into a media and infotech-heavy infrastructure to support rapid updating of exhibits, presentations, and digital content, and funding sufficient staff to develop and produce new content in response to recent research and science news.

With that aim, the Museum of Science built a high-tech presentation stage equipped with instant access to digital graphics, video, live communications links, and other visualization tools.  The exhibit area was furnished with flexible, reconfigurable kiosks, and a networked system of distributed software allowing for daily updating of content.  The CS&T Center also launched a website and has begun preparing for cablecasting through New England News.  To provide for the staffing necessary to research and develop new content weekly, the Museum sought grants and research partnerships with government-funded research centers.  The most comprehensive of these partnerships, the Health Science Education Partnership, was funded for five years by the SEPA program at the National Center for Research Resources at the National Institutes of Health, in the first year that informal science learning centers were encouraged to apply to participate full-scale in the program.

The Current Science &TechnologyCenter’s Health Science Education Partnership was formed with the overall goal of enhancing public understanding of current health science research and its findings. The program’s partners established specific target audiences for their outreach efforts: the general public and school group visitors to the museum over the age of twelve, and general audiences reached through programs, websites, New England Cable News and other outreach efforts. Across the scope of the activities associated with the partnership, program partners seek to accomplish the following content goals:

1. Increase public understanding of significant areas of current research in biomedicine, biotechnology, and public health, as well as the implications of such research.

2. Encourage citizens to consider research findings in making healthy lifestyle choices.

3. Interest K-12 students in pursuing careers in these fields.

4. Foster an informed and continuing public discussion on the social and ethical ramifications of new research in the life sciences.

Not explicitly stated, but certainly an important possible outcome, is enhanced public support for funding health science research seen to be in the public interest.

The Process Goals of the Current Science & Technology Health Science Education Partnership are:

1. Develop a highly successful and duplicable model for educating the public and K-12 students in the methods, directions and findings of contemporary biomedical and public health research.

2. Explore new means of partnering with research institutions in creating programming that brings the excitement of research at the cutting edge to broad and diverse audiences.

3. Develop methods of evaluation that contribute to continuing development, refinement, and improvement of the educational model.

4. Report on and disseminate findings widely to the national community of science and technology centers, science educators, and research institutions.

Focus of the Phase I Evaluation

The Institute for Learning Innovation (Institute), an Annapolis MD-based non-profit educational research organization, was contracted to provide evaluation services in support of the CS&T project across multiple years. The first phase of evaluation focused on establishing a baseline related to the public’s understanding of science and research and a survey of the current “state of  the art” in techniques for presenting current research to the public . To that end, the Institute for Learning Innovation conducted this in-depth literature review, with the aim of (1) identifying where and how people learn science and technology related concepts, as well as factors that influence the public’s interests and attitudes toward science and technology (2) providing some general sense of the public’s level of scientific literacy, primarily in the health and life sciences, and(3) reviewing other existing science-center based attempts to inform public and K-12 audiences on current research. Ultimately, Institute researchers were able to derive general recommendations on ways to present current scientific information to a general interest audience.

PUBLIC LEARNING ARENAS AND THE DEVELOPMENT OF SCIENCE INTERESTS

A few emerging patterns

Science and technology education has been a priority in the United States for close to 50 years. In consort with these national priorities, researchers have been increasingly interested in investigating the public’s attitude towards and knowledge of science (National Science Board, 1998; 2000; 2002). These studies can be categorized into four main types:

1) Studies reporting how and where people learn science.

2) Studies reporting the public’s attitudes and interest in science. 

3) Studies reporting public scores on a variety of tests of science knowledge. 

4) Studies reporting public attentiveness toward science and technology.

Unfortunately, few researchers have attempted to connect how and where people learn or acquire their science attitudes, knowledge, and behaviors to the context of people’s lives. Based on the research that has been conducted, however, several patterns are clear. First, adults in their post formal-education years may derive much, if not most, of their understanding of science from free-choice settings (National Science Board, 1998; Falk & Coulson, 2001).  A large percentage of the specific knowledge individuals acquire during formal schooling wanes over time unless it is periodically practiced or renewed, although some of the more general knowledge may be retained even over a long period of time.  The specifics are continuously renewed by sources of information primarily provided by such free-choice sources as television, newsprint, books and museums.  This places the free-choice learning sector as the main actor in setting the general public’s agenda in terms of science and technology.

Second, people report that they have high levels of interest in science-related topics, and their interests and motivations in specific science topics tend to vary depending on both their prior knowledge and the connections people are able to make between various science topics and the reality of their daily lives. What follows is a detailed description of studies and findings related to each of these general themes. 

Strategies for learning science and technology related concepts

The free-choice sector, in particular the popular media, sets the agenda for public understanding of science.

Before data on people’s science literacy could be interpreted, it was important to understand how people receive their information about science outside the K-16 classroom.  Who sets the agenda and who decides what topics of science are presented to the public?  What are the rules and guidelines for the type of information made available to the public?

Although many educators typically discuss learning as if it occurred exclusively in schools, a great deal of research suggests that, in fact, learning occurs in many different arenas throughout a person’s lifetime. What is unclear is to what extent people are learning in these areas related to specific subjects. Although there are numerous sources for acquiring knowledge, it seemed valuable to sort them into three broad educational sectors (after Falk, 2002; Falk & Dierking, 2002): school, work, and free-choice learning. The free-choice learning sector affords people the opportunity for lifelong, voluntary, intrinsically motivated and largely self-chosen and self-controlled learning.  Included within the free-choice sector are television, books, newspapers, magazines, the Internet, science centers, museums, zoos, aquariums, youth and adult organizations, special interest community groups (e.g., environmental, health, issue-oriented), and all other venues and modes of communication that people can consult on a voluntary basis (Falk & Dierking, 2000; 2002).

People tend to acquire most of their knowledge and understanding of science outside of school. Specifically, the 1998 NSF report on the public’s attitude and knowledge of science and technology (National Science Board, 1998) states that “Americans get most of their information about public policy issues from television news and newspapers.”  An astounding 68% of the US adult population reports that it watches TV news for at least one hour every day, while about 46% read a newspaper on a daily basis (Table 1).  Another 28% listen to radio news for at least one hour a day.  Newspaper and other print media are a more important source of information for people with higher levels of formal education, while the reverse is true for TV.  Radio consumption is not impacted by levels of education.

About 15% of all Americans read at least one science magazine per month, while 53% reported to watch one science TV program during the same time.  Almost twice as many men than women seem to read science-related magazines (20% versus 11%), and more than a quarter of those with college degrees and higher reported to read at least one science magazine per month, while just 14% of those who did not hold college degrees did so, and just 9% of those without a high school degree did. In other words, reading about science in magazines is strongly influenced by gender and levels of formal education.  Not so watching science on TV, at least when this is measured as percentage of the population watching science on TV rather than total time spend watching TV (see below).  There is hardly any difference between the genders, or the level of formal schooling.  If TV can be consumed easily by watching shows on the Discovery Channel, Animal Channel or PBS, there seems to be not much of a self-selecting process going on, indicating that the rate in which people watch TV shows is little indicative of their true interest in science, or that the programming on TV is of different character than reports in science magazines.

Table 1: Public use of various sources of information, by selected characteristics: 1997 and 2001 (Percentages)

	Source
	All Adults
	Male
	Female
	Less than HS
	HS
	BS/BA
	Graduate

	Print
	
	
	
	
	
	
	

	· Read newspaper every day (1997). 
	46
	49
	43
	41
	44
	53
	59

	· Read newspaper every day (2001).
	42
	45
	39
	23
	44
	48
	60

	· Read at least one newsmagazine every day (1997).
	14
	15
	14
	6
	14
	22
	27

	· New magazine read regularly (2001).
	16
	17
	14
	7
	13
	25
	31

	· Read at least one science magazine per month (1997).
	15
	20
	11
	9
	14
	25
	29

	· Science fiction books or magazines read regularly (2001).
	16
	16
	17
	7
	19
	13
	14

	Radio, TV
	
	
	
	
	
	
	

	· Watch TV news for at least one hour every day (1997).
	68
	63
	72
	80
	67
	59
	54

	· Watch TV news every day (2001).
	63
	60
	66
	61
	66
	57
	63

	· Listen to radio news for at least one hour every day.
	28
	29
	27
	31
	27
	27
	27

	· Watch at least one science TV program per month.
	53
	56
	50
	45
	55
	57
	52

	Public library, museums
	
	
	
	
	
	
	

	· One visit per year to a public library (1997). 
	70
	68
	72
	52
	71
	87
	84

	· One or more visits per year to a public library (2001). 
	75 (31*)
	71
	78
	60
	74
	85
	85

	· Five visits per year to a public library (1997). 
	45
	41
	48
	31
	43
	68
	63

	· Five or more visits per year to a public library (2001). 
	48
	42
	53
	27
	48
	62
	67

	· Visit science museums, zoos, etc. at least once a year (1997).
	60
	63
	59
	34
	64
	78
	75

	· Visit science museums, zoos, etc. at least once a year (2001).
	66 (37*)
	64
	68
	54
	64
	81
	83

	Book purchase
	
	
	
	
	
	
	

	· Purchase at least one book per year. 
	61
	55
	56
	33
	62
	85
	87

	· Purchase at least one science book per year.
	31
	32
	29
	9
	31
	51
	56

	Sample size (1997)
	2000
	930
	1070
	420
	1188
	257
	135

	Sample size (2001)
	1571
	751
	823
	116
	834
	393
	221


* Answers by 16,028 Europeans as part of the Eurobarometer 55.2 (December 2001).  Source: European Commission, 2001.

Adapted from Science and Engineering Indicators, 1998 and 2002.

Americans spend about as much time watching TV and listening to the radio per year as they spend at work (Table 2).  TV consumption is strongly correlated with levels of formal education and levels of math and science education.  While those who did not graduate from high school watch almost 1500 hours of TV per year, this number drops to less than half for those with college degrees and higher.  TV news consumption follows a similar trend, and is overall fairly high with about 432 hours per year on average per person.  Interestingly, science TV (average time: 72 hours) does follow a somewhat different pattern.  In contrast to TV and news in general, those men who watch science TV spend mmore time doing that than women (82 versus 62 hours, despite the fact that the incidence is of watching TV is not higher in men).  HS graduates are the most ardent consumers of science TV, followed by college graduates, those who completed graduate school and finally, those who did not complete high school.

There is a trend for more highly educated respondents to read more copies of newspapers per year, but the difference between various sub-samples is small.

So far one might be inclined to believe that higher levels of education indicate less influence by the media.  This is true only to a degree.  Those with higher levels of education prove to be more ardent readers of newspapers and science magazines.  The main difference between various levels of formal education is the balance between reading and watching (science) news. Again, men consume science magazines at more than twice the rate then women.

Clearly, levels of education and gender matter in terms of where people receive their information from.  TV is the news source of choice for people with less than college education, while printed news and magazine style news that is less driven by current events, and allows for more in-depth reporting is preferred by college graduates and higher. 

Table 2: Public use of information, on an annual basis, by gender and level of formal education: 1997 and 2001
	
	
	Sex
	Formal education
	Science/math education

	Source
	All Adults
	Male
	Female
	Less than HS
	HS
	BS/BA
	Graduate
	Low
	Middle
	High

	Hours per year watching or listening to…
	
	
	
	
	
	
	
	
	
	

	· Total TV.
	1075
	992
	1147
	1495
	1040
	743
	718
	1235
	973
	744

	· TV news.
	432
	387
	471
	553
	426
	314
	335
	489
	394
	317

	· Science TV.
	72
	82
	62
	48
	81
	72
	59
	63
	86
	79

	· Total radio
	944
	986
	906
	904
	1030
	798
	584
	887
	1138
	850

	· Radio news
	228
	262
	198
	207
	233
	234
	232
	208
	259
	243

	Copies read per year...
	
	
	
	
	
	
	
	
	
	

	· Newspapers.
	196
	206
	186
	178
	192
	219
	238
	185
	200
	220

	· News magazines.
	3.0
	2.8
	2.8
	1.7
	2.5
	4.0
	6.2
	2.0
	3.3
	4.6

	· Science magazines.
	1.7
	2.5
	1.1
	1.0
	1.5
	3.0
	4.0
	1.0
	1.5
	4.1

	Visits per year to…
	
	
	
	
	
	
	
	
	
	

	· “Science museums” (1997).
	2.2
	2.0
	2.1
	1.0
	2.0
	3.4
	3.3
	2.0
	2.9
	3.3

	· “Science museums” (2001). 
	3
	3
	3
	2
	2
	4
	4
	2
	3
	4

	· Public library (1997).
	11.0
	9.2
	11.8
	7.6
	10.0
	16.8
	15.9
	7.7
	13.2
	15.3

	· Public library (2001). 
	10
	9
	12
	6
	10
	14
	18
	7
	13
	15

	Sample size (1997)
	2000
	930
	1070
	420
	1188
	257
	135
	1112
	509
	379

	Sample size (2001)
	1574
	751
	823
	116
	834
	393
	221
	674
	469
	431


Adapted from Science and Engineering Indicators, 1998 and 2002.

Similar results were found in a study of Los Angeles residents (Falk, Brooks & Amin, 2001).  Individuals were asked to indicate which sources they used to keep current in science (Table 3).  For this population, books (not for school) emerged as a more important source than television, but the popular media was not far behind along with life experiences such as personal health issues and the acquisition of information needed for day to day living.  Museums (including science centers, zoos, aquariums, etc.) emerged as statistically comparable to schooling as a source of continuing public education.

Table 3: Ranking of Sources Relied Upon “Some or A Lot” or “Not At All” for Learning About Science and Technology (N = 1007)

	        Relied Upon “Some

        or A Lot”
	Relied Upon “Not At All”

	Rank Order
	%
	Category/ Source
	%
	Category/ Source

	1st
	76%
	Books, magazines,

not for school
	37%
	Radio, audiotapes

	2nd
	74%
	Life experiences
	23%
	On the job

	3rd
	74%
	TV, cable
	18%
	Family/ friends

	4th
	68%
	School, courses
	15%
	School, courses

	5th
	65%
	Museums, zoos
	13%
	Museums, zoos

	6th
	57%
	On the job
	10%
	TV, cable

	7th
	55%
	Family/ friends
	8%
	Books, magazines, not for school

	8th 
	31%
	Radio, audiotapes
	8%
	Life experiences


From: Falk, Brooks & Amin, 2001

The fact that most Americans receive their scientific information from popular media, in particular the news media, has profound impacts on what it is the public learns in terms of science, and how science is understood by the public.  [In fact, CS&T Center aims to tap into this by providing more in-depth and scientifically sound information about health and science/technology related issues currently covered by the media].  Journalists use the news values of timeliness, proximity, prominence, consequence (importance), and human interest to judge whether a science-related story is worth reporting on (MacDougall, 1977).  These are, however, not necessarily criteria scientists would use to judge the importance or significance of “science news”.  News media also tend to cover dramatic events rather than chronic issues (which is what most environmental and medical issues tend to be).  News stories need a “hook” or “news peg” to hang the story, therefore, the media has an intrinsic bias towards catastrophe.  There is also a profound difference between news on TV and news in print, as one of the important selection criteria for TV is that a news story be visually appealing on screen; a criterion that leads to a strong dependence on film material that has entertainment value (Sachsman, 1997).

For instance, visitors to the American Museum of Natural History, when asked about their interest in specific infectious diseases, indicated that they were most interested in learning about Ebola, AIDS, and hepatitis (Giusti, 1996).  That Ebola was among the top three infectious diseases mentioned by the general public indicates that highly publicized events, such as the outbreak of Ebola in some African villages, strongly influenced public perception.

While the media has been widely criticized for its choice and presentation of science news, some of the elements that “sell” science in the mass media might also be relevant for museums and other free-choice learning environments since the logic of drawing attention and keeping the public attuned applies in similar ways.

Harz and Chappel (1997, p.93; cited in National Science Board, 2000) note that “...Two things...are vital and...found in nearly all good stories about science: relevance and context. Since so much of science is incremental, the reporter and the public need special help in placing research in the context of the big picture.” An often-forgotten aspect of the way the mass media reports science stories is the fact that few editors or reporters have any formal training in science [in stark contrast to staff at the CS&T, and other such efforts].  Although half the journalists who participated in a First Amendment Center survey had covered science, only six percent reported having science degrees.  Hence, journalists are not much different from the general public when it comes to attitudes and knowledge about science.

News decision makers may decide not to cover science stories.  These “gatekeepers” may believe that their readers or listeners are uninterested in science stories and/or will not be able to understand them; in that they may allow the bad experiences they may have had with high school or college science courses to influence their decision-making about what science news to print or air.  Many journalists may also think that, because their publications or programs are devoting what seems to them sufficient space or time to stories about medicine and health translates into an adequate job of covering science in general.

Most of the above-mentioned reasons for why science topics may not be covered as much as they may deserve can easily be countered with better professional support for journalists, and awareness raising among the ranks of reporters and editors who influence whether and how science is covered in their medium.  Reality suggests a different causation – economics.  There is the prevailing belief in the news business that science sections fail to attract advertisers and that people who read science news are not large purchasers of the type of consumer products most heavily advertised in newspapers (Suplee, 1999).

The mass media is not only a major source of science information for US citizens, it also plays a large role in informing the citizenry in member countries of the European Union: Television (76%), written media (60%), and radio (35%) ranked as the most important sources for, for instance, environmental information (European Commission, 1999).  Interestingly enough, Europeans seem to pay considerable attention to what their friends and neighbors can teach them (27%).  Conversations as a “peer source” of information ranked fourth in most European countries.  By contrast, in the Los Angeles study, peer sources ranked sixth (Falk, et al., 2001).  However, these numbers have to be interpreted within the framework that many people do not pay attention to science in the media to begin with.  In December 2001, 61% of 16,082 Europeans interviewed as part of the annual Eurobarometer survey agreed with the statement “I rarely read articles related to science and technology” (European Commission, 2001).

Visits to science museums and libraries

Table 1 indicates that while Americans love to visit science museums, science centers, zoos, aquariums, and similar free-choice learning environments, Europeans are not as fond of them.  While 37% of Europeans reported to have visited science museums, zoos, etc. at least once in 2001, 66% of Americans claimed to have visited one of these institutions at least once in 2001 (up 6% from the 60% who visted at least once in 1997).  Not unexpectedly, visits to science museums and libraries, and science book purchases increase with the level of formal education (Table 2); but they also are highly correlated with early childhood experience, independent of socio-economic issues (Falk, et al., 2001).

The fact that the public acquires its science information outside of school appears to be a robust finding that seems to hold for all science subjects, despite the frequency with which science is taught in schools. For example, the most mentioned source of information about the Solar UV was the television weather forecast (35% of adults); followed by other television programs (30%) and newspapers (31%).   Research in other Western countries corroborates these findings.  Lehmann (1999) asked 1670 German middle and high school students for their source of detailed information about two specific science topics, the ozone hole and global climate change.  Even for school-aged individuals, television and print media ranked higher than school as sources of information.  It may be that beyond simply having the opportunity to learn about science outside of school, free-choice learning sources may present science and technology topics in ways that are more appealing to the general public, and hence more memorable.

Science is taught repeatedly in all state public and private schools. However, multiple studies have strongly indicated that there are limitations of a classroom environment for teaching science in ways that are relevant and memorable for students.  In fact, schools often have been cited as doing a poor job in teaching students basic science phenomena—as well as teaching students critical thinking (Gambro & Switzky, 1996).  School units on science issues might simply be too abstract and theoretical for most students, and hence fail to truly engage students in the science topics.  Sixty percent of the respondents of the 2001 Eurobarometer survey believed that the major cause for declining interest in scientific studies and careers were school science classes that were simply not appealing enough to draw students into the field of science.  While this might not be the most important reason for why European students shy away from subjects such as physics, chemistry and computer science, these opinions still convey an important message – most of the respondents may themselves have experienced science as a highly unappealing subject at school. 

Interests and attitude toward science and technology 

“Interest” is an important filter for selecting relevant information from an environment that constantly bombards our senses with stimuli (Falk & Dierking, 2000).  In that sense, the psychological state of mind that we commonly refer to as our “interest” is an evolutionary adaptation to select from the environment what we perceive as relevant.  We will pay attention to those things that interest us, and hence, interest becomes a strong filter for what we will attend to in our environment.  And it is the attention that we afford a subject that is a strong predictor for learning (Koran, et al., 1989).  There are a range of additional factors that act as filters:

· Personal relevance, a precursor to interest (Pope & Gilbert, 1983).

· Attitudes and awareness of issues (Storksdieck, 2000; 2001), and

· Values and beliefs (Guba & Lincoln, 1989; Lucas & Roth, 1996).

In other words, we use our beliefs, values, or attitudes as filters with which we embed information into our existing mental models.  If information does not fit the test of our pre-conceived notions, we may disregard it.  If we believe that there is no such thing as global warming, we may discount information to the contrary.  The same is true for “personal relevance.”  A person may pay attention to news about hypertension if that person, or someone close to that person, suffers from high blood pressure.  The reverse maybe true as well.  Without a personal connection, or “hook” in the terminology of the news business (Sachsman, 1997) we will likely not pay attention to a story.  These findings are corroborated by recent research by Falk and his associates at the California Science Center (Falk & Coulson, 2001; Falk, 2002).  When the public was asked to talk about science topics they were personally interested in, as opposed to SCIENCE in general, the where, how and why of science information acquisition was different.

Because people tend to learn on their own time, based on their own experiences, it seems that personal and social factors would play a large role in providing the context within which individuals are developing their interests and attitudes. It is not surprising that a host of personal and social variables influence the way in which people think about learning in general, and science learning in particular. The studies conducted to date seem to suggest that people’s interests in various science subjects vary extensively depending on personal characteristics and the context within which they are situated. People tend to generally learn best when they are intrinsically motivated to do so. Print and television media strongly shape the public’s interests and attitudes.  Short-term exposure to science in a museum context has been shown to not impact visitors’ attitudes toward the subject matter in profound and sustained ways (McMelvey, et. al., 1999; Storksdieck, 2000; 2001).  By extension, it could be hypothesized that a short-term exposure to science in a museum-like setting will not likely change a visitor’s science agenda that was shaped by the media to a considerable degree, unless the experience was of a profound nature or had strong personal relevance for the visitor.

Level of interest in science and technology: differences between topics

The public finds science and technology to be a highly interesting topic (Falk, et al., 2001).  This high interest is true of all sectors of society; there were no significant differences across gender, race/ethnicity, education level or income.  However, the specific areas of science that the public are interested in, does vary.  Many research studies confirm the notion that making a personal connection to a science subject, or finding relevance to their real lives, tends to increase people’s stated, self-reported interest (see Table 4 and 5 for an overview).  The general adult population is mildly interested in space exploration and nuclear energy, somewhat more than mildly interested in new scientific discoveries new technologies, and environmental issues, and fairly interested in medical discoveries.  The US ranking is similar to that of Europeans, where medicine and the environment were the two areas of greatest scientific interest (European Commission, 2001, National Science Board, 2002).

Table 4: Level of public interest in selected policy issues: 1992–2001, selected years (Percentages and Mean Index Scores)
	Year
	1992
	1995
	1997
	1999
	2001

	Issue
	VI
	MIS
	VI
	MIS
	VI
	MIS
	VI
	MIS
	VI
	MIS

	New medical discoveries
	66
	82
	69
	83
	70
	83
	68
	82
	65
	80

	Environmental pollution
	59
	77
	53
	74
	52
	72
	51
	71
	48
	70

	Issues about new scientific discoveries
	36
	61
	44
	67
	49
	70
	45
	67
	47
	69

	Use of new inventions and technologies
	37
	64
	43
	66
	47
	69
	41
	65
	43
	66

	Space exploration
	22
	47
	25
	50
	32
	55
	28
	51
	26
	50

	Sample size
	2,001
	
	2,006
	
	2,000
	
	1882
	
	1,574
	


VI = Percentage of respondents who answered “very interested”; MIS = Mean Index Score.  The original responses were converted to a 0-100 index: “very interested” = 100; “moderately interested” = 50; “not at all interested” = 0.  SOURCES: Science & Engineering Indicators, 2002 (and earlier years).

Interest levels vary depending on the specific science theme. For example, people’s interest in space exploration is, on average, moderate.  In 2001, almost as many people stated that they were “very interested” in space exploration (26%) than were “not interested” (27%).  In comparison, only a sixth of Europeans (17.3%) declare an interest in astronomy and space.  In contrast, 65-70% of people surveyed consistently reported very high levels of interest in medical discoveries, a subject that appears to have a closer relevance to people lives.  About half of the US general public declares to be “very interested” in environmental issues (mean index score of 70).  However, these values have been gradually declining in the last ten years, from a high in 1992 of 59% who stated to be “very interested” in environmental issues (Mean Index Score = 77).  Interest in general scientific discoveries has been on the rise, from a low in 1992 of just 36% who were very interested to the current 47%.

Clearly, the general public’s interest in specific science subjects shifts over time. Not surprisingly, then, interest levels in various science-related issues seem to fluctuate depending on when a survey was conducted, and what scientific issue was currently captivating the public’s mind. It is not clear exactly what factors are responsible for the changes in public interest.  However, various studies suggest that changes in people’s interests and attitudes largely reflect the information that is filtered to them through the media (Gelbspan, 1998).

Gender as a determinant for science interest

Past research studies suggest that interest and attitudes towards science vary by gender: Men and women react differently to science and technology issues (Table 4).  Male respondents are generally more interested in new technologies, and far more interested in space exploration than female respondents.  On the other hand, women exhibit a slightly stronger interest than men in medical discoveries and environmental issues, a trend that is shared by Europeans (European Commission, 2001).  For instance, less than half (45%) of 16,068 Europeans surveyed in late 2001 stated that they were interested in science, and fewer European women (40%) than European men (52%) declared an interest in science (European Commission, 2001).

Table 5: Level of public interest in selected policy issues, by sex and level of education: US in 2001

(Mean index scores)

	Gender and level of education
	New scientific discoveries
	New technologies
	Medical discoveries
	Space exploration
	Nuclear energy*
	Environmental issues
	Sample size

	All adults
	69
	66
	80
	50
	55
	70
	1,574

	Sex
	
	
	
	
	
	
	

	Male
	72
	71
	75
	57
	58
	69
	751

	Female
	67
	62
	86
	43
	52
	71
	823

	Formal education
	
	
	
	
	
	
	

	Less than HS
	57
	54
	73
	39
	59
	67
	116

	HS graduate
	70
	67
	82
	50
	52
	70
	834

	BS/BA
	75
	72
	81
	57
	58
	71
	393

	Graduate/professional degree
	78
	74
	82
	56
	54
	75
	221

	Science/math education
	
	
	
	
	
	
	

	Low
	65
	62
	80
	44
	55
	71
	674

	Middle
	71
	68
	81
	52
	53
	66
	469

	High
	78
	75
	81
	61
	56
	73
	431


NOTES:  Respondents were read the following statement:  “There are a lot of issues in the news, and it is hard to keep up with every area.  I’m going to read you a short list of issues, and for each one—as I read it—I would like you to tell me if you are very interested, moderately interested, or not at all interested.”  Responses were converted to a 0–100 scale by assigning a value of 100 for a “very interested” response, a value of 50 for a “moderately interested” response, and a value of 0 for a “not at all interested” response.  Indices were obtained by adding all the values for each policy issue and taking the average.

Respondents were classified as having a “high” level of science/mathematics education if they took nine or more high school and college science/math courses.  They were classified as “middle” if they took six to eight such courses, and as “low” if they took five or fewer.

SOURCES: National Science Foundation, Division of Science Resource Studies (NSF/SRS), NSF Survey of Public Attitudes Toward and Understanding of Science and Technology, 2002 (and earlier years).  *Data for only nuclear energy is from the NSF Survey of Public Attitudes Toward and Understanding of Science and Technology, 2000.

Level of formal education as determinant for science interest 

Level of education and specific levels of exposure to science and math subjects in schools were also mediating variables in determining an individual’s interest and attitude toward science (Table 4). Across all subject matters it was apparent that a higher level of schooling generally meant a higher average interest score.  However, this effect was most pronounced for new scientific discoveries, new technologies and space exploration.  Medical discoveries, nuclear energy and environmental issues were far less influenced by the level of formal schooling.  A similar trend was true for the level of science and math education.

Beyond social and demographic characteristics that influence interest, prior knowledge, the quality and appropriateness of the presentation of facts, the learner’s self-esteem, and the emotional connection that a person makes to a subject matter also influence the ways in which individuals select information from the abundant sources of ideas that to which they are exposed on a daily basis. Basic research on learning has indicated that issues that are immediate, concrete, or related—directly or indirectly—to a person’s real life, tend to raise interest in a topic and increase awareness of an issue (Falk & Dierking, 2000). In essence, people employ personal filters to screen out topics, or to decide to focus on a specific issue.

MEASURING LEARNING AND PUBLIC KNOWLEDGE
Knowledge & Understanding

The most basic definition of knowledge may be summarized as “the sum of what is known”, “the total or range of what has been perceived or learned”, or “the body of truths or facts accumulated by humankind in the course of time”.  These dictionary definitions of knowledge are so broad that they are of little use to educators, primarily because knowledge is not a one-dimensional construct.  Some have proposed a distinction in the cognitive domain between declarative knowledge or “knowledge that”, procedural knowledge or “knowledge how”, and contextual knowledge or “knowledge why, when, and where” (Tennyson, 1989; 1992; Wellington, 1990; Phye, 1992).

Declarative knowledge might take the form of saying that milk ultimately goes bad; procedural knowledge would identify that warmth allows bacteria to grow in milk, or that milk can be pasteurized or refrigerated to avoid bacterial growth; and contextual knowledge would allow a person to make a connection between the former two and thus explain exactly why milk goes bad when placed, for instance in the sun (where) all day (when) (Anderson, 1999, p.26).  ‘Knowledge how’ is not necessarily restricted to a person’s ability to explain how things come about; it can also include knowledge on how to act on known facts, for instance, how to reduce the risk of coronary heart disease, how to create a balanced and healthy diet, or how to reduce waste, how to recycle, or how to use public transportation.

The meaning of the terms “understanding” and “knowledge”, while not quite the same, still heavily overlap.  Anderson (1999, p.27) notes that “it could be argued that understanding goes beyond knowledge, in that it is through knowledge that understanding is attained.”  In that sense, “understanding” would be somewhat synonymous with what was designated above as “contextual knowledge”.  The Webster’s II New Riverside Dictionary provides as one meaning of the term “understanding” the “capacity to think, learn, and judge,” and in the broadest sense, that is exactly what a “public understanding of science” aspires to do – allow the public to learn about science, think about science, and then judge information they receive about science with sufficient background knowledge as to allow them to develop rational opinions and positions.  A “public understanding of science,” in contrast to the public’s general level of science knowledge, hence is not the same as a litany of unrelated scientific facts that can be recalled in a national survey.

Definitions of “science literacy” clearly influence the nature of the findings past studies have reported on the general public’s understanding of science. The traditional method for measuring learning, or “science literacy,” has typically been to ask textbook questions and to judge the nearness of an individual’s answer to the expert’s version of the scientific story. Based on what educators now know about the nature of learning, this may not be the best approach to truly capturing what it is people understand about the world around them. Questions that are asked with an understanding of the ways in which people are likely to have incorporated salient aspects of a scientific idea into their own lives appear to be more appropriately measuring people’s general level of science knowledge and understanding.  Very few studies have been designed with this learning model in mind.  With that caveat, the studies that have been conducted still represent elements of what people know about pre-defined areas of science.  Repeatedly, studies suggest that most people possess a very basic understanding of science and scientific principles (Miller, 1990), and a wide range of studies have shown that the adult public and students alike often have misconceptions regarding the true nature of scientific cause and effect (see for instance Anderson, 1999; Bostrom, et al., 1994; Boyes & Stanisstreet, 1993; 1997; Palmer, 1997; 1998; Read, et al., 1994; Roschelle, 1995; Stanisstreet & Boyes 1997).  Consequently, most researchers have concluded that science knowledge in the general public tends to be shallow, and does often not incorporate a level of conceptual understanding that would be necessary for behavioral changes, or application of that knowledge to their everyday lives (Bostrom, et al. 1994; Diekmann & Franzen, 1996; Kempton, 1991; Kempton, et al., 1995; Read, et al. 1994; National Environmental Education Advisory Council, 1996).  These studies are also disconcerting, because research in how humans learn indicates that once mental models or explanatory frameworks are formed by an individual, they are extraordinarily difficult to change or correct (Ausubel, 1968; Driver, 1983; Strike & Posner, 1995).

What most people seem to know about science tends to be fairly limited to understanding concepts and terms, but does not generally extend to general principles, explanatory models, and causes and effects.  Because people tend to learn in free-choice settings and become interested in science-related topics through personal connections, it is not surprising that a meta-analysis of the literature suggests that people tend to have a somewhat accurate level of understanding in areas that touch their immediate life circumstances.  In other words, though people seem to generally possess low levels of science knowledge, they are more likely to display in-depth, situation-specific knowledge about science topics that have relevance to their daily lives than they are to have generalized knowledge within myriad science areas. However, some of the basic ideas that people have about scientific processes and causes and effects are misconceptions that lead to the development of mental models which do not conform with those of experts. It is also clear that prior knowledge, interest and social and personal context have an impact on what it is people actually learn. What follows is a summary of the state of knowledge related to public understanding of science.

Perception of knowledge: feeling informed

It is widely assumed that self-reported levels of knowledge are somewhat unreliable measures for the true status of science literacy. However, these self-report measures are important indicators in terms of assessing the public’s need for information about specific topics.  Table 6 gives an overview of the US public’s sense of being informed about selected science issues over the course of the last 10 years, and Table 7 reports similar data for the year 2001 by gender and levels of formal education.

Table 6: How well informed Americans think they are about selected policy issues: 1992–2001, selected years (Percentages and Mean Index Scores)
	Year
	1992
	1995
	1997
	1999
	2001

	Issue
	VI
	MIS
	VI
	MIS
	VI
	MIS
	VI
	MIS
	VI
	MIS

	New medical discoveries
	22
	51
	23
	52
	28
	56
	25
	53
	21
	51

	Environmental pollution
	29
	57
	24
	52
	23
	51
	21
	48
	18
	47

	Issues about new scientific discoveries
	12
	39
	13
	42
	19
	48
	17
	44
	14
	42

	Use of new inventions and technologies
	10
	38
	12
	40
	16
	44
	17
	43
	12
	38

	Space exploration
	9
	33
	9
	33
	16
	41
	13
	37
	10
	32

	Sample size
	2,001
	2,006
	2,000
	1,882
	1,574


VI = Percentage of respondents who answered “very well informed”; MIS = Mean Index Score.  The original responses were converted to a 0-100 index: “very well informed” = 100; “moderately well informed” = 50; “poorly informed” = 0.  SOURCES: Science & Engineering Indicators, 2002 (and earlier years).

Interest in scientific issues seems to be linked to self-perceived levels of understanding about science topics. On the one hand, this may suggest that people who are interested seek out information and therefore subjectively feel informed. On the other hand, because there is information that is easily available and understandable, people may actually pay attention and develop an interest in the topic. A third hypothesis would be that the correlation between self-assessed knowledge and interest (Storksdieck, 2000) is based on a reinforcing mechanism, where initial interest and available information feeds an ongoing cycle of new and relevant information, subsequent increased knowledge, interest and awareness to pay attention to yet additional information. Interestingly, the public’s self-perceived understanding of science jumped between 1995 and 1997, and suggests that such patterns can change rather dramatically within a relatively brief period of time (Table 6).  Self-perceived knowledge can also increase slowly in the general public, as happened in the area of new inventions and technologies; or it can wane.  In 1992, 29% of the respondents felt “very well informed” about environmental issues, a number that has declined gradually to 18% in 2001.

Overall, people tend to self-report that they have at most moderate levels of knowledge in science.  With the exception of space exploration, almost half of all respondents stated that they felt “moderately well informed” about various science issues across the board (a third for space exploration).  The difference in overall, or average perceived levels of knowledge between the various science topics stems from the ratio between those who report to be “very informed” and those who believe they are “poorly informed”.  While these two categories are balanced for the areas of medical discoveries and environmental issues, the gap increases considerably for the other areas reported in here, and is most dramatic for space exploration; more than half of the respondents felt that they were poorly informed.

When the responses for interest and perceived levels of informedness are compared, it seems clear that the public is interested to learn about science, particularly in the areas of medical and environmental science.

Gender, levels of formal education, and perceived levels of informedness

Gender was a factor in the way that individuals self-reported about their level of knowledge in different science fields (Table 7). Men generally rate their science knowledge higher than women do [and indeed tend to be more knowledgeable in tests conducted on the general public and school children]. Men felt better informed than women did on topics related to new scientific discoveries, new technologies, space exploration, and nuclear energy. Women reported higher levels of informedness in the medical field.  Again, medical discoveries and space exploration were forming the extreme ends of the gender gap.  Environmental issues were not influenced by gender, levels of formal schooling, or levels of science education.  

Educational levels also influenced the level of self-perceived understanding of new scientific discoveries, new technologies and space exploration, but not necessarily for medical discoveries, nuclear energy or environmental issues (Table 7).  High school exposure to science has a similar effect as formal education does, however, it is less pronounced.  The data suggest that when general interest in a science-related topic is overall fairly high (as in the case of medical and environmental science), educational background does not influence the public’s perceived level of knowledge about these issues.  However, if the general level of interest in a science topic is low (as with space exploration), level of formal schooling and levels of science and math education play a role in determining the public’s perceived level of knowledge.

Table 7. How well informed Americans think they are about selected policy issues, by sex and level of education: 2001 (Mean index scores)
	Gender and level of education
	New scientific discoveries
	New technologies
	Medical discoveries
	Space exploration
	Nuclear energy*
	Environmental issues
	Sample size

	All adults
	42
	38
	51
	32
	29
	47
	1,574

	Sex
	
	
	
	
	
	
	

	Male
	44
	40
	47
	39
	34
	46
	751

	Female
	40
	37
	54
	26
	24
	48
	823

	Formal education
	
	
	
	
	
	
	

	Less than HS
	33
	31
	45
	26
	38
	45
	116

	HS graduate
	41
	38
	52
	32
	26
	47
	834

	BS/BA
	49
	43
	50
	37
	26
	48
	393

	Graduate/profes-sional degree
	57
	49
	54
	38
	27
	53
	221

	Science/math education
	
	
	
	
	
	
	

	Low
	37
	34
	50
	29
	31
	46
	674

	Middle
	45
	40
	51
	31
	25
	48
	469

	High
	52
	47
	52
	41
	27
	49
	431


NOTE:  Respondents were read the following statement:  “Now, I’d like to go through this list with you again, and for each issue I’d like you to tell me if you are very well informed, moderately well informed, or poorly informed.”  Responses were converted to a 0–100 scale by assigning a value of 100 for a “very well informed” response, a value of 50 for a “moderately well informed” response, and a value of 0 for a “poorly informed” response.  Indices were obtained by adding all the values for each policy issue and taking the average.

Respondents were classified as having a “high” level of science/mathematics education if they took nine or more high school and college science/math courses.  They were classified as “middle” if 

they took six to eight such courses, and as “low” if they took five or fewer.

SOURCES: National Science Foundation, Division of Science Resource Studies (NSF/SRS), NSF Survey of Public Attitudes Toward and Understanding of Science and Technology, 2002 (and earlier years). *Data for only nuclear energy is from the NSF Survey of Public Attitudes Toward and Understanding of Science and Technology, 2000.

How is self-reported knowledge related to “actual knowledge”?

The questions remains whether self-reported levels of informedness about a subject matter translates into actual knowledge about the same subject matter.  The Eurobarometer 55.2 survey (European Commission, 2001) explored this issue in some depth.  In a dual set of questions, Europeans were first asked to state their avowed level of comprehension about a series of issues, ranging from air pollution to mad cow disease.  Afterwards, they were asked to rate a series of statements as ‘true’, ‘false’, or ‘don’t know’ (Tables 8 and 9).  

Table 8: Avowed comprehension of selected science issues  (% EU 15)

“Could you tell me whether you have the impression that you understand each of these topics of not?”

	Subject
	I think I understand
	I don't think I understand
	Don’t know

	Air pollution
	85.3
	12.1
	2.6

	Mad cow disease
	76.6
	18.8
	4.6

	The greenhouse effect
	72.9
	22.4
	4.8

	Holes in the ozone layer
	72.6
	23.1
	4.2

	Global warming
	72.3
	23.4
	4.3


Source: Eurobarometer 55.2 (European Commission, 2001)

About 72 to 73% of Europeans state that they believe to understand the greenhouse effect, global warming, or the ozone hole.  Yet, 56% of respondents believed -- incorrectly -- that holes in the ozone layer will cause more storms and tornadoes. This belief is held by a majority of those with high levels of formal education (53%), and is even prevalent (47%) among Europeans who on previous tests across various scientific disciplines exhibited a high level of scientific knowledge.  Even those respondents who believed to understand "holes in the ozone layer" did not give a correct answer much more often than those who did not state that they understood the issue of “holes in the ozone layer” (59% of "true" answers for the self-reported knowledgeable population).

Table 9: Knowledge and perception of topical scientific subjects (% EU 15)

“In your opinion, are the following statements true or false?”

	Subject
	True
	False
	Don’t know

	Holes in the ozone layer will cause more storms and tornadoes
	55.7
	22.7
	21.6

	The greenhouse effect can make the sea level rise
	74.7
	8.9
	16.4

	Mad cow disease (bovine spongiform encephalopathy) is due to the addition of hormones in cattle feed
	49.2
	32.1
	18.7

	Mad cow disease presents no danger to man
	14.6
	78.3
	7.1


Source: Eurobarometer 55.2 (European Commission, 2001)

However, self-reported comprehension can also be indicative of real, albeit shallow, knowledge.  Three-quarters (75%) of the Europeans asked during the Eurobarometer survey in late 2001, for instance, believe that the sea level could rise as one of the physical effects of the greenhouse effect, a correct assessment. This proportion rises to 84% among those who replied to the previous question that they understood the "greenhouse effect".

General level of scientific literacy

Table 10 and 11 summarize the US and in part European findings of a worldwide survey on the public’s general science knowledge.  The survey asked respondents two fundamentally different types of questions.  In one type of questions, asked across a wide spectrum of science areas, respondents had to say whether a statement was true, false, or whether they did not know the answer.  Some questions gave two or three answer options instead of true/false/don’t know.  However, respondents were also asked to explain the terms DNA, molecule, and radiation in their own words.

Table 10:  A comparison of U.S. and European public understanding of science vocabulary and concepts: 1999, 2001 (Percentages)

	Question
	US Adults 1999
	US Adults 2001
	Europeans (EU 15), 2001

	
	Correct answer
	Correct answer
	Correct answer
	Incorrect
answer
	Don’t know

	Health and health-related questions, basic biology
	
	
	
	
	

	· Cigarette smoking causes lung cancer. (True) 
	93
	94
	n/a
	n/a
	n/a

	· It’s the father’s genes that decide whether a baby is a boy or girl. (True)
	66
	65
	48
	30
	22

	· Radioactive milk can be made save by boiling it. (False) 
	57
	65
	64
	12
	24

	· Antibiotics kill viruses as well as bacteria. (False) 
	45
	51
	40
	41
	19

	Earth science, astronomy
	
	
	
	
	

	· The oxygen we breathe comes from plants. (True) 
	85
	87
	80
	14
	7

	· The center of the earth is very hot. (True)
	81
	80
	88
	4
	8

	· The continents on which we live have been moving their location for millions of years and will continue to move in the future. (True) 
	80
	79
	82
	6
	13

	· All radioactivity is man-made. (False) 
	71
	76
	53
	27
	21

	· Does the earth go around the sun, or does the sun go around the earth? (Earth around the sun) 
	72
	75
	67
	26
	7

	· How long does it take the earth to go around the sun: one day, one month, or one year? 
	49
	54
	56
	23
	21

	· The earliest humans lived at the same time as the dinosaurs. (False) 
	51
	48
	59
	20
	20

	Technology, physics
	
	
	
	
	

	· Which travels faster, light or sound? (Light) 
	75
	76
	n/a
	n/a
	n/a

	· Electrons are smaller than atoms. (True) 
	46
	48
	41
	23
	36

	· Lasers work by focusing soundwaves. (False)
	43
	45
	35
	27
	38

	Evolution, cosmology
	
	
	
	
	

	· Human beings, as we know them today, developed from earlier species of animals. (True) 
	45
	53
	69
	17
	15

	· The universe began with a big explosion. (True) 
	33
	33
	n/a
	n/a
	n/a

	In their own words:
	
	
	
	
	

	· Please tell me in your own words, what is DNA? 
	29
	45
	n/a
	n/a
	n/a

	· Please tell me in your own words, what is a molecule? 
	13
	22
	n/a
	n/a
	n/a

	· Please tell me in your own words, what is radiation? 
	11
	11*
	n/a
	n/a
	n/a

	Sample size
	1882
	1574
	16082


Adapted from Science and Engineering Indicators, 2000 and 2002, and Eurobarometer 55.2 (2001). * Adapted from Science and Engineering Indicators, 2000.

The results indicate that the public seems fairly knowledgeable about the cancer-causing potential of tobacco, seems to be familiar with basic earth science, and aspects of physics that are within their realm of personal experience.  However, despite the fact that people only had to identify the correct answer, many statements received correct answer rates that were barely above a random answer rate.  The answers given indicate that the public has a poor understanding of basic physics and chemistry.  Clearly, only 48% could state that electrons are smaller than atoms and thereby indicate that they have some fundamental understanding of the nature of elements and only half of the population seemed capable of identifying the fundamental nature of what we refer to as a calendar year.

Table 11: U.S. public understanding of science vocabulary and concepts, by selected characteristics: 2001

(Percentages)

	
	
	Sex
	Formal education
	Science/math education

	Question
	All Adults
	Male
	Female
	Less than HS
	HS
	BS/BA
	Graduate
	Low
	Middle
	High

	Health and health-related questions, basic biology
	
	
	
	
	
	
	
	
	
	

	· Cigarette smoking causes lung cancer. (True) 
	94
	94
	93
	95
	92
	96
	95
	92
	95
	96

	· It is the father’s gene that decide whether the baby is a boy or girl. (True)
	65
	58
	72
	45
	66
	77
	76
	59
	69
	77

	· Radioactive milk can be made save by boiling it. (False) 
	65
	70
	60
	52
	63
	78
	80
	60
	64
	80

	· Antibiotics kill viruses as well as bacteria. (False) 
	51
	46
	55
	25
	49
	73
	76
	39
	57
	76

	Earth science, astronomy
	
	
	
	
	
	
	
	
	
	

	· The oxygen we breathe comes from plants. (True) 
	87
	92
	82
	79
	88
	88
	89
	55
	58
	91

	· The center of the earth is very hot. (True)
	80
	85
	76
	71
	79
	90
	92
	73
	86
	92

	· The continents on which we live have been moving their location for millions of years and will continue to move in the future. (True) 
	79
	83
	74
	62
	79
	89
	90
	72
	82
	91

	· All radioactivity is man-made. (False) 
	76
	81
	71
	61
	75
	92
	86
	67
	80
	92

	· Does the earth go around the sun, or does the sun go around the earth? (Earth around the sun) 
	75
	86
	66
	52
	76
	92
	92
	65
	92
	94

	· How long does it take the earth to go around the sun: one day, one month, or one year? 
	54
	66
	42
	31
	51
	77
	76
	39
	61
	83

	· The earliest humans lived at the same time as the dinosaurs. (False) 
	48
	50
	45
	36
	46
	58
	67
	40
	53
	62

	Technology, physics
	
	
	
	
	
	
	
	
	
	

	· Which travels faster, light or sound? (Light) 
	76
	89
	65
	61
	78
	85
	82
	71
	79
	89

	· Electrons are smaller than atoms. (True) 
	48
	52
	43
	29
	45
	66
	70
	33
	56
	77

	· Lasers work by focusing soundwaves. (False)
	45
	61
	30
	32
	41
	65
	65
	33
	49
	71

	Evolution, cosmology
	
	
	
	
	
	
	
	
	
	

	· Human beings, as we know them today, developed from earlier species of animals. (True) 
	53
	57
	50
	45
	49
	67
	81
	46
	56
	69

	· The universe began with a big explosion. (True) 
	33
	43
	24
	20
	32
	44
	59
	25
	38
	50

	In their own words:
	
	
	
	
	
	
	
	
	
	

	· Please tell me in your own words, what is DNA? 
	45
	47
	44
	28
	38
	69
	68
	28
	54
	70

	· Please tell me in your own words, what is a molecule? 
	22
	28
	15
	27
	17
	28
	37
	10
	23
	37

	· Please tell me in your own words, what is radiation? *
	11
	16
	6
	1
	9
	23
	36
	5
	11
	28

	Sample size
	1574
	751
	823
	116
	834
	393
	221
	674
	469
	431


Adapted from Science and Engineering Indicators, 2002.

A comparison between the answers given by US adults and Europeans reveals some interesting trends.  Americans seem to have a better grasp of fundamental genetics than Europeans.  Americans also understand that not all radioactivity is man-made.  The last item is highly relevant.  Europeans experienced first-hand the disaster of Chernobyl in 1996, with strontium and cesium fallouts all across the middle and northern parts of the European Continent, with far-reaching consequences.  On the other hand, Europeans have not experienced the EPA’s strong radon campaign. The results of this study indicate that a concerted effort to warn the public about natural radon seem to have been somewhat successful.

Europeans, on the other hand, identified more often than Americans as false the statement that humans and dinosaurs lived at the same time (59% vs. 51%).  However, in the 1992 Eurobarometer survey, 50% of those Europeans questioned recognized that the statement "the first human beings lived at the same time as the dinosaurs" was false.  This figure has increased by 9% to 59% in the 2001 survey.  This unusually large increase was attributed to a series of TV documentaries about dinosaurs, and the continued success of the “Jurassic Park” movies which – despite the fact that they show humans and dinosaurs in one picture – stress the artificiality of those images.

The survey shows the marked influence of religion on the US public’s opinion about evolution.  Only 53% of the US public knows, or is willing to state, that humans evolved from earlier animal species, while 69% of Europeans declare the statement as true.  This result is a clear indication on how strongly personal beliefs and attitudes filter our perspective on issues that one would like to consider “purely scientific.”  This belief and attitude filter effect extends beyond religion though, as the current public debate in the US (and the US alone) over the greenhouse effect shows.  There is no serious public or academic discussions surrounding the soundness of the science of global climate change or even whether human action contributes to global warming.  [Discussing the reasons for this stark difference between Europe and the US go beyond the scope of this paper, but it should suffice to state that they extend beyond lobbying and political decision-making processes and touch on profound cultural differences between Europe and the United States].

The survey demonstrated how difficult it is for people to explain scientific concepts in their own words.  This finding is not surprising, as open-ended responses suggest a degree of “active” knowledge that people normally reserve for only the most important issues that relate to our lives.  “Passive” knowledge, or knowledge that we need to retrieve from long-term memory, is accessible if we are provided with options that help us in our orientation.  It should be noted though that within two years, the rate of adults who could explain the term “DNA” in their own words jumped from 29% to 45%.  This increase was attributed to the media attention afforded to the human genome project and cloning, both of which thrust genetics into the limelight, and both issues focused on the fundamental nature of DNA.  Though it could be equally due to the increased popular press accounts of DNA profiling related to the OJ Simpson and Bill Clinton cases, and/or discussions of DNA evidence on prime-time television law and order shows and current attention to death penalty cases that were reversed due to DNA evidence.

Gender differences in science literacy

Table 11 reports the test results for the 19 knowledge items by gender, level of formal education, and level of science/math education.  The results indicate that men are more knowledgeable than women in earth science, astronomy, technology, physics, and molecular biology.  On the other hand, women tend to know more in health-related subjects (National Science Board, 2002).
On the 19 item scale, woman strongly “outperformed” men on only one item: The question whether the father’s gene decides the sex of the child (72% correct answer for women vs. 58% for men).  Men scored considerably higher than women on items closely related with particle physics, basic astronomy, evolution/cosmology, and the explanation of the term “DNA.”

Formal level of education

Formal level of education and intensity of science education – not surprisingly – were strong predictors for science knowledge on almost all of the items tested, with the exceptions of those items on which almost everybody scored fairly high.  The last three items which tested the respondents’ knowledge in “their own words” were most dramatically influenced by level of formal education, particularly the DNA item.

Understanding of the fundamental nature of science inquiry

When people were asked about the nature of science and scientific inquiry, it became apparent that the process of science is not well understood by the majority of the public (Table 12). While there is no strong difference between men and women, level of formal education and intensity of science/math education in high school were strong predictors on how people faired in questions that tested their understanding of the scientific process and the nature of science. However, even the highest ranking groups (graduate degree holders/professionals, and those with a high level of science/math exposure in high school) did not reach a correct answer rate of more than 50-67% on these questions.  The probability question faired considerably better (up to 77% correct answers) than the other three types of questions, most likely because it stated a more concrete problem, and basically involved a simple understanding of probability, rather than a profound understanding of the nature of scientific inquiry.

Table 12: Public understanding of the nature of scientific inquiry, by gender and level of formal education: 1997 and 2001 (percentage correct answers)
	Gender and level of education
	Overall

1997
	Inquiry

2001
	Scientific study

2001
	Experiment

2001
	Probability

2001

	All adults
	27
	30
	33
	43 (37*)
	57 (69*)

	Sex
	
	
	
	
	

	Male
	29
	30
	33
	44
	58

	Female
	25
	29
	33
	43
	56

	Formal education
	
	
	
	
	

	Less than HS
	8
	10
	24
	26
	32

	HS graduate
	27
	28
	26
	41
	59

	BS/BA
	46
	45
	52
	58
	70

	Graduate/professional degree
	54
	54
	59
	67
	76

	Science/math education
	
	
	
	
	

	Low
	16
	17
	19
	29
	47

	Middle
	30
	38
	39
	54
	63

	High
	55
	53
	55
	64
	77


* European answering the same questions in 2001 (European Commission 2001).  Source: Science and Engineering Indicators, 2002.

NOTE:  The “overall” level of understanding of the nature of scientific inquiry is estimated using a combination of each survey participant’s responses to three questions.  To be classified as understanding the nature of scientific inquiry, a respondent had to answer all the probability questions correctly and either provide a “theory-testing” response to the question about what it means to study something scientifically or provide a correct response to the open-ended questions about the experiment, i.e., explain why it was better to test a drug using a control group.  The three questions are:

Inquiry: “When you read news stories, you see certain sets of words and terms.  We are interested in how many people recognize certain kinds of terms, and I would like to ask you a few brief questions in that regard.  First, some articles refer to the results of a scientific study.  When you read or hear the term scientific study, do you have a clear understanding of what it means, a general sense of what it means, or little understanding of what it means?”  If the response is “clear understanding” or “general sense”:  “In your own words, could you tell me what it means to study something scientifically?” (Scientific Study)

Experiment: “Now, please think of this situation.  Two scientists want to know if a certain drug is effective in treating high blood pressure.  The first scientist wants to give the drug to 1,000 people with high blood pressure and see how many 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?”

Probability: “Now think about this situation.  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 three children are healthy, the fourth will have the illness?  Does this mean that if their first child has the illness, the next three will not?  Does this mean that each of the couple’s children will have the same risk of suffering from the illness?  Does this mean that if they have only three children, none will have the illness?

The National Science Board concluded in its 1998 report that “only 27 percent of Americans understand the nature of scientific inquiry well enough to be able to make informed judgments about the scientific basis of results reported in the media.”  In the four years between the 1998 and 2002 Science & Engineering Indicator reports, the number had increased to 30 percent; a positive trend, but not a fundamental change in the public's understanding of the nature of scientific inquiry.  What follows is a sample of public knowledge in areas of specific relevance to this project. It is not exhaustive but meant to give an idea of the level of knowledge that the general public has about life sciences and medical research. 

Scientific literacy in life sciences/medical research

Health 
Major studies on public understanding of science tend to suggest that areas that exhibited solid to satisfactory knowledge were health-related (National Science Board, 1998; 2000). Top health concerns among the US public—cancer, cardiovascular diseases, AIDS, diabetes and obesity—tend to fairly accurately represent the major health-related problems in the USA (American Institute for Cancer Research, 2001).  Diseases or conditions believed (by more then 35%) highly unlikely or impossible to prevent were the common cold, cancer and diabetes (see Table 13). Everyone has experienced a cold, and it was rather surprising to see that only half of all Americans seem to believe that the common cold cannot be avoided. Cancer and diabetes are common enough these days that almost everyone seems to know someone else who suffers from these diseases.  In addition, recent discussions in the news about genetic predispositions to cancer might have invoked a dangerous sense of unavoidability for cancer.  In addition, a long list of environmental factors are believed to cause cancer and might add to the sense in half of the adult US population that cancer as a disease is next to unavoidable (see below).  Almost a fifth of the US population believes that AIDS and cardiovascular disease are highly unlikely or impossible to prevent, and one-seventh of the US population believes that obesity falls into this category.  In other words, more than 80% believe or know that these three conditions can likely be prevented.

Table 13: Top health concerns, and beliefs about the preventability of various diseases

	Top Health Concern
	Diseases or condition believed impossible to prevent
	Diseases or condition believed as either highly unlikely or impossible to prevent 

	Cancer
	36 %
	Common cold
	35 %
	Common cold
	50 %

	Cardiovascular disease
	23 %
	Cancer
	27 %
	Cancer
	48 %

	AIDS
	15 %
	Diabetes
	20 %
	Diabetes
	37 %

	Diabetes
	12 %
	AIDS
	13 %
	AIDS
	19 %

	Obesity
	10 %
	Cardiovascular disease
	7 %
	Cardiovascular disease
	18 %

	
	
	Obesity
	6 %
	Obesity
	13 %


Source: American Institute for Cancer Research (2001)

However, there is mixed data on whether or not people understand the causes of health problems. A closer examination of people’s opinions about cancer re-affirms the notion that “the message is out.” People are familiar with major risk factors for cancer.  A high percentage of people in the US believe the main causes for cancer to be tobacco, excessive exposure to sunlight, and inherited pre-disposition (American Institute for Cancer Research, 2001). Additionally, more than 25% of Americans provided a long list of environmental factors, including some that are (hormones, cell phones etc.) and some that are not (sugar substitutes, breast implants) believed to cause cancer that may lead to the general sense that cancer cannot be avoid, so there is no reason to try. It seems that whatever factor received public attention at one time or another sticks to the public’s common memory. For example, artificial sweeteners were thought to have caused cancer in the 70s and 80s but since then there has been no link.

In a survey conducted for the American Museum of Natural History in 1996 to examine visitor’s knowledge of, interest, and needs related to infectious diseases in preparation for future exhibition, it also was found that visitors had little information on the causes (bacteria, virus, protozoa) and modes of transmission (food/water, air, bodily fluids etc) of disease (Giusti, 1996). A front-end evaluation conducted at the New York Hall of Science to gather information about the public’s general knowledge of, and interest in, micro-organisms showed that visitors had scattered information about microorganisms and germs and little in-depth knowledge (Taylor, 1988).

Unfortunately, even when the public does display some level of knowledge related to health, that understanding does not necessarily translate into behavior. The question arises: Do people have sufficient knowledge to address the issues that concern them so much?  Current levels of smoking, an increase in unprotected sex in young homosexual men, or in young, sexually active people in general, and an obesity rate in the general US population that reaches 28% (plus an additional 35% who are overweight) indicate that while it seems that the “message” is out, the public seems to lack a deeper understanding or willingness for addressing their concerns.  The generally weak link between knowledge, attitude, behavioral intentions, and behavior has puzzled psychologist and sociologist for more than 20 years, and let to the development of complex models of human behavior (Ajzen & Fishbein, 1977; 1980; Diekmann & Preisendörfer, 1992; Diekmann & Franzen, 1996; Fliegenschnee & Schelakovsky, 1998; Hines et al., 1986-87; Hungerford & Volk, 1990; Kollmus & Aygeman 2002; Prochaska & DiClemente, 1986; Prochaska et al., 1992; 1994; Rost & Lehmann, 1994; Rost & Martens, 1998).  The general lesson learned can be summarized as follows: knowledge is often a prerequisite for behavioral change, but it is not sufficient to evoke change in behavior, and that behavioral change is not linear, but a continuous series of intention-action loops.

The generally low level of knowledge about micro-organisms translates negatively in the US public’s understanding of the leading cause of childhood death worldwide.  Only 9% of the American public understands that microorganisms in water supplies are the leading cause of childhood death worldwide (National Environmental Education and Training Foundation/Roper Starch Worldwide, 1998). Most Americans (55%) have most likely been influenced by harrowing public reports of famine and starvation in the world and, hence, believe it is a lack of food that causes childhood death rather than contaminated water. The combination of fairly harmless and easily treatable diseases of the digestive tract with poverty and poor sanitation is far from most American’s real-life experience. It comes as no surprise then, that most Americans do not understand the true nature of preventable childhood death worldwide. 

Table 14: Factors that Americans think cause Cancer (Percentages of Americans surveyed who believe it causes cancer)

	High Risk Facto (>50%)r
	
	Medium Risk Factor (25-50%)
	
	Low Risk Factor (<25%)

	Tobacco
	92%
	Stress
	48%
	Grilling Meat
	19%

	Excessive exposure to sunlight
	90%
	Breast implants
	47%
	Sugar
	15%

	Inherited predisposition (cancer genes)
	89%
	Diets low in fruits and vegetables
	46%
	Coffee
	11%

	Industrial pollution
	84%
	Diets high in fat
	44%
	
	

	Radiation
	83%
	Alcohol
	42%
	
	

	Asbestos
	81%
	Diets high in red meat
	39%
	
	

	Pesticides residues on produce
	72%
	Hormones in beef
	39%
	
	

	Nuclear power
	66%
	Genetically modified foods
	38%
	
	

	Radon
	60%
	Power Lines
	35%
	
	

	Viruses/bacteria
	56%
	Insufficient physical activity
	35%
	
	

	Food additives
	53%
	Artificial sweeteners
	35%
	
	

	
	
	Obesity
	35%
	
	

	
	
	Cured meats
	32%
	
	

	
	
	Trans-Fats
	29%
	
	

	
	
	Cell Phones
	25%
	
	


Source: American Institute for Cancer Research (2001)

Just under two-thirds of US adults state that they had heard of the Solar UV or `Sun Index' but only a third thought they knew what a solar index of 6 meant.  Consequently, only 7% of adults were able to accurately assess the risk of sunburn to their own skin type on a day when the ‘Sun Index’ is 6. A further 21% thought they knew how to apply the ‘Sun Index’ but were unable to do so correctly. Adults aged over 75 were less likely to have heard of the `Sun Index' than other age groups and least likely to apply it correctly. Some behaviors seem to be associated with knowledge in this area. Using sunscreen (33% of men and 47% of women) and keeping out of the sun (22% of men and 24% of women) were the most common changes in behavior prompted by awareness of the ‘Sun Index.’ Yet another proof that information of immediate relevance to people’s life can trigger behavioral change if – on the margin – such change can easily be implemented by the individual.

Biology 

The Science and Engineering Indicator studies, discussed on previous pages, demonstrated the public’s mostly basic understanding of biology and genetics.  Other surveys paint a more complex picture.  For instance, a study conducted for the American Museum of Natural History (Harris Interactive, 2001) found that 78% of 1,000 adults surveyed by telephone between February and March of 2001 were able to correctly identify a Gene as “the basic unit of hereditary information,” and 50% of the people knew that genes are made of DNA. Half of those surveyed (52%) could correctly identify a genome as “an organism’s complete set of hereditary information.  The result of this study may indicate that visitors to natural history museums form a highly educated sub-sample of the general population. In a summative evaluation at the St. Louis Science Center visitors were asked “What is DNA?” (Luke, et al., 1998).  Forty-eight percent of adults recognized that DNA contains information that is blueprint expressed in the structure of living things, 23% made comments about genes or genetics, and 25% talked about application of DNA research, with most focusing on the use of DNA for identification purposes (many examples related to the O.J. Simpson and Clinton trials).  In this investigation, 11% were able to provide a reasonable definition or description of DNA. In another study at the Franklin Institute in Philadelphia most visitors had heard of genes, DNA, and genetic engineering, but were unable to define or describe these terms in detail (Borun & Chambers, 1994). The average person usually knows that DNA has something to do with genes, and that genes play a role in genetics, but they do not know how these concepts are linked.  As for the human genome project or human genetic research, people usually link these science areas to implications with their life, such as potential cures for genetically linked diseases and better quality of life. In a recent survey, less than a third of the American public (29%) claimed to have heard of the Human Genome Project, but 52% of the people could correctly identify a genome as “an organism’s complete set of hereditary information” (Harris Interactive, 2001).

Again, even when people hold a basic understanding of science concepts, knowledge does not always correlate with attitudes about public policy or behavioral change. In a survey conducted in Australia, 76% identified genetic research with DNA. Irrespective of respondents’ understanding of genetic research, the majority saw benefits to themselves, their family and the Western Australian community in general. Respondents were particularly interested in the benefits associated with eliminating genetically linked disease (50%), better cures or treatments of disease (27%) and less birth defects (7%) (Genomics, Society & Human Health, 2001). Among the 40% who reported risk or dangers associated with this type of research, inappropriate use of information and eugenics were the most common concerns mentioned.

Agricultural Biotechnology 

In spite of the greater prominence of the Genome project and GM foods in the media and in public debates, the public's understanding of some basic biotechnology issues is limited. In a large scale, annual survey conducted in Europe, (European Commission, 1999), some 35% agreed to the statement, "ordinary tomatoes do not contain genes while genetically modified tomatoes do" while 30% did not express an opinion, which leaves only 35% of respondents who realized that all tomatoes contain genes. Not surprisingly, low levels of knowledge seemed to interfere with people’s ability to make informed decisions in their lives. Despite the fact that genetically modified foods are now present in more than 90% of all processed foods, only 20% of the people believed they have ever eaten genetically modified foods (Harris Interactive, 2001).  People are not generally aware that corn and soybean oils are ingredients in most processed foods, and they would have no way of knowing that a large percentage of acreage in the US is currently farmed with GM varieties of corn and soybean.

IMPLICATIONS AND RECOMMENDATIONS

Studies of science knowledge among adults revealed that people are vaguely familiar with science related phenomena, science terms, and scientific expression that are discussed in the media and on the news.  However, this knowledge is typically shallow and does not include an in-depth understanding of the underlying scientific concepts. Students and the general public tend to use powerful filters that shape their attentiveness to science. Science-related information is absorbed only when it passes through a variety of filters that include personal interest, prior knowledge, a connection to their lives that renders the information meaningful, and mental models or schemas into which information is integrated. Information is then absorbed and fitted into pre-existent mental models of a certain phenomenon in a process of meaning making during which the learner evaluates the information on a purely individual basis.

In summary, people show a greater interest and feel better informed and more knowledgeable about issues they are more likely to experience. Many science-related issues are not very close to an average person’s daily life, despite the fact that science permeates society.  However, the medical field, genetic engineering, space exploration, the human genome project, biodiversity, nuclear power, or global warming are policy issues that in one way or another spark public debate.  Not surprisingly, their scientific underpinnings are believed to be little understood by the majority of the public.  People report that they are better informed about medical, and to a certain degree, environmental issues and concerns, than about subjects like space exploration, or highly technical subjects like nuclear energy.  Everyone has experienced medical problems, and many have experienced in one way or another issues related to environmental quality or pollution, but few could make a personal connection to astronomy, nuclear power, or scientific discoveries.

In general, science-related popular knowledge is typically characterized by three trends:

(1) Knowledge is generally shallow, restricted to terms or the existence of certain phenomena, and generally not in-depth, although individuals will exhibit in-depth knowledge in very selected, personally relevant areas of science.

(2) People tend to lack a level of knowledge that allows them to identify causes and effects for scientific processes, and there is a tendency for people to hold explanatory or mental models of science processes that may deviate from accepted science, but are very difficult to rectify through brief educational experiences.

(3) Driven either by mass media or personal experiences, people will attend to science-related topics when there is a personal link between their life (on whatever level) and the subject itself, no matter how remote that link may be. 

There are many factors that have been shown to influence science knowledge. Personal and social factors such as level of formal education, science courses taken in high school or college, income, and particularly gender are all known to influence a person’s receptivity to science-related information. There are also a host of personal factors that influence science knowledge, including, personal experiences, and relevance to daily life. Societal factors are also important: media influences, and the availability and cost of obtaining information. There are also long-term and short-term influences on knowledge. Well-educated people with a strong science background know more about science, are more interested in science, and generally hold a higher appreciation for science, and more positive attitude towards science. Men tend to be more knowledgeable and interested than women in “abstract” issues of science, those that do not exhibit an imminent connection to everyday life. For example, men tend to report higher levels of interest and knowledge in the field of space exploration. Women, on the other hand, prefer scientific topics that can be related more easily to one’s everyday life. For example, women report higher interest and knowledge levels related to medical discoveries and environmental pollution.

These findings have several implications for practitioners interested in increasing the public’s understanding of science and translating that knowledge into behavioral change. Clearly, specific knowledge about what it is people know and don’t know is important. However, it is equally important to understand the settings within which people are acquiring their science knowledge, their general patterns of interests, attitudes and knowledge, and how those patterns relate to larger social and personal contexts of people’s lives.  

1. Understanding the influence of media. Both the volume and the nature of news and popular media coverage can rapidly change public knowledge about any given subject.  In its function as public educator, the media is not just a mirror, but a magnifying glass and a prism which can bend the news, expand public concern, or quench it.  Any museum program that intends to present “current” science needs to respond quickly to those media outlets that reach the majority of their visitors. The mass media provides oversimplified and sometimes misleading or incorrect presentations of the underlying science; it focuses on the perceived scientific uncertainty; it reports in episodic rather then thematic ways; and in its desire to provide a neutral or balanced view gives equal weight to competing perspectives, even if one side lacks scientific merit or is a minority position held by just a few dissenting scientists (Boyes & Stanisstreet, 1997; Nitz, 1999). It is the news media that drives the public debate on science and technology, and this debate is hence not shaped by scientific and technological merit, but by journalistic rationale and, with the exception of public radio and television, the need to generate profits.  Once the agenda is set by the media, almost three quarters of the public are unable to judge for themselves whether the particular news outlets they happen to consume present the science accurately and without bias.

2. Acknowledging that people enter the museum with existing knowledge.  People visit the museum with pre-existing knowledge and interest that a museum educator can build on.  However, people also come to the museum experience with mental models that may deviate from accepted science.  While the CS&T Center may benefit from the fact that current media stories may ready the visitors to learn more about a specific topic, many visitors may find it challenging if their own specific understanding turned out to be at odds with the perspective presented by the museum.

3. Acknowledging the sociocultural context. As best exemplified by knowledge about evolution and the universe, understanding may be hampered by religious prejudice, scientific complexity, and the enormous spatial and temporal dimensions connected with evolution and cosmology.  However, similar issues affect bioscience and health-related understanding as well.  Specifically, the in-depth science knowledge that the public has seems to be strongly related to each individual’s personal experience, communication with others outside of the family, and exposure to media coverage of science events. However, while knowledge and skills, and to a lesser degree attitudes, can theoretically be influenced by education, other important factors—generally referred to as situational or external factors— probably cannot.  Factors such as self-image, autonomy, opportunity for action, peer group pressures, societal norms, economic incentives, convenience, income, age, gender, and institutional arrangements all dramatically affect attitudes, values and behaviors, and most of these are totally outside of the control of educational institutions.  At the end of the day, behavior and behavioral change has more to do with our self-image and with life style than with knowledge and skills.  Any program that attempts to influence behavior needs to set realistic goals for what can be achieved.

4. Building on knowledge and interests based on people’s real-life experiences.  The media tends to use “hooks” to turn news into news stories.  The basic principle behind this technique rests on the question: “why should someone care?”  Although there are downsides to this approach, overall there is also considerable value in this perspective.  As a general rule, the more a museum can tie information to their visitors’ life, the more likely it will be that the visitor will care, pay attention, show receptiveness to the information provided to him or her.

5. Presenting broad, basic information about a field. People tend to have a very low tolerance for detail, and thus do not often remember details on science knowledge tests. Furthermore, unless they are fully involved in a scientific investigation, the public tends to be little concerned or interested in receiving information about the methods scientists use to arrive at their conclusions.  While information about methods should be provided for those interested in exploring a subject in more depth, information should also be provided in a digest form for those who are interested in a more superficial sense.  This is particularly important to consider in live performances and other forms of science shows.  It should be noted here, though, that the general public might have a higher tolerance for being exposed to the process of science (peer review process, schools of thoughts, careers in science, to name a few), if only because the process of science as a human endeaver provides more easily understood and appreciated "hooks" to people's everyday lives.

6. Linking knowledge to behavior. Public understanding of science serves a broader purpose: a knowledgeable public tends to be more supportive of science-based public policies, and also tends to engage in activities and behaviors that reflect a deeper understanding of scientific knowledge (at least in the United States; the same might not be true for the more science-skeptical Europeans). A goal of the CS&T project at the Museum of Science, Boston, is to influence behavior based on current research in the bioscience and health arenas. More than twenty years of research into the relationship between attitudes, knowledge, and behavior have led to the formation of extraordinarily complex models. Ultimately, it seems clear that information is an important pre-requisite for behavioral change, but it is not sufficient to cause and sustain behavioral change.  Thus, behavioral change can not be expected where the public displays low levels of knowledge, and also not where the public is not provided with opportunities for change and with meaningful ways to extend the educational experience beyond the museum walls.
In the medical fields as well as in other areas of science, many researchers have concluded that the current low level of scientific literacy leads to inadequate behavior or leaves the public unable to judge and evaluate current science-related public debates. A major task for any science-laden program that aims at changing behavior would be to disassociate people from opinion-leaders and to empower them to form their own opinions, based on questioning and inquiry.  One of the most effective ways to spark interest in the public may be to ask questions, that is, to design information around questions that incorporate personal connections to a person’s life.

Acknowledging that learning is not a one-shot exposure of facts.  If a museum visit is to effectively convey new or so-far unfamiliar information, it needs to take into account that one-time exposures to information is unlikely to substantially add to a person’s existing mental model.  However, repeated exposures do.  Repeated exposure during a museum visit can take two forms: (a) the museum visit itself can be the repeated exposure to something a person was exposed to prior to the visit; or (b) the museum visit is followed by subsequent reinforcing experiences.

Various studies have demonstrated the importance of subsequent reinforcing experiences on visitor learning.  For instance, a study conducted at the National Aquarium in Baltimore (McKelvey, et al., 1999) attempted to determine to what extent visitors retained and acted upon the conservation knowledge, attitudes and beliefs developed during their visit.  Upon exiting the Aquarium most visitors had clearly absorbed the institution’s fundamental conservation message, but many did not experience any profound reinforcing event that would uphold their concerns and intention.  Consequently, when those visitors were interviewed six to eight months after their aquarium visit, the general enthusiasm and emotional commitment for conservation they exhibited immediately following their visit had almost completely waned back to the baseline levels observed when visitors entered the Aquarium.

If a museum intends a visit to have a long-term impact on the visitor, it needs to ensure that visitors seek out or are open to subsequent reinforcing experiences (Falk & Dierking, 2000), or so-called “follow-up communication” (Wohlers, 1998).  In the context of CS&T, it seems paramount to provide visitors with information that qualifies as “follow-up communication,” “subsequent-reinforcing experience,” or simply an easy first step into pursuing the subject of immediate interest at some later time after the visit.  These could take the form of targeted and conscious repetition of experiences/ideas visitors bring with them to the museum, a series of repeated experiences within the museum, or a series of subsequent reinforcing experiences or follow-up communications with visitors after departure from the museum; or ideally all three of the above.  
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Appendix 1:  Assessing an individual's science knowledge requires knowing the person's interested areas in science



Figure 1: People’s science knowledge in a simple schematic. The general knowledge is represented by the shallow bar, specific knowledge that is deeper and richer is represented by downward pointing arrows.  The length of the arrow (or depth of the bar) represents the depth of knowledge and understanding, while the width represents the scope.

People’s general, broad understanding of science tends to be shallow, and mostly consists of an understanding of terms and vocabulary rather than concepts and mental models.





When personal interest leads to self-directed learning about science, people tend to develop a deeper, richer understanding of science concepts.





Without inquiring into people’s interests, it is impossible to assess in which areas of science they may be knowledgeable in.





In general, a trade-off occurs between the depth of knowledge and understanding and the overall areas of science that people tend to be knowledgeable about.
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