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Summary

A TRANSFORMATIONAL MOMENT

Our ability to meet the challenges and achieve the opportunities of our
time depends in large measure on our science and engineering (S&E) enter-
prise. Yet, while our S&E capability is as strong as ever, the dominance of the
United States in these fields has lessened as the rest of the world has invested
in and grown their research and education capacities. Rising Above the
Gathering Storm documented this global leveling and argued that the United
States was at a crossroads: For the United States to maintain the global
leadership and competitiveness in science and technology that are critical to
achieving national goals today, we must invest in research, encourage inno-
vation, and grow a strong, talented, and innovative science and technology
workforce.! Gathering Storm resonated strongly in both the executive and
legislative branches of government, resulting in the American Competitive
Incentive Act, the America COMPETES Act, and substantial appropriations
through the American Recovery and Reinvestment Act of 2009.

The importance of S&E to the United States has been documented
in a series of reports over more than half a century. Nevertheless, critical
issues for the nation’s S&E infrastructure remain unsettled. Among them,
America faces a demographic challenge with regard to its S&E workforce:
Minorities are seriously underrepresented in science and engineering, yet

! Institute of Medicine, National Academy of Sciences, and National Academy of Engi-
neering. 2007. Rising Above the Gathering Storm: Energizing and Employing America for a
Brighter Economic Future. Washington, DC: The National Academies Press.
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2 EXPANDING UNDERREPRESENTED MINORITY PARTICIPATION

they are also the most rapidly growing segment of the population. Gathering
Storm provided compelling recommendations for sustaining and increasing
our knowledge workforce as part of a larger plan to sustain the nation’s
scientific and technological leadership. These workforce recommendations
focused on improving K-12 STEM education as well as providing incentives
for students to pursue S&E education at the undergraduate and graduate
levels.> We fully support these recommendations, but they are insufficient
to meet the emerging demographic realities. The United States stands again
at the crossroads: A national effort to sustain and strengthen S&E must
also include a strategy for ensuring that we draw on the minds and talents
of all Americans, including minorities who are underrepresented in S&E
and currently embody a vastly underused resource and a lost opportunity
for meeting our nation’s technology needs.

Citing the need to develop a strong and diverse S&E workforce, U.S.
Senators Edward Kennedy, Barbara Mikulski, Patty Murray, and Hillary
Clinton requested in November 2006 a study of underrepresented minority
participation in S&E. The U.S. Congress later included this request as a
mandate in the 2007 America COMPETES Act, charging the study com-
mittee to explore the role of diversity in the STEM workforce and its value
in keeping America innovative and competitive, analyze the rate of change
and the challenges the nation currently faces in developing a strong and
diverse workforce, and identify best practices and the characteristics of these
practices that make them effective and sustainable.

AMERICA’S SCIENCE AND ENGINEERING TALENT
AT THE CROSSROADS

Broad Participation Matters

A strategy to increase the participation of underrepresented minorities
in science and engineering should play a central role in our approach to
sustaining America’s research and innovation capacity for at least three
reasons:

1.  Ouwur sources for the future SGE workforce are uncertain: For many
years, the nation relied on an S&E workforce that was predominantly
male and overwhelmingly white and Asian. In the more recent past, as the
proportion of the S&E workforce that is white and male has fluctuated,
we have seen gains for women in some fields and an increasing reliance on
international students in others. Non-U.S. citizens, particularly those from
China and India, have accounted for almost all growth in STEM doctorate

2 Ibid. pp. 5-7, 9-10.
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awards and in some engineering fields comprise the majority of new doctor-
ates. Yet, we are coming to understand that relying on non-U.S. citizens for
our S&E workforce is an increasingly uncertain proposition.

2. The demographics of our domestic population are shifting dra-
matically: If the uncertainty about the future participation of international
students suggests that we need to ensure that we draw on all demographic
sources, the dramatic changes in the demographics of the domestic popula-
tion, especially the school-age population, suggest that the problem is all
the more urgent: Those groups that are most underrepresented in SC'E are
also the fastest growing in the general population.

3. Diversity is an asset: Increasing the participation and success of
underrepresented minorities in S&E contributes to the health of the nation
by expanding the S&E talent pool, enhancing innovation, and improving
the nation’s global economic leadership.

Dimensions of the Problem

The S&E workforce is large and fast-growing: more than 5 million
strong and projected by the U.S. Bureau of Labor Statistics to grow faster
than any other sector in coming years. This growth rate provides an
opportunity as well as an obligation to draw on new sources of talent to
make the S&E workforce as robust and dynamic as possible. But we start
from a challenging position: Underrepresented minority groups comprised
28.5 percent of our national population in 2006, yet just 9.1 percent of
college-educated Americans in science and engineering occupations (aca-
demic and nonacademic), suggesting the proportion of underrepresented
minorities in S&E would need to triple to match their share of the overall
U.S. population.

Underrepresentation of this magnitude in the S&E workforce stems
from the underproduction of minorities in S&E at every level of post-
secondary education, with a progressive loss of representation as we proceed
up the academic ladder. In 2007, underrepresented minorities comprised
38.8 percent of K-12 public enrollment, 33.2 percent of the U.S college age
population, 26.2 percent of undergraduate enrollment, and 17.7 percent of
those earning science and engineering bachelor’s degrees. In graduate school,
underrepresented minorities comprise 17.7 percent of overall enrollment but
are awarded just 14.6 percent of S&E master’s degrees and a miniscule 5.4
percent of S&E doctorates.

Historically, there has been a strong connection between increas-
ing educational attainment in the United States and the growth in and
global leadership of the economy. Consequently, there have been calls—
from the College Board, the Lumina and Gates Foundations, and the
administration—to increase the postsecondary completion rate in the United
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States from 39 percent to 55 or 60 percent. The challenge is greatest for
underrepresented minorities: In 2006 only 26 percent of African Americans,
18 percent of American Indians, and 16 percent of Hispanics in the 25- to
29-year-old cohort had attained at least an associate degree.> The news is
even worse in S&E fields. In 2000, as noted in Gathering Storm, the United
States ranked 20 out of 24 countries in the percentage of 24-year-olds who
had earned a first degree in the natural sciences or engineering. Based on
these data, Gathering Storm recommended efforts to increase the percentage
of 24-year-olds with these degrees from 6 percent to at least 10 percent, the
benchmark already attained by several countries.* But again, the statistics
are even more alarming for underrepresented minorities. These students
would need to triple, quadruple, or even quintuple their proportions with a
first university degree in these fields in order to achieve this 10 percent goal:
At present, just 2.7 percent of African Americans, 3.3 percent of Native
Americans and Alaska Natives, and 2.2 percent of Hispanics and Latinos
who are 24 years old have earned a first university degree in the natural
sciences or engineering.’

Recent data from the Higher Education Research Institute (HERI) at
UCLA show that underrepresented minorities aspire to major in STEM in
college at the same rates as their white and Asian American peers, and have
done so since the late 1980s. Yet, these underrepresented minorities have
lower four- and five-year completion rates relative to those of whites and
Asian Americans. That a similar picture previously was seen in data in the
mid-1990s signals that, although we have been aware of these problems for
some time, we, as a nation, have made little collective progress in address-
ing them.

Fixing the Problem

No single career pathway or pipeline exists in STEM education. Stu-
dents start from diverse places, with different family backgrounds and
schools and communities with different resources and traditions. There also
is substantial variation in K-12 mathematics and science education across
schools, districts, and states. STEM courses, moreover, serve varied purposes
for students on different tracks.

3 Ryu Mikyung. 2008. Minorities in Higher Education. Washington, DC: American Council
on Education.

410M, NAS, and NAE. 2007. Rising Above the Gathering Storm: Energizing and Employ-
ing America for a Brighter Economic Future. Washington, DC: The National Academies
Press.

S National Science Foundation, Women, Minorities, and Persons with Disabilities in
Science and Engineering, http://www.nsf.gov/statistics/’wmpd/ (accessed March 27, 2009);
and U.S. Census Bureau, Population estimates, http://www.census.gov/popest/national/asrh/
NC-EST2007-asrh.html (accessed March 27, 2009).



SUMMARY 5

Although a set of pathways may be difficult to describe in detail, the
ingredients for success in STEM are the acquisition of knowledge, skills,
and habits of mind; opportunities to put these into practice; a developing
sense of competence and progress; motivation to be in, a sense of belong-
ing to, or self-identification with the field; and information about stages,
requirements, and opportunities. These ingredients require attention in
some measure for all students at every stage along the STEM educational
continuum. However, there are issues that are specific to underrepresented
minorities, in general and in STEM, focused on preparation, access and
motivation, financial aid, academic support, and social integration.

Preparation

The education children receive from preschool through high school is
foundational and critical. For STEM, quality preparation is a prerequisite
for later success. From “A Nation at Risk” 25 years ago to current debates
over reauthorization of the No Child Left Behind Act, interventions have
been a subject of contention. Yet today, the nation remains faced with many
of the same issues it has grappled with for years: failing schools, inequitable
distributions of resources across schools, achievement gaps, and increasing
demand for skilled workers in science, technology, and other knowledge-
intensive fields. Moreover, substantial growth in the nation’s Hispanic
population has increased pressure on our nation’s schools by increasing the
number of nonnative English speakers.

Researchers offer many explanations for the persistent achievement
gaps while recognizing that there are many interrelated factors. They agree
that family and community differences, school context, low expectations,
and lack of exposure to role models, information about career opportuni-
ties, and advanced courses affect minority students’ success in mathematics
and science. Although there is considerable disagreement over solutions such
as school choice, testing, and teacher pay, there is substantial agreement
about the need for strong preschool programs, more qualified mathematics
and science teachers in predominantly minority and low-income schools,
and challenging high school curricula that prepare underrepresented minori-
ties for college.

Access and Motivation

The S&E workforce in the United States is drawn primarily from among
our nation’s undergraduates who complete at least a bachelor’s degree.
Undergraduate enrollment of underrepresented minorities has increased
substantially over the past three decades and at a rate faster than for whites.
As a result, they now comprise 26.2 percent of all undergraduates. While
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this falls short of their proportion in the college age population (33.2 per-
cent), this increase in their numbers and proportions nonetheless represents
a significant national achievement.

However, we must do much more to attract and retain underrepresented
minorities, low-income students, and first-generation undergraduates who
aspire to a major in STEM. Specifically, we can do the following: (1) improve
college awareness activities for prospective college students, (2) focus on
college admissions policies that support the postsecondary matriculation of
qualified underrepresented minority students, (3) raise awareness of STEM
careers through K-12 activities, improved counseling for science and math-
ematics, and activities that promote STEM, and (4) promote STEM outreach
that specifically targets underrepresented minorities.

Affordability

College affordability is an issue for all students, especially as tuition
continues to increase above the rate of inflation, and is affected by federal,
state, and institutional policies. Financial support that meets student need
is strongly correlated with student attendance and persistence. For under-
represented minorities in STEM, financial support can come from a range
of programs, including need-based financial aid programs (e.g., Pell Grants),
general programs supporting underrepresented minorities (e.g., Gates Mil-
lennium Scholarships), financial aid that targets students in STEM (e.g.,
SMART Grants), and programs that target underrepresented minorities in
STEM (e.g., NIH’s MARC program). While some financial assistance may
be need-based, programs that target underrepresented minorities in STEM
are necessary. Researchers have shown that financial incentives are most
effective in reducing attrition among low-income and minority students
when provided in conjunction with academic support and campus integra-
tion programs.

Academic and Social Support

A study of undergraduate persistence by the National Center for Educa-
tion Statistics (NCES) found that although women were less likely to major
in STEM than men, they had similar or higher persistence rates. By con-
trast, they found that underrepresented minorities majored in STEM at the
same rate as others, but their completion rate was lower, a finding recently
corroborated by HERI. NCES concluded that underrepresented minorities
faced greater barriers to persistence and completion. Other researchers note
also that the culture and climate of institutions, including the diversity of
faculty, impact the entire process from entry to graduation.
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Several practical steps can be taken to increase the completion of
minorities: Make student success a priority, track student achievement,
identify “choke points” such as course availability, make course transfer
easier, and ensure that courses are structured to properly support students.
Only higher education institutions can address these issues and only they
can ensure the academic and social support necessary for underrepresented
minority students in STEM. To address issues of self-confidence and inclu-
sion that are profoundly salient, institutions can play a pivotal role, through
formal and informal actions, to encourage persistence through:

e Strong leadership from trustees and regents, the president, provost,
deans, and department chairs;

e A campus-wide commitment to inclusiveness;

e A deliberate process of self-appraisal focused on campus climate;

e Development of a plan to implement constructive change; and

e Ongoing evaluation of implementation efforts.

THE JOURNEY BEYOND THE CROSSROADS

Principles

Six principles have informed the development of our recommendations
to move “beyond the crossroads” to the implementation of actions designed
to increase the participation and success of underrepresented minorities in
STEM education. Given how long it takes to realize gains from educational
reform, the national effort must be urgent, sustained, comprehensive, inten-
sive, coordinated, and informed:

1. The problem is urgent and will continue to be for the foreseeable
future.

2. A successful national effort to address underrepresented minority
participation and success in STEM will be sustained.

3. The potential for losing students along all segments of the path-
way from preschool through graduate school necessitates a comprebensive
approach that focuses on all segments of the pathway, all stakeholders, and
the potential of all programs, targeted or nontargeted.

4. Students who have not had the same degree of exposure to STEM
and to postsecondary education require more intensive efforts at each level
to provide adequate preparation, financial support, mentoring, social inte-
gration, and professional development.

5. A coordinated approach to existing federal STEM programs can
leverage resources while supporting programs tailored to the specific mis-
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sions, histories, cultures, student populations, and geographic locations of
institutions with demonstrated success.

6. Evaluation of STEM programs and increased research on the many
dimensions of underrepresented minorities” experience in STEM help ensure
that programs are well informed, well designed, and successful.

Institutional Roles

The diversity of American higher education institutions is a competitive
advantage in the global knowledge economy as different types of institutions
address the varied needs of students who find themselves at different places
in their educational journey with a range of life and career goals. This insti-
tutional diversity could be, but is not yet, effective in addressing the varied
needs of the nation’s underrepresented minority students in STEM. For our
recommended action to be successful, every institution of higher education
should take steps to address the problem of underrepresented minority
participation in STEM. Currently, only a small number of institutions are
doing so. They are diverse and can be found among all institutional types
and categories; they are successful because they are doing something spe-
cial to support the retention and completion of underrepresented minority
undergraduates in the natural sciences and engineering. Their actions can be
replicated, and when they are, with a focus on both numbers and quality,
it will pay off significantly:

e PredominantlyWhite Institutions: The best way to increase the
retention of underrepresented minorities in STEM is to replicate programs
of the successful PWIs at a very large number of similar institutions, espe-
cially large state flagships.

e  Minority-Serving Institutions: MSIs have a legacy of recruiting,
retaining, and graduating a disproportionate number of minorities, espe-
cially at the undergraduate level. With additional support, MSIs can expand
their effectiveness in recruiting, retaining, and graduating an increased
number of minorities, especially at the baccalaureate level.

e  Community Colleges: To facilitate and increase the successful trans-
fer of underrepresented minorities in STEM to four-year institutions, an
increased emphasis on and support for articulation agreements, summer
bridge programs, mentoring, academic and career counseling, peer support,
and undergraduate research at two-year institutions are recommended.

Leadership

Leadership is key to the successful transformation of institutions and
the development of sustainable programs:
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e Sectoral Leadership: Leadership in identifying and articulating
minority participation and success as an institutional goal is essential at all
levels for all stakeholders: the federal government, state and local govern-
ments, employers, philanthropy, professional societies, educational institu-
tions, programs, faculty, and students.

e Institutional Leadership: At each higher education institution,
the academic leadership—regents, trustees, presidents, provosts, deans,
and department chairs—should articulate underrepresented minority par-
ticipation as a key commitment to set a tone that raises awareness and
effort. Faculty buy-in is essential. Institutional leaders also should be more
aggressive in investing in the development of underrepresented minority
teachers, faculty, and administrators who can serve as role models and
leaders.

e Programmatic Leadership: A champion at the program level pro-
viding leadership dedicated to long-term improvement is typically critical
to the success of underrepresented minority programs at the undergraduate
and graduate levels.

Program Development

The literature on best practices for increasing minority participation in
STEM education provides guidance for the development and execution of
the policies and programs that are designed to change the academic culture
and sustain programs so as to encourage student retention, persistence,
and completion. Below are key elements for developing a program that are
necessary to transform goals into reality.

e Resources and Sustainability: The development of programs to
stimulate student interest and success in STEM, in general and for programs
that target minorities, requires substantial and sustained resources.

e Coordination and Integration: Coordination and integration of
efforts can make the aggregate of individual programs greater than the sum
of their parts.

e Focus on the Pipeline, Career Pathways, and Transition Points: A
corollary to coordination and integration is programs and strategies that
focus on career pathways and critical pipeline transition points.

e Program Design: A successful program may be innovative or repli-
cative and will draw on the lessons of best and worst practices in program
development and implementation, but it will be tailored to its particular
institutional and disciplinary context.

e Program Execution: Even if a program is well designed, well
resourced, and appropriately targeted, without proper execution it has
little chance of full success.
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e Program Evaluation: Whether a program meets or exceeds organi-
zational goals is subject to examination. Programs designed to increase the
participation of underrepresented minorities benefit themselves and others
by engaging in ongoing, constructive evaluation.

e Knowledge Sharing: A corollary to the importance of program
evaluation is the dissemination of information about practice derived from
these evaluations and other research.

Program Characteristics

While many strategies for academic support and social integration
apply equally to students in STEM fields regardless of their racial or ethnic
background, for underrepresented minority students these can be critical
for opening doors of opportunity. Proven, intensive interventions for under-
represented minorities in STEM include:

e  Summer Programs: Summer programs that include or target minor-
ity middle and high school and undergraduate students provide experiences
that stimulate interest in these fields through study, hands-on research, and
the development of a cadre of students who support each other in their
interests.

e Research Experiences: At the undergraduate and graduate level,
engagement in rich research experiences allows for the further development
of interest and competence in and identification with STEM and enhances
academic competitiveness.

e Professional Development Activities: Opportunities for under-
graduate and graduate students to engage in networking, participation in
conferences, and presentation of research provide opportunities to develop
and socialize students within a discipline and profession.

e Academic Support and Social Integration: Success may also hinge
on the extent to which undergraduate and graduate students participate
in activities—such as peer-to-peer support, study groups, social activities,
tutoring, and mentoring programs—that can promote academic success and
social integration.

e  Mentoring: Engaged mentors can provide undergraduate and grad-
uate students with information, advice, and guidance and support generally
and at critical decision points.

Students should also have access to proper facilities and equipment, and
course curricula should be formulated to encourage student learning and
progress—something that seems self-evident, except that many introductory
courses in the sciences have traditionally sought to “weed out” students
rather than encourage them.
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Recommendations and Implementation Actions

A successful national effort to increase the participation and success
of underrepresented minorities in STEM will be urgent, sustained, com-
prehensive, intensive, coordinated, and informed. It will also cut across all
educational stages and stakeholder groups. With these principles in mind,
the committee has developed six broad recommendations followed by
implementation actions that should be taken by specific stakeholders. Fol-
lowing the six broad recommendations, we propose two top priorities that
should serve as the near-term focal point for national policies for broaden-
ing participation.

Preparation

Recommendation 1: Preschool through Grade 3 Education

Prepare America’s children for school through preschool and early educa-
tion programs that develop reading readiness, provide early mathematics
skills, and introduce concepts of creativity and discovery.

Recommendation 2: K to 12 Mathematics and Science
Increase America’s talent pool by vastly improving K-12 mathematics and
science education for underrepresented minorities.

Recommendation 3: K-12 Teacher Preparation and Retention

Improve K-12 mathematics and science education for underrepresented
minorities overall by improving the preparedness of those who teach them
those subjects.

Postsecondary Success

Recommendation 4: Access and Motivation

Improve access to all postsecondary education and technical training and
increase underrepresented minority student awareness of and motivation
for STEM education and careers through improved information, counsel-
ing, and outreach.

Recommendation 5: Affordability

Develop America’s advanced STEM workforce by providing adequate finan-
cial support to underrepresented minority students in undergraduate and
graduate STEM education.
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Recommendation 6: Academic and Social Support

Take coordinated action to transform the nation’s higher education institu-
tions to increase inclusion of and college completion and success in STEM
education for underrepresented minorities.

Top-Priority Actions

Out of the recommendations and implementation actions that span
the entire educational system and full spectrum of stakeholders, we have
identified two areas of highest priority for near-term action. We chose them
because we believe they can have the most immediate impact on the criti-
cal transition points in the STEM education pathway for underrepresented
minorities.

Priority 1: Undergraduate Retention and Completion: We propose, as a
short-term focus for increasing the participation and success of under-
represented minorities in STEM, policies and programs that seek to increase
undergraduate retention and completion through strong academic, social,
and financial support. Financial support for underrepresented minorities
that allows them to focus on and succeed in STEM will increase completion
and better prepare them for the path ahead. This financial assistance should
be provided through higher education institutions along with programs that
simultaneously integrate academic, social, and professional development.

The success of such an effort is made possible by the existence of a
cadre of qualified underrepresented minorities who already attend college,
declared an interest in majoring in the natural sciences or engineering, and
either did not complete a degree or switched out of STEM before graduat-
ing. An increase in the STEM completion rate for these students may, by
example, increase interest in STEM on the part of younger cohorts and
also increase the number of underrepresented minorities who may consider
graduate education in STEM.

Financial support for underrepresented minorities that allows them to
focus on and succeed in STEM will increase completion and better prepare
them for the path ahead. This financial assistance should be provided
through higher education institutions along with programs that simultane-
ously provide academic support, social integration, and professional devel-
opment. Given the scale of the problem, an effort to double the number of
underrepresented minorities who complete undergraduate STEM degrees
is a near-term, reasonable, and attainable down payment on a longer-term
effort to achieve greater parity overall.

Priority 2: Teacher Preparation, College Preparatory Programs, and Transi-
tion to Graduate Study: We propose also an emphasis on teacher prepara-
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tion, secondary school programs that support preparation for college STEM
education, and programs that support the transition from undergraduate
to graduate work.

We note the particular importance at the K-12 level of teacher prepara-
tion and secondary school programs that support preparation for college
STEM education. Secondary school programs that ensure students have
access to advanced courses and proper academic advising will support the
goal of undergraduate persistence and completion by ensuring that matricu-
lating freshmen are fully prepared for college study.

At the other end of the undergraduate years, programs that support the
transition from undergraduate to graduate work are likewise important. The
transition of underrepresented minorities to graduate work at top research
universities where they can contribute to research and leadership in our
nation’s science and engineering enterprise is also critical. A significant
proportion of new graduate students who are supported through portable
fellowships, research assistantships, or institutional grants should be under-
represented minorities in order to increase their overall representation and
to move greater numbers into top graduate programs.
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A Strong Science and
Engineering Workforce

ORIGINS OF THE STUDY

Many developing trends of the twenty-first century raise concerns about
whether the U.S. science and engineering (S&E) enterprise—the collection
of science- and technology-based industries and organizations, federal agen-
cies, and educational institutions—can respond effectively to the challenges
and opportunities. We are confronted by pandemics, terrorism, and natural
disasters. We are challenged by the need for reliable and affordable energy
and a cleaner global environment. We seek a healthier America with greater
access to care, more effective medicines, and support for an aging popula-
tion. We demand strong security, at home and abroad. We aim to develop
new products and services for our consumers and to compete in the global
marketplace. (See Box 1-1, Grand Challenges for Engineering.)

The importance of S&E to the United States has been documented in a
series of reports over more than half a century, from Vannevar Bush’s Sci-
ence, The Endless Frontier (1945) to Deborah Shapley and Rustum Roy’s
Lost at the Frontier (1985) to the National Academies’ Rising Above the
Gathering Storm (2007). (See Boxes 1-2 and 1-3.) Yet, while our capability
in science and engineering is as strong as ever, the dominance of the United
States in these fields has faded as the rest of the world has invested and
grown in research and education capacities. Gathering Storm documented
this global leveling and argued that the United States is at a crossroads: For
the United States to maintain the global leadership and competitiveness in
science and technology that are critical to achieving national goals today, we

17
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BOX 1-1
Grand Challenges for Engineering

In the century just ended, engineering recorded its grandest accomplishments.
The widespread development and distribution of electricity and clean water, auto-
mobiles and airplanes, radio and television, spacecraft and lasers, antibiotics and
medical imaging, and computers and the Internet are just some of the highlights
from a century in which engineering revolutionized and improved virtually every
aspect of human life. Find out more about the great engineering achievements of
the 20th century from a separate NAE Web site: www.greatachievements.org.

For all of these advances, though, the century ahead poses challenges as
formidable as any from millennia past. As the population grows and its needs and
desires expand, the problem of sustaining civilization’s continuing advancement,
while still improving the quality of life, looms more immediate. Old and new threats
to personal and public health demand more effective and more readily available
treatments. Vulnerabilities to pandemic diseases, terrorist violence, and natural
disasters require serious searches for new methods of protection and prevention.
And products and processes that enhance the joy of living remain a top priority of
engineering innovation, as they have been since the taming of fire and the inven-
tion of the wheel.

In each of these broad realms of human concern—sustainability, health, vul-
nerability, and joy of living —specific grand challenges await engineering solutions.
The world’s cadre of engineers will seek ways to put knowledge into practice to
meet these grand challenges. Applying the rules of reason, the findings of science,
the aesthetics of art, and the spark of creative imagination, engineers will continue
the tradition of forging a better future.

—Introduction to The Grand Challenges for Engineering, Grand Challenges
for Engineering Web site, National Academy of Engineering (2008).

must invest in research, encourage innovation, and grow a strong, talented,
and innovative science and technology workforce.

This call to action in Gathering Storm resonated strongly in both
national political parties and in the executive and legislative branches of
government, resulting in the American Competitiveness Initiative, the Aca-
demic Competitiveness Council, the America COMPETES Act, and spend-
ing provisions of the American Recovery and Reinvestment Act. In passing
the America COMPETES Act in the summer of 2007, Congress laid the
groundwork for the implementation of many of the recommendations from
Gathering Storm.* In passing the American Recovery and Reinvestment Act

11OM, NAS, and NAE. 2007. Rising Above the Gathering Storm: Energizing and Employ-
ing America for a Brighter Economic Future. Washington, DC: The National Academies Press.

2 America Creating Opportunities to Meaningfully Promote Excellence in Technology, Edu-
cation, and Science Act, P. L. No. 110-69.
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BOX 1-2
Science: The Endless Frontier

One of our hopes is that after the war there will be full employment. To reach
that goal the full creative and productive energies of the American people must be
released. To create more jobs we must make new and better and cheaper products.
We want plenty of new, vigorous enterprises. But new products and processes
are not born full-grown. They are founded on new principles and new conceptions
which in turn result from basic scientific research. Basic scientific research is sci-
entific capital. Moreover, we cannot any longer depend upon Europe as a major
source of this scientific capital. Clearly, more and better scientific research is one
essential to the achievement of our goal of full employment.

How do we increase this scientific capital? First, we must have plenty of men
and women trained in science, for upon them depends both the creation of new
knowledge and its application to practical purposes. We shall have rapid or slow
advance on any scientific frontier depending on the number of highly qualified and
trained scientists exploring it. . . .

The government should accept new responsibilities for promoting the flow
of new scientific knowledge and the development of scientific talent in our youth.
These responsibilities are the proper concern of the government, for they vitally
affect our health, our jobs, and our national security. It is in keeping also with basic
United States policy that the government should foster the opening of new frontiers
and this is the modern way to do it.

—From Vannevar Bush, Science: The Endless Frontier, a report to the Presi-
dent, July 1945.

of 2009 (the Stimulus Act), Congress provided the funding necessary to
move forward with the recommendations. (The excerpt from Rising Above
the Gathering Storm in Box 1-4 provides a description of the innovation
and competitiveness policy context. For the education and workforce rec-
ommendations of Rising Above the Gathering Storm, see Appendix E.)
These topics are not new. In Educating Americans for the 21st Century
(1983) the National Science Board Commission on Precollege Education
in Mathematics, Science and Technology presented a plan of action for
improving mathematics, science, and technology education for all American
elementary and secondary students and articulated the need for well-trained,
highly qualified teachers of mathematics in a technological society.
Nevertheless, critical issues for the nation’s S&E infrastructure remain
unsettled, in particular the future strength of our nation’s science and engi-
neering workforce in light of demographic trends in both the U.S. population
and the science and engineering workforce. The Gathering Storm provided
compelling recommendations for sustaining and increasing our knowledge
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BOX 1-3
Lost at the Frontier: U.S. Science and Technology Policy Adrift

A standard defense of U.S. academic science is that the university science
system gives excellent training to graduate students and postdocs embarking on
their careers. But an increasing number of young U.S. scientists are deciding not
to go to graduate school in the “hard” (or physical) sciences. There has been a
decline in the number of bachelor of engineering students who go on to graduate
school. The number of M.D.s who go on to get their PhDs has been declining too.
So while some leaders brag about our fine university system, young Americans
are voting otherwise with their feet.

The trends are different for different fields. Nonetheless, the curves go down-
ward, even in the fields where total graduate enrollments are increasing as a result
of the influx of foreign graduate students. There is some debate about the foreign
students and their impact on the campus and the scientific workforce, but less
attention is being paid to the alarming decline of U.S. citizens seeking advanced
training in the physical sciences. . . . Clearly, if bright young Americans continue
to be “turned off” university research, the consequences will be serious for the
nation.

—From D. Shapley and R. Roy. 1985. Lost at the Frontier: U.S. Science and
Technology Policy Adrift. Philadelphia, PA: ISI Press.

workforce as part of a larger plan to sustain our scientific and technological
leadership. These workforce recommendations focused on improving K-12
STEM education as well as providing incentives to students to pursue S&E
education at the undergraduate and graduate levels.> However, the recom-
mendations are insufficient: A national effort to sustain and strengthen our
science and engineering workforce must also include a strategy for ensuring
that we draw on the minds and talents of all Americans, including minorities
who are underrepresented in science and engineering and currently embody
an underused resource and a lost opportunity.

BROAD PARTICIPATION MATTERS

The nation has an opportunity to address simultaneously both our need
for a strengthened STEM workforce and the need to respond to the under-
representation of racial and ethnic minorities in that workforce. This report
therefore describes demographic trends in the U.S. population and STEM
education that lie metaphorically not only at the S&E crossroads but at the
intersection of two quintessentially American stories:

3 NAS, NAE, and IOM. 2007. Rising Above the Gathering Storm, pp. 5-7, 9-10.
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BOX 1-4
The Context for Innovation and Competitiveness Policy

The United States takes deserved pride in the vitality of its economy, which
forms the foundations of our high quality of life, our national security, and our
hope that our children and grandchildren will inherit ever greater opportunities.
That vitality is derived in large part from the productivity of well-trained people and
the steady stream of scientific and technical innovations they produce. Without
high-quality, knowledge-intensive jobs and the innovative enterprises that lead to
discovery and new technology, our economy will suffer and our people will face a
lower standard of living. Economic studies conducted even before the information-
technology revolution have shown that as much as 85 percent of measured growth
in U.S. income per capita was due to technological change.

Today, Americans are feeling the gradual and subtle effects of globalization
that challenge the economic and strategic leadership that the United States has
enjoyed since World War Il. A substantial portion of our workforce finds itself in
direct competition for jobs with lower-wage workers around the globe, and leading-
edge scientific and engineering work is being accomplished in many parts of
the world. Thanks to globalization, driven by modern communications and other
advances, workers in virtually every sector must now face competitors who live just
a mouse-click away in Ireland, Finland, China, India, or dozens of other nations
whose economies are growing. This has been aptly referred to as “the Death of
Distance.”

Having reviewed trends in the United States and abroad, the committee is
deeply concerned that the scientific and technological building blocks critical to our
economic leadership are eroding at a time when many other nations are gathering
strength. Although the U.S. economy is doing well today, current trends indicate
that the United States may not fare as well in the future without government inter-
vention. This nation must prepare with great urgency to preserve its strategic and
economic security. Because other nations have, and probably will continue to
have, the competitive advantage of a low wage structure, the United States must
compete by optimizing its knowledge-based resources, particularly in science and
technology, and by sustaining the most fertile environment for new and revitalized
industries and the well-paying jobs they bring.

—From the National Academy of Sciences, National Academy of Engineer-
ing, and National Institute of Medicine. 2007. Rising Above the Gathering Storm:
Energizing and Employing America for a Brighter Economic Future. pp. 1-4.

e The evolution of education in the United States and its role in pre-
paring a workforce that can drive technological innovation and our ability
to meet national goals, and

e The stories of African Americans, Hispanics and Latinos, and
our nation’s native peoples—Native Americans, Alaska Natives, Native
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Hawaiians, and Pacific Islanders*—who are a growing share of the U.S.
population.

A strategy to increase the participation of underrepresented minorities
in science and engineering must play a central role in our overall approach
to sustaining our capacity to conduct research and innovate. At least three
reasons underscore the need for doing so: Our sources for the future S&E
workforce are uncertain; the demographics of our domestic population are
shifting dramatically; and diversity in S&E is a strength that benefits both
diverse groups and the nation as a whole.

Sources of Talent

For many years, the nation has relied on an S&E workforce that has
been predominantly male and overwhelmingly white and Asian. In the
more recent past, as the proportion of our S&E workforce that is white
and male has fluctuated, we have seen increases in the numbers of women
and international students in these fields and careers. Unfortunately, many
institutions have seen this as sufficient for meeting their diversity goals and
have even misclassified some international students and faculty as under-
represented minorities. It should be noted that minority women have not
fared as well as white women in the S&E workforce, but they have shown
greater increases in degree production. In fact, in 2006, 26 percent of all
employed scientists were women. White women represented 69 percent of
that total, while minority women represented only 11 percent.

Trends in the participation of women have actually been mixed. In some
fields, such as computer science, the participation of women has declined in
recent years, and there remains the problem of low percentages of women
in STEM faculty in research universities. However, in general, we have
achieved greater opportunity for women in some—if not all—fields.

The real story is that of international students. Non-U.S. citizens, par-
ticularly those from China and India, have accounted for almost all growth
in STEM doctorate awards and, in some engineering fields, have for some
time comprised the majority of new doctorate awards. Indeed, temporary

4 Underrepresented minorities, as used in this report, refer to African Americans, Hispanic
or Latino Americans, Native Americans and Alaska Natives, and Native Hawaiians and Pacific
Islanders. Asians, while a minority group in the U.S. population, are typically overrepresented
in science and engineering fields. Pacific Islanders are considered an underrepresented group.
However, most national data sets for scientists and engineers aggregate Asians and Pacific
Islanders, so it is generally impossible to present separate data for this group. Our focus is,
in particular, on students who were born in the United States or who immigrated at an early
age and were educated here, rather than individuals who grew up overseas in environments
in which they would not be considered a minority and may have benefited from a relatively
high quality education.
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residents accounted for more than half of the U.S. doctorates in engineering,
computer science, and mathematics in 2006. We are coming to understand,
then, that relying on the continued growth in the number of non-U.S.
citizens in science and technology is an increasingly uncertain proposition,
that it does not address our need for more STEM-trained U.S. citizens
who are qualified for national security and defense industry positions, that
the impending retirements in such fields as geosciences, mathematics, and
physics must be a critical concern, and that we must look for other sources
of S&E talent for the long run.’

For one thing, following the tragic events of September 11, 2001,
changes in U.S. visa processing resulted in declines in the numbers of non-
U.S. citizens applying for, gaining admission to, and enrolling in graduate
study in the United States. Through a series of institutional surveys, the
Council of Graduate Schools (CGS) found a substantial decline of 6 percent
in first-time international graduate enrollment from 2003 to 2004 and a
drop for that period of 3 percent in total graduate enrollment. The next
year first-time enrollments increased by 1 percent, but overall enrollment
remained down. In subsequent years, the graduate enrollment of interna-
tional students has increased, but as of 2008, writes CGS, “the rebound in
total international enrollment still has not been large enough to reverse the
declines that many institutions reported in 2004.”¢

In addition to these data on international enrollment levels, there is cause
for concern about whether international students who earn doctorates here
will seek to stay and participate in the U.S. science and engineering enter-
prise or choose to return home or to other parts of the world. An analysis
of the percentage of non-U.S. citizen PhDs with temporary visas who earn
their degrees from U.S. institutions and then remain in the United States
and continue to work found mixed results. The 10-year stay rate in 2007 of
those who earned PhDs in 1997 is higher than similarly observed previous
10-year stay rates. However, the five-year stay-rate in 2007 of those who
earned PhDs in 2002 is lower.” Perhaps more important than these trends,
though, is understanding differences in stay rates by country of origin. For
example, new doctorates from China, for now, remain in the United States
at a very high and fairly stable level over time. Doctorates from India tend
to stay at a very high rate but leave over time. Doctorates from Taiwan and
South Korea have much lower stay rates and those who initially stay have

3 National Science Board. Science and Engineering Indicators. 2010. Arlington, VA: Na-
tional Science Foundation.

¢ Council of Graduate Schools. 2008. Findings from the 2008 CGS International Graduate
Admissions Survey, Phase I11: Final Offers of Admission and Enrollment.

7 Michael G. Finn. 2010. Stay Rates of Foreign Doctorate Recipients from U.S. Universities,
2007. Oak Ridge Institute for Science and Education. See http://orise.orau.gov/sep/files/stay-
rates-foreign-doctorate-recipients-2007.pdf (accessed February 16, 2010).
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a high propensity to leave over time. The key question going forward is
whether the stay rates for new doctorates from China will continue as they
have in the past or whether these doctorates will begin to return home, as
China develops its own higher education sector. There is a very good chance
that it will be the latter as China follows the pattern previously set by Taiwan
and South Korea.

A Moving Target

If the uncertainty about the future participation of international stu-
dents suggests a need to ensure that we draw on all demographic sources,
the dramatic changes in the demographics of the domestic population sug-
gest that the problem is all the more urgent because the groups that are
most underrepresented are also the fastest growing in the population. As
shown in Figure 1-1, underrepresented minorities make up 28 percent of
the U.S. population but only about 9 percent of the science and engineer-
ing workforce. Meanwhile, as shown in Figure 1-2, the U.S. Census Bureau
now projects that underrepresented minorities will account for about 45
percent of the U.S. population by the year 2050. So, without a change in
course, the current gap between underrepresented minority presence in the
population and underrepresented minority participation in S&E will only
increase at a time when we most need to close it.

Diversity Is an Asset

Drawing more deeply on diverse groups within our population has
benefits beyond meeting the needs for scientists and engineers. Diversity is
both a resource for and strength of our society and economy. Scott Page, in
The Difference (2007), argues that diverse groups are typically smarter and
stronger than homogeneous groups when innovation is a critical goal, as it
is now in our globally competitive environment.® To increase diversity in a
population, therefore, strengthens its activity contribution by increasing the
number of perspectives and the range of knowledge brought to bear.

There are divergent views among researchers, economists, and others
about the costs and benefits of racial and ethnic diversity. Following are
examples of these arguments:

e Edwin S. Rubenstein and the National Policy Institute Staff in The
Economic Costs of Racial and Cultural Diversity (2008):° Cultural dif-

8 Scott Page. 2007. The Difference: How the Power of Diversity Creates Better Groups,
Firms, Schools, and Societies. Woodstock, Oxfordshire, U.K.: Princeton University Press.

9 E. S. Rubenstein and the Staff of NPI. 2008. Cost of Diversity: The Economic Costs of
Racial and Cultural Diversity, Issue Number 803, Augusta, GA: National Policy Institute.



A STRONG SCIENCE AND ENGINEERING WORKFORCE 25

American Indian,
1

Hispanic, 15

Black, 12.5

Asian, 4.4

White, 67.4

American Indian,

0.4
Hispanic, 4.7
Black, 4.0

Asian, 16.4

White, 74.5

FIGURE 1-1 U.S. population and U. S. science and engineering workforce, by
race/ethnicity, 2006.

SOURCE: National Science Foundation, Women, Minorities, and Persons with Dis-
abilities in Science and Engineering, Tables A-2 and H-7. Available at http://www.
nsf.gov/statistics/wmpd/ (accessed June 12, 2009).
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FIGURE 1-2 U.S. population by race/ethnicity, 1990-2050 (2010-2050 projected).
SOURCE: U.S. Census Bureau.

ferences are often a source of social conflict and often act as a barrier to
economic progress as well as personal freedom. When societies are multicul-
tural, the ethnocentric differences of race, religion, ethnicity, and language
often lead to enmity. Even if different groups live together peacefully, the
lack of a common language and common norms reduces cooperation and
increases the cost of economic transactions.

e FEuropean Commission in The Costs and Benefits of Diversity
(2003):19 Companies that implement workforce diversity policies identify
important benefits that strengthen long-term competitiveness and, in certain
instances, also produce short and medium-term improvements in perfor-
mance. Companies also face costs of legal compliance, cash costs for addi-
tional staff and training, opportunity costs, and business risks.

e Patrick Kelly in As America Becomes More Diverse: The Impact of
State Higher Education Inequality (2005):!! Increased educational attain-
ment results in higher personal income, a better-skilled and more adaptable

10 European Commission. 2003. The Costs and Benefits of Diversity. Kent, UK: Centre for
Strategy and Evaluation Services.

1P, Kelly. 2005. As America Becomes More Diverse: The Impact of State Higher Education
Inequality. Boulder, CO: National Center for Higher Education Management Systems.
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workforce, fewer demands on social services, higher levels of community
involvement, and better decisions regarding healthcare and personal finance.
At a time when higher education is increasingly important, some visible
race/ethnic groups are consistently in the “have not” category of our society.
State policy makers must grasp the social and economic impacts of ignoring
the problem.

e Alberto Alesina and Eliana La Ferrara in Participation in Heteroge-
neous Communities (2000):'2 They found that, after controlling for many
individual characteristics, participation in social activities is significantly lower
in more unequal and in more racially or ethnically fragmented localities.

e Paul Collier in Ethnicity, Politics and Economic Performance
(2000):13 Whether diversity affects overall economic growth depends upon
the political environment. Diversity is highly damaging to growth in the
context of limited political rights, but is not damaging in democracies.

e T. Kochan et al. in The Effects of Diversity on Business Perfor-
mance (2002):'* Racial diversity has a positive effect on overall performance
in companies that use diversity as a resource for innovation and learning.
Further, the best performance outcomes occur when diversity is found across
entire organizational units.

Several reports present arguments about the impact of diversity in
higher education. In Diversity Works: The Emerging Picture of How Stu-
dents Benefit,'> Daryl G. Smith (1997) concluded that diversity initiatives
positively affect both minority and majority students on campus in terms
of student attitudes toward racial issues, institutional satisfaction and aca-
demic growth. James A. Anderson makes the case in Driving Change
Through Diversity and Globalization (2008)'¢ that the inclusion of diversity
and globalization in disciplinary work contributes to the research agendas
of individual faculty and their departments, aligns with scholarly values,
and promotes such student learning goals as tolerance of ambiguity and
paradox, critical thinking, and creativity.

One of the most widely quoted is the study (1999) by Patricia Gurin,
professor of psychology and women’s study at the University of Michigan.

12 A. Alesina and E. La Ferrara. Participation in heterogeneous communities. The Quarterly
Journal of Economics 115(3):847-904.

13 Paul Collier. 2000. Ethnicity politics and economic performance. Economics and Politics
12:225-245.

14 T. Kochan et al. 2002. The Effects of Diversity on Business Performance: Report of the
Diversity Research Network. Building Opportunities for Leadership Development Initiative,
Alfred P. Sloan Foundation and the Society for Human Resource Management.

15 D. Smith. 1997. Diversity Works: The Emerging Picture of How Students Benefit. Wash-
ington, DC: Association of American Colleges and Universities.

16 James A.Anderson. 2008. Driving Change Through Diversity and Globalization: Trans-
formative Leadership in the Academy. Sterling, VA: Stylus Publishing.
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She presents compelling and comprehensive research that shows the
following:!”

e Structural diversity creates conditions that lead students to experi-
ence diversity in ways that would not occur in a more homogeneous student
body.

e Students who had experienced the most diversity in classroom set-
tings and in informal interactions with peers showed the greatest engage-
ment in active thinking processes, growth in intellectual engagement and
motivation, and growth in intellectual and academic skills.

e The results support the central role of higher education in helping
students to become active citizens and participants in a pluralistic democracy.
Students who experienced diversity in classroom settings and in informal
interactions showed the most engagement in various forms of citizenship
and the most engagement with people from different races/cultures.

A preponderance of research suggests that benefits outweigh the various
objections to diversity raised in the literature. “Thus, the moral imperative
for diversity in higher education is now united with social and economic
necessity in a nation that, within a little more than one generation, will be
without a racial or ethnic majority. The challenge is to prepare students
from all races and backgrounds to work effectively in a decidedly more
diverse workplace.”!8

Education Is an Asset

Improving the education of our citizens—especially in science and engi-
neering—has further benefits to society: (1) A citizenry better educated in
science and engineering strengthens democracy and informed participation in
a world in which STEM is more important than ever to policy; (2) Minority
communities will be stronger with greater access to experts who understand
science and engineering problems (e.g., water quality and toxic waste dumps)
and policy choices for them; and (3) STEM-educated workers will be better
able to perform in environments characterized by risk and complexity.

CHARGE TO THE COMMITTEE

Indeed, citing the need to develop a strong and diverse workforce in sci-
ence, technology, engineering, and mathematics (STEM) fields, U.S. Senators

17 Patricia Gurin, expert report prepared for Gratz et al. v. Bollinger et al., No. 97-75321
(E.D. Mich.) and Grutter et al. v. Bollinger et al., No. 97-75928 (E.D. Mich) (1999).

18 Frank W. Hale. 2004. What Makes Racial Diversity Work in Higher Education. Sterling,
VA: Stylus Publishing.
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Edward Kennedy, Barbara Mikulski, Patty Murray, and Hillary Clinton,
then of the Senate Committee on Health, Education, Labor, and Pensions,
wrote to the president of the National Academy of Sciences requesting that
the Academy undertake a study that would inform the U.S. Congress about
ways to increase underrepresented minority participation in these fields.
The U.S Congress later included this study as a mandate in the America
COMPETES Act. (A copy of the letter is included in Appendix B.)

The Senators and the COMPETES Act both charged the study com-
mittee to explore the role of diversity in the STEM workforce and its value
in keeping America innovative and competitive; analyze the rate of change
and the challenges the nation currently faces in developing a strong and
diverse workforce; and identify best practices and the characteristics of these
practices that make them effective and sustainable. They further charged
the study committee with addressing the following questions:

1. What are the key social and institutional factors that shape deci-
sions of minority students to commit to education and careers in the STEM
fields? What programs have successfully influenced these factors to yield
improved results?

2. What are the specific barriers preventing greater minority student
participation in the STEM fields? What programs have successfully mini-
mized these barriers?

3. What are the primary focus points for policy intervention to increase
the recruitment and retention of underrepresented minorities in America’s
workforce in the future? Which programs have successfully implemented
policies to improve recruitment and retention? Are they “pull” or “push”
strategies? Overall, how effective have they been? By what criteria should
they be judged?

4. What programs are under way to increase diversity in the STEM
fields? Which programs have been shown to be effective? Do they differ
by gender within minority group? What factors make them more effective?
How can they be expanded and improved in a sustainable way?

5. What is the role of minority-serving institutions in the diversifica-
tion of America’s workforce in these fields? How can that role be supported
and strengthened?

6. How can the public and private sectors more effectively assist
minority students in their efforts to join America’s workforce in these
fields?

7. What should be the implementation strategy? The committee should
develop a prioritized list of policy and funding action items with milestones
and cost estimates that will lead to a science and engineering workforce that
mirrors the nation’s diverse population.
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INFORMATION GATHERING

To carry out this charge, the National Academies appointed a study
committee in early 2008. This committee included individuals with exper-
tise in K-12 and higher education, STEM education, STEM employment
across sectors, diversity, public policy, and program evaluation. Moreover,
committee members represent the range of higher education institutions,
from community colleges to research universities. They also include rep-
resentatives from Historically Black Colleges and Universities (HBCUs),
Hispanic-serving Institutions (HSIs), and Tribal Colleges and Universities
(TCUs). (See Appendix C for committee member biographies.)

The committee gathered information throughout 2008 through expert
testimony, a review of previous reports and the academic literature, and
analysis of national data. During three committee meetings (see Appendix D
for agendas) on March 10-11, June 11-12, and October 22-23, 2008, the
committee heard from the following individuals:

e Charles M. Vest, President, National Academy of Engineering, on
innovation and competitiveness policy and the findings and recommen-
dations of the National Academies’ report, Rising Above the Gathering
Storm.

e Representatives from the U.S. Congress, including U.S. Represen-
tative Silvestre Reyes, staff from the Offices of U.S Representative Eddie
Bernice Johnson and U.S. Representative Michael Honda, and staff from
the House Diversity and Innovation Caucus.

e Federal policy and program officials from the White House Office
of Science and Technology Policy, the National Science Foundation, the
National Institutes of Health, the National Aeronautics and Space Admin-
istration, the U.S. Department of Energy, and the U.S. Department of
Education.

e  Officials from private foundations and programs, including the W.K.
Kellogg Foundation, the Howard Hughes Medical Institute, the Associa-
tion of American Medical Colleges, the UNCF/Gates Millennium Scholars
Program, and the Leadership Alliance.

e Experts on the legal and labor market contexts for increasing
participation, including Daryl Chubin, AAAS, on Standing Our Ground:
A Guidebook for STEM Educators in the Post-Michigan Era, and labor
economists Mark Regets, National Science Foundation, and Sharon Levin,
University of Missouri.

e Experts on demographic trends in STEM fields, including Lisa
Frehill, Commission of Professionals in Science and Technology.

e Stakeholder groups, including the National Association of Manu-
facturers, the National Defense Industry Association, the American Asso-
ciation for the Advancement of Science, the National Action Council for
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Minorities in Engineering, and the Society for the Advancement of Chicanos
and Native Americans in Science.

e Experts on diversity, mentoring, teacher preparation, K-12 STEM
education programs, and minority participation in undergraduate and grad-
uate education, including Shirley Malcom, AAAS.

e Officials from Historically Black Colleges and Universities and
other minority-serving institutions (MSIs) on the role of MSIs in broadening
participation in STEM fields.

The committee also heard from individuals involved in earlier reports
focused on increasing the participation of minorities in STEM fields, includ-
ing the following:

e Commission on the Advancement of Women and Minorities in
Science, Engineering, and Technology Development, Land of Plenty;

e National Science and Technology Council, Ensuring a Strong U.S.
Scientific, Technical, and Engineering Workforce in the 21st Century;

e Building Engineering and Science Talent, A Bridge for All and What
It Takes;

e Willie Pearson Jr., and Diane Martin, Broadening Participation
Through a Comprebensive, Integrated System;

e National Action Council for Minorities in Engineering, Confronting
the New American Dilemma: Underrepresented Minorities in Engineering;

e American Association for the Advancement of Science, I Pursuit
of a Diverse Science, Technology, Engineering, and Mathematics Work-
force: Recommended Research Priorities to Enhance Participation by Under-
represented Minorities and other reports; and

e National Research Council, Assessment of NIH Minority Research
Training Programs and Understanding Interventions that Encourage Minor-
ities to Pursue Research Careers.

The committee synthesized this information as a foundation for this
report and its findings and recommendations.

ORGANIZATION OF REPORT

This report is organized into three sections. The first section provides an
introduction to the issues covered in the report. This chapter provides the
context and rationale for the report, as well as a description of the charge to
the committee and the committee process. The second chapter in the introduc-
tory section presents data to illustrate the dimensions of the problem along
the educational pathway and in the science and engineering workforce. The
second section of the report, through chapters on preparation, access and
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motivation, affordability, and academic and social integration, outlines the
key educational, social, and professional steps necessary for a student to grow
into a scientist or engineer. The paths within the “pathway” or “pipeline”
are varied, but elements can be identified to direct discussion of the steps
necessary for increasing the participation and success of underrepresented
minorities in STEM. The final section of the report consists of two chapters.
The first of these chapters provides guiding principles for the development
and implementation of policies and programs. The final chapter provides
recommendations and a comprehensive list of implementation actions across
educational stages and stakeholders. It also includes two priority actions
focused on the committee’s near-term goal of increasing the persistence and
completion of underrepresented minority undergraduates in STEM.



2

Dimensions of the Problem

EDUCATIONAL ATTAINMENT

The connection between education and economic growth in the United
States is strong. Claudia Goldin and Lawrence Katz, for example, have
argued that it was no coincidence that the twentieth century was both the
“American Century,” as defined by the growing economic preeminence of
the United States, and the “human capital century,” as defined by tech-
nological change that demanded increasing levels of skill on the part of
workers. In the late nineteenth century, they note, technological change in
the United States became “skill-biased”—driving demand for an ever more
skilled workforce. This skill-demanding technological change was an impor-
tant force in the United States throughout the twentieth century, with the
change brought on by the information technology revolution only the latest
chapter, leading to a pattern of increased educational attainment.’

Goldin and Katz have summarized that history of increased educational
attainment in the United States:

Not long ago the United States led the world in education and had done so
for quite some time. In the 19th century the United States pioneered free
and accessible elementary education for most of its citizens. In the early
to mid-20th century it extended its lead with the high school movement,
when other nations had just discovered mass elementary education. In the

1 C. Goldin and L. F. Katz. 2008. The Race Between Education and Technology. Cambridge,
MA: The Belknap Press of Harvard University Press, p. 2.

33
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immediate post-World War II era, higher education became a middle-class
entitlement in America. A further capstone to the U.S. lead in education
in the immediate postwar years was that its universities became the finest
in the world. By the 1950s, the United States had achieved preeminence in
education at all levels and its triumphant lead would remain undisputed
for several decades.?

This trajectory in educational attainment was a stunning success and a
defining characteristic of both economic growth and our history of social
mobility.

Since the 1970s, however, overall educational attainment has stagnated
in the United States, even as technological change and the return to higher
education—for those who are able to pursue it—have increased. This has
happened at the same time as most countries in Europe and several in Asia
have caught up and, in some cases, surpassed the United States in educa-
tional attainment. Consequently, the United States has lost a key competitive
advantage. Once first among OECD nations in postsecondary attainment,
the United States has fallen to 11th. In 2008, about 40 percent of 25-to-
34-year-olds in the United States had earned a postsecondary degree or
credential at the associate’s or bachelor’s level or above, a level that has not
changed significantly in several decades.

Increasing postsecondary success has, as a result, emerged as an impor-
tant national strategy and goal for ensuring a strong workforce and competi-
tive economy for the future. The College Board has urged that we increase
the percentage of the 25- to 34-year age group with postsecondary degrees
(associate, baccalaureate, or above) to 55 percent.? The Lumina Foundation
has adopted a goal, through its Making Opportunity Affordable program,
to “raise the proportion of the U.S. adult population who earn college
degrees to 60 percent by the year 2025, an increase of 16 million graduates
above current rates” (2008).* President Obama (2009) has challenged the
United States to have the highest proportion of postsecondary graduates in
the world by 2020.°

Patterns of racial participation in education overlay this history in a
critical way. Underrepresented minorities were largely and systematically
excluded from mainstream educational opportunities through de jure and
de facto segregation that continued from Plessy v. Ferguson in 1896 through
the desegregation and busing battles of the 1970s. This period of exclusion

2 Goldin and Katz. 2008. Race Between Education and Technology, p. 324.

3 The College Board. 2009. Coming to Our Senses: Education and the American Future.

4 The Lumina Foundation, http://www.luminafoundation.org/our_work/ (accessed March 27,
2009).

5 President Barack Obama, Address to Joint Session of Congress, February 24, 2009. http:/
www.whitehouse.gov/the_press_office/remarks-of-president-barack-obama-address-to-joint-
session-of-congress/ (accessed September 4, 2009).
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coincides with the period of increasing educational opportunity for white
Americans discussed above. The efforts of the civil rights movement led
to increases in educational opportunity for underrepresented minorities,
beginning in the 1940s with Mendez et al. v. Westminster Schools District
of Orange County, continuing in the 1950s with the landmark Brown v.
Board of Education of Topeka, and accelerating in the 1960s, 1970s, and
after with cases such as Edgewood ISD v. Kirby.

This period of inclusion for underrepresented minorities, however,
particularly from the 1970s on, coincides with stagnation in both public
educational investment and overall levels of educational attainment. So,
little progress has been made to more than marginally improve educa-
tional outcomes for minorities.® While the targeted level of 55 percent
postsecondary attainment is already achieved by Asian Americans in the
United States and nearly matched by our white population (as it is by their
peer cohorts in Canada and Japan), the postsecondary attainment of under-
represented minority students lags behind that of white and Asian students
dramatically. Underrepresented minorities will need to more than double
their proportions with a postsecondary degree in order just to meet the 55
percent mark. At present, just 26 percent of African Americans, 24 percent
of Native Americans and Pacific Islanders, and 18 percent of Hispanics and
Latinos in the 25- to 34-year-old cohort have attained at least an associate’s
degree.

The news is even worse in science, technology, engineering, and math-
ematics (STEM) fields, the subject of this report. In 2000, the United States
ranked 20 out of 24 countries in the percentage of 24-year-olds who had
earned a first degree in the natural sciences or engineering, and Rising Above
the Gathering Storm recommended efforts to increase the percentage of
24-year-olds with these degrees from 6 percent to at least 10 percent, the
benchmark already attained by Finland, France, Taiwan, South Korea, and
the United Kingdom.

But again, as bad as the statistics are for the overall population, they are
even more alarming for underrepresented minorities. These students now
need to triple, quadruple, or even quintuple their proportions with a first
degree in these fields in order to achieve this 10 percent goal. At present,
just 2.7 percent of African Americans, 3.3 percent of Native Americans and
Alaska Natives, and 2.2 percent of Hispanics and Latinos who are 24 years
old have earned a first degree in the natural sciences or engineering.”

¢ C. Newfield. 2008. Unmaking the Public University: The Forty-Year Assault on the Middle
Class.(Cambridge, MA: Harvard University Press.

7 National Science Foundation, Women, Minorities, and Persons with Disabilities in Sci-
ence and Engineering, http://www.nsf.gov/statistics/wmpd/ (accessed March 27, 2009); U.S.
Census Bureau, Population Estimates, Available at http://www.census.gov/popest/national/
asrh/NC-EST2007-asrh.html (accessed March 27, 2009).
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The national goal of increased postsecondary educational attainment
is vital. The goal of increased postsecondary participation and success for
underrepresented minorities in STEM, which relies in part on the former
goal, is strategically important and, as we have now seen, a task of formi-

dable scale.

EDUCATION AND THE
SCIENCE AND ENGINEERING WORKFORCE

The S&E workforce is large and fast-growing: more than 5 million
strong and projected by the U.S. Bureau of Labor Statistics to grow faster
than any other sector in coming years.® This growth rate provides an oppor-
tunity to draw on new sources of talent, including underrepresented minori-
ties, to make our S&E workforce as robust and dynamic as possible.

The data on underrepresented minorities in the S&E workforce, how-
ever, suggest that while there has been needed progress, there is also reason
for continued concern, even alarm. For example, the percentage of our
college-educated, nonacademic S&E labor force that is African American
increased from 2.6 percent in 1980 to 5.1 percent in 2005, and the per-
centage that is Hispanic increased from 2.0 percent to 5.2 percent during
that period.” However, these percentages and the progress they represent
remain small and insufficient, as African Americans comprise 11 percent
and Hispanics 14 percent of the U.S. civilian labor force, and even higher
percentages in the U.S. population.

Indeed, the proportion of underrepresented minorities in S&E would
need to triple to match their share of the overall U.S. population, revealing
a scale of effort that is substantial. As Figure 2-1 shows, in 2006 under-
represented minority groups represented 28.5 percent of our national popu-
lation but just 9.1 percent of college-educated Americans in science and
engineering occupations (academic and nonacademic). Data show that in
2006, fewer than 10 percent of STEM faculty at research universities were

8 Out of a civilian labor force of more than 150 million in the United States, the S&E work-
force ranges in size from less than 4 million to more than 21 million, depending on definitions
used, such as occupation, field of degree, and the extent to which S&E knowledge is needed
for employment. Here we focus on the most commonly used definition of the S&E workforce,
namely, those individuals with a bachelor’s degree or above working in an S&E occupation.

U.S. Department of Labor, Bureau of Labor Statistics, Current Employment Statistics,
Employment Situation, Table A-1, Employment status of the civilian population by sex and
age, http://www.bls.gov/news.release/empsit.tO1.htm (accessed June 16, 2009). National Sci-
ence Board, Science and Engineering Indicators, 2008, 3-8; and Sidebar, “Who Is a Scientist
or Engineer?,” pp. 3-9.

% Table underlying Figure 3-27 in Science and Engineering Indicators, 2008.
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FIGURE 2-1 Enrollment and degrees, by educational level and race/ethnicity/
citizenship, 2007.

SOURCES: NCES, Digest of Education Statistics, 2008, Table 41. NSE, Women,
Minorities, and Persons with Disabilities, Tables A-2, C-6, E-3, and F-11. NSF, S&E
Degree Awards, 2006, Table 3.

underrepresented minorities; the percentage of URM women is even lower.!°

Whites were overrepresented at 74.5 percent of the S&E workforce com-
pared to 67.4 percent of the U.S. population. Asians were overrepresented
as well: The proportion of Asians in the S&E workforce (16.4 percent)
is substantially more than their representation in the U.S population (4.4
percent).

Underrepresentation of this magnitude in the S&E workforce stems
from the underproduction of minorities in S&E at every level of post-
secondary education, with a progressive loss of representation as we proceed

10D. Nelson. 2007. A National Analysis of Minorities in Science and Engineering Facul-
ties at Research Universities. Norman, OK: Diversity in Science Association and University
of Oklahoma.
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up the academic ladder. In 2007, as shown in Figure 2-1, underrepresented
minorities made up 38.8 percent of K-12 public enrollment, 33.2 percent
of the U.S college age population, 26.2 percent of undergraduate enroll-
ment, and 17.7 percent of those earning science and engineering bachelor’s
degrees. In graduate school, underrepresented minorities comprise 17.7
percent of overall enrollment but are awarded just 14.6 percent of S&E
master’s degrees and a miniscule 5.4 percent of S&E doctorates.
These trends are seen in each underrepresented racial/ethnic group:

e In 2006, Hispanic or Latino Americans comprised 15.0 percent
of the U.S. population and 17.8 percent of the college-age population,
age 18-24. However, in 20035, they earned 7.9 percent of S&E bachelor’s
degrees and 6.2 percent of S&E master’s degrees. In 2007, they earned
5.2 percent of S&E doctoral degrees awarded by U.S institutions to U.S.
citizens and permanent residents and just 2.9 percent of S&E doctorates
awarded to all recipients (including non-U.S. citizens who are temporary
visa holders).

e In 2006, African Americans comprised 12.5 percent of the U.S.
population and 14.1 percent of the college-age population, age 18-24. How-
ever, in 20035, they earned 8.8 percent of S&E bachelor’s degrees and 8.8
percent of S&E master’s degrees. In 2007, they earned 4.5 percent of S&E
doctoral degrees awarded by U.S institutions to U.S. citizens and permanent
residents and just 2.5 percent of S&E doctorates awarded to all recipients
(including non-U.S. citizens who are temporary visa holders).

e In 2004, Native Americans and Alaska Natives comprised 0.8 per-
cent of the U.S. population and 1.0 percent of the college-age population,
age 18-24. In 20085, they earned 0.7 percent of S&E bachelor’s degrees
and 0.6 percent of S&E master’s degrees. In 2007, they earned 0.5 percent
of S&E doctoral degrees awarded by U.S institutions to U.S. citizens and
permanent residents and just 0.3 percent of S&E doctorates awarded to all
recipients (including non-US citizens who are temporary visa holders).

All of these indicators point to underutilization in science and engi-
neering fields of persons from these minority groups, with especially severe
underproduction at the doctoral level.

TRACKING POSTSECONDARY INTEREST AND COMPLETION

Research on underproduction of minorities in science and engineering
has focused on interest and persistence. In 2005, the American Council on
Education (ACE), analyzing data from the 1990s collected by the National
Center for Education Statistics, found that although the proportion of
African American and Hispanic students who begin college with an inter-
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est in majoring in STEM was similar to the proportion of white and Asian
American students, African American and Hispanic students completed
STEM degrees after six years at a lower rate.!! In particular, ACE found:

e African American and Hispanic students begin college interested
in majoring in science, technology, engineering, and mathematics (STEM)
fields at rates similar to those of white and Asian American students: In
the 1995-1996 academic year, 18.6 percent of African American students
and 22.7 percent of Hispanic students began college interested in majoring
in STEM fields compared with 44.4 percent of white and Asian-American
students.

e African American and Hispanic students persist in these fields
through their third year of study. By the spring of 1998, students in each
racial/ethnic group continued to study STEM fields at nearly the same rates
(56 percent of African Americans and Hispanics, 57 percent of whites and
Asian Americans).

e  African American and Hispanic students did not earn their bach-
elor’s degrees at the same rate as their peers. By the spring of 2001, 62.5
percent of African Americans and Hispanics majoring in STEM fields had
completed a bachelor’s degree compared with 94.8 percent of Asian Ameri-
cans and 86.7 percent of whites.

These findings are important, yet they are based on a cohort of students
that began college almost 15 years ago.

Recently, the Higher Education Research Institute (HERI) at the Uni-
versity of California Los Angeles released data from a sample of more than
200,000 students across 326 four-year institutions that began college in fall
2004, providing trends in aspirations to major and completion of degrees
in STEM disaggregated by race/ethnicity. The data allow us to examine
current trends and see whether there has been substantial change from the
mid-1990s.12

As shown in Figure 2-2, HERI found that while there has been con-
siderable volatility in aspiration to major in STEM since 1971, trends in
aspiration by race/ethnicity began to converge in the late 1980s and have
stabilized at between 30 and 35 percent both overall and for white/Asian
American and underrepresented minority groups since the early 1990s.
While the percentages aspiring to a STEM major are higher in the HERI

11 American Council on Education. 2005. Increasing the Success of Minority Students in
Science and Technology. Washington, DC: ACE.

12 Higher Education Research Institute at UCLA, Degrees of Success: Bachelor’s Degree
Completion Rates Among Initial STEM Majors, HERI Report Brief, January 2010. http:/
www.heri.ucla.edu/nih/HERI_ResearchBrief OL_2010_STEM.pdf (accessed February 20,
2010).
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FIGURE 2-2 Trends in students’ aspiration to major in a STEM discipline by racial
identification, 1971-2009.

SOURCE: University of California Los Angeles, Higher Education Research
Institute.

data than in the NCES data (which was based on a much smaller sample),
the overall finding is the same: Underrepresented minorities report a level of
aspiration to major in STEM similar to those of their white/Asian peers.

As shown in Figure 2-3, HERI examined four-year (2008) and five-year
(2009) completion rates of the 2004 STEM majors by race/ethnicity, finding
that underrepresented minorities completed at a much lower rate at both
intervals relative to their white and Asian American peers. White and Asian
American students who started as STEM majors have four-year STEM
degree completion rates of 24.5 and 32.4 percent, respectively. In com-
parison, Latino, black, and Native American students who initially began
college as STEM majors had four-year STEM degree completion rates of
15.9, 13.2, and 14.0 percent, respectively. As HERI reports, the differences
after 5 years is even more pronounced. Approximately 33 and 42 percent
of white and Asian American STEM majors, respectively, completed their
bachelor’s degree within 5 years of college entry. In contrast, the five-year
completion rates for Latino, black, and Native American students were
22.1, 18.4, and 18.8 percent, respectively.

HERI data show four- and five-year completion rates for the 2004
cohort (the six-year completion rate will be available later this year), and the
NCES data analyzed by ACE provide a six-year completion rate. However,
the gaps in STEM completion rates of STEM majors between underrepre-
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FIGURE 2-3 Percentage of 2004 STEM aspirants who completed STEM degrees in
four and five years, by race/ethnicity.

SOURCE: University of California Los Angeles, Higher Education Research
Institute.

sented minorities and whites and Asian Americans are similarly large for
the 1995 and 2004 cohorts, and, in the case of the 2004 cohort, the gap
appears to increase as the interval from matriculation grows.

Another salient dimension to the picture of STEM completion for
underrepresented minorities is the difference in completion rates for under-
represented minorities in STEM relative to those for underrepresented
minorities who major in non-STEM fields. As shown in Figure 2-4, all five
racial/ethnic groups have higher four- and five-year completion rates in non-
STEM majors. This analysis reveals a trend that is relevant to both whites
and Asian Americans as well as underrepresented minorities. That is, there
is a problem for STEM completion relative to non-STEM completion as
well as a problem for underrepresented minorities in STEM relative to their
white and Asian American peers.

After further analyzing the NCES data, ACE identified several key dif-
ferences in the data between students who earned a bachelor’s degree by
spring 2001 in a STEM field and those who did not (noting that there may
be other differences that had not been counted in the data).

e Completers were better prepared for postsecondary education
because a larger percentage took a highly rigorous high school curriculum.
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FIGURE 2-4 Four- and five-year degree completion rates of 2004 freshmen, by
initial major aspiration and race/ethnicity.
SOURCE: University of California Los Angeles, Higher Education Research Institute.

e Nearly all completers were younger than 19 when they entered
college in 1995-1996 compared with 83.9 percent of noncompleters.

e Completers were more likely to have at least one parent with a
bachelor’s degree or higher.

e Completers came from families with higher incomes.

e Noncompleters were more likely to work 15 hours or more a
week.

That is, preparation, motivation, and financial support are important to
success and completion. Moreover, all of these can be the focus of immedi-
ate intervention.

HERI has not yet released an analysis of the differences between com-
pleters and noncompleters, but we can expect that there will be an overlap
in the issues that have been at play for the 2004 HERI cohort as ACE found
for the 1995 NCES cohort. Indeed, based on research that will be discussed
below, we would expand this list of factors affecting completion to include
preparation, access to information, self-motivation and identification with
science or engineering as a profession, institutional strategies for inclusion,
and professional development. ACE also found that “strategies for increas-
ing the degree completion of minority students in the STEM fields are the
same for increasing success in any other major,” a conclusion similar to
that of Daryl Chubin and Wanda Ward, who have examined features of
programs designed to increase participation of underrepresented minori-
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ties in STEM.!3 However, a particular problem appears to exist for STEM
programs, as evidenced by the HERI completion data.

TAKING STOCK

Trends in the overall number of underrepresented minorities earning
science and engineering degrees are encouraging. However, just as the per-
sistence data we have examined confirms that there remains a problem in
persistence and completion for underrepresented minorities relative to their
white and Asian American peers, so too do data on the relative proportions
of each racial/ethnic group among those earning science and engineering
degrees.

Science and Engineering Degrees

Indeed, we have achieved important progress in increasing the partici-
pation of underrepresented minorities in higher education generally and in
science and engineering specifically. For example, there was a 77 percent
increase in S&E associate’s degrees awarded to underrepresented minorities
from 1998 to 2007, with an increase of about 50 percent in computer sci-
ences.!* Community colleges face the same challenges in retaining students
as do other institutions, or even more than they do. Many incoming fresh-
men lack the basic mathematics and science prerequisites for persistence,
especially in urban communities that serve a large minority population
from low-performing high schools, and the institutions are forced to pro-
vide intensive programs in remedial education to increase minority student
retention in STEM. Chang (2003) noted that community colleges have
implemented innovative approaches to retain underrepresented students.!’
Some institutions now offer programs that provide students an opportunity
to engage in hands-on projects, and others have changed the curriculum to
promote more collaborative group work. According to Chang, these “social
support systems are of particular benefit to underrepresented minorities in
fields that have previously been perceived as intimidating or unwelcoming.”
Community colleges also are seeking to increase the admission and transfer
of underrepresented minorities through partnerships with elementary and

13 Daryl E. Chubin and Wanda E. Ward. Building on the BEST principles and evidence: A
framework for broadening participation, in M. Boyd and J. Wesermann, eds., Broadening
Participation in Undergraduate Research: Fostering Excellence and Enhancing the Impact.
Washington, DC: Council of Undergraduate Research, forthcoming.

14 National Science Foundation. 2009. Women, Minorities, and Persons with Disabilities
in Science and Engineering. The totals exclude associate’s degrees in psychology and social
sciences.

15 J. C. Chang. 2003. Women and minorities in the science, mathematics, and engineering
pipeline, ERIC Digest.
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TABLE 2-1 Percentage Change in S&E Degrees Earned, by Degree Level
and Race/Ethnicity (Bachelor’s and Master’s 1998-2007; Doctorates
1998-2007)

Percent Change

Bachelor’s Master’s Doctorate
White 14.7 11.9 -2.3
Asian/Pacific Islander 33.8 38.6 30.1
Black 31.3 70.9 44.3
Hispanic 49.9 74.4 62.3
American Indian/Alaska Native 38.8 48.8 3.9
Other/Unknown 165.5 149.4 69.0
Temporary Residents 17.8 26.8 50.4

SOURCE: National Science Foundation. 2009. Women, Minorities, and Persons with Dis-
abilities in Science and Engineering.

secondary schools and four-year institutions. Thus, the community college,
with its diverse student population, is an integral player in advancing minor-
ity representation in STEM.

Meanwhile, as shown in Table 2-1, underrepresented minorities also are
the fastest growing populations in science and engineering at the bachelor’s
and master’s levels, as indicated by degrees awarded by four-year institu-
tions. Their numbers are growing faster than those of temporary residents
and whites and are outstripped only by the other/unknown category.'®

However, and this cannot be stressed enough, this progress is com-
prised of large gains over a very small base, and minorities remain under-
represented across science and engineering fields and academic levels.
Indeed, representation varies across fields, with some showing trivial
progress and representation decreases as we ascend the academic ladder.

As shown in Figure 2-5, there is considerable variation in representation
across SXE fields. At the bachelor’s level, there is strongest representation in
biological sciences, computer science, social sciences, and psychology. In other
fields, though, there are much smaller levels of participation, especially in
astronomy, materials engineering, and earth, atmospheric, and ocean sciences.
At the master’s level, representation is generally lower across all fields, though
the pattern of representation is similar. It is strongest in industrial engineer-
ing, the social sciences, and psychology. Representation at the doctoral level
is the most problematic and should be the focus of significant intervention.

16 This latter category is largely composed of individuals who report multiple races or refuse
to respond to race/ethnicity questions. Individuals of underrepresented minority ancestry com-
prise the majority of these groups, so the growth of this category may result in some level of
underreporting of minority participation. NSF/SRS documentation.
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FIGURE 2-5 Underrepresented minorities among S&E degree recipients, by degree
level, 2006.
SOURCE: Commission on Professionals in Science and Technology.

Table 2-1, again, shows that the proportion of underrepresented minorities
has recently increased for all groups. Hispanics earning S&E doctorates
increased more than 66 percent from 1998 to 2007. African Americans made
more modest gains of 44.3 percent during that period. (In both cases, again,
these are gains over a very small base.) The increases among Hispanics and
African Americans partially compensated for decreases during this period in
the numbers of whites and Asians earning S&E doctorates (the downward
trend in doctoral degrees awarded to whites and Asians turned around in
2003 and are heading back to pre-2000 levels). However, playing an even
larger role are non-U.S. citizens on temporary visas.

There is considerable variation in underrepresented minority partici-
pation by field at the doctoral level. As also seen in Figure 2-5, under-
represented minorities comprise extremely low percentages in the natural
sciences and engineering—biology at 6 percent, the physical sciences and
engineering below 5 percent—and numbers so low in computer science as
to make them practically nonexistent. Representation is highest for these
groups, again, in the social sciences and psychology. However, there is
variation in representation within these latter fields. For example, within
sociology, psychology, economics, and political science, African Americans
tend to be substantially underrepresented in quantitative subfields, such as
statistics, sociology of science, psychometrics, and econometrics.

As shown in Figure 2-6, it is in the fields where underrepresented
minorities have extremely low representation that we find the highest levels
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FIGURE 2-6 Temporary residents among S&E degree recipients, by degree level,
2006.
SOURCE: Commission on Professionals in Science and Technology.

of non-U.S. citizens with temporary visas. In 2007, 60 percent or more of
doctorates awarded by U.S. institutions in engineering and computer science
were to temporary visa holders. High percentages were also awarded to this
group in mathematics and the physical sciences. Temporary visa holders
also received moderately high percentages of doctoral awards in earth,
atmospheric, and ocean sciences; biology; and the social sciences (chiefly in
economics). By contrast, their awards in psychology—one field with rela-
tively higher awards to underrepresented minorities—are very low.

From 1998 to 2007, temporary visa holders increased their numbers
in S&E doctorate awards by 50.4 percent and were, therefore, one of the
fastest growing groups by far. This increase continued over time during
the post-September 11 period when there was significant concern about
the application, acceptance, and enrollment of non-U.S. citizens at the
graduate level. We have yet to see the effect of these post-911 trends as
most of those earning doctorates during the 1998-2007 period began
their studies before 2001. Based on trends in graduate enrollment for this
group, we might assume that there will be decreases in S&E doctorates
among them in the near future.

Doctoral Workforce

The doctoral workforce is of particular importance and interest. Not
only does it provide underrepresented minorities an opportunity to contrib-
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ute to teaching and research, but it is at this level that increases can also have
a multiplier effect. It becomes the pool for higher education institutions to
recruit and develop the talent to diversify their faculty. However, diversify-
ing faculties is perhaps the least successful of the diversity initiatives for a
number of reasons cited in higher education research, such as unwelcoming
climates at predominantly white institutions (Turner and Myers, 2000),
inequity in hiring and promotion practices (Rowan-Kenyon and Milem
2008), and the presumption that minorities who do not earn their degrees
at the most prestigious institutions are less qualified (Mickelson and Oliver,
1991). As the number of underrepresented minorities in faculty positions
increases, the more role models underrepresented minority students have
who “look like them” and the higher the rate at which underrepresented
minority students enroll and graduate. Three African American chemists,
for example, are responsible for mentoring close to 400 minority students
in the field who then went on to earn PhDs and, for the most part, to enter
academic careers.!”

However, the level of underrepresented minority participation in the
doctoral S&E workforce is very small. As shown in Figure 2-7, under-
represented minorities as a whole comprised just 8 percent of academic doc-
toral scientists and engineers working in four-year colleges and universities
in 2006. The percentage of doctorate holders in nonacademic S&E occu-
pations who are underrepresented minorities increased from 4.4 percent in
1990 to 6.1 in 20085, a substantial increase if it were not over a very small
base.!$ Myers and Turner concluded that market forces such as wages play
a more prominent role in affecting faculty representation in the short run
than pipeline factors designed to increase the supply of minority faculty.!

Overall, underrepresented minorities comprise just 6.8 percent of doc-
toral scientists, and there is even worse news about their participation in
high-end research. As shown in Table 2-2, data from the National Institutes
of Health show that African Americans and Hispanics are even more under-
represented among their principal investigators (PIs). In 2006, only 1.8
percent of PIs receiving NTH research grants were African Americans and
only 3.5 percent were Hispanic. Similarly, as shown in Table 2-3, 2.2 percent
of PIs awarded NSF research grants were African Americans, 4.0 percent
were Hispanic, and 0.3 percent were Native American/Alaska Native/Native
Hawaiian/Pacific Islander.

17 Isiah Warner. A Tale of Three Chemists. Presentation to Study Committee, Third Com-
mittee Meeting, October 22, 2008.

18 National Science Board, Science and Engineering Indicators, 2008, Table underlying
Figures 3-28.

19°S. Myers Jr. and C. Turner. The effects of Ph.D. supply on minority faculty representation,
The American Economic Review 94(2), Papers and Proceedings of the One Hundred Sixteenth
Annual Meeting of the American Economic Association. San Diego, CA, pp. 296-301.
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FIGURE 2-7 Doctoral scientists and engineers employed in four-year institutions,
by race/ethnicity, 2006.
SOURCE: Commission on Professionals in Science and Technology.

TABLE 2-2 Principal Investigators on NIH Research Grants, by Race/
Ethnicity

Fiscal Year White African Americans? Hispanic? Othere
2000 86.2% 1.3% 2.9% 11.4%
2001 85.7% 1.3% 2.9% 12.1%
2002 85.2% 1.5% 3.1% 12.4%
2003 84.4% 1.6% 3.3% 13.2%
2004 83.5% 1.7% 3.3% 14.1%
2005 82.8% 1.7% 3.5% 14.8%
2006 82.1% 1.8% 3.5% 15.4%

9Race data may contain individuals reporting Hispanic ethnicity, as well as individuals report-
ing more than one race

b «All Hispanic” includes Hispanic Race, plus individuals reporting Hispanic Ethnicity (for
these individuals the data includes individuals who are represented in one or more of the
racial groups)

¢ Includes Asian, Native Hawaiian or Pacific Islander, and American Indian or Alaska
Native.

SOURCE: Raynard Kington, Deputy Director, National Institutes of Health, Presentation to
Committee, June 11, 2008.
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TABLE 2-3 NSF Research Proposals and Awards, by Race/Ethnicity of
PI1, 2009

American Indian/ Proposals 78 % of Proposals 0.2%

Alaska Native Awards 27 % of Funded 0.2%
Funding Rate 35%

Black/African American  Proposals 1,005 % of Proposals 2.5%
Awards 290 % of Funded 2.2%
Funding Rate 29%

Hispanic or Latino Proposals 1,724 % of Proposals 4.2%
Awards 529 % of Funded 4.0%
Funding Rate 31%

Native Hawaiian/ Proposals 20 % of Proposals 0.0%

Pacific Island Awards 8 % of Funded 0.1%
Funding Rate 40%

Asian Proposals 9,377 % of Proposals 23.1%
Awards 2,426 % of Funded 18.2%
Funding Rate 26%

White, Not of Proposals 28,476 % of Proposals 70.0%

Hispanic Origin Awards 10,023 % of Funded 75.3%
Funding Rate 35%

All Races Proposals 40,680 % of Proposals 100.0%
Awards 13,303 % of Funded 100.0%
Funding Rate 39%

SOURCE: National Science Foundation, NSF Enterprise Information System, as of October 1,
2009.

In sum, underrepresented minorities are underutilized in science and
engineering. There is underproduction of S&E graduates at every edu-
cational level from secondary school through doctoral education. Under-
represented minorities are also significantly underrepresented in the doctoral
population, in the faculty, and among researchers awarded federal research
funds. This is a substantial human resource for the United States in general
and United States science and engineering in particular, and we are currently
squandering it.
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Preparation

FROM A NATION AT RISK TO AMERICA AT THE CROSSROADS:
K-12

More than 25 years ago, the National Commission on Excellence in
Education issued the landmark report, A Nation at Risk: The Imperative
for Educational Reform. This report argued that the nation’s education
system was “being eroded by a rising tide of mediocrity that threatens our
very future as a nation and as a people.” Academic achievement test scores
were falling; fewer students were adequately prepared for entry into college
or the job market; and schools were failing to compete with those in other
developed countries.

Later that year, the National Science Board Commission on Precollege
Education in Mathematics, Science and Technology published the report
Educating Americans for the 21st Century, responding to the impact of
emerging new technologies on K-12 education. These reports occurred dur-
ing a time when the demand for highly skilled workers in emerging fields
was accelerating rapidly.

They called for massive reform in the educational process “at the
expense of a strong public commitment to the equitable treatment of our
diverse population.” Subsequently, former President George H. W. Bush
convened a historic Education Summit at Charlottesville, Virginia, in 1989
with 50 governors at which they agreed to set national education goals.
The Bush administration and the governors announced the six national

53
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All, regardless of race or class or economic status, are entitled to a fair
chance and to the tools for developing their individual powers of mind and spirit
to the utmost. This promise means that all children by virtue of their own efforts,
competently guided, can hope to attain the mature and informed judgment needed
to secure gainful employment, and to manage their own lives, thereby serving not
only their own interests but also the progress of society itself.

— A Nation At Risk, April 1983

education goals' (Box 3-1) and created the National Education Goals Panel?
to report national and state progress toward the goals, identify promising
practices for improving education, and help to build a nationwide bipartisan
consensus to achieve the goals. The Goals Panel released annual reports

and other resource documents as guidance for measuring progress toward
the goals, establishing national education standards, assessing students’
completion of school, and recognizing the link between teacher quality and

student achievement.
The No Child Left Behind Act (NCLB) of 2001 that pushed for increased

accountability for states, school districts, and schools; more choices for
parents and students, especially those attending low-performing schools;
greater flexibility for states and school districts in the use of federal educa-
tion funds in exchange for improved performance; and a stronger emphasis
on reading. Tough sanctions would be imposed on schools failing to show
improved performance, and those that narrowed the achievement gaps
would be eligible to receive State Academic Achievement Awards. The
principles of the NCLB Act also flowed to other programs authorized by
the Elementary and Secondary Education Act of 1965, such as the Improv-
ing Teacher Quality State Grants program that applies scientifically based
research to prepare, train, and recruit high-quality teachers. More recently,
under President Barack Obama, the American Recovery and Reinvestment
Act of 2009 provided $4.35 billion for the Race to the Top Fund, a com-
petitive grant program designed to encourage and reward states that are
creating the conditions for education innovation and reform.

In spite of the numerous reports and policy and reform initiatives target-
ing curriculum and educational standards, assessments, and teacher prepa-
ration, today the nation is faced with the same issues—failing schools and

I The six goals were later expanded to eight by Congress.

2 The Goals Panel was reconstituted to include representatives from Congress as voting
members and equal numbers of Republicans and Democrats. President Clinton signed the
“Goals 2000: Educate America Act” adding state legislators to the panel membership.
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BOX 3-1
Education Goals 2000

The 1989 Education Summit led to the adoption of six National Education
Goals, later expanded to eight by Congress. Essentially, the goals state that by
Year 2000:

. All children will start school ready to learn.

. The high school graduation rate will increase to at least 90%.

. All students will become competent in challenging subject matter.

. Teachers will have the knowledge and skills that they need.

. U.S. students will be first in the world in mathematics and science
achievement.

. Every adult American will be literate.

7. Schools will be safe, disciplined, and free of guns, drugs, and alcohol.

8. Schools will promote parental involvement and participation.

a s~ wND =

(0]

SOURCE: Goals 2000—The Clinton Administration Education Program, http://
www.nd.edu/~rbarger/www7/goals200.html.

inequitable education at a time when there is even more need for a skilled
workforce. Recent reports show that previous efforts have produced mixed
results for the general populace and have had limited effectiveness in bridg-
ing the achievement gap for underrepresented minorities, the fastest growing
segment of the U.S. population. In fact, the efforts have failed to address
the special needs of underrepresented minorities in a fashion systematic
enough to sustain the small gains made. The problem has been exacerbated
by a surge in the nation’s Hispanic population due to substantial immigra-
tion since the 1990s that has filled many schools with large numbers of
children who are not native speakers of English. Thus, as underrepresented
minorities continue to be unprepared to matriculate successfully through
the education trajectory, the United States continues to fall further behind
other industrialized nations in academic achievement and degree production
in science and engineering.

NATIONAL MARKERS FOR UNDERREPRESENTED MINORITIES

A range of indicators signal the need for us to reconsider the efficacy of
national policies and investments in K-12 education. These are presented in
the context of the demographic shifts in the American population and the
potential impact of continuing the legacy of inequality in the educational
system. There are systemic failures in the implementation of federal, state,
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and local policies designed to provide equity and excellence in K-12 educa-
tion, and these failures weaken our foundation for future prosperity.

K-12 Enrollment Trends

According to Projections of Education Statistics to 2018, total public
and private elementary and secondary school enrollment reached a record
55 million in fall 2006 and is projected to set new records each year
from 2009 through 2018, with increasing proportions of underrepresented
minorities. The South is expected to maintain the largest overall enroll-
ment, with 40 percent of students residing in this region. Private school
enrollment is expected to decrease during this period, given its 9 percent
enrollment growth between 1985 and 2008 compared to the 26 percent
growth in public schools.3

The proportion of underrepresented minorities enrolled in public ele-
mentary and secondary schools has increased over time. Figure 3-1 shows
that between 1972 and 2007, the percentage of public school students
who were white decreased from 78 to 56 percent, while the percentage of
students from other racial/ethnic groups increased from 22 to 44 percent,
largely reflecting the growth in the percentage of Hispanic students

Thus, the K-12 pipeline is expected to have an inevitable majority of
underrepresented minorities and must be a major focal point of intervention
to cultivate the diverse talent pool needed to sustain the nation’s future in
STEM. The K-12 pipeline can be divided into four key transition points
for the purposes of policy intervention for underrepresented minorities:
prekindergarten, elementary school, middle school, and high school. There
are indicators for each of these transition points that signal the need for
intervention and that impact the continuing progression of underrepresented
minority students.

International Comparisons of K-12 Mathematics and Science Performance

International comparisons provide a window through which to view
our nation’s competitiveness in the global economy. These comparisons spur
a review of policy issues from access to education to equity of resources
devoted to educational achievement, and they point to the need for more
effective and coherent strategies to improve academic performance.

For example, the 2007 Trends in International Mathematics and Science
Study (TIMSS) reports that math and science scores for U.S. 4th and 8th
grade students were lower than those of students in peer countries, accord-

3 W. J. Hussar and Bailey, T. M. 2009. Projections of Education Statistics to 2018 (NCES
2009-062). National Center for Education Statistics, Institute of Education Sciences, U.S.
Department of Education, Washington, DC.
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FIGURE 3-1 Percentage distribution of public school students enrolled in kinder-
garten through 12th grade by race/ethnicity: Selected years, October 1972-October
2007.

NOTE: “Other” includes all students who identified themselves as being Asian, Ha-
waiian, American Indian, or two or more races. Estimates include all public school
students enrolled in kindergarten through 12th grade. Race categories exclude
persons of Hispanic ethnicity. Over time, the Current Population Survey (CPS) has
had different response options for race/ethnicity.

SOURCE: U.S. Department of Commerce, Census Bureau, Current Population
Survey (CPS), October Supplement, selected years, 1972-2007.

ing to international benchmarks. The United States also has had the least
sustained improvement in math and science from 1995 to 2007. It has, in
fact, shown a 3-point decrease in the average science score for 4th grade
science. The largest increase was in 8th grade mathematics, with an average
score difference of 16 points.

The 2007 TIMSS report showed that African American and Hispanic
students were narrowing the gap in 4th and 8th grade mathematics, but,
as Figure 3-2 for Grade 8 shows, a large gap remained. Meanwhile, there
is no consistent trend in science for either grade. In addition, as shown in
Figure 3-3, at least at the 8th grade level, there is a large gap among schools
by poverty level.

As shown in Figure 3-4, the Education Trust conducted an analysis of
TIMSS data that shows that average mathematics and science scores for
underrepresented minorities are below the national average and thus even
less competitive globally. There is a larger gap between Hispanic/Latino and
African Americans in mathematics and science for grades 4 and 8, except
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FIGURE 3-2 Grade 8 TIMSS average math scores by race/ethnicity.

SOURCE: The Education Trust. 2008. Highlights from the Trends in International
Mathematics and Science Study (TIMSS) 2007, Natonal Center for Education
Statistics, U.S. Department of Education.
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FIGURE 3-3 Grade 8 TIMSS average math scores by school poverty level.
SOURCE: The Education Trust. 2008. Highlights from Trends in International
Mathematics and Science Study (TIMSS) 2007, National Center for Education
Statistics, U.S. Department of Education.

in 4th grade science, where the average scores are about the same. African
Americans scored lower than any group across the board.

The United States also compares its education system to that of the other
Group of Eight (G-8) countries—Canada, France, Germany, Italy, Japan,
the Russian Federation, the United Kingdom—that are among the world’s



PREPARATION 59

Asial
‘ White | \7&8. Overall | LvHispanic | African American

o
)
o

w
~
o

u
i)
o

S
hu)
o

&
~
%]

w
<
o

Average Scale Score

FIGURE 3-4 TIMSS Grade 4 math racial/ethnic subgroup comparison to all par-
ticipating countries.

SOURCE: The Education Trust. 2008. Highlights from Trends in International
Mathematics and Science Study (TIMSS) 2007, National Center for Education
Statistics, U.S. Department of Education.

most economically developed and among the nation’s major competitors.
Comparative Indicators of Education in the United States and Other G-8
Countries: 2009* shows that the United States has the largest percentage
of 5- to 19-year-olds of all of the G-8 countries and experienced the high-
est growth in that subpopulation between 1996 and 2006. However, other

G-8 countries outpace the United States in reading literacy, mathematics,
and science. The United States also displays the widest disparity among
racial/ethnic subgroups. The average years of teaching experience among
4th grade teachers in England and the United States was lower than in
all other participating G-8 countries. The average teaching experience
was three years lower in 2006 compared to 2001. While it spent a higher
percentage of its GDP on education in 2003, it awarded among the lowest
percentages of first university degrees in STEM of all the G-8 countries. It
was the only G-8 country to award more first university degrees in the arts
and humanities than in science, mathematics, and engineering.

4D. C. Miller, A. Sen, L. B. Malley, and S. D. Burns. 2009. Comparative Indicators of Edu-
cation in the United States and Other G-8 Countries: 2009 (NCES 2009-039). (Washington,
DC: National Center for Education Statistics, Institute of Education Sciences, U.S. Department
of Education.
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Andreas Schleicher, in commenting on international benchmarking,
indicated in a July 2009 briefing at the Woodrow Wilson International
Center for Scholars that the U.S. education system needs a paradigm shift,
one that embraces diversity, delivers equity, adopts universal high stan-
dards, and uses data and best practices. He commented that the distinction
between public and private schools does not matter too much and that the
United States should move from prescribed forms of teaching and assess-
ment toward more personalized learning. All agree that the trends shown
in the reports will only worsen if the nation does not aggressively and sys-
tematically remedy the problems that perpetuate the achievement gaps and
underrepresentation of minorities in STEM.

Understanding Mathematics and Science Achievement Gaps

The achievement gap between white and minority students in K-12
mathematics and science is well documented in numerous research and
statistical reports (e.g., Condition of Education, The Nation’s Report Card,
Science and Engineering Indicators). These confirm that family and com-
munity differences and school context have a significant impact on student
achievement throughout the K-12 spectrum. For example, gaps in math-
ematics and science start in kindergarten and widen over time among under-
represented minorities generally, and especially among children with such
risk factors as poverty, having a mother whose highest level of education
was less than a high school diploma, or a home language other than English.
The Condition of Education 2009 reports that a higher percentage of white
children had family members who read to them daily than did children of
other racial/ethnic groups. Also, a higher percentage of Asian children were
read to than Hispanic and American Indian/Alaska Native children at all
ages, and than black children at ages two and four. Overall, a smaller per-
centage of children in poverty were read stories to, told stories to, or sung
to daily by a family member, compared with children not in poverty.®

The achievement gap in mathematics and science is documented in
numerous national assessments of student progress that have reported some
fluctuations but the same trend for decades. As an illustration, Table 3-1
shows the average mathematics scores of students from the Early Childhood
Longitudinal Survey (ECLS) by race/ethnicity from kindergarten to grade
five for 1998, 2000, 2002, 2004, and 2007 as reported by the National Sci-
ence Foundation (2008).® From kindergarten to 8th grade, white students
posted a gain of 116 points; Hispanics, a gain of 113 points; and blacks,

5 M. Planty, W. Hussar, et al. 2009. The Condition of Education 2009 (NCES 2009-081).
National Center for Education Statistics Institute of Education Sciences, U.S. Department of
Education, Washington, DC.

¢ National Science Foundation, Science and Engineering Indicators 2008.
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TABLE 3-1 Average Mathematics Scores of Students from Beginning
Kindergarten to Grade 8, by Race/Ethnicity: 1998, 2000, 2002, 2004,
and 2007

Fall 1998 Spring 2000 Spring 2002 Spring 2004  Spring 2008

Race/Ethnicity Kindergarten Grade 1 Grade 3 Grade § Grade 8
All students 26 62 99 123 139
White 29 66 106 129 145
Black 22 52 84 105 123
Hispanic 22 56 92 118 135
Asian 30 65 105 133 148
Other? 25 59 95 120 137

9Includes non-Hispanic Native Hawaiians, Pacific Islanders, American Indians, Alaska Na-
tives, and children of more than one race.

SOURCES: National Center for Education Statistics, Early Childhood Longitudinal Study,
Kindergarten Class of 1998 and spring 2000, 2002, 2004, and 2007; and National Science
Foundation, Division of Science Resources Statistics, special tabulations, Science and Engi-
neering Indicators 2010.

a gain of 101 points. By 5th grade, the gap between white and black stu-
dents in average mathematics scores was 24 points, and the average score
of black 5th grade students was equivalent to the average 3rd grade score
of white students.

ECLS data suggest that some gaps widened as students progressed
through elementary school and that other gaps, such as those between boys
and girls, emerged that were not present when students started school.
Boys and girls started kindergarten at the same overall mathematics per-
formance level, but by the end of 5th grade, boys had made larger math-
ematics gains than girls, resulting in a gender gap of four points.

Some research suggests that widening achievement gaps as students prog-
ress through school are, at least in part, a result of differential learning growth
and loss during the summer (Cooper, 1996; Alexander et al., 2007 ). Most
students lose about two months of grade level equivalency in mathematical
computation skills over the summer months. Low-income students also lose
more than two months in reading achievement, despite the fact that their
middle-class peers make slight gains. These findings have been attributed to
greater ability among higher-income parents to provide their children with
mathematically stimulating materials and activities during the summer.

According to the Education Longitudinal Study (ELS), similar gaps per-
sist through high school. For example, the proportion of 12th grade students
overall demonstrating proficiency in advanced mathematics was lower and
decreased as more advanced skills were tested. While each demographic
subgroup examined improved in mathematics skills from 10th to 12th
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TABLE 3-2 Average Science Score of Students in Grades 4, 8, and 12, by
Race/Ethnicity: 1996, 2000, and 2005

Race/Ethnicity 1996 2000 2005
All Grade 4 147 147 151
White 158 159 162
Black 120 122 129
Hispanic 124 122 133
Asian/Pacific Islander 144 NA“ 158
American Indian/Alaska Native 129 135 138
All Grade 8 149 149 149
White 159 161 160
Black 121 121 124
Hispanic 128 127 129
Asian/Pacific Islander 151 153 156
American Indian/Alaska Native 148 147 128
All Grade 12 150 146 147
White 159 153 156
Black 123 122 120
Hispanic 131 128 128
Asian/Pacific Islander 147 149 153
American Indian/Alaska Native 144 151 139

NOTES: Scores on 0-300 scale for each grade. In 2005, NAEP science assessment completed
transition to an accommodations-permitted test.

9NA = not available. Special analyses raised concerns about accuracy and precision of national
grade 4 Asian/Pacific Islander results in 2000; therefore omitted from National Center for
Education Statistics (NCES).

SOURCES: NCES, The Nation’s Report Card: Science 2005 (NCES 2006-466) (2006); NAEP,
1996, 2000, and 2005 science assessments; and National Science Foundation, Division of
Science Resources Statistics, special tabulations.

grade, minority students’ scores were lower than those for white students
(Table 3-2). By 12th grade, the average performance of black students was
slightly lower than the average 10th grade performance of white and Asian
students. A similar pattern is shown also for science assessments from 3rd
through 12th grade. Thus, as larger numbers of underrepresented minori-
ties are entering the STEM pipeline, many still are not progressing at a rate
comparable to that of whites.

The National Assessment of Education Progress (NAEP) is the primary
source used to report student performance data for the nation and specific
geographic regions of the country and to produce The Nation’s Report Card.
The NAEP mathematics and science frameworks are developed under the
direction of the National Assessment Governing Board, which sets specific
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achievement levels (basic, proficient, and advanced) for each subject area
and grade as standards for student performance. The assessment uses two
dimensions of mathematics, content areas and mathematical complexity.
The science framework emphasizes assessing science concepts and applica-
tion of scientific knowledge and skills rather than factual knowledge.

NAEP Mathematics

The most recent NAEP assessments of educational progress for 4th and
8th graders in mathematics show that all racial/ethnic groups showed higher
average mathematics scores in 2009 than in 2007 and 1990.” Asian/Pacific
Islander 4th grade scores were the highest followed by those of whites. Score
increases did not consistently result in a significant closing of performance
gaps between white and underrepresented minority students, although gains
over the years for black students resulted in a smaller gap between black
and white students in 2009 than in 1990. Male students continued to score
two points higher on average than female students.

The average mathematics score for 4th graders in public schools (239)
was lower than for students in private schools overall (246) and in Catholic
schools specifically (245). Students who were eligible for free or reduced-
price lunch continued to score lower on average than students who were
not; however, average mathematics scores were higher in 2009 than in 2007
for all three groups. Mathematics scores increased from 2007 to 2009 for
black students in Delaware and New Jersey; Hispanic students in Delaware,
Florida, Missouri, and New Mexico; American Indian/Alaska Native stu-
dents in Oklahoma. In no state did scores decline since 2005 for students
overall or for any racial/ethnic group.

Table 3-3 compares the 2007 average scale scores and achievement
level results by race/ethnicity for 4th and 8th grade public school students.
Eighth graders reported gains for each of the five content areas. The largest
percentage of the 168 questions that made up the 8th grade mathematics
assessment (approximately 30 percent) focused on algebra. The percentages
of 8th grade public school students at or above basic and proficient and
advanced increased steadily from 1990 to 2007. White, black, and Hispanic
students showed higher average mathematics scores in 2007 than in all pre-
vious assessment years. The score for Asian/Pacific Islander students showed
no significant change in comparison to 2005 but was higher than in 1990.
No significant change in the score was seen for American Indian/Alaska
Native students.

7 The Nation’s Report Card: Mathematics 2009. National Assessment of Educational Prog-
ress at Grades 4 and 8 (NCES 2010-451). 2010. Washington, DC: National Center for Educa-
tion Statistics, U.S. Department of Education.
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