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As Project 2061 declares, “America’s future---its ability to create a truly just society, to sustain its economic vitality, and to remain secure in a world torn by hostilities---depends more than ever on the character and quality of the education that the nation provides for its children.” (p. xiii) What kind of curriculum and experiences can promote scientific literacy in a way that integrates this knowledge and understanding into a broader concept of what it means to be an educated person? Many would argue that the appropriate curriculum includes the systematic study of language and literature, science and mathematics, history, the arts and foreign languages in order to foster important knowledge and skills, cultivate aesthetic imagination, teach students to think critically and reflectively about the world in which they live and to help students learn to act in an ethical and principled fashion, mindful of their responsibilities to themselves and to others. 

What will it take to prepare all young people for lives of citizenship and social responsibility as well as success in a workplace increasingly shaped by science and technology? The public is unlikely to understand any complex thinking unless during formal education, they acquire a deeper understanding of the ways of knowing of different fields.  If during our education, we are never required to examine those deeper assumptions, acquired early and applied without thought to the challenges of daily life, we will not be responsive to the insights and knowledge generated by any discipline, including the sciences and mathematics. In a world where knowledge of science and technology are increasingly the passports to success, this limitation can mean a loss of opportunity and a barrier to any hopes for a reasonable quality of life.

Students who never do any science but simply read about it or listen to lectures are likely to acquire a sense of certainty about what is known and a false impression about what science is and how scientific knowledge is attained. People who think that science is a product rather than a messy process of inquiry can become profoundly uncomfortable when they are brought face-to-face with the uncertainties and arguments at the frontiers of science. This often happens when they most want to have clear simple answers to emotionally-laden questions. At such times, people may prefer the opinions of their friends or trusted advisors over the information provided by scientists, especially when scientists are deeply divided over an issue, as they often are.

This leads me to consider the distinctive role of the nation’s zoos, aquariums, natural history museums, botanical gardens, and science centers in the fostering of public understanding of science. According to Dennis Bartels, an estimated 150 million people visited our nation’s ASTC institutions in 2000. What did the young people among them experience there?

· What did they learn?

· Did their attitudes about science change?

· Did they have a good time and did their social experience affect what they learned?

· Will their experience influence the careers they choose?

· Are they likely to want to go back again and, if so, why?

Research on the impact of informal science experiences gives us only minimal guidance because the existing methodologies cannot successful capture the complex context in which learning takes place and the blending of cognitive, social and emotional factors that influence what people absorb when they are engaged in voluntary exploration outside a formal school setting (Crane et al 1994). The resulting experience may promote learning, influence attitudes or change behavior, but in all cases, the results depend a great deal on the intentions and interests of the learner. 

What we know both in informal and formal settings leaves us with a lot of questions. Crane et al (1994) captured some of these issues.

· We need to learn how people learn, and what they do when they are learning, not just what they learn.

· We know that even young children form hypotheses about how the world works even before they start school and that some families encourage curiosity and exploration while others do not. How can be make exploration and discovery a part of every young person’s life? 

· Science is a process of analyzing, synthesizing, applying. How can we measure that?

· Informal learning connects to other things that people know. How can we learn more about how those connections are made and what they mean? Can informal learning increase motivation and interest within formal schooling? How can informal and formal learning complement each other?

To look at some of these issues, let’s first consider what we know within formal education.

We are learning about how people learn but we don’t often use what we know.  We know much about learning from the theoretical perspective, but there is a significant gap between what the education research and the cognitive science communities have learned about learning and how scientists, mathematicians and engineers apply these theories in their scholarly work as teachers and curriculum designers.  We need to find creative ways to close that gap by encouraging faculty to approach educational questions with the same habits of inquiry, rigor and discipline that they bring to their research in the lab. It is particularly important that faculty who work with graduate students prepare them to address critical educational questions: what works, how does it work, for whom does it work, how do we know? 

Strengthening the K - 16 science and mathematics community is both a responsibility and an opportunity for higher education institutions. Faculty in mathematics, engineering, technology and the various fields of science must play a significant role in the reform of education at the elementary and secondary level, and they must have the support of their administrative leaders in doing so.  Attention to the preparation of the generation of K - 12 science and mathematics teachers so urgently needed by our nation is one potential arena for K - 16 engagement.  Campuses should give careful consideration to the appropriate roles for their STEM faculty in the development of teacher preparation programs, forging connections between the disciplinary departments and the education department or school.  

There should also be tangible support for programs that provide opportunities for current undergraduates to work in supervised settings in K - 12 classrooms, and for elementary and secondary teachers both to advise faculty and learn from them.  For college and university faculty in STEM, the experience of working with colleagues in the education field can open up new avenues of thinking about educational issues– how people learn– as well as develop a broader understanding of the experience of undergraduates and how to promote deeper learning of science and mathematics for all students. Interactions with informal educators may be especially valuable.

Science and mathematics must be a central part of a 21st century liberal arts education. Scientists, mathematicians, engineers, and technologists have their own way of thinking about and talking about the nature of our world– man-made and natural.  They have their own vocabulary, their own ways of expressing ideas and problems, their own standards of proof and their own methodologies.  All undergraduates– no matterwhat their career aspirations–should become acquainted with these “ways of knowing” as approaches that are complementary to the insights offered by other fields.  Students should not be asked to abandon these other ways of thinking when they cross the threshold of a science or mathematics department, but rather be challenged to see how different ways of looking at the world can help them connect what they are learning in the classroom and lab to the world they will experience beyond the campus.  This habit of connecting learning to deeper interests and previous experiences may be even more significant during the learning that occurs in informal science settings. We must prepare all students for lives of creativity, citizenship and social responsibility, as well as for success in a work environment increasingly shaped by science and technology. 

 Not only must every student become familiar with the ways of knowing and the insights of science and mathematics, but every student can, in fact master these ideas and concepts.  The theme that has emerged in K - 12 education– that no child can be left behind– applies with equal power to students at the undergraduate level.  Our greatest vulnerability as a nation rests in the extent to which we limit the participation of all of our young people in science and mathematics, and fail to expect that all students can succeed. The philosophy of experiential learning in ASTC institutions is especially significant here. ASTC institutions assume that all their visitors can and will learn.

A deeper understanding of the ways of knowing within different fields leads to more profound learning. In his book, Historical Thinking, Samuel Wineburg offers a helpful interpretation of the problem of public understanding of any discipline.  Although he examines this question from the perspective of history, his insights apply with equal cogency to the study of science and mathematics, engineering and technology.  He makes the case that  “historical thinking, in its deepest forms, is neither a natural process nor something that springs automatically from psychological development,” arguing that it is much easier to memorize facts, dates and names of historical figures and it is “to change the basic mental structures we use to grasp the meaning of the past.”  History, in his hands, becomes an example of the challenge of any form of disciplined thinking, any process of seeking to get beyond the surface of a subject to its underlying warrants for truth. 

  Students are unlikely to understand the complex thinking of any discipline unless, during their formal education, they acquire a deeper understanding of the ways of knowing of that field.  If, during their education, students are never required to examine those deeper assumptions acquired in early years and applied without thought to the challenges of daily life, they will not be responsive to the insights and knowledge generated by any discipline, including the sciences, mathematics and engineering. Might informal science experiences offer even more powerful ways to open up deeper thinking?

The education of STEM majors must foster the desired qualities of a liberally-educated person. In addition to learning the habits of mind and forms of expression and inquiry of science and mathematics, students majoring in a STEM field should be expected to demonstrate the qualities of a person prepared to live a life that is productive, creative and responsible.  There are many approaches to articulating the purpose of education at the undergraduate level.  All involve bringing together concepts of intellectual engagement and cognitive development with the fostering of emotional maturity and social responsibility.  A college graduate should be informed, open-minded and empathetic.  These qualities are not engendered solely by general education courses during the first two years of college.  Science, mathematics and engineering departments must build these expectations into their conception of the work of the major as well.  It is helpful to think of an undergraduate education as a continuum of increasingly complex intellectual challenges, accompanied by increasingly complex applications with consequences of increasing significance for oneself and for others. 

Learning is doing. Students who never do any science but simply read about it or are lectured about it are likely to acquire only a sense of certainty about what is known; they will gain a false impression about the scientific way of knowing– how scientific and numeric and technological understandings are attained.   Those who think that science is a product rather than a process– a messy process of inquiry– can become profoundly uncomfortable when they are brought face-to-face with the uncertainties and arguments in the scientific arena that surface in daily life, including those that expose science and technology at the frontier.  All students need to know, from first-hand experience, the strengths and limitations of scientific and mathematical reasoning. 

Students learn this best by being immersed in a learning environment that is discovery-based.  It is important to: a) provide genuine experiences of doing science throughout the educational experience, from the time of pre-school through graduate education; b) link the questions addressed in this learning environment to issues that students care about; and c) integrate scientific exploration with other disciplines so that all students can see how understanding the different ways of knowing lead to a deeper understanding of their world and of their place in this world.  When science is meaningfully connected to things young people care about, it becomes a process of learning that shapes their thinking and their lives rather than a product merely to be memorized and forgotten. This seems especially likely to take place ion informal science settings. 

A lot can be gained by integrating research and education. There are at least four ways to interpret the idea of integration of research and education. 

1) Whenever we invest in research capacity, we are creating an educational asset. This asset can be deployed in a number of ways: to provide research experiences for undergraduate students, high school students and high school and middle school teachers
 and to promote public understanding of science, research and technology. In some instances, the research activities themselves can be designed in such a way that the general public can also contribute to the work, through gathering of observations and data. 

2) The results of research on cognition, learning and development can be incorporated into educational practice to promote more effective approaches to teaching and learning. This can be most effectively accomplished when researchers and practitioners work together to define problems of special importance, gather data and interpret those data. This process of collaborative research also facilitates the application of research findings to practice while making it possible for the realities of practice to challenge theory and define research goals. One necessary condition for the integration of knowledge about learning into education is the attitude of faculty and teachers toward the integration of research and education itself. Researchers must take education seriously and educators must take research seriously.

3) In some instances, research can be incorporated into the design of educational experiences for all students, not just those who can be accommodated on a research team or in a field or laboratory research project. This can be done through such pedagogies as service-learning, inquiry-based learning, project-based learning.

4) In all cases, a scientific mindset and an approach that promotes quantitative literacy can be introduced into the classroom so that students learn in a mode comparable to that employed by an investigator, even if the work they are doing is not an original contribution. 

ASTC institutions offer examples of all of these ways of integrating research experiences and education.

We know a lot about what works.  As a scientist turned university administrator turned federal official, I am well aware of the problems that academic leaders face in thinking through, perhaps in reorienting, certainly in building and sustaining an environment for learning that serves their students well.  What I also know is that there is a rich and stimulating set of experiences within this nation’s undergraduate STEM community that can serve as a solid foundation for broader and more sustained efforts on individual campuses in all parts of this country. 

As trustees, presidents and other senior administrators make hard decisions about limited resources, they should take advantage of the lessons learned in other settings and shape the future of the programs on their campus based on those experiences.  In industry, this would be called bench-marking: learning what works in other settings and adapting best practices in ways that respect local circumstances.  In the not-too-distant past, the exchange of ideas and information was difficult.  From the practical perspective, it was not easy to findcolleagues doing similar work because there was no community of practice within the educational community such as that within the research communities.   From the intellectual perspective, faculty seemed disposed against adapting, convinced that local exploration and invention of programs and practices that work was the only way, skeptical about ideas that were not home-grown. Yet we are now seeing collaborations, partnerships and networks that serve the dissemination of best practices. Many of these relationships include ASTC members.

 Science is everybody’s business. The only way we can be sure that everyone in this country will gain mastery of the ideas and ways of thinking of science and mathematics is to involve leaders at all levels of our educational institutions. College and university presidents and chief academic officers need to embrace the need for a coherent conception of the undergraduate curriculum for all students and to encourage meaningful partnerships between their institutions and other educational institutions, including informal science institutions and K-12 and to understand why building and sustaining strong science/mathematics programs and constructing undergraduate experiences for all students that incorporate a genuine involvement in science and mathematics is central to their responsibility to preserve the long-term distinctiveness  and viability of their own institutions. 

The importance of citizen science


Is it enough to approach material the way a scientist would or is there an important role for citizen science in encouraging an interest in science both for young people and for adults? An increasingly popular approach to enhancing science literacy is to directly involve the public in scientific research. This is comparable to the growing emphasis on undergraduate research experiences, research opportunities for high school teachers and after school and summer research opportunities for K-12 students.

Individuals who gather data and participate in a scientific study gain first-hand knowledge about how science is done. These projects are often called citizen science. The Informal Science Education section in the EHR Directorate has funded a number of these activities. To be a good citizen science project, such activities typically educate participants about the background and significance of the research, enable participants to interact with scientists, include training on how to collect and submit useful and valuable data that will be incorporated into a regional or national science effort. In the process, participants should gain an understanding of how research findings are interpreted and how science relates to their daily lives and interests. The resulting knowledge generated by the project can be disseminated through an established network of youth or community organizations or the creation of museum collaboratives. 

In a recent issue of ASTC Dimensions, Sharon Rowe (2001) described the differing perceptions of the staff at the Missouri St. Louis Science Center about the role of the center in providing access to the experience of scientific research and the extent to which “hands on” exhibits do or do not reflect what scientists do. It is interesting to explore this argument in the light of the growing evidence in support of the value of undergraduate research experiences in promoting learning and in motivating students to pursue careers in STEM fields. 


In St. Louis, one group said that doing research on-site would totally change the direction of the institution and shift the focus away from its traditional emphasis on visitor services and exhibits, while unnecessarily duplicating the work being done at local universities. The other group argued that doing basic science research on-site would allow the Center to reflect science more accurately, allow the staff to tap into the minds of scientists, provide professional development opportunities for teachers and help visitors by challenging their misconceptions about what science is and what scientists do. 


Further investigation of the reasons for the differences among the staff revealed that the two schools of thought arose from different perceptions of what scientific research really is. One group of staff felt that

“Science is a highly specialized endeavor that requires a great deal of investment in money, time and training and therefore is basically beyond the layperson (Rowe 2001 p.6).” For these participants, the role of the center was to help the general public understand the meaning of science and to impart information, concepts and ideas developed by scientists. For these participants, the task is to present findings that would otherwise be too difficult for the general public to understand and to engage their interest.

The other group of staff held the view that

“Science is a way of seeing the world that requires curiosity, some skill and know how and the ability and willingness to ask questions, so it can be open to anybody (Rowe 2001, p. 6).” For these staff, the role of the Center is to model how to do science and how to question and reason the way a scientist does. For these participants, on-site research or networks of investigation extending into the broader community offered a valuable way to involve the public authentically in the conduct of research.

I side with this group. 


It is fun to read through the abstracts of the citizen science projects funded by NSF. Here are some examples.

Monarch butterfly larval monitoring: a nationwide citizen science initiative

The University of Minnesota has launched a nationwide citizen science project to study the lifecycle of monarch butterflies. Scientists from the university are training naturalists and environmental educators at nine host sites who in turn will train volunteer monitors who will work in adult/child teams. The results will be mapped out temporally and spatially and displayed by the UM Environmental Spatial Analysis Center. The results will be used in mini-exhibits at participating nature centers that will focus on monarch and insect ecology and conversation as well as the monitoring efforts. At full scale, the project will involve up to 150 nature centers and almost 5,000 volunteers.

Birds in the Hood

This project builds on the earlier Project Pigeon Watch designed by Cornell’s Laboratory of Ornithology to create a web-based citizen science program for urban residents in Philadelphia, Tampa, Milwaukee, Los Angeles, Chicago and New York City. Participants can choose among three projects: (a) mapping of pigeon and dove habitats and sightings; (b) identifying and counting gulls; and (c) recording habitat and bird count data for birds in the local community. The data will help in the study of population, community and landscape effects on birds.  The goal is to establish 5,000 bird study groups within three years that will engage over 50,000 people. As a veteran birdwatcher, I especially like this project.


As Dennis Bartels (2001) explains it, ASTC institutions bring some very distinctive assets to the task of promoting public understanding of science and public involvement in the scientific enterprise. First, informal science institutions have a wealth of scientific content---exhibits, collections, knowledgable staff—that is more accessible to the public than the assets of most higher education institutions. 


Second, the educators in ASTC institutions know a lot about creating direct experiences with scientific phenomena and have the capacity for advanced partnerships with researchers. Consider this example. In the same issue as Sharon Rowe’ paper, ASTC Dimensions carried an article about a partnership between the NSF-sponsored University of Wisconsin Madison Materials Research Science and Engineering Center on Nanostructured Materials and Interfaces (MRSEC) and the James Lovell Museum of Science, Economics and Technology in Milwaukee. The university researchers contribute material for the Discovery World’s Advanced Materials Lab program designed for 7th to 12th graders. Students are divided into research and discovery teams to explore one of a half-dozen advanced materials such as ferrofluids, shape-memory alloys and piezoelectric polymers. After conducting a series of experiments, each team is asked to develop an idea for how the material might improve an existing technology. 


Third, informal science institutions are nimble and not encumbered with the responsibilities and structures that more formal institutions must respect. They can be more experimental as new educational challenges open up. ASTC institutions are experimenting with new approaches to the preparation and professional development of teachers, the use of digital technology, after-school programs and even charter schools. As Dennis says, you can be a learning lab for the rest of the nation.


Fourth, ASTC institutions are less likely to get caught in the political crossfire between contending camps that argue continuously about what students ought to know and how they ought to be taught. I do hope that this assertion is true since we need some neutral ground in these debates. 


Fifth, ASTC institutions offer a vital resource for teachers who often find these places more congenial and helpful than their local higher education institution. Here they can confer with fellow educators who have similar interests and more freedom to pursue those interests.


Finally, ASTC institutions are a significant resource for the formal educational system itself, offering ideas, programs and challenging experiences for future faculty, for students and for others who are looking for a broader undergraduate, graduate or postdoctoral experience. They are learning labs for the teachers of teachers also as well as for undergraduates.


As Walter Witschey (2001) of the Science Museum of Virginia puts it, science centers are community powerhouses. Every ASTC member is committed to furthering public understanding of science through experiential learning. As an example, the Science Museum of Virginia provides physical spaces for hands-on learning, a traveling science show, a source of adult education and lifelong learning, a mentoring station for both educators and volunteers and an interpretation of the meaning of science. In alliance with schools and universities, SMV also is a field site for K-12 instruction, a center for teacher education, a partner in educational initiatives, a supporter of science standards, a curriculum policy advisor. In addition to all that, the Museum is dedicated to community service as an advocate for culture and the arts and as a community booster and leader in local development as well as serving as a significant local business in its own right with an annual economic impact of over $25M. I was exhausted by the time I finished reading the list of ways that one museum affects a community. 


I hesitate to suggest adding even one more item to such a daunting list but I must. ASTC institutions can and must offer access to actual participation in research for both students and adults. There is truly no better way to promote public understanding of science and to show that science is for everybody, not just a small number of privileged people who become members of the scientific workforce. 

Bibliography

Crane, Valerie, Heather Nicholson, Milton Chen and Stephen Bitgood. (1994) Informal Science Learning, What the research says about television, science museums and community-based projects. Research Communications, Ltd. Dedham MA. 

Bartels, Dennis. (2001). “On site science.” Education Week. September 19, 2001. p. 45

Rowe, Sharon (2001) What is ‘science’ anyway? Differing perceptions among science center staff. ASTC Dimensions. September/October 2001. p. 5-6.

Witschey, Walter (2001) “Many roles to play: the science center as community powerhouse.” ASTC Dimensions. January/February 2001. 

� The ideas expressed here are those of the author and do not necessarily represent those of the National Science Foundation


� According to colleagues in ESIE, best practice research shows that research experiences make the most sense for secondary teachers and middle school teachers who have specialized in one or more specific academic areas. These teachers have a better opportunity to translate their experiences into their classroom work. PreK-6 teachers are more generally prepared and do not easily fit into traditional research environments. That said, it makes sense to involve preK-6 teachers in other ways in experimentation with approaches to work in the classroom.





