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Challenges we face.

1. The demography of this country is shifting dramatically toward a much more diverse nation. However, we have significant gaps in the participation and achievement of women and minorities in STEM education and in many STEM professions. As the opportunities for STEM professionals increase, we have not seen a comparable increase in enrollments. In fact, in some areas such as mathematics, the enrollments are dropping. This problem will be exacerbated by the changing composition of our society. The participation of minorities and women in STEM professions is significantly less than that enjoyed by white males, especially in fields such as computer science, engineering, geosciences, mathematics and the physical sciences. 

2. It is important to know where the students are that you want to reach. To broaden participation in STEM, we must focus on both minority-serving institutions and majority institutions.  There are many minority students at majority institutions and, compared to White students, minority students are more likely to be enrolled in two-year schools. According to National Center for Education Statistics (NCES) data, there were 103 HBCUs in 1999-2000, 13% of which were two-year schools. There were 215 HSIs that year. Two years later there are 242 HSIs. 53% of these institutions are two-year schools.  

In 1999-2000, Historically Black Colleges and Universities (HBCUs)HBCUs enrolled only 16.7% of all Blacks attending postsecondary institutions; Tribal Colleges accounted for only 8.1% of all American Indian/Alaskan enrollment. In contrast, Hispanic Serving Institutions (HSIs) serve 57.5% of all Hispanic enrollment, but the majority of these were in two-year programs. These institutions are more productive in terms of degrees conferred when compared to majority institutions. In 1999-2000, HBCUs conferred a disproportionate share of degrees upon Black students (professional 28.4%; Doctoral 14.7%; Masters 18.9%; bachelor’s 27.2% and associate degrees 5.7%. While serving 57.5% of Hispanic students enrolled in postsecondary education, in 1999-2000, HSIs produced 21.1% of Hispanic professional degrees; 19.4% of Doctoral degrees; 39% of Masters degrees, 48.7% of bachelor’s degrees and 71.4% of associate degrees.

3. Too few high school graduates are prepared to pursue the study of STEM fields at the postsecondary level and an unacceptably low proportion of high school graduates have achieved competency in mathematics or science. These trends are alarming signs both for the future STEM workforce and for the general competency of the US workforce. Less than 57-64%
 % of high school students study chemistry and fewer than 26-32% study physics. Almost all students take biology (91-94%). Only 60-64% of graduating seniors have taken Algebra II and only 8-10 % have taken trigonometry while 74-77 % have taken geometry. In addition, 23% have taken precalculus and 11% have taken calculus. 
Despite strong efforts to promote enrollment in challenging and more advanced coursework, many students do not complete sufficient science or mathematics to be able to pursue college-level work in these subjects. Algebra, for example, is often seen as a “gatekeeper” course that can affect a student’s future. Taking algebra in the ninth grade “significantly increases students’ chances of continuing on with mathematics study and succeeding in higher levels of mathematics in high school and college.”
 Too few students, especially Hispanic, African American and Native Americans, pass through these “gates.” 

When levels of proficiency are tested using the National Assessment of Educational Progress (NAEP), gains can be seen for both boys and girls in mathematics in grades 4 and 8 during the decade spanning 1990 to 2000 but the gap in achievement between boys and girls did not close. In fact, at 4th grade level the gap widened by 4%. In 2000, at the 12th grade level, only 20% of boys were proficient or above in mathematics and only 14% of girls. Science proficiency did not improve during the decade and in fact, for boys it decreased slightly. In 2000, at the 12th grade level, 21% of boys scored at or above the proficient level and 16% of girls. The gap was even greater for African American, Hispanic and Native American students. For example, in 2000, over 34 percent of white students in grade 8 attained either proficient or advanced levels on the NAEP mathematics test, up from 19 percent in 1990. In contrast, for African American students, the percentage of proficient or advanced remained at 5 percent and for Hispanics, although the percentage doubled, it was still only 9 percent. 

4. A small proportion of students who are prepared for college-level work in STEM fields actually choose to major in those fields and there are significant gender differences in choice of major. Although in 2000, women entered college at a higher rate than men, they were less likely to pursue a science or engineering major despite the fact that gender differences in science and mathematics achievement are minimal. Of the students taking the ACT or SAT in 2001, 9% of boys were planning to major in computer science while only 2% of girls planned to do so. Similar gaps occurred in engineering (12% of boys, 2% of girls). For the biological and physical sciences, boys and girls were equally likely to plan to major in those fields (4-5%). Once enrolled in college, girls were more likely to choose biological sciences, agricultural sciences, social and behavioral sciences or mathematics and statistics.
 In 1998, women earned close to half the baccalaureate science degrees but they remained severely underrepresented in certain fields including engineering (20% of degrees), the physical sciences (29%), computer science (30%) and math (36%). Women were also less likely to pursue an advanced degree, although if they did so, they were as likely to complete their studies as men. Women were, however, more likely to stop at the Master’s level (72% vs. 58%) and not pursue a doctorate. These statistics matter since fewer men are participating in higher education and women and minorities will therefore become a more important potential source of talent for science and engineering. This talent must not be lost. 
5. We do not know much about why people choose careers in STEM or the pathways they travel to prepare themselves and then to remain skilled and competitive. We also do not have the tools to model the STEM workforce or to predict changes in our overall capacity. We must add significant resources to our research support for developing these models and tools as a guide to Federal and state education and workforce policy. We also need a great deal more information about the causes of the gender and racial gaps in participation and achievement and a careful study of how boys and girls and men and women have responded to recent reforms in STEM education at both K-12 and higher education levels.

6. Many of our expectations for improvements in STEM education require transformational changes in our nation’s educational institutions, both K-12 and higher education, as well as in informal science education, yet we know very little about the underlying processes of organizational change, the leadership of change and how to facilitate change. In recent years, the Interagency Research in Education Initiative (IERI), has invested in projects that seek to take instructional interventions in K-12 reading, mathematics and science to a larger scale and NSF has supported a number of projects studying performance of large organizations that are undergoing change. However, many of these studies have addressed change in industry, not education. 
What role will science, technology, engineering and mathematics play in the future?

1. Our future productivity is neither sure nor certain. The strength of the U.S. economy in the past twenty years has depended on a dramatic growth in our own native workforce, whose productivity has been greatly enhanced by significant gains in education, both while preparing to enter the workplace and afterwards. As workers retired, they were replaced by people who were better educated than they were and able to exploit new technologies and create a different kind of workplace where innovation and change is continuous. Knowledge production and the effective use of that knowledge is now essential for organizational success, both in the for-profit and non-profit sectors. Responsible citizenship also increasingly requires a deeper understanding of cultural differences, the impact of humans on the environment, an appreciation of the influence of technology on society, and an understanding of the contributions of science and mathematics. 

2. In a technological age, an entire nation must go to college while the goals of education and the pathways to attaining them continue to grow more and more diverse. According to a recent study by the State Higher Education Systems Officers, no nation can prosper with a poorly educated workforce nor can it continue to compete if its workforce fails to learn continuously. This reality has significant implications for higher education institutions and for state policy-makers. They must rethink what learning means, who is pursuing postsecondary education and for what purposes, how to close the gap in participation and educational achievement among various sectors of our society and how to support the continuous learning that modern society demands.

3. 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. The concept that has emerged in K-12 education that no child can be left behind applies with equal power to the undergraduate experience. 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 apply high expectations to all of our students.

4. Higher Education and K-12 must work together to promote excellence in science education. We already know much more about learning from a theoretical perspective, but there is a significant gap between what the education research and cognitive science communities have discovered about learning and how scientists, engineers and mathematicians apply these theories and research findings in their scholarly work as teachers and curriculum designers. We need 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 agendae. 

5. Social stratification in this country has become increasingly linked to the system of education, especially postsecondary education. Whether a person enrolls in postsecondary education, the type of school he or she attends, and the amount of education he or she receives will have a profound effect on occupational status, access to further career advancement and quality of life. 

6. There are still significant disparities in participation in postsecondary education. Unless we correct this, there will be significant implications for our future workforce needs. While 91% of high school graduates from high-income families apply to four-year institutions, only 62% of college-qualified high school graduates from low-income families attempt a four-year college education. Many of these lower-income students families attempt a four-year college education. Many of these lower-income students students come from socio-economic groups that are much less likely to complete a degree even if they do enroll in college. There are, for example, large numbers of Latinos (Hispanics) in postsecondary education and if anything, a higher proportion of this group enroll than do non-Hispanic whites. However, they tend to pursue paths that are associated with lower chances of attaining a bachelor’s degree or a higher degree
. Many enroll in community colleges or attend part-time and others delay further education until they are older. This pattern sets up the likelihood of significant talent loss
. The pattern of participation of underrepresented students in higher education is partly driven by cost and partly by the lack of access to social networks that smooth the way into college. Even among the highest achieving members of this nation’s lowest socioeconomic groups, the loss of opportunity is dramatic. These individuals are not succeeding in our much-expanded postsecondary educational system. Yet, they represent a growing segment of our population from which our workforce will come.

· We must really believe that science is for everyone and that science is best learned by doing it, not by memorizing scientific facts. To prepare all students in science, every state should study the guidance offered by the AAAS in its Science 2061 series. Although the emphasis in this set of publications is on K-12 education, the approach applies equally well to undergraduate education and should form the basis of a shared philosophy of STEM education that guides the work of both K-12 teachers and college and university faculty. 

Science for All Americans declared that it is possible to construct “a common core of learning in science, mathematics and technology for all young people, regardless of their social circumstances and career aspirations.” Project 2061 levels some serious criticism against the way science is taught in most schools. Although written in 1990, this critique is still frequently true today.


“The present science textbooks and methods of instruction, far from helping, often actually impede progress toward science literacy. They emphasize the learning of answers more than the exploration of questions, memory at the expense of critical thought, bits and pieces of information instead of understandings in context, recitation over argument, reading in lieu of doing. They fail to encourage students to work together, to share ideas and information freely with each other, or to use modern instruments to extend their intellectual capabilities.” (p. xvi)

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) 

· Standards that are based on facts rather than an exploration of scientific understanding will limit the extent to which schools can introduce curricula based on recent research on learning. 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. Scientists and engineers need to learn how to communicate in a trustworthy manner and all of our students need to learn the strengths and limitations of scientific and mathematical reasoning.

Students can best learn how science is done by doing it.  It is important to (a) provide genuine experiences of doing science throughout the school years from preschool through undergraduate education; (b) link the questions addressed by scientific means to issues that students care about; and (c) integrate scientific exploration with other disciplines so that all students can see how science contributes to understanding in any field and, of equal importance, how other fields contribute to science. When science is meaningfully connected to things that young people care about, it becomes an experience rather than a product to be memorized. 
What kinds of policies should the Federal government and the states provide to ensure that our citizens can obtain a high quality science education?

Before answering this, we should take a moment to examine the assumptions that underlie our policy efforts and how we implement our policies.

1. We need to model evidence-based decision-making in our own conduct as policy-makers. Policy should not be built upon a handful of complaints or something we remember from our school days. As in the case of good educational practice, good educational policy must be built on a solid base of research. We need to take the time to get our facts straight before writing laws and policies or setting standards for others to follow. We also need to take time to explore the different values and philosophies that often underlie differences of opinion about what our students should know and be able to do.
2. Expectations of accountability and demands for evidence can have unintended consequences. It is important to take time to be sure that the evidence we call for and the things we measure represent what we really need to know. Otherwise, our demand for productivity and accountability may have unintended consequences. 
3. It is time to think of expenditures for education as an investment in our own future and as good stewardship. In recent years the assumptions upon which Federal and state policy were based, namely that providing financial assistance for institutions and their students would pay off both for individuals and for the community that supported them---in other words there was thought to be both a public and a private gain. It is time to revisit this covenant and reaffirm it. 

4. To develop the knowledge we need to invest in our nation’s future, we need to work together. We must develop ways for the Federal agencies work together to address significant gaps and areas requiring additional investment in the current STEM education and evaluation research portfolio. We must decide which areas should receive the highest priority for additional funding and how to coordinate our efforts so that our modest levels of funding can have the most impact.

5. We must take time to understand our educational system and how it works as well as study the patterns of participation and enrollment. If we are committed to broadening participation in STEM education and STEM careers, for example, it is important to know that less than half of all minority students enroll in minority-serving institutions. Strategies that focus exclusively on MSIs will miss 83% of Black students, 91.9% of Native American students, and 42.5% of Hispanics. It is also important to know that students at these institutions are more likely to complete a degree. 
Policy Issues to Examine

· Funding formulas based on traditional models can limit the capacity of institutions to experiment with new approaches to instruction. States and institutions must provide both incentives and capacity for faculty to take on educational issues seriously and work on enhancing both the undergraduate and graduate experience as well as science, technology and mathematics instruction in K-12. Most state and national policy has focused on the productivity of traditional four-year institutions and on support for students of traditional “college-going age” who are attending traditional institutions
. 

· Most states do not support “nontraditional students” of any age or record adult participation rates in postsecondary education. Federal and state benchmarks for accountability and performance are often based on traditional experiences and underrepresent the costs and achievements of institutions that serve primarily nontraditional students. Given the fact that cost is a significant factor in shaping educational choices, it is interesting that the federal government and the states provide financial support primarily for full-time students who attend classes provided on college campuses. In more advanced policy environments, taxpayer support is provided for part-time study, for independent adults and for instruction at employer sites and through distance learning.  Some states are starting to collect information on adult participation in higher education for strategic planning purposes, develop ways to define the educational needs of their adult population as well as young people. These states approach expenditures on higher education as an investment. 

Given the complexity of the workforce and the growing demands for scientific and technological competency, it is to society’s benefit to help displaced workers build new skills and to help both employers and employees maintain the necessary skill and knowledge level to be competitive in an increasingly technological and knowledge-based work place.

We must develop productive and effective pathways to additional degrees and professional credentials for students who are pursuing different educational and career goals. Lack of effective attention to transitions from one educational level to another is causing a significant loss of talent at these points of transfer. We must support partnerships and alliances among institutions as well as the exploration of alternative credentials that may be of greater interest to employers and utility to graduates than our more traditional degree options. These pathways and options are of particular importance as we seek to broaden participation in STEM education and STEM careers since a higher proportion of women and minorities elect to begin their postbaccalaureate work in nontraditional ways. 

· State policy must encourage employers to invest in the continued learning of their employees and must provide for the re-tooling of people who are displaced by changes in the economy. The current workforce bears the burden of accumulated learning deficits from several sources. Many workers received their elementary and secondary education in an era when the demand for knowledge and skill was much less rigorous. In addition, many of our current workers were not adequately educated even by older standards. Even for people who have been well-educated, changing technology and global competition are rapidly making their education and skills obsolete. We must rethink how we prepare our young people today, how we can close the gaps in participation and achievement that are dividing our nation into educational “haves” and “have-nots” and how we can continuously improve the knowledge and skills of adults. Meanwhile we have an accumulated educational deficit to address that will limit our productivity and create strains in the social fabric of our nation if we do not find ways to offer educational opportunities for our entire workforce. 

· States and accreditation associations must develop ways to provide quality assurance for new forms of education and for-profit providers. A new generation of for-profit providers of education and training has entered the educational marketplace. Many of these new providers are not accredited and few if any statistics are collected about them at the national level. In fact, there is no consistency or organized quality assurance provided for the array of credentials that they are offering or the modes of delivery they utilize, including a variety of distance learning strategies that are responsive to the needs of part-time and adult learners. Our accreditation organizations are seeking new ways to evaluate the quality of these offerings and accredit them but this “parallel universe” is hard to chart and even harder to assess. 

Most employers provide structured or formal education and training opportunities for their employees as demands for lifelong learning and training in new technologies become essential for organizational productivity and success. It is generally accepted that this nation’s position in world markets is strongly tied to the skills of its workforce. In 1995, nearly one in three adults indicated that they had participated that year in some form of adult education, ranging from English as a Second Language through basic skills education, postsecondary credential programs (vocational or degreed), apprenticeships, work-related courses offered by their employers or personal development programs. Within the employed population, over 40% had participated in adult education. College graduates were more than twice as likely to have pursued additional education than high school graduates and members of the workforce who were either young (under age 25) or older (over age 55) were less likely to have been enrolled in education and training of any kind than workers in the “prime years” from 26-54 years of age. In fact, many employers would like to hire workers who are already at least 26 years of age who have demonstrated their skills and productivity in the workplace somewhere else. This pattern foreshadows a problem as workers remain in the workplace longer and as younger people seek to prepare themselves for reasonable employment. 

· The reauthorization of the Higher Education Act offers a rare opportunity to reflect upon the Federal role in the improvement of higher education and the Federal responsibilities for ensuring access to quality education for all students. Both public and private institutions are under great pressure due to the loss of both public and philanthropic support. We must think carefully about the appropriate role of individuals, employers and taxpayers in helping to pay the cost of education and examine the benefits of an education both to individuals and to society-at-large. We must develop appropriate methods for holding colleges and universities accountable for the quality and cost of the education they offer while recognizing the significant role that policymakers and citizens must play in defining the purposes of education and the responsibilities of higher education to society. 

· States must provide assistance to workers entering the workplace and for older workers. Employers are much less likely to support younger and older workers even though these groups provide a much-needed source of skilled labor.  Those in professional or managerial occupations were much more likely to seek advanced education and to be supported by their employers in doing so than those in the trades or semi-skilled work. These patterns compound the disparities that earlier rates of college participation have created within this nation’s population and further broaden the gap between educational haves and have-nots.

· A final pattern to watch carefully is the increasing use of temporary employees
. It seems likely that in the future, the workforce will have two components: employees who work for an organization as part of a core workforce and those who work on short or long-term projects as contractors. These temporary workers may be associated with a “temporary staffing company” that provides some stability, a dependable benefits program and access to continuing education or they may act as independent contractors responsible for their own skill and employability. Within those economic sectors that are most characteristic of the “new economy,” such as information technology, one of every two new jobs created is a contingent one; that is, occupied by a temporary worker. The annual employment market for contingent (i.e. temporary) workers is growing rapidly. While this may be good for the economy because it helps employers adjust quickly to changing market conditions and fluctuations in demand, it is not clear what this will mean for the maintenance of the skills and competitiveness of the workforce. 
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