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Stimulated, in part, by the release
of a report by the Boyer Commission of
the Carnegie Foundation for the Advance-
ment of Teaching the National Science
Foundation has conducted a review of its
undergraduate programs as part of the
process of developing a strategic plan for
addressing shortcomings in the nation’s
undergraduate programs.

The Carnegie Report makes ten rec-
ommendations for improving under-
graduate education.  The publicity attend-
ing release of the report implied that un-
dergraduate students are short-changed at
the 125 research universities.  However,
the report itself includes a number of vi-
gnettes called “Signs of Change” that de-
scribe examples of outstanding programs
for enhancing undergraduate education at
these same institutions.  Each highlighted
program illustrates one or more ways of
carrying out the ten recommended
changes in undergraduate education.
Many of the programs cited received at
least partial support from the Foundation.

The Carnegie Report does not speak
to the state of undergraduate education at
comprehensive universities, baccalaure-
ate (four-year) institutions, and commu-
nity colleges (two-year institutions).  Re-
cent data show that 84% of all under-
graduates are enrolled at these institutions
and that 68% of all baccalaureate degrees
are awarded by comprehensive universi-
ties and baccalaureate (four-year) insti-
tutions.  Because faculty from all types
of higher education institutions are eli-
gible for NSF programs, NSF is having
an impact on undergraduate education
that extends well beyond the 125 institu-
tions discussed in the Carnegie Report.

Two important reports pre-date the
Carnegie Report in calling for reform in
SMET undergraduate education--  Shap-
ing the Future: New Expectations for
Undergraduate Education in Science,
Mathematics, Engineering, and Technol-
ogy (NSF 96-139) and From Analysis to
Action:  Undergraduate Education in

Science, Mathematics, Engineering, and
Technology (National Research Council,
1996).  Both reports raise important is-
sues about undergraduate SMET educa-
tion and recommend ways in which to
correct them.  A third report, Transform-
ing Undergraduate Education in Science,
Mathematics, Engineering, and Technol-
ogy (National Research Council, 1999),
post-dates the Carnegie Report, builds on
previous work, and was written to assist
top-level academic officers, faculty, and
departments in the critical process of in-
stitutionalizing improvements in under-
graduate SMET education, and to encour-
age members of the higher education
SMET community to reflect on issues im-
portant to undergraduate education. Many
of NSF’s programs already encourage
changes in line with the recommendations
in these reports.

Over the past several years, the Foun-
dation has been implementing strategies
to enhance the effectiveness of its under-
graduate programming by integrating re-
search and education, laying the founda-
tion for education reform, and increasing
collaboration across organization bound-
aries.  The new strategies emphasizing un-
dergraduate education take into account
and explicitly enhance, the interrelated
roles of all segments of the preK-gradu-
ate educational enterprise.  With sufficient
resources, NSF can both strengthen its
core programs and address unmet needs
and opportunities.  Unmet opportunities
can be grouped into five areas:  1) sys-
temic reform of curricula and institutions;
2) high-quality instruction by faculty; 3)
educational research, materials, and meth-
ods; 4) emphasis on meeting the needs of
diverse student populations; and 5) stu-
dent support.

Introduction
The Carnegie Report

In 1998, the Boyer Commission on
Educating Undergraduates in the Re-
search University produced a report, Re-

inventing Undergraduate Education: A
Blueprint for America’s Research Univer-
sities.  This report, released under the
auspices of the Carnegie Foundation for
the Advancement of Teaching, discusses
education programs at 125 “Research I”
and “Research II” universities in the
United States.   The report makes ten rec-
ommendations for improving under-
graduate education (Table 1).

The publicity attending release of the
report implied that undergraduate stu-
dents are short-changed at the 125 re-
search universities.  However, the report
itself includes a number of vignettes
called “Signs of Change” that describe ex-
amples of outstanding programs at these
same institutions that were implemented
explicitly to enhance undergraduate edu-
cation.  Each highlighted program illus-
trates one or more ways of carrying out
the ten recommended changes in under-
graduate education.  Many of the pro-
grams cited received at least partial sup-
port from the National Science Founda-
tion (NSF).

In November 1997, NSF appointed a
Working Group on Undergraduate Edu-
cation.  This Working Group was asked
to recommend over-arching, integrative
concepts that could be used to guide fu-
ture investments, Foundation-wide, in un-
dergraduate science, mathematics, engi-
neering, and technology (SMET) educa-
tion and to frame strategies for transform-
ing the concepts into operational reality.
In its May 1998 interim report, the Work-
ing Group identified five outcomes that
should result from NSF’s portfolio of pro-
grams in undergraduate education (Table
2).

Although NSF actively pursues all
five outcomes, the fifth has proven par-
ticularly challenging.  A growing num-
ber of programs, however, are being ex-
plicitly designed to raise college and uni-
versity administrators’ views of the im-
portance of undergraduate teaching to a
level that is on a par with that of research.
Many of these programs also directly
align with the Carnegie recommenda-
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tions.
In October 1998, NSF revised its merit

review criteria requiring reviewers, for all
programs, to consider how effectively in-
vestigators link their research and educa-
tion responsibilities.  A number of basic
research programs at NSF now require
provision of opportunities explicitly de-
signed for the education of undergradu-
ate students.  These programs include:
Engineering Research Centers, Science
and Technology Centers, Materials Re-
search Science and Engineering Centers,
and Faculty Early Career Development.

Other NSF programs make use of the
expertise of faculty from research insti-
tutions to inform curricular reform at the
undergraduate level.  Some of these pro-
grams also include research opportunities
for undergraduate students as integral
components of the projects.  These pro-
grams include:  the Louis Stokes Alli-
ances for Minority Participation
(LSAMP), NSF Collaboratives for Excel-
lence in Teacher Preparation (CETP), and
Combined Research-Curriculum Devel-
opment (CRCD).  The Course, Curricu-
lum and Laboratory Improvement (CCLI)
program, initiated in FY1999, provides
maximum flexibility for faculty to de-
velop and implement programs that en-

hance undergraduate education in SMET
disciplines, as well as for graduate stu-
dents and faculty to enhance their abili-
ties to provide excellent undergraduate
instruction in these fields.

It should be noted that the Carnegie
Report does not speak to the state of un-
dergraduate education at comprehensive
universities, baccalaureate (four-year) in-
stitutions, and community colleges (two-
year institutions).  Recent data show that
84% of all undergraduates are enrolled at
these institutions and that 68% of all bac-
calaureate degrees are awarded by com-
prehensive universities and baccalaureate
(four-year) institutions.  Because faculty
from all types of higher education insti-
tutions are eligible for NSF programs,
NSF is having an impact on undergradu-
ate education that extends well beyond
the 125 institutions discussed in the
Carnegie Report.

NSF Undergraduate
Education and Training
in Context

Undergraduate education must be
considered within the context of the
Foundation’s entire education and train-
ing portfolio.

As illustrated in Figure 1, undergradu-
ate education plays a central role in the
education continuum, receiving students
from, and providing teachers to, the K-
12 sector; providing students to, and re-
ceiving faculty from, the graduate sector.
Thus, undergraduate activities are directly
affected by, and have great effect upon,
activities in the other education sectors.
The Foundation recognizes and builds

upon these linkages in its programming.
In the FY 1999 NSF Strategic Plan under
the Government Performance and Results
Act (GPRA), the Foundation’s under-
graduate education and training programs
are primarily categorized under Goal #3
(a diverse, globally-oriented workforce of
scientists and engineers) and Goal #4 (im-
proved achievement in mathematics and
science skills needed by all Americans).
A few programs are categorized under
Goal #1 (discoveries at and across the
frontiers of science and engineering).  Ap-
pendix A provides a list of NSF educa-
tion and training programs as categorized
under GPRA, including higher education
programs that are the subject of this re-
port.

Two important reports pre-date the
Carnegie Report in calling for reform in
SMET undergraduate education.  Shap-
ing the Future: New Expectations for Un-
dergraduate Education in Science, Math-
ematics, Engineering, and Technology
(NSF 96-139) and From Analysis to Ac-
tion:  Undergraduate Education in Sci-
ence, Mathematics, Engineering, and
Technology (National Research Council,
1996) raise issues about undergraduate
SMET education and recommend ways
in which to address important issues.  A
third report, Transforming Undergradu-
ate Education in Science, Mathematics,
Engineering, and Technology (National
Research Council, 1999), was written to
assist top-level academic officers, indi-
vidual faculty, and academic departments
in the critical process of institutionaliz-
ing improvements in undergraduate
SMET education and to encourage mem-
bers of the higher education SMET com-
munity to reflect on a number of impor-

1. Make research-based learning
the standard

2. Construct an inquiry-based
freshman year

3. Build on the freshman founda-
tion

4. Remove barriers to interdisci-
plinary education

5. Link communication skills and
course work

6. Use information technology
creatively

7. Culminate with a “capstone,”
integrative final course

8. Educate graduate students as
apprentice teachers

9. Change faculty reward sys-
tems

10. Cultivate a sense of commu-
nity

1. Availability of high quality SMET education for all undergraduate students

2. Effectiveness in teaching and scholarship for SMET faculty in all types of
institutions

3. Support of a robust research base that strengthens education in SMET disci-
plines

4. Development of measures and studies that accurately assess quality of under-
graduate SMET education

5. Collective responsibility and leadership for improving undergraduate SMET
education.

Table 2

Table 1



Journal of SMET  Education6

tant issues related to undergraduate edu-
cation.   As noted, NSF has been moving
relatively aggressively in these directions
over the past several years.  Many of its
programs already encourage changes in
line with the recommendations in these
reports.  New and revised programs will
continue to provide opportunities for de-
veloping and implementing the recom-
mended reforms.

Major NSF
Undergraduate
Programs

The Foundation’s undergraduate
education and training programs are de-
signed to impact specific components of
the undergraduate education system and,
in the aggregate, provide a foundation for
making overall changes in the system.
Ultimately, all programs seek to enhance
student learning of SMET topics and
preparation for a variety of careers.  Pro-

grams achieve direct lever-
age by seeking to impact five
areas (Table 3).
     Table 4 identifies those
NSF programs with a major
focus on SMET undergradu-
ate education.  A “1” indi-
cates a major emphasis,
while “2” indicates a second-
ary emphasis.  Descriptions
of the individual programs
follow.  (Appendix A, in ad-
dition to targeted under-
graduate programs them-
selves, includes other NSF

programs that contain significant compo-
nents that also contribute to the educa-
tion of undergraduates.)

Action Agenda for Systemic Engineer-
ing Education Reform supports develop-
ment of a new engineering education
paradigm that is characterized by active,
project-based and context-based learning;
horizontal and vertical integration of sub-
ject matter; close interaction with indus-
try; broad use of information technology;
and successful participation of
underrepresented groups in engineering.

Advanced Technological Education
(ATE) promotes improvement in the edu-
cation of science and engineering techni-
cians at undergraduate and secondary
school levels.  Two-year colleges play
leadership roles and are a focus in all
projects.  The Program has two compo-
nents:  (1) Centers of Excellence that are
comprehensive national or regional re-
sources providing models and leadership
for other projects and serving as clearing-

houses for educational materials and
methods; and (2) Projects that focus more
narrowly on design and implementation
of new materials, courses, laboratories,
and curricula; adaptation of exemplary
educational materials, courses, and cur-
ricula in new educational settings; prepa-
ration and professional development of
college faculty and secondary school
teachers; and internships and field expe-
riences for students, faculty, and teach-
ers.  The ATE program supports both spe-
cialized technology courses and the core
science and mathematics courses that
serve as their prerequisites.

Course, Curriculum, and Laboratory
Improvement (CCLI) seeks to improve
the quality of SMET education for all un-
dergraduate students by targeting activi-
ties affecting learning environments, con-
tent, and educational practices at the un-
dergraduate level.  The Program supports
development of new educational materi-
als (i.e., courses, curricula), emphasizing
materials and related instructional prac-
tices that are suitable for national distri-
bution; adaptation and implementation of
previously developed exemplary materi-
als and practices; and national dissemi-
nation projects that provide faculty de-
velopment opportunities, introducing cur-
rent and future faculty to new course con-
tent and effective educational practices,
as well as allowing them to interact mean-
ingfully with experts in the field.

NSF Collaboratives for Excellence in
Teacher Preparation (CETP) seeks to
make significant and systemic improve-
ments in the preparation of prospective

Figure 1. Education and
 Training Portfolio

1. Curricula and
Institutions
Providing infrastructure and sys-
temic changes that may also in-
clude changes in disciplines across
institutions or changes within in-
stitutions across disciplines

2. Faculty
Providing for preparation of future
members and professional en-
hancement of existing members of
the undergraduate instructional
workforce

3. Courses and
Laboratories
Providing for changes in educa-
tional materials and/or instruc-
tional methods in use

4. Diversity
Providing for special emphases di-
rected at increasing the ability of
students to compete successfully in
SMET courses or to earn associate
or baccalaureate degrees in SMET
disciplines, irrespective of gender,
ethnicity, or physical disability

5. Students
Providing direct personal and fi-
nancial support to individual stu-
dents

Table 3:  Five Areas of Impact for SMET Education
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K-12 teachers of science, mathematics,
and technology, ensuring their effective-
ness in delivering standards-based edu-
cation and in responding to varied learn-
ing styles, backgrounds, and needs of
their students.  The CETP program also
promotes development of effective strat-
egies for increasing recruitment of qual-
ity K-12 teachers.

Educational Innovations supports inno-
vative educational activities that transfer
research results into undergraduate cur-

ricula in computer and information sci-
ence and engineering.

HBCU-Undergraduate Program
(HBCU-UP) supports Historically Black
Colleges and Universities (HBCUs) to
strengthen their SMET education and re-
search infrastructure, including support
for faculty, research experiences for un-
dergraduates, and scientific instrumenta-
tion.

Louis Stokes Alliances for Minority Par-
ticipation (LSAMP) supports establish-
ment of comprehensive approaches for
increasing the quantity and quality of
underrepresented minorities who success-
fully earn baccalaureate degrees in sci-
ence, mathematics, and engineering and
for increasing the number of students who
pursue graduate study in these fields.

Minority Institutions Infrastructure
(MI-I) seeks to increase minority partici-
pation in the academic and research ar-

                  Program

Action Agenda for Systemic
Engineering Education Reform

Advanced Technological
Education (ATE)

Course, Curriculum, and
Laboratory Improvement (CCLI)

NSF Collaboratives for
Excellence in Teacher
Preparation (CETP)

Educational Innovations

Historically Black Colleges
and Universities—
Undergraduate Program
(HBCU-UP)

Louis Stokes Alliances for
Minority Participation
(LSAMP)

Minority Institutions
Infrastructure (MI-I)

Research Experiences in
Undergraduate Institutions
(REU)

Research Opportunity Awards
(ROA)

Research in Undergraduate
Institutions (RUI)

Collaborative Research at
Undergraduate Institutions (C-RUI)

Undergraduate Mentoring in
Environmental Biology (UMEB)

Curricula/
Institution Faculty Courses/

Laboratories Diversity Students

2

2

2

2 2

2

2

1 1 1

1 1 1

1 1

1 1

1

1 1 1

1 1 1 1

1 1

1

1

1 1

Table 4:  Focus of NSF Undergraduate Education Programs

1 1

11
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eas of computer and information science
and engineering, with particular empha-
sis on significantly expanding the num-
bers of minority students attracted to, and
retained in, these disciplines.

Research Experiences for Undergradu-
ates (REU) provides opportunities for
undergraduates to participate in faculty-
guided mathematics, science and engi-
neering research projects.

Research Opportunity Awards (ROA)
provides support for faculty at institutions
(including middle and secondary schools)
with limited opportunities to participate
in research under the aegis of NSF inves-
tigators at other institutions.

Research in Undergraduate Institutions
(RUI) supports high quality research by
faculty with active involvement of under-
graduate students in order to strengthen
the research environment in academic
departments at institutions that are ori-
ented primarily toward undergraduate
instruction.

Needs and
Opportunities

Evaluations carried out on many of
the NSF programs described above pro-
vide evidence that these programs achieve
stated goals.  Over time, however, in re-
sponse both to experience gained through
program operations and to emerging op-
portunities, evaluations, and feedback of
experts in the field, program modifica-
tions are identified that show promise for
broadening program impact.  These modi-
fications generally involve incorporation
of best practices and/or pursuing innova-
tive strategies that capitalize on natural
synergies across program components.

For example, a major goal of the
Course and Curriculum Development
(CCD) program, a precursor to the CCLI
program, was to create exemplary under-
graduate education materials for national
dissemination.  An evaluation of the CCD
program found that exemplary materials
and instructional strategies were indeed
developed, but noted that successful
implementation was most likely to occur
at the developer’s institution and did not
occur at other institutions to the extent

desired by NSF.  Consequently, the CCLI
program was designed with an Adapta-
tion and Implementation (A&I) track in-
tended to remove two major barriers to
successful transfer.   Under A&I, institu-
tions and departments seeking to imple-
ment materials and instructional strategies
developed elsewhere can now obtain sup-
port both for their adaptation and for the
faculty professional development critical
for their success.

Over the past several years, the Foun-
dation has been implementing strategies
to enhance the effectiveness of its pro-
gramming at the undergraduate level.  The
approach taken integrates research and
education, focuses on various aspects of
undergraduate education, and lays the
foundation for education reform.  The
strategies are heavily oriented towards de-
veloping increased integration of efforts
across new lines.  They build upon a
strong existing program base and provide
unique new opportunities in teaching and
scholarship that benefit students, faculty,
and institutions.  The new strategies em-
phasizing undergraduate education take
into account, and explicitly enhance, the
interrelated roles of all segments of the
preK-graduate educational enterprise.

Unmet needs and opportunities are
framed within the context of the existing
program portfolio.  The core of the cur-
rent set of programs provides for renewal
of the undergraduate curriculum.  All
other current and envisioned activities
assume that the base set of programs are
fully implemented and robust.  In under-
graduate education, unmet needs can be
grouped into five major areas that paral-
lel the leverage points identified in Sec-
tion I above.

Systemic Reform of Higher
Education Curricula
and Institutions

Undergraduate education takes
place within the context of a complex, in-
terrelated system.  Change—focused on
students, faculty, courses and laboratories,
curricula and institutions—is difficult to
maintain over time unless all parts of the
system support that change.  For example,
faculty in one department may implement
new curriculum to encourage active forms
of student learning in all courses.  How-
ever, if courses in other departments fail

to undergo similar changes, it may prove
impossible to attain requisite flexible
schedules and classroom design.  Or, if
colleagues at other institutions do not sub-
scribe to similar reforms, faculty may find
themselves professionally isolated and
have little incentive to sustain reforms
over the long term.

Experience with undergraduate SMET
education reform has demonstrated the
strong degree to which various parts of
the educational enterprise must change to
ensure significant and sustained improve-
ments in student learning.  Two relatively
unique types of infrastructure develop-
ment are critical to reform:

Reform within Institutions  When a
reasonably large change in pedagogy is
required within a given course, students
and faculty will benefit most if prerequi-
site, follow-on, and other complementary
courses provide for smooth transitions
that accommodate the new course struc-
ture.  In turn, the advising system, the
workloads experienced by the students
and faculty, the daily course schedule, and
a whole host of other parts of the system
may need to change as well.  Pervasive
changes within an institution require
building a comprehensive vertical infra-
structure.  Curriculum reform mandates
that attention be given to all manner of
institutional changes to guarantee the suc-
cess and permanence of the reform effort.
The Foundation has experience with such
comprehensive efforts through (1) engi-
neering curriculum reform efforts; (2) a
pilot institution-wide reform activity that
simultaneously enacted revisions to
courses and enhancement of student sup-
port systems, as well as professional de-
velopment of faculty and graduate stu-
dents who would serve as future faculty;
and (3) several recognition programs for
institutions already actively engaged in
exemplary reform activities.  The
HBCU—Undergraduate Program and the
Minority Institutions Infrastructure pro-
grams are designed to provide support
consistent with these goals.

Knowledge and skills in SMET disci-
plines are not required only by those de-
siring to go into technical careers; all stu-
dents must be prepared to meet the in-
creasing technological sophistication de-
manded of the workplace and society.  It
is important to encourage the acquisition
of foundational knowledge appropriate to
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various career paths and to do so through
use of inquiry-rich instructional methods
and education materials.  The inquiry pro-
cess develops habits of mind that promote
problem-solving and critical thinking
skills while strengthening understanding
of basic concepts.  Within higher educa-
tion institutions, disciplines do not exist
in isolation.  Institutions must foster
cross-disciplinary learning communities
and link curricular and co-curricular ef-
fort that improve student access to qual-
ity resources and their ultimate mastery
of concepts and skills.

The intellectual and creative strengths
of the SMET community need to be ap-
plied more forcefully to the preparation
of future K-12 teachers.  Experience with
the NSF Collaboratives for Teacher
Preparation (CETP) program and other
undergraduate teacher preparation efforts
has shown that the quality and attitudes
of faculty responsible for educating fu-
ture teachers are critical to the prepara-
tion of these undergraduates.  Since the
inception of the CETP program, NSF has
pursued a strategy of bringing together
faculty from schools of education and col-
leges of arts and sciences to ensure ap-
propriate grounding in both pedagogy and
content. Still, greater attention is needed
to engage SMET faculty in integrated ef-
forts for both the pre-service preparation
and in-service enhancement of teachers.
One avenue to explore is facilitating
learning communities of K-16 teachers
and faculty engaging in the creation, syn-
thesis, and delivery of knowledge.

Reform within Disciplines  Across
the undergraduate sector, disciplinary
structures and institutional cultures are re-
inforced and maintained through accredi-
tation criteria and professional interac-
tions among faculty within disciplines.
Major reforms within disciplines—that
affect course content in significant
ways—will only be successful if efforts
cut across institutions.  For example, as a
trial effort, the Chemistry Initiative sup-
ported by NSF actively engaged faculty
at more that 50 institutions to change in-
troductory undergraduate chemistry
courses.  National dialogue among chem-
ists across the nation allowed the five sup-
ported projects to propose more dramatic
curricular changes than any one depart-
ment alone would find reasonable.  In ad-
dition, scale involvement in this initiative

was sufficient to exert influence on na-
tional chemistry examinations and other
systemic issues.  Thus, curricular reform
within other disciplines likewise will re-
quire large-scale, simultaneous efforts
across the nation in order to produce com-
prehensive change.

Assessment  The ultimate beneficia-
ries of investments in undergraduate
courses, laboratories, curricula and fac-
ulty enhancement are the students.  Thor-
ough evaluations of these efforts, as well
as those of departments and institutions,
require assessment of student understand-
ing of concepts, as well as problem solv-
ing and critical thinking skills.  Adding
to the complexity in developing useful in-
struments is the diversity of faculty, dis-
ciplines, and institutions in higher edu-
cation.

To date, there are no broadly accepted
assessments of undergraduate student
SMET learning and a critical need exists
for undergraduate student assessment
frameworks and measurable indicators.
Particularly useful would be assessments
developed with explicit attention to the
knowledge, skills, and abilities expected
of undergraduate degree recipients.  Such
assessments could be applied at various
levels of examination and would em-
power individual faculty to improve their
instruction, departments to improve their
programs, and institutions to further
progress toward systemic reform.  Higher
education assessment activities should
provide frameworks and measurable in-
dicators to evaluate:  (1) student academic
achievement and affective learning out-
comes within a program of study that ac-
counts for differences in learning styles,
rates of intellectual development, and
career goals, and (2) the quality of de-
partmental and institutional environments
in support of student learning (e.g., fac-
ulty teaching, academic support systems).

High Quality Instruction by
Faculty

Educational Resources  In order to
maximize the rate at which innovations
in undergraduate SMET education are
implemented and institutionalized, fac-
ulty must be given continuing opportuni-
ties to maintain fluency with the latest de-
velopments in their fields.  The informa-
tion technology revolution makes pos-

sible realization of a connective infra-
structure across NSF’s research and edu-
cation programs that ensures broad and
universal access to the highest quality
research and education products and re-
sults.  Over the past three years, NSF has
been exploring application of digital li-
brary technology to K-16 education and
has initiated development of a National
Science, Mathematics, Engineering and
Technology Education (SMETE) Digital
Library (NSDL).  The NSDL will provide
wide access to the very best standards-
and inquiry-based SMET educational ma-
terials and instructional strategies from el-
ementary through graduate school. The
Library builds on our nation’s invest-
ments in information technology, foster-
ing and supporting collaborations among
new and future teachers, faculty, and stu-
dents.

The NSDL is a large undertaking, re-
quiring major investment in development
and maintenance. Building the NSDL re-
quires development of a central manage-
ment structure and a selective core col-
lection/repository of exemplary content.
Its maintenance requires continuous up-
dating of hardware and software compo-
nents; revisions to standards and proto-
cols for accessibility, reliability, and sta-
bility; and general oversight of distributed
services.  The Library platform is the
product of collaboration between the Di-
rectorates for Education and Human Re-
sources (EHR) and Computer and Infor-
mation Science and Engineering (CISE)
and builds on foundational work sup-
ported by the NSF-led multi-agency Digi-
tal Libraries Initiative.  The NSDL will
be a major vehicle for the dissemination
of resources developed by NSF core K-
16 education programs and will be en-
hanced by incorporating efforts of the
extant Louis Stokes Alliances for Minor-
ity Participation Virtual Institute
(LSAMP-VI), an integrated network of
four specialized Virtual Centers, that syn-
thesizes and disseminates information on
educational policy and practice.  Through
support of instructional innovation and
broad access to high quality educational
materials, the NSDL initiative promotes
improved achievement in SMET skills
needed by all Americans.

Opportunities to Maintain Cur-
rency  Faculty principally engaged in re-
search require opportunities to enhance
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their own instructional efforts by learn-
ing and applying the latest results from
pedagogical research.  Similarly, faculty
who principally teach undergraduates
need opportunities to learn and apply the
latest research findings within their dis-
ciplines.  The Course, Curriculum, and
Laboratory Development (CCLI) pro-
gram provides limited support for such
activities within the context of course
development and a few large-scale multi-
disciplinary grants.  The Research Oppor-
tunity Awards (ROA) program and the
Collaborative Research in Undergraduate
Institutions (C-RUI) program for the bio-
logical sciences provide limited opportu-
nities for faculty in undergraduate and re-
search  institutions to engage jointly in
disciplinary research.  More extensive
opportunities for faculty development are
needed.

Exemplary Role Models  Although
a number of NSF programs have suc-
ceeded in encouraging faculty at research
institutions to take increased responsibil-
ity for educating undergraduates, addi-
tional strategies are needed to bring fur-
ther success in this effort.  The Founda-
tion actively seeks out opportunities to
emphasize the importance of undergradu-
ate SMET teaching, by recognizing and
encouraging efforts of research faculty
who actively engage in creative instruc-
tion at the introductory undergraduate
level both for students who plan to pur-
sue advanced study and related careers,
as well as those who seek to follow other
courses of endeavor.  Such distinguished
teaching scholars should be recognized
for developing interdisciplinary courses
and materials, promoting appropriate uses
of technology, and focusing attention on
the undergraduate preparation of prospec-
tive K-12 teachers and they can serve as
role models for other faculty.  Through
national recognition, these scholars could
serve as catalysts for improving the state
of undergraduate SMET teaching and
learning, exploring instructional scholar-
ship, developing new courses, and experi-
menting with new pedagogy.  They could
give public lectures for general audiences
to make clear the connections between
research discoveries and their societal
applications.  Finally, they could serve as
mentors to faculty, graduate students, and
undergraduates, thus providing motiva-
tion for other faculty to improve under-

graduate education and for students to en-
ter careers in science and engineering.

Developing the Next Generation of
Faculty  As noted previously, the success
of teacher preparation depends upon pro-
viding undergraduate students with
knowledge of SMET content and instruc-
tional excellence.  The same principle
applies to undergraduate education in
general—greater attention needs to be
applied to producing future faculty who
are as well prepared to engage in creative
undergraduate instruction, as they are to
engage in innovative research.

Educational Research,
Materials, and Methods

Applied Research Base  A relatively
large body of research literature exists on
many aspects of teaching and learning.
The vast majority of this research, how-
ever, has been focused on preK-12 stu-
dents.  A notable exception has been NSF-
supported research on student misconcep-
tions and developing conceptual under-
standing within the discipline of physics.
This effort needs to extend to other disci-
plines and to support studies that relate
to the types of SMET classrooms and stu-
dents that characterize colleges today.
Additional studies are needed to deter-
mine why certain groups of students
choose not to be in SMET courses, and,
importantly, to identify those factors that
are most important in influencing students
to enroll and excel in SMET courses.

This type of research is characterized
by the interplay between development of
theory and empirical validation of theo-
retical constructs that expand concepts,
techniques, and models of effective
higher education in SMET disciplines.
Learning of SMET subjects within higher
education can be improved by identify-
ing and providing for implementation of
effective instructional strategies, learning
environments, and institutional practices.
Research should inform this improvement
across a number of dimensions: (1) in-
creasing understanding of effective teach-
ing and learning within different class-
room settings and among courses at dif-
ferent levels as it relates to student pro-
gression through higher education and to
faculty ability and performance; (2) de-
veloping insights into student learning
and instructional practices in SMET dis-

ciplines; (3) identifying social, cultural,
and institutional factors that affect par-
ticipation in SMET fields; and, (4) inves-
tigating the effect of educational tech-
nologies on how students think, learn, and
approach/solve problems.  Research and
related studies should also develop infor-
mation on more global aspects of the
higher education system, including (1)
indicators to measure success in SMET
fields, to evaluate institutional commit-
ment to education reform, and to moni-
tor enablers, barriers, and determinants of
institutional innovation, systemic change,
performance improvement, and organiza-
tional change, and (2) longitudinal stud-
ies to determine which education factors
are important over the long run in terms of
career choice, career success, and transitions
between the academic and employment sec-
tors.

Discovery and Inquiry-based Expe-
riences  Over the last decade, NSF pro-
grams, coupled with well-publicized stud-
ies and reports, have been responsible for
a dramatic increase in the number of in-
stitutions that use discovery-based and
inquiry-based laboratory experiences as
the core of their SMET courses.  Although
student access to modern laboratory
equipment has always been a critical com-
ponent of education in science and engi-
neering disciplines, the need for such
equipment has escalated as a result of the
demands of these more active forms of
student learning.  Often a department will
receive external support for an initial
round of equipment, and institutions
struggle to replace these instruments pe-
riodically.  Serious questions remain
about the long-term viability of these ac-
tive forms of learning if equipment needs
cannot be met.  A limited level of sup-
port, as compared to demand, for discov-
ery and inquiry-based experiences is pro-
vided within NSF’s Course, Curriculum,
and Laboratory Improvement (CCLI) and
Combined Research and Curriculum De-
velopment (CRCD) programs.

The NSF-wide Research Experiences
for Undergraduates (REU) program has
demonstrated the value of authentic re-
search experiences in motivating students
to pursue careers in SMET.  Similarly, pub-
lic service and motivational aspects of
service-learning are increasingly being
recognized as part of a SMET education.
Modern instrumentation should be avail-
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able for wide use throughout undergradu-
ate instruction, whether that instruction
is course-based, part of on-going research
activities, or a component of a service-
learning experience.  For example, as part
of a chemistry laboratory project, under-
graduates could be provided equipment
necessary to monitor effluents in a stream
to help a municipality monitor its pollu-
tion reduction efforts; to measure the level
of lead in the soil of abandoned lots to
ensure a safe play areas for neighborhood
children; or to monitor levels of pesticides
and herbicides in drainage water as a ser-
vice to the local agricultural community.

Diversity Emphasis in
All Programs

All NSF undergraduate programs
include some attention to issues of diver-
sity, though perhaps not as a primary or
secondary emphasis.  Of particular note
in recent years is the Louis Stokes Alli-
ances for Minority Participation
(LSAMP) program that has identified a
number of highly effective mechanisms
for increasing participation of
underrepresented groups in the main-
stream of undergraduate SMET educa-
tion.  The results of these efforts now need
to be disseminated widely and imple-
mented throughout other undergraduate
programs.  To ensure greater and more
effective participation of all segments of
the nation’s human resource base in the
scientific and technological workforce,
developments in three areas are needed.

Access Building on previous NSF-
funded efforts, a connective infrastructure
across all research and education pro-
grams is needed to assure broad and uni-
versal access to the highest quality re-
search and education products and results.
The development of a National SMETE
Digital Library (NSDL) represents one
important component of such an infra-
structure.  In addition, the NSDL network
would provide opportunities to dissemi-
nate broadly programmatic innovations
identified in other programs.

Networking  Building on the LSAMP
Virtual Institutes, information technology
linkages need to be established among
institutions funded by the LSAMP pro-
gram, Historically Black Colleges and
Universities—Undergraduate Program
(HBCU-UP), and NSF Centers programs
(e.g., Science and Technology Centers

(STCs), Engineering Research Centers
(ERCs), Materials Research Science and
Engineering Centers (MRSECs)).  This
type of networking would bring the ex-
pertise of the LSAMP and HBCU-UP in-
stitutions in increasing the numbers of
underrepresented minorities who earn
SMET baccalaureate degrees to institu-
tions participating in the NSF-supported
Centers.  Over time the network could
expand to include other minority serving
institutions not previously associated with
NSF centers.   All participating institu-
tions would share knowledge and mate-
rials, gaining broader access to faculty ex-
pertise, programs of study, research op-
portunities, role models, and general in-
formation (through online learning re-
sources and virtual workshops) and de-
veloping an extended student community.
Best practices with respect to recruitment
of students, building learning communi-
ties, tutoring, mentoring, career aware-
ness, research awareness, research expe-
rience, and employment opportunities
would be featured.  Specialized virtual
student communities would provide peer
support for individuals who currently find
themselves isolated due to research inter-
est, gender, ethnicity, or physical ability.
The network would have the potential to
foster the level of collaboration and con-
nectivity necessary for producing the 21st

century workforce.
Creative Approaches  Building upon

the successful support of projects to pi-
lot, adapt and implement innovations in
SMET curriculum development, innova-
tive pilots and implementation sites of
creative approaches need to be supported
to increase participation by underserved
populations (ethnic minorities, women,
and persons with disabilities) in the sci-
entific workplace.  NSF should identify
institutions which are “under-participat-
ing” in NSF’s research and education pro-
grams, have significant enrollments of
underserved populations, and seek to ap-
ply successful models to provide incen-
tives for enhanced participation by these
institutions in NSF grant programs.  At-
tention is also required to the needs of
members of underserved populations in
highly competitive institutions where they
may be relatively few in number and
therefore isolated.  NSF should expand
support for the design, conduct, and dis-
semination of model projects to promote

interest, retention, and advancement in
SMET educational and career paths by
women, minorities and persons with dis-
abilities are needed.  As indicated above,
such efforts should be derived from a
strong educational research base.

Student Support
Affective Support  As larger percent-

ages of high school graduates pursue col-
legiate studies, it becomes increasingly
important to provide guidance on how to
succeed in college within and beyond the
formal curriculum.  More than simply
how to study are issues of career identifi-
cation and preparation.  The rise of ser-
vice learning, as well as growing recog-
nition that the formal classroom is only a
small part of the undergraduate learning
environment, means that effective educa-
tional programs promote student/faculty,
student/student, and advising, as well as
community and other interactions to ad-
dress the affective component of under-
graduate education.  Addressing such con-
cerns requires increased skill in student
counseling and mentoring by teachers and
faculty and explicit efforts to facilitate
transitions within the academic con-
tinuum (e.g., high school to undergradu-
ate, two-year to four-year college, under-
graduate to graduate) and between vari-
ous academic levels and the workforce.
In this regard, applicable lessons learned
within the LSAMP and Minority Gradu-
ate Education (MGE) programs should be
reflected across NSF’s undergraduate pro-
gramming irrespective of whether minor-
ity students are the principal audience.
The approach of the Action Agenda for
Systemic Engineering Education Reform
program of looking at the desired out-
comes of an entire undergraduate educa-
tion and structuring activities in support
of those outcomes also holds promise.

Financial Support  Financial con-
cerns can also intrude on the learning ex-
perience.  Students with limited economic
resources, and, consequently, heavy work
schedules, find it difficult to make time
available for laboratories and other de-
mands of undergraduate SMET curricula.
Recent data have made clear the superi-
ority of grants to loans in regards to stu-
dent academic persistence and gradua-
tion.

Beginning in FY 1999 and extending
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through FY 2001, the American Competi-
tiveness and Workforce Improvement Act
of 1998 (P.L. 105-277) provides NSF with
a portion of the H-1B nonimmigrant pe-
titioner fees to support scholarships for
low-income students, enabling them to
pursue associate, baccalaureate, or gradu-
ate degrees in computer science, com-
puter technology, engineering, engineer-
ing technology, or mathematics. By set-
ting aside a limited portion of funds for
K-12 education reform and year-round
academic enrichment programs, the Act
also highlights the need to develop strong
science and mathematics skills early in
students’ academic careers.  The NSF
Computer Science, Engineering, and
Mathematics Scholarships (CSEMS) pro-
gram implements the scholarship portion
of the Act which limits the level of sup-
port provided to individual students to
$2,500 per year—a level which is signifi-
cantly below tuition levels of most bac-
calaureate and graduate programs.  The
CSEMS effort is one focused approach
to addressing a portion of the financial
barriers facing a limited subset of stu-
dents.  More broad-based efforts are
needed to address the full spectrum of
potential SMET professionals.

Next Steps
This preliminary plan has identified

NSF’s current portfolio of undergraduate
programs, as well as some unmet needs
and opportunities.  The next step in de-
velopment of a strategic plan is to gauge
the views of relevant communities of
employers, faculty, students, and policy
makers to determine what changes—sub-
tractions as well as augmentations—may
be required to achieve a portfolio that bet-
ter meets national needs.  We welcome
your comments.
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Appendix A
NSF EDUCATION
AND TRAINING PROGRAMS

Programs aligned with NSF GPRA
Goal #1: Discoveries at and across the
frontiers of science and engineering

HIGHER EDUCATION LEVEL

Directorate for Education and
Human Resources

Centers of Research Excellence in
Science and Technology (CREST)—
strengthen the research and education
capabilities of the nation’s most produc-
tive minority institutions through support
development of centers that integrate edu-
cation and research.  The CREST Cen-
ters conduct basic research and serve to
increase the number of underrepresented
minorities with Ph.D.s in SMET fields.

Research on Education, Policy, and
Practice (REPP)—supports cultivation of
a research base for implementing inno-
vative undergraduate reform strategies, as
well as ways of improving graduate, pro-
fessional, informal, and lifelong learning.

Directorate for Engineering
Engineering Research Centers

(ERC)—provide integrated environments
for academe and industry to focus on
next-generation advances in complex en-
gineered systems important for the
nation’s future.  The ERC Centers pro-
vide intellectual forums that promote col-

laboration of industry, faculty, and stu-
dents in the resolution of generic, long-
range challenges, producing steady ad-
vances in technology and their speedy
transition to the marketplace.

Directorate for Mathematical
and Physical Sciences

Materials Research Science and En-
gineering Centers (MRSEC)—support
interdisciplinary and multidisciplinary
materials research and education while
addressing fundamental problems in sci-
ence and engineering that are important
to society.  These Centers require the ba-
sic research community to explore more
effective ways to educate students, to en-
courage student research participation,
and to develop curricula.

Cross Directorate—
NSF-wide

Science and Technology Centers
(STC)—fund important basic research
and education activities and encourage
technology transfer and innovative ap-
proaches to interdisciplinary problems.
The STCs require the basic research com-
munity to explore more effective ways to
educate graduate and undergraduate stu-
dents and to encourage student participa-
tion.

GRADES K-12 LEVEL

Directorate for Education and
Human Resources

Research on Education, Policy, and
Practice (REPP)—develops a knowledge
base for implementing innovative el-
ementary through secondary reform strat-
egies, as well as ways of improving and
informal and lifelong learning.

Programs aligned with NSF GPRA
Goal #2: Connections between

discoveries and their use in
service to society.
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PUBLIC LITERACY

Directorate for Education and
Human Resources

Informal Science Education (ISE)—
supports rich and stimulating opportuni-
ties outside formal school settings, where
individuals of all ages, interests, and
backgrounds increase their appreciation
and understanding of science, mathemat-
ics, engineering, and technology.  Learn-
ing opportunities take place in diverse en-
vironments (e.g., museums, aquaria, zoos,
botanical gardens, community groups)
and in a variety of media (e.g., broadcast,
film, interactive technology, print).

Programs aligned with NSF GPRA
Goal #3: A diverse, globally-oriented
workforce of scientists and engineers

HIGHER EDUCATION LEVEL

Directorate for Education and
Human Resources

Louis Stokes Alliances for Minority
Participation (LSAMP)—supports estab-
lishment of comprehensive approaches to
increase the quantity and quality of
underrepresented minorities who success-
fully earn baccalaureate degrees in sci-
ence, mathematics, and engineering, and
to increase the number of those gradu-
ates who go on for graduate study in these
fields.

Minority Graduate Education
(MGE)—supports development and
implementation of innovative models for
recruiting, mentoring, and retention of
minority students in SMET doctoral pro-
grams, as well as development of effec-
tive strategies for identifying and support-
ing underrepresented minorities who
want to pursue academic careers.

HBCU Undergraduate Program
(HBCU-UP)—supports Historically
Black Colleges and Universities
(HBCUs) to strengthen their SMET edu-
cation and research infrastructure, includ-
ing support for faculty, research experi-
ences for undergraduates, and scientific
instrumentation.  A Program goal is to
increase the number and graduation rate
of well-prepared underrepresented minor-
ity SMET baccalaureate degree graduates
to be substantially increased at grantee in-
stitutions.

NSF Graduate Research Fellowships
(including Women in Engineering and

Computer and Information Science
Awards)—ensure vitality of the U.S. hu-
man resource base of science, mathemat-
ics, and engineering by providing three-
year graduate fellowships awards to out-
standing students who are expected to
contribute significantly to research, teach-
ing, and industrial applications in science,
mathematics, and engineering.

NSF Postdoctoral Fellowships In
Science, Mathematics, Engineering and
Technology Education (PFSMETE) —
supports Ph.D. graduates in SMET disci-
plines in addressing challenging issues in
education across a broad spectrum of in-
stitutions and education levels.  Fellows
are expected to assume leadership roles
in contributing to the Nation’s education
enterprise.

Advanced Technological Education
(ATE)—promotes improvement in the
education of science and engineering
technicians at undergraduate and the sec-
ondary school levels.  The Program fo-
cuses on two-year colleges and empha-
sizes importance of their leadership roles
in all projects.  Large-scale Centers of
Excellence are comprehensive national or
regional resources that provide models
and leadership for other projects and act
as clearinghouses for educational mate-
rials and methods; smaller, more narrowly
focused projects support design and
implementation of new materials,
courses, laboratories, and curricula; ad-
aptation of exemplary educational mate-
rials, courses, and curricula in new edu-
cational settings; preparation and profes-
sional development of college faculty and
secondary school teachers; and intern-
ships and field experiences for students,
faculty, and teachers.  The Program em-
phasizes the need to strengthen both spe-
cialized technology courses and the core
science and mathematics courses that
serve as prerequisites for such courses.

Directorate for Biological
Sciences
The Collaborative Research at Under-
graduate Institutions (C-RUI)— sup-
ports multidisciplinary  collaborative re-
search groups at primarily undergraduate
institutions. These groups are composed
of three faculty members representing at
least two disciplinary areas, and up to ten
undergraduates who will work on a

project whose subject matter is primarily
in the biological sciences and will require
a cross-disciplinary approach.

Undergraduate Mentoring in Envi-
ronmental Biology(UMEB)—supports
talented undergraduate students to gain
research experience and an enriched edu-
cational environment in environmental
biology. Proposed projects should include
major emphasis on direct student partici-
pation in research during the academic
year and summer, with individual stu-
dents continuing in the program for more
tan one year. Projects should emphasize
factors that encourage and enable mem-
bers of underrepresented groups to enter
and remain in environmental biology.

Directorate for Computer
and Information Science
and Engineering

Educational Innovations—supports
innovative educational activities that
transfer research results into undergradu-
ate curricula in computer and information
science and engineering.

Minority Institutions Infrastructure
(MI-I)—provides funding to increase
minority participation in the academic
and research areas supported by the CISE
Directorate, with particular emphasis on
significantly expanding the numbers of
minority students attracted to, and re-
tained in, supported disciplines.  The MI-
I effort supports minority student involve-
ment in research programs, curriculum
development projects, mentoring, and
outreach at institutions with student en-
rollment of more than 50 percent from
minority groups underrepresented in ad-
vanced levels of science and engineering.

Directorate for Engineering
Action Agenda for Systemic Engi-

neering Education Reform—supports
development of a new engineering edu-
cation paradigm, characterized by active,
project based learning; horizontal and
vertical integration of subject matter; in-
troduction of mathematical and scientific
concepts in the context of application;
close interaction with industry; broad use
of information technology; a faculty de-
voted to developing emerging profession-
als as mentors and coaches; and success-
ful participation of underrepresented
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groups in engineering.
Combined Research-Curriculum De-

velopment (CRCD)—addresses the need
to increase the rate at which research ad-
vances in important technology areas are
incorporated into the upper level under-
graduate and graduate engineering cur-
ricula.

Directorate for Mathematical
and Physical Sciences

Vertical Integration of Research and
Education in the Mathematical Sciences
(VIGRE) —prepares undergraduate and
graduate students, as well as postdoctoral
fellows for the broad range of opportuni-
ties available to individuals with training
in the mathematical sciences.  The Pro-
gram encourages departments in the
mathematical sciences to consider the full
spectrum of education activities and their
integration with research, with particular
attention to the interaction of scholars
across boundaries of academic age and
departmental standing.

Cross Directorate —
NSF-wide

Research Experiences for Under-
graduates (REU) —provides opportuni-
ties for undergraduates to participate in
faculty-guided mathematics, science and
engineering research projects.

Research in Undergraduate Institu-
tions (RUI)—supports high quality re-
search by faculty with active involvement
of undergraduate students in order to
strengthen the research environment in
academic departments at institutions that
are oriented primarily toward undergradu-
ate instruction.

Research Opportunity Awards
(ROA)—supports faculty at institutions
with limited research opportunities (in-
cluding middle and secondary schools) to
participate in research under the
mentorship of NSF investigators at other
institutions.

Major Research Instrumentation
(MRI)—supports improvement of the sci-
entific and engineering equipment avail-
able for research and research training in
academic institutions.  The MRI program
seeks to improve the quality and expand
the scope of research and research train-
ing in science and engineering, and to

foster the integration of research and edu-
cation by providing instrumentation for
research-intensive learning environments.

Integrative Graduate Education and
Research Training (IGERT)—enables
development of innovative, research-
based, graduate education and training
activities to produce a diverse group of
new scientists and engineers, well-pre-
pared for a broad spectrum of career op-
portunities.  The IGERT program requires
a multidisciplinary research theme orga-
nized around a diverse group of investi-
gators from Ph.D.-granting institutions.

Professional Opportunities for
Women in Research and Education
(POWRE)—provides outstanding women
with funding opportunities not ordinarily
available through regular research and
education grants.  Goals of the POWRE
are to increase representation of women
in the nation’s science and engineering
workforce and encourage their profes-
sional advancement.

Faculty Early Career Development
(CAREER)—provides junior faculty,
within the context of their overall career
development, support to engage in re-
search and education of the highest qual-
ity and in the broadest sense.  The Pro-
gram is focused on early development of
academic careers dedicated to stimulat-
ing the discovery process in which the
excitement of research is enhanced by
inspired teaching and enthusiastic learn-
ing.

Minority Research Planning Grants
(MRPG)—support preliminary studies
and other activities related to the devel-
opment of competitive research projects
and proposals by minority scientists and
engineers who have not previously had
independent federal research funding.
The goal of MRPG is to increase the num-
ber of new minority investigators partici-
pating in NSF’s research programs.

Minority Career Advancement
Awards (CAA)—supports research oppor-
tunities of minority scientists and engi-
neers by helping experienced investiga-
tors acquire expertise in new areas to en-
hance their research capability, or by
making it possible for those who have had
a significant research career interruption
to update research skills for re-entry into
their respective fields.

K-12 LEVEL

Directorate for Education and
Human Resources

Teacher Enhancement (TE)—pro-
vides professional development opportu-
nities to broaden and deepen the disci-
plinary and pedagogical knowledge of
preK-12 teachers, improving their abil-
ity to deliver rich and challenging educa-
tion in science, mathematics, and tech-
nology to all students.

NSF Collaboratives for Excellence in
Teacher Preparation (CETP)—seeks sig-
nificant and systemic improvement in the
SMET preparation of prospective preK-
12 teachers by providing for the recruit-
ment and development of future teachers
who are successful in addressing the var-
ied learning styles, backgrounds, and
needs of their students.

Presidential Awards for Excellence in
Mathematics and Science Teaching
(PAEMST) — recognizes exemplary ca-
reer performance of science and math-
ematics teachers, grades K-12, in each
state and the four U.S. jurisdictions.
Award recipients serve as role models for
their colleagues and as leaders in the im-
provement of science and mathematics
education.

Programs aligned with NSF GPRA
Goal #4: Improved achievement in

mathematics and science skills needed
by all Americans.

HIGHER EDUCATION LEVEL

Directorate for Education and
Human Resources

Course, Curriculum, and Laboratory
Improvement (CCLI)—Seeks to improve
the quality of SMET education for all
undergraduate students by targeting ac-
tivities affecting learning environments,
content, and educational practices at the
undergraduate level. Provides for projects
in the areas of Educational Materials De-
velopment, emphasizing the development
of new educational materials and prac-
tices suitable for national distribution;
Adaptation and Implementation, calling
for the adaptation and implementation of
previously developed exemplary materi-
als and practices; and National Dissemi-
nation, supporting opportunities for fac-
ulty development that prepare current fac-
ulty, as well as future faculty, to introduce
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new content into undergraduate courses,
to investigate effective educational prac-
tices, and to interact meaningfully with
experts in the field.

Program for Gender Equity in Sci-
ence, Mathematics, Engineering, and
Technology (PGESMET)—promotes
changes in education, academic and pro-
fessional climates through increased
awareness of the interests, needs and ca-
pabilities of girls and women; in instruc-
tional materials and teaching methods to
increase interest, retention, and achieve-
ment of girls and women in SMET disci-
plines; and in availability of student en-
richment resources (e.g., mentoring).

Program for Persons with Disabili-
ties (PPD)—promotes changes in aca-
demic and professional climates, increas-
ing the awareness and recognition of the
needs and capabilities of students with
disabilities; promoting the accessibility
and appropriateness of instructional ma-
terials, media, and educational technolo-
gies; and increasing availability of stu-
dent enrichment resources including
mentoring activities.

Presidential Awards for Excellence in
Science, Mathematics and Engineering
Mentoring (PAESMEM) —identifies
outstanding mentoring efforts/programs
designed to enhance the participation of
groups underrepresented in science,
mathematics and engineering. Honors
awardees who serve as exemplars to their
colleagues and leaders in the national ef-
fort to more fully develop the Nation’s
human resources in science, mathemat-
ics and engineering.

K-12 LEVEL

Directorate for Education and
Human Resources

Statewide Systemic Initiatives in Sci-
ence, Mathematics, and Technology
Education (SSI)—encourages improve-
ments in science, mathematics, and tech-
nology education for preK-12 levels
through comprehensive systemic changes
in the education systems of states.

Urban Systemic Program in Science,
Mathematics, and Technology Educa-
tion (USP)— supports urban school dis-
tricts that have an established infrastruc-
ture for change and have begun imple-
mentation of systemic reform for K-12
science and mathematics education for all

students.  A goal of the Program is to fos-
ter partnerships between urban school
districts and two- and four-year colleges
and universities to continue to strengthen
and accelerate the reform process, as well
as to increase implementation of system-
wide improvements in student learning
for science, mathematics, and technology,
grades K-12.

Rural Systemic Initiatives in Science,
Mathematics, and Technology Educa-
tion (RSI)—stimulates system-wide
preK-12 education reform of science,
mathematics, and technology in rural,
economically disadvantaged regions of
the nation, particularly those that have
been underserved by NSF programs and
sustains improvements through encour-
aging community participation in instruc-
tional and policy reform.

Instructional Materials Development
(IMD)—supports development and
implementation of standards-based in-
structional materials models and related
student assessments that enable  preK-12
students to acquire a sophisticated under-
standing of content knowledge in science,
mathematics, and technology, as well as
higher-order thinking and problem-solv-
ing abilities.

Informal Science Education (ISE)—
funds rich and stimulating opportunities
outside formal school settings, where in-
dividuals of all ages, interests, and back-
grounds increase their appreciation and
understanding of science, mathematics,
engineering, and technology.  Learning
opportunities take place in diverse envi-
ronments (e.g., museums, aquaria, zoos,
botanical gardens, community groups)
and in a variety of media (e.g., broadcast,
film, interactive technology, print).
Directorate for Computer and Infor-
mation Science and Engineering

Connections to the Internet Pro-
gram—encourages research and educa-
tion institutions and facilities to connect
to the Internet.  The Program provides op-
portunities for connections for K-12 in-
stitutions, libraries, and museums that
utilize innovative technologies for
Internet access, as well as new connec-
tions for higher education institutions.
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