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As Chairman of the National Science Board, the governing board of the National Science Foundation, I've been asked to outline the vision of science and engineering in the 21st Century from an NSF perspective. 





First, I'd like to briefly review what the Foundation is and how it works,  second, the policy issues it confronts and third, its vision for the future.  





The National Science Foundation (NSF) is an independent agency of the U.S. Government, established in 1950. 





Though part of the Federal government, it is deliberately structured to buffer decisions on its investments from political pressures.  





The Foundation is governed by a National Science Board of 24 presidentially appointed part-time members, who serve 6-year terms.  They are selected to reflect the leadership of U.S. science and engineering.    





The Foundation performs virtually no research itself.  It funds research and education in science and engineering, primarily in the university sector, but also in nonprofit research organizations, and in small businesses for precompetitive research.     





Last year about 30,000 proposals were received and about 9,000 were funded—through a highly competitive merit review system.      





Awards are spread throughout the nation--to about 2,000 colleges, universities, and other research and/or education organizations.  





NSF operates no laboratories itself but does support major research facilities to enable cutting edge science and engineering research and education, such as the National Center for Atmospheric Research (NCAR), national and international observatories, and supercomputing centers.  





What are the policy issues confronting NSF in the 21st Century?  


In its recent report, Going Global, the Council on Competitiveness, an industry think tank, noted that: 





"For the past 50 years, most, if not all of the technological advances have been directly linked to improvements in fundamental understanding.  Investment in discovery creates the seedcorn for future innovation. Government at all levels is the mainstay of the nation's investment in science and engineering research."   





NSF serves as a central player in publicly funded research, yet it operates with a relatively small budget—roughly 4.0 billion annually. 





NSF focuses it programs on high-risk, noncommercial research at the frontiers of knowledge, usually performed in universities.  





Ironically, as science and technology have become more important to the economy and living standards throughout the world, the long-term prospects for sustained, balanced, and visionary investments in research and education are unclear.  





What IS clear today is that the level of national investment in basic research opportunities and development of science and engineering talent is far less than optimal for the health of our science and technology enterprise.





In 1997, the Federal government provided 30 percent of all R&D funds in the US, down from 60 percent three decades ago.  Of the $70 billion Federal investment in R&D, only $17 billion goes to fundamental  research, with NSF’s share less than $4 billion.  Even the 17-billion-dollar level represents two one-thousandths of one percent of our $8.5 trillion economy.  We are eating our seedcorn.





At NSF we ask:  How will we capitalize on the growing opportunities for discovery in the next century?  And how will we keep pace with the growing competition in high technology areas with other countries?





A new report from the Council on Competitiveness, The New Challenge To America’s Prosperity, examines trends in comparative international innovative capacity.  It argues:





“The downward slide of federal support for R&D outside of the health sciences must be reversed... attending to the vitality of basic research at universities need[s] to be part of the solution" (p. 8).    





Striking the same theme, the report from the President’s Information Technology Advisory Committee—the PITAC Report—raised alarm about underinvestment in fundamental research in Information Technology:





“Federal support for research in information technology is dangerously inadequate.  Research programs intended to maintain the flow of new ideas in IT are turning away large numbers of excellent proposals.  In addition, current support is taking a short-term focus, looking for immediate returns, rather than investigating high-risk long term technologies.”  





		It should be noted that four of the top ten companies in the Fortune 500 are infotech companies.  It should also be noted that none of them were even in the Fortune 500 a decade ago.





The concerns raised by the PITAC report resulted in the new Federal initiative—“Information Technology in the Twenty-First Century (IT2),” with NSF as the lead agency.  





Positive as the Federal commitment is to the development of the fundamental science and engineering underlying this important technology, the practice of investing only in response to emerging crises ignores the connectedness of science and the unpredictability of breakthroughs in fundamental knowledge.





Long-term, stable investment in research and education are the keys to national preparedness.





NSF’s vision for the future includes a well-integrated system of science, mathematics, and engineering education that encompasses students and educators at all levels and serves the needs of the workforce, the society, and the individual.  Unfortunately, there is an enormous distance to travel to achieve our vision. 





The problem with education in science, mathematics and engineering below the graduate level in this country is systemic and massive.  





The National Science Board has considered the disturbing implications of the Third International Mathematics and Science Study  (TIMSS), whcih showed an alarming decline from 4th to 8th to 12th grade among U.S. students relative to their international peers.  Like the rest of the Nation, we are alarmed.  





No nation can tolerate the low average performance that characterizes our K-12 education system.  Scattered pockets of excellence will not support the burden of a growing and increasingly sophisticated array of national needs that require a workforce well prepared in science and mathematics.  





The Foundation and political leaders and educators throughout the Nation recognized the futility--after years of sponsoring small projects to enhance curricula--of “tinkering at the edges”of the problem.





Reform and integration of the entire precollege and college education system for mathematics, science and engineering is required.  





NSF has engaged in partnerships with state and local school systems and other concerned organizations to undertake this daunting, but essential, task.  We are carefully monitoring the results of these massive, long-term experiments-- known as systemic initiatives--and demanding measurable progress.  





There are some hopeful indicators in the early grades that have been targeted in our reform efforts.   While the results are preliminary, we are seeing some light at the end of the tunnel of public education in Chicago, Detroit, and El Paso.  





Problems in the precollege system both contribute to, and in turn are affected by, weaknesses in science, mathematics and engineering curricula at the baccalaureate level.   





NSF has long been concerned with the attrition of students from science, mathematics and engineering majors, particularly women and underrepresented minorities.  High attrition is rooted in part in their initial negative experience with poorly designed science, engineering, mathematics coursework.


  


Of equal concern is the poor quality of science, mathematics and engineering preparation for nonmajors.  With few requirements for graduation and unappealing coursework in these subjects, students complete their degrees with inadequate tools for understanding the science, mathematics, and technology that will increasingly affect all areas of their lives.  





Many are poorly prepared not only for jobs requiring a basic grasp of mathematics and the methods of science, but also for intelligent participation as citizens of our democratic society where the decisions concern science and technology.  These underprepared graduates will be our teachers, political leaders, lawyers, neighbors, co-workers, and parents of the next generation.    





NSF is encouraging the universities, through programs such as Research Experiences for Undergraduates (REU)--which provides hands-on experience in research--to help to address this critical problem at the baccalaureate level.  We are especially targeting college education of K-12 teachers.  





This focus promises the dual benefits of  improving competency in science and mathematics among teachers and, through them, enhancing precollege education. 





The U.S. system of graduate education is recognized for its excellence throughout the world, and is emulated to a growing degree by our economic competitors.   





This system not only prepares our own citizens for the workforce but--by drawing high ability graduate and postdoctoral students and outstanding faculty researchers from around the world to study and work in our research institutions--it supplements the "home grown" technical workforce.   





Foreign students and professionals have been a particular boon given the low participation of U.S. students in science, mathematics and engineering.   However, there is reason for concern.  





As our economic competitors build their economies and systems of research and advanced education, we will no longer be able to assume we can rely on an available pool of international students and professionals to supplement our technical workforce.





The responsibility for creating opportunities for learning falls not only on the formal K-12 system and our universities, but also on "informal science"--on museums, science centers, the mass media, and the Internet--that have the ability to deliver wondrous educational experiences outside a classroom setting.





Too few Americans--about one in five--either comprehend or appreciate the value or process of scientific inquiry. The Foundation is redoubling its efforts to reach the general population with opportunities for lifelong learning about science and technology, including outreach through the WorldWide Web and other media--such as TV programs like “Bill Nye the Science Guy,” and an annual award for people and organizations who contribute to public understanding of science or engineering. 





By its very nature, the science and engineering enterprise is global, often requiring access to geographically specific materials and phenomena and to dispersed expertise.  It also requires the open and timely communication, sharing, and validation of findings.  Certain issues and scientific disciplines--for example, climate change, the environment, economic growth, and information technology--are global in their very definition and the proliferation of large, complex, and expensive projects and facilities has required participation and support from many nations.





Recently, the significance of science and technology in the global context has grown dramatically.  





The global economy that emerged in the second half of the 20th century, resting on a highly articulated communication and information infrastructure and rapid, reliable transportation, increasingly relies on knowledge and innovation for its growth and for its core processes.   As a result, the scientific and technical workforce has become larger, increasingly diverse and geographically dispersed as it serves the needs of high technology industries emerging around the world.





How does NSF see S&T Policy in the coming century?





If we are to sustain the U.S. position among the leaders in science and engineering across the frontiers of knowledge we need to be more committed to both identifying and adequately supporting the most promising areas for research, especially high risk, long-term research with the potential for high payoff in advancing knowledge.  





As science and engineering become increasingly global we need to work in partnership across Federal agencies, with industry and with international partners to assure access for our scientists and engineers to the most advanced research tools and exciting opportunities for research collaborations.





And we must be willing to take risks.





The frontiers of knowledge will increasingly demand cross-disciplinary, cross-sector, cross-institution and cross-national collaborations among researchers and their students.  NSF and our friends in the science and technology community will need to work together to facilitate productive adaptations by institutions and scientists to the demands of new forms of research. 





NSF has been experimenting with new forms of collaboration, through cross disciplinary structures within NSF, new contexts for research support, and cooperation among disciplinary programs.  A major innovation is our science and technology centers program.  NSF sponsors 25 such centers.  





The program’s purpose is to enable cooperation between academic science and engineering faculty and their students and researchers in nonprofit, industry, and government research facilities.  





The objectives are to broaden the students’ educational experience;  address large, long-term multidisciplinary research problems that require expensive facilities;  encourage productive synergy among scientists working in different environments on related problems;  and facilitate technology transfer.  Centers address a wide range of research areas, from Particle Astrophysics, to Computer Graphics and Scientific Visualization, to Molecular Biotechnology, and are widely dispersed throughout the Country.  





To conclude, then, our graduate education is a system that works, that is internationally admired as the finest science and engineering graduate education in human history. 


 


But there is reason for concern about the organization of research and the quality of education today, and the willingness of the public to support the investment in frontier research needed to sustain U.S. leadership in high technology areas in the next century.





We at NSF, and our friends in the public and private sectors, need to redouble our efforts to work collaboratively and to improve our outreach to the public and policy makers on the urgency of these concerns.





It is our obligation to our scientific communities, and to our nation, to continually strive to bring the entire the system of education in science, mathematics, engineering and technology to a world class level.  





It is also our obligation to ourselves, and to our future citizens, to insure the benefits of our nation’s leadership in science and engineering through sustaining a healthy research infrastructure for the next century and beyond.





These are our twin goals.





Thank you.	
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