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Starting Premise

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 its children and the support it offers for adults to continue to learn.

What challenges are we facing?

· We are entering a transition between generations. 

· As we do so, the demography of this nation is shifting dramatically toward a much more diverse nation. Yet, we have significant gaps in the participation and achievement of women and minorities in many fields vital to our national strength, including the fields of science and engineering.

· An entire nation is now going to college. It is no longer a question of whether to pursue postsecondary education but when.

· The pathways to an education and to the credentials it provides are growing more complex. Fewer and fewer students can hope for an intentional, well-designed education with clear goals and outcomes.

· The supply of highly-skilled, well-educated workers and informed citizens will be limited unless we address the serous inequities in our system.

· We cannot continue to depend upon foreign-born talent although we benefit greatly from the exchange of people and ideas.

· Many of our young people are ill-prepared to meet the challenges of today, much less tomorrow.

What role does NSF play in science, technology, engineering and mathematics education?

· Federal agencies like NSF that sponsor research and development, face the challenges of

- Becoming aware of the problems and shortcomings of the research available

- Informing others about approaches and practices that appear promising or especially effective

- Alerting people to significant changes in the conditions in their organizations or context and trends to study

- Reducing the uncertainties that attend any significant decision or policy choice

- Justifying or challenging current policies based on the research available

- Making sense out of the tacit knowledge of experienced practitioners and the findings of individual investigators

· Creating a language for communication among players in a complex policy arena

· NSF’s role in supporting excellence in STEM education is achieved, in part, through the programs in the portfolio of the Education and Human Resources Directorate and, in part, through the integration of research and education in the other Directorates and Offices of the Agency as well as educational programming within those directorates that addresses the needs of particular disciplines or problem areas, such as Nanotechnology or Cyberinfrastructure. 

· Across the Foundation we focus on investing in the People, the Ideas and the Tools necessary to create the capacity for Discovery, Learning and Innovation in the sciences and engineering.  

· Our approach is guided by three underlying strategies:

· Development of intellectual capital.

· Promotion of the integration of research and education in the projects we support and in our own work within NSF.

· Effective use of collaborations and partnerships, both among our investigators and in our work as an agency.

· Our guidance to proposers and investigators is provided in the form of a description of the two criteria by which we evaluate the proposals we receive.

(1) What is the intellectual merit of the proposed activity? 

How important is the proposed activity to advancing knowledge and understanding within its own field or across different fields? How well qualified is the proposer (individual or team) to conduct the project? (If appropriate, the reviewer will comment on the quality of prior work.) To what extent does the proposed activity suggest and explore creative and original concepts? How well conceived and organized is the proposed activity? Is there sufficient access to resources? 

(2) What are the broader impacts of the proposed activity? 

How well does the activity advance discovery and understanding while promoting teaching, training, and learning? How well does the proposed activity broaden the participation of underrepresented groups (e.g., gender, ethnicity, disability, geographic, etc.)? To what extent will it enhance the infrastructure for research and education, such as facilities, instrumentation, networks, and partnerships? Will the results be disseminated broadly to enhance scientific and technological

understanding? What may be the benefits of the proposed activity to society? 

What does the integration of research and education mean?

There are at least four ways to interpret the idea of integration of research and education. Only two of these are mentioned in the material provided in our proposal guide, although three of them could readily be adopted by a research team in their interactions with the larger community. 

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. 

What does Broadening Participation (Integrating Diversity) mean?


The concept of broadening participation can be examined from the perspective of individuals, disciplines, institutions, and regions of the country. 

1) Individuals: Ensuring that support is provided for a diverse group of talented people to pursue STEM careers.

2) Disciplines: Promoting the involvement of a range of disciplinary perspectives in the conduct of both research and education.

3) Institutions: Encouraging institutions with different missions and characteristics to become involved in NSF sponsored programs.

4) Regions: Investing in greater capacity for each state to be a contributor to the nation’s STEM research and education capacity. 

Goals of the EHR Portfolio

1. Prepare the next generation of STEM professionals and attract more Americans to STEM careers.

2. Increase the technological and scientific literacy of all Americans so that they can exercise responsible citizenship in an increasingly technological society and acquire knowledge of science, mathematics and technology that is appropriate to the development of workforce skills and life-long career opportunities.
3. Broaden participation (diversity) and close the achievement gap in STEM.
4. Attend to critical workforce needs requiring significant math and science skills and knowledge, both by attracting new people to these STEM careers and by support for the development and retooling of the current STEM workforce.

Capacity-Building Strategies

1. Identify effective ways to prepare and support teachers and faculty who can inspire and challenge students in the STEM disciplines and to provide them with effective materials and strategies to promote and assess learning;

2. Invest in research in the science of learning, facilitating the translation of research into practice, and create supportive learning environments and STEM pathways by developing models of reform/systemic change at both institutional and multi-institutional levels through networking, partnerships, alliances and collaborations.
3. Ensure that the STEM community is broadly representative of the nation’s individuals, geographic regions, types of institutions and STEM disciplines; and,

4. Identify effective ways (formal and informal) to address the STEM knowledge requirements of adults so that they can be productive members of the workforce and informed and active citizens.

· We are seeking to instill a research mindset and a culture of evidence to guide the development of the EHR Portfolio. 

· What questions are asked.

· How our solicitations are designed.

· How work is carried out.

· How the results are interpreted, generalized and communicated to a broader audience.

· Who we convene to talk about progress in the field.

· How we interact with the rest of NSF and model the integration of research and education ourselves within our own portfolio and in our work with other directorates

· Our programs are built upon a strong commitment to understanding how people learn and how to enhance learning at all stages of life. 

· We are trying to support a balanced portfolio of approaches that draw upon both quantitative and qualitative methods, often as a package of mixed strategies. This portfolio rests upon a variety of disciplinary perspectives. 

· Our goal is (a) to offer well-researched educational choices that demonstrate what works, under what circumstances, for whom and why; (b) in order to support informed policy and practice decisions on behalf of our nation’s young people and adults; (c) by people who carry the responsibility for our educational systems and for instruction, both public and employer-based. 

How are we going about this? 

Goal 1: We are setting up a cycle in which observations of educational environments and learning lead to theoretical questions that shape the design of inquiry that further deepens our understanding of learning and the creation of learning environments, the behavior of which generates further questions that start the cycle all over again in an upward spiral of discovery. 

Goal 2: We are going to use this cycle of innovation to bridge the gap between research and practice both within the context of the individual projects in our portfolio and across regions and across the nation.

Bridging the Gap Between Research and Practice:  The Three-Part Test for changing practice on the basic of research findings.

There are three ways we will test the value of the work we are doing here. 

· Is the work relevant to our sphere of responsibility (the relevance test)?

· Is the work trustworthy? (the truth test)

· Does the work provide clear guidance and direction in our circumstances? (the utility test) 

To draw research findings and the experience of curricular reform into broader practice, we need to apply three tests:

The Truth test has two elements designed to answer the questions—Is the research trustworthy. Can I rely on it? Will it hold up under attack?

· Research quality: was the work conducted by proper scientific methods?

· Are the results compatible with my own experience, knowledge and values? If not, how can I tell whether the work is sufficiently well-grounded to challenge what I think I know.

The Utility Test asks whether the work offers guidance either for immediate action or for identifying and assessing alternative approaches to problems.

· Does the research show how to make feasible changes in things that can be feasibly changed?

· Does the research challenge current philosophy, program or practice or “conventional wisdom” about how things should be done? Does it offer a new perspective?

Aspirations for an undergraduate education

The premises of the Greater Expectations Report (AAC&U)

First, let me make clear that NSF does not prescribe the goals or content of an undergraduate education. For this segment, I am taking off my NSF hat and putting on my “Chair of the Greater Expectations Panel” hat.

Last fall, the American Association of Colleges and Universities issued a report, entitled Greater Expectations, that sought to define the goals and purposes of an undergraduate liberal arts education for the 21st century.

Starting premises of the Greater Expectations Report

· As I said earlier, our nation is approaching near universal participation in postsecondary education. Yet mere access to postsecondary education is not enough!

· Participants in higher education vary greatly in preparation, background and expectations and in the quality of the experience they receive and the results they enjoy.

· The patterns of participation in postsecondary education have grown increasingly complex and we can no longer assume that all students will attend a single institution or that they will encounter similar philosophies underlying the curriculum. We cannot even assume that they will follow a curriculum. Some may simply accumulate credits and later attempt to fit their record to the requirements of a degree. 

· To ensure that an undergraduate experience has a clear meaning and purpose, we must think beyond institutional lines to consider a larger educational environment and the need to creative coherence by a more explicit declaration of expectations and outcomes that can be embraced by a broader educational community. 

· At the same time, we must make sure that our conception of what it means to have a college education is appropriate for the world as it is today. That was the goal of the Greater Expectations Report. 

· By stating our expectations clearly and explaining them to our students, we believe that we can ensure that students will find some consistency of intent and purpose as they move from one institution to another and will themselves expect more from their education.

principles

· The diversity of higher educational institutions and the many different educational aspirations of our students are a national strength.

· In our report on Greater Expectations, we sought to promote high standards without standardization. We concluded that there are many ways to pursue an undergraduate degree.  

· All of these paths must be illuminated by high expectations, attainable by all.

· Powerful learning builds cumulatively and attention must be given to the gradual enhancement of complexity, depth, engagement and responsibility for learning throughout the course of an educational experience. 

· We are not just setting new expectations for undergraduates; this vision must be widely shared and must guide both K-12 and higher education.

· Coherence can be obtained by a broad acceptance of the concepts of the New Academy, interpreted in many ways by our nation’s higher education institutions and made clear to our students, many of whom will study at more than one institution. 

· In the increasingly complex educational environment of today, coherence may rest more with the student and his or her educational and career planning than with a curriculum articulated and maintained by the faculty of any one institution but we can greatly increase the quality of the experience of all of our students by embracing the principles of the New Academy.

· At the heart of the curriculum is learning, not teaching, supported by a meaningful relationship among students and instructors in a variety of learning contexts.

· In the New Academy, effective education is supported by clear and explicit intentions reflected in all aspects of the educational experience (general education, the major, co-curricular activities, experiential and classroom learning, etc) and the environment in which learning takes place.

Intentionality


What does it take to develop a clear educational philosophy and expectations and to support that philosophy?


For most institutions or most educational communities, transformational change is necessary that is

Deep, affecting underlying culture and values

Institution-wide

Intentional


We are proposing a reinvigorated liberal education for all, an education that is both engaging and meaningful to our students and eminently practical


Liberal education is defined by how we approach learning, not by the particular subject matter taught. It is equally possible for a history class not to be a true experience in liberal education and for a course of professional study to truly exemplify what we mean by liberal education. 


We must not offer our students false choices. A liberal education is also a practical education and will provide our students with precisely what they need to success in the world of the 21st century. 


At the heart of our vision of a New Academy is an engaged and practical liberal education for all students, not just those who attend elite institutions or those who major in the traditional arts and sciences. 


To meet our expectations, the education we offer our students must prepare them to be intentional learners who are  

· empowered through the mastery of intellectual and practical skills

· informed by knowledge about the natural and social worlds and about forms of inquiry basic to these studies

· responsible for their own actions and concerned for the public good.

Reform of Undergraduate education in science, technology, engineering and mathematics: Lessons we have learned from institutions that have undertaken significant curricular change. 

These comments come from my experience as a University President, not as an Assistant Director at NSF, although many of my observations since coming to NSF affirm these points.

1. Major curricular reform must be grounded in a clear institutional mission and a coherent educational philosophy that together create a framework and aspirations to guide the curricular reform process.


Peter Ewell: Any curricular reform must be guided by an overall vision of learning itself, established through systematic research and the wisdom of practice (both hallmarks of an ‘expert culture. Most reform efforts tend to be particularistic and mechanical. They result in add-ons rather than rethinking from within.

2. The curriculum must be designed with a knowledge of how people learn and focused on those circumstances and strategies that promote learning.

· The learner is not just a passive “receptable” of knowledge but rather creates his or her own learning actively and uniquely.

· Learning is about the making of meaning for each individual learner by establishing and reworking patterns, relationships and connections.

· Everyone learns all the time, both with us and without us.

· Direct experience decisively shapes individual understanding.

· Learning occurs best in the context of a compelling and interesting problem.

· Learning requires time and opportunity for reflection.

· Learning occurs in a cultural context tat provides both enjoyable interaction and personal support for all learners as well as a chance to experience collaborative learning and teamwork. 


In sum, the process must not be piecemeal. It must be guided by an overarching philosophy and principles and accompanied by a culture of evidence as well as a sense of purpose and a recognition that knowledge must have consequences in order to be meaningful.


Given what we know about learning, STEM is especially well suited as a means to promote deeper learning and understanding.


According to the participants in the AAHE 1998 Conference on Institutional Change, learning “involves a change in attitudes as well as aptitude” and is a process that culminates in the ability

· To ask the right questions and frame good problems

· To acquire information and evaluate sources of  information

· To critically investigate and solve problems

· To make choices among many alternatives

· To explain concepts to others (verbally and in writing)

· To generalize to new situations.

2. Faculty must understand who their students are, their backgrounds and preparation and their educational goals.

3. There must be a supportive environmental for curricular change.

· Faculty roles and responsibilities must be compatible with a major investment of time and energy in curricular reform. 

· The promotion and tenure process should incorporate rigorous standards that can be applied not only to traditional research and creative activity but also to the evaluation of what Boyer called “the scholarship of teaching.”

· Faculty must be supported by an effective infrastructure and policies that promote collaboration, provide technical assistance for the introduction of new pedagogical approaches, and encourage the evaluation and dissemination of the results of reform as it is being attempted and not simply after the fact.

· Sufficient resources must be provided to validate the priority of curricular reform and to support it. This will require reallocation from other priorities and the utilization of strategic thinking and budgeting at institutional levels.

· Time must be taken to understand the process of change itself and to explore what can be done to ensure that reform can be sustained and enhanced on an institution-wide scale.

4. It takes a long time to change a campus culture and to install significant curricular changes. New approaches to STEM must be aligned with other coordinated efforts to introduce a coherent educational philosophy that guides the design and delivery of the undergraduate curriculum and defines the expectations for the undergraduate experience. Such reform is unlikely to succeed when undertaken either on an individual course-by-course basis or without articulation with a broader curricular reform agenda.

5. Undergraduate experiences in STEM for both majors and non-majors should be approached from the perspective of a liberal arts education.

· All undergraduates should have an in-depth exposure to the modes of inquiry and significant theoretical and practical aspects of each domain of the liberal arts. The sciences frequently are approached differently from other fields. In English, a student learns to write while simultaneously studying the work of others. In History, a student learns to work with original materials and to analyze and interpret them in the context of historical reasoning while reading the work of historians. In the sciences and mathematics, however, undergraduates are often not allowed to engage in original inquiry until they have mastered a significant body of knowledge developed by others. Reforms that introduce undergraduates to discovery and application early in their education can correct this disparity and ensure that students acquire the capacity for moral and ethical reasoning (open-mindedness, an insistence on evidence and empathy for others) as well as a propensity for lifelong learning. 

· As you have heard, The Chemistry Division at NSF is introducing a new program aimed at creating Undergraduate Research Centers (URCs) that will extend opportunities to lower division students to participate in research, perhaps focused pon a single scientific theme, through new alliances and collaborations that draw on the resources of a cross-section of educational institutions, science museums and other community organizations. 

· All undergraduate majors in STEM fields should be designed to prepare students not only for graduate study in that field but also to provide a broadly based liberal education that can be a foundation for a variety of later career directions. This is expected in English, History or Political Science. It should be equally true of Biology, Chemistry, Geology, Physics or Mathematics.

6. Reform in undergraduate STEM can benefit from a close articulation with both K-12 reform and the reform of graduate education, both in teacher preparation programs and in traditional STEM doctoral programs. There is a logical relationship between K-12 reform and the redesign of undergraduate science curricula. Both require that faculty members have experience with curricular change and with the introduction of different pedagogical strategies and that they be skilled in collaboration, both with other faculty on campus and with community partners who can offer off-campus opportunities for original research (e.g. environmental studies). 


To quote from 1998 AAHE Conference participant Karl Smith, “the greatest reform will come when faculty view themselves as reformers in their immediate spheres of influence, especially in their classrooms.”

Questions to open the discussion

1. Does this set of aspirations and the lessons learned from efforts at reform match your own goals and experiences and, if not, how do yours differ?

2. What are you doing to achieve your goals for undergraduate education? What challenges are you encountering? What are you learning from your experiences? 

3. What could NSF do to help you meet your challenges? In answering this question, it may be helpful to know the ways in which NSF can exert influence and provide support.

· What we call for in our solicitations, the expectations we set and the questions we ask.

· The panelists we ask to review our proposals.

· The projects we fund.

· The workshops and conferences we support.

· The ways we work with our investigators and the issues we ask them to discuss when we bring them together or when we conduct site visits.

Appendix

Elements of the EHR Portfolio 

· Supporting individuals to enhance the capabilities of individuals preparing for STEM careers (including K-12 teachers) and people currently in the workforce, and to attract a diverse group of people to become scientists, engineers, technologists, mathematicians and educators;
· Developing ideas, tools and communication strategies that will enhance the quality of STEM education; inform all citizens about science, technology and mathematics; and enhance public understanding of current research and its implications;
· Utilize a solid body of evidence created by an analysis of the existing research and examination of practice to guide further development of the NSF portfolio as well as to support the diffusion and implementation of strategies that promote educational excellence.
· Supporting the development of links among networks of researchers and practitioners that help create the capacity to introduce and sustain change in order to enhance the quality of STEM education, improve the relationship between research and practice and broaden participation in STEM careers;
· Developing institutional environments and enhancing system level interactions and partnerships that support change and the introduction of strategies that will enhance the preparation and development of the STEM  workforce – creating the infrastructure to support collaboration across disciplines and across institutions that promote excellence in STEM education and facilitate the application of innovation to economic development.
Integration of Research and Education 

One of the principal strategies in support of NSF's goals is to foster integration of research and education through the programs, projects and activities it supports at academic and research institutions. These institutions provide abundant opportunities where individuals may concurrently assume responsibilities as researchers, educators, and students, and where all can engage in joint efforts that infuse education with the excitement of discovery and enrich research through the diversity of learning perspectives. 

Integrating Diversity into NSF Programs, Projects, and Activities

Broadening opportunities and enabling the participation of all citizens - women and men, underrepresented minorities, and persons with disabilities - are essential to the health and vitality of science and engineering. NSF is committed to this principle of diversity and deems it central to the programs, projects, and activities it considers and supports.

� 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.





