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Introduction

The NSB Strategic Plan approved in November 1998 (NSB 98-215) is, in the words of the Chairman, “a roadmap for the Board’s activities over the next few years.”  The Education and Human Resources (EHR) Committee, which is charged with reviewing and advising the Board on strategic issues and programs involving science and engineering education and training, has articulated a set of priorities related to the objective in the Strategic Plan titled “Educating the National Workforce.”  Specifically, 

“Processes of education, training, and public literacy in science and technology require expanding capacity, versatility, and learning from preschool through retirement. The Board’s concerns encompass all the major stages of this process

. . . .  The creativity and productivity of the science and engineering workforce will depend ultimately on how schools, colleges, and universities develop and refine human resources.  We need a better understanding of how to determine and assess the potential of students, and how to structure transitions in the educational process to encourage greater aspirations and achievement in science, mathematics, and engineering.”   

The objective, in short, supports outcomes defined in the NSF Strategic Plan, especially those relating to people, including excellence in U.S. science, mathematics, engineering, and technology [SMET] education, an internationally competitive workforce, and well-prepared citizens.

This workplan emphasizes strategies in policy areas the Committee has identified as central to NSB oversight of NSF’s Education and Training portfolio.  In addition, the Committee seeks to strengthen the Board’s national policy role in SMET education.  The workplan outlines issues, findings, and proposals for Board action.  

Issues Raised by the NSB Strategic Plan

The Board is responsible for ensuring quality, effectiveness, integrity, and priority setting related to education and training.  It has resolved “to examine problems and issues of higher education in science and engineering,” focusing especially on:


· The appropriate breadth and focus in education and training responsive to the growing diversity of career and employment opportunities;

· The development of reward systems that support mentoring and outreach;

· The enhancement of collaboration among disciplines as well as research and non-research institutions; and

· Improved data to identify current and emerging national needs for the science and engineering workforce. 

To encourage the development of the Nation’s human resources to their fullest, the Board is also committed to:

· Review and promote policies that encourage the attraction and retention to degree completion of talented students from underrepresented groups;

· Encourage the involvement of scientists and engineers in the improvement of quality of K-12 education through their employing institutions and professional associations; and

· Take advantage of the revolution in access made possible by information technology to promote teaching and learning at all ages, and to build bridges between formal and informal science learning.

Process of Developing the EHR Workplan

Beginning in 1998, the EHR Committee undertook three significant activities:

1. The Committee sponsored a series of field hearings on topics sampled from NSF’s Education and Training portfolio.  The hearings focused on factors needed to create a more seamless system, K-16, of quality mathematics and science education for all students (see draft report, NSB 99-1).  The trio of hearings demonstrated the impact of NSF resources in the areas, respectively, of informal science learning, school-based preK-12 education reform, and higher education as a partner in transforming K-12 preparation for higher learning and the 21st century workforce.
   

2. The Task Force on Math and Science Achievement (which reported to the EHR Committee) conducted a study of the disturbing implications of the Third International Mathematics and Science Study.  In March 1999, the Board issued a report that elucidates the national interest in improving teaching and learning.  Report recommendations were addressed to local communities and particularly those with whom the NSB has special credibility – scientists and engineers in institutions of higher education (Preparing Our Children, NSB 99-31).
 

3. Committee members held extensive discussions of emerging data and national trends viewed against both local experience and the programs and projects stimulated by the National Science Foundation.  The Committee has been a participant in and observer of the national dialogue on improving K-12 education.  It has debated the value added by NSF action, especially the unique roles played by higher education and industry – producers and consumers of a new generation of workers and citizens.  

The Committee has taken several steps to digest what it has learned and coupled its knowledge base to NSF’s objectives to elucidate a workplan that the full NSB can endorse and implement.  The workplan underscores the Board’s dual role of providing guidance to NSF and of illuminating the public debate on national science and engineering policy issues.  

Policy Areas

The NSB/EHR workplan describes the Board’s broad, long-term agenda on national education priorities, programs, and strategies within the context of NSF’s Education and Training portfolio.
  The Board is positioned to make a contribution to the public policy dialogue in five critical areas (discussed below):  Scaling-up Effective K-16 Strategies, Expanding and Applying Research on SMET Education, Promoting Participation through Diversity, Catalyzing Collaboration in SMET Education and Research, and Achieving Public Appreciation of SMET. 

Policy Area 1:
  Scaling-up Effective K-16 Strategies
The challenge to NSF’s K-16 efforts has always been the magnitude of resources

available relative to the scale of the problems and their associated risks.  Seeding positive 

change, leveraging scarce dollars to increase impact, identifying successful models, and 

disseminating knowledge of what works distinguishes NSF’s approach to large,

seemingly intractable problems in SMET teaching and learning.  As in all its programs 

and activities, an overriding question is:   What is the NSF niche?

Historically, NSF has pursued two investment strategies – programs that operate on

particular components of education, e.g., teacher preparation, instructional materials,

increased participation by members of underrepresented groups, and a nearly decade-long effort to take a systemic approach, addressing simultaneously all key components of SMET education, as epitomized in the Statewide (SSI) and Urban (USI) Systemic Initiatives.  In FY 1999, Systemic Initiatives programs represented about $100 million within a $370 million K-12 budget and a $700 million Education and Training portfolio.  Resources in several NSF programs have grown as the pivotal role of teacher preparation and the professional development of current teachers in content standards-based reform has been recognized.


The Committee will harvest lessons from K-12 systemic reform.  The recently renamed Urban Systemic Program, for example, provides a baseline of medium-to-large district models for inducing system-wide reform, K-14.  Given the constraints operating on teachers, schools, districts, and states, it is essential to accumulate and distill evidence on the complexity of change in classroom practice.  Specifically, the Board will: 

· Identify key practices in systemic reform, embedded in models by which institutions of higher education partner with K-12 school systems and aid scale-up through adaptation by other sites; 

· Examine success stories in connecting Colleges of Education with Colleges of Arts and Sciences and with K-12 school systems to change the character of teacher preparation, especially teacher content knowledge, facility with technology, and instructional methods; and
· Promote activities targeted to parents and community organizations that enhance support of standards-based mathematics and science teaching and learning.  Activities include the certification of qualified teachers; adoption of rigorous materials; and measures of student, teacher, and school performance that are fair and meaningful.

Policy Area 2:
  Expanding and Applying Research on SMET Education 



Research on the science of learning underlies SMET teaching and learning at all levels.  It also demonstrates the value of information technologies (IT) as a tool of instruction, inquiry, and innovation.  But improving the knowledge base known as “research on practice” is only the beginning.  Applying these findings to practices across institutions and learners of all ages is an immediate aim.  There are many needs:  to discover the links between brain development and environmental influences on cognition; to enhance student preparation; reduce attrition and increase undergraduate SMET degree conferrals; increase opportunities for and modes of parental involvement; and raise the participation in SMET careers of women, minorities, and persons with disabilities who represent growing segments of the student population historically underserved by educational institutions.  

Common to all these needs is research and evaluation in schools.  We must know what is tried, how well it works, how it is reinforced by parents and home experiences, ways of measuring process and outcome, and how best to share lessons with others in similar settings as well as with the sponsoring agencies.  

Research could be more closely coupled to the implementation activities in NSF’s Education and Training portfolio.  Two Federal 1997 reports influenced this portfolio and that of other agencies:  the PCAST report on educational technology and the NSTC Committee report on preschool learning, cognitive development, and the national under-investment in education-related research and evaluation.  The resulting Interagency Education Research Initiative led by NSF, the Department of Education, and the National Institute for Child Health and Human Development has made its first awards.  The first year focused on fundamental understanding of teaching and early learning of math, science, and reading, and builds on NSF programs in various directorates.  

This policy area integrates research on learning with implementation and captures the benefits of changing practice in each domain.  The Committee would like to know what neuroscience and cognitive science tell us about processes of human learning.  At the same time, the Committee needs to understand how IT changes teacher preparation, undergraduate instruction, and research on how people of different ages (preschool through retirement) and in various settings (home, school, work) learn.
The Committee expects the Board to provide guidance on research on learning.  As focal points within this broad policy areas, the Committee will:

· Examine how current NSF programs featuring IT connect advances in knowledge to teaching and learning practices in schools, institutions of higher education, and the workforce;

· Revisit the implications of the goal of SMET for all undergraduates, and how recent reports (e.g., by NRC) on undergraduate reform should inform the Education and Training portfolio; and

· Suggest what new indicators of SMET education, especially quality and access, can be developed for use in Science & Engineering Indicators. 

Policy Area 3:
 Promoting Participation through Diversity 

A gap in opportunity precedes the gap in SMET performance observed between majority and minority students.  As the student population moves toward “majority minority” composition, such gaps are foreboding.  They signal deficits in preparation for the workforce and entry to higher education, and arouse concerns about the criteria affecting the transition from recruitment-admissions-retention-to-degree-taking.  Data on college enrollment and retention (e.g., from NSF, NCES, ETS, NACME) have increasingly called attention to the admissions criteria and processes used by higher education institutions.  Public policy is in flux.  

The current legal climate complicates the cumulative lack of diversity among S&T professionals across sectors and in the leadership of SMET disciplines and institutions.  Federal agencies that formerly offered support targeted to certain groups have been constrained.  In response, agencies have instituted strategies aimed at those institutions (e.g., NSF’s MGE Program) that serve large numbers of minority students, and featuring partnerships with research universities willing to share faculty, facilities, and equipment.  

The Committee, to strengthen the NSF role in diversifying the pool of SMET students and the racial and ethnic composition of the S&T workforce, will:

· Analyze how NSF institution-level programs such as LSAMP have increased access and achievement in SMET.  The purpose is to identify basic ingredients of such successes that can be shared and emulated;

· Evaluate, in view of recent studies by NRC and others, how dependence on standardized tests (notably, the SAT and the GRE) filter students inappropriately and/or unfairly; and

· Disentangle the policy challenges rooted in the interplay of domestic and international students at the graduate level, especially issues of foreign students’ gravitation to certain fields, the interaction of gender and ethnicity in attracting or repelling students by discipline, and the likely consequences of H1-B visa activity.   

An overarching policy question is:  How do targeted institutional and individual programs, as opposed to research grants with human resource provisions, achieve diversity among undergraduate, graduate, and postdoctoral students.  To address this and related issues, the Committee will need to obtain information from sources such as interim and final project reports, disaggregated NSF tallies on mechanisms and amounts of graduate student support, and other databases. 

Policy Area 4:  Catalyzing Collaboration in SMET Education and Research

Collaboration across institutions and sectors is the hallmark of innovation in SMET education and research.  How do organizations successfully collaborate?  The Board's 1998 report, The Federal Role in Science and Engineering Graduate and Postdoctoral Education (NSB 97-235), recommended:  

· “Closer collaboration between faculty in non-research and research institutions”; 

· Aiding the “transition from undergraduate to graduate programs across institutions”;
· Rewarding institutions that “provide a range of educational and training options to graduate students . . . interdisciplinary emphasis, teamwork, business management skills, and information technologies” and 
· Aligning “faculty reward systems” to recognize “excellence in teaching, mentoring, and other areas of faculty responsibility.”  

The Committee will identify new opportunities for motivating institutions to develop human resources and prepare them for particular careers.  The Committee has detected common themes across stages of SMET education, BS to postdoc, that invite creativity in motivating and catalyzing knowledge and skills development.  These include access to opportunity, models for innovative training, institutional programs that emphasize versatility and preparation for multiple career paths, and rewards for collaboration across units on campus and between institutions.  In particular, the Committee will: 

· Focus on how NSF programs such as EPSCoR, PACI, ERCs, and STCs might induce cross-institutional collaboration through linkage with education-focused programs such as Graduate K-12 Teaching Fellowships (colleges, universities, and school districts), Advanced Technological Education (secondary schools, 2- and 4-years colleges, and industry), and the Systemic Initiatives; 

· Inventory the evidence that NSF programs (e.g., IGERT, CAREER) influence faculty rewards relative to research, teaching, mentoring, and engagement with K-12 education; and

· Explore how the concentration of Federal R&D funds in few research institutions inhibits innovation in the orientation of new PhDs who increasingly move to teaching institutions.
 


Policy Area 5:  Achieving Public Appreciation of SMET
 

Public understanding of science underlies the fortunes of NSF, the R&D agencies more generally, and indeed the technological society of the 21st century.  Awareness of science, however, is fundamentally different from understanding the processes of science, including its impacts on everyday life, and the consequences for generations.  Public science literacy is typically pursued in informal science institutions such as museums, aquaria, and zoos, or through the media, instead of through schooling.  Clearly, different segments of the population are targeted through the formal and informal systems.  But IT presents opportunities for “connecting” citizens of all ages through a global network of discovery and inquiry.  Similarly, the resources available to students in schools could be extended to libraries and community centers where “learning through doing” can take place.   Such experiences seem to nourish appreciation for science as an activity, as well as a body of knowledge and artifacts, curiosity for why things work the way they do, and a healthy skepticism becoming of all citizens in a democracy.

The Committee, in sum, will develop a more systematic understanding of how museum, media, and community organizations, especially through NSF/EHR’s Informal Science Education program ($46 million in FY 1999), promote public appreciation of science. It will seek to understand the importance of appreciation in building support, enhancing learning, and influencing other public attitudes.     

Because the ad hoc Committee on Communication and Outreach is currently studying the public interest in communicating science, and NSB activities in conjunction with NSF’s 50th anniversary celebration are in progress, the EHR Committee is focused in this policy area on NSF programs that complement formal learning initiatives.
 

Timetable and Priorities

The Committee has engaged in a process that has yielded the five policy areas.  While the priorities among them are to be determined, this is a long-term agenda with obvious 

overlaps.  From the discussion above, the following prominent themes emerge as of potentially high impact in the near term:  

· How to create a more seamless K-16 system;

· How to diversify the pool of mathematics and science-prepared students;

· How IT is revolutionizing content, pedagogy, and forms of partnership; and 

· How NSF programs provide leadership, opportunity, and accountability for gains in student, teacher/faculty, institutional, and systemic performance.

The EHR Committee, on behalf of the NSB, will explore, analyze, and recommend activities that implement the workplan.  The Committee will prepare a description and timetable for each activity, indicating its form – hearing, briefing, report, statement, resolution – reporting its findings, and recommending actions to be taken by the Board.  

� As a dimension of investment, the category of “people” represents roughly one-quarter of NSF’s budget, while “ideas” and “tools” account for most of the rest.





� The report will soon be posted at the NSB web site � HYPERLINK "http://www.nsf.gov/nsb/committees/" ��www.nsf.gov/nsb/committees/�.





� An interim NSB statement, Failing Our Children:  Implications of the Third International Mathematics and Science Study, was issued on July 31, 1998 (NSB 98-154).  Note that the Preparing Our Children report analyzed the national interest in SMET education, not NSF’s programs or successes.  





� The EHR Directorate Advisory Committee has independently taken up this portfolio question, both in terms of resource distribution and impacts.  Its focus, however, is necessarily shorter term and more programmatic.


� There are implications of EHR Committee findings for the NSB Committee on Program and Plans, which oversees NSF’s portfolio and the merit review process by which investment decisions are made.  These include questions about how interdisciplinary, long-term, and high-risk research can be encouraged by a competitive process that concentrates funding in 50-100 research universities.  Related challenges center on diversifying the pool of reviewers from a wide array of academic and nonacademic institutions, and striking a healthy balance in the reviewer pool between new performers and seasoned investigators.


� Funding of joint NSF-Department of Education projects on public awareness of science campaigns began only a year ago.  While waiting for preliminary results, the Committee could consider elementary teachers as one public that should appreciate and use science.  Therefore, they represent a target for leveraging professional development by means of, for example, informal science.  
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