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Abstract

Since its inception, the National
Science Foundation (NSF) has sup-
ported two distinct yet interwoven
missions: research and education.
Education has been especially af-
fected by changes in ideology, eco-
nomic trends, and new technologies.
Cogent lessons from this experience
reveal avenues in need of attention
now and in the decade to come.

Thedevelopment of intellectually ag-
ile and professionally capable scientists,
mathematicians, engineers, and techni-
cians has been afundamental goal of the
National Science Foundation since the
agency’s inception in 1950. Yet as
Lomask (1976, p. 121) observes, even*“in
the face of the public clamor for more
scientists and engineers [after the launch
of Sputnik], NSF's managers clung to
their conviction that the country stood to
gain more from alimited number of able
and properly trained professionals than
from aplethora of inadequate ones.” Ac-
cording to England (1982, p. 228):

“ The Foundation’s advice boiled
down essentially to this: Improve
mathematics and science instruction
in schools and colleges. Motivate
more bright studentsto go to college.
Sift choice grain from the baccalau-
reate chaff for graduate training in
science and engineering. Furnish
greater opportunity and more money
for basic research. Through such an
interrelated program, NSF would
brush up the old Jeffersonian design
for providing the nation with an aris-
tocracy of talent.”

Over the past half-century, experience
and the prevailing attitudes of the day
have modified this philosophy and fos-
tered NSF’ s present cadre of educational

programs, which tend to be somewhat
egalitarian in design. Particularly note-
worthy is the Foundation’s early recog-
nition of diversity issues. The original
National Science Board had two women
and two African-Americans among its
members and included representatives
from avariety of institution typeslocated
in several states (England, 1982). Alan
Waterman, NSF's first director, refer-
enced the need to attract women into sci-
entific careers. By 1958, however, the
Foundation counted only two women on
its advisory committees (of 30 members
and both representing Scientific Person-
nel and Education) and four among the
155 members on NSF advisory panels
(NSF, 1958). Programs devoted to diver-
sity (primarily ethnic diversity) were not
created until the 1970s, and then mostly
in response to urban unrest.

An Early Focus on the
S&E Workforce

From its inception, NSF was allowed to
support pre- and post-doctoral graduate
fellowships as well as undergraduate
scholarships. However, the agency’s ear-
liest focus was on fellowship support for
the brightest students at the most presti-
giousinsgtitutions. In 1952, NSF expended
$1.5million on fellowshipsand $1.1 mil-
lion on research (England, 1982). Thus,
educational activities (discounting gradu-
ateresearch assistantshipswithin research
grants) comprised over 58 percent of
NSF's first budget.

In 1953, NSF supported two summer
research-training sessionsfor collegefac-
ulty in an effort to strengthen collegiate
instruction in science and engineering,
particularly at undergraduate institutions.
Not coincidentaly, in addition to evinc-
ing concern for the quality of education,
these activities also “helped counter
charges of elitism” (England, 1982, p.

1The opinions expressed by the authors do not neccessarily reflect those of the National Science Founda-

tion, its reviewers, auditors or awardees.

232). This emphasis on providing re-
search experiencesfor undergraduate fac-
ulty is reflected today in the Research
Opportunity Awards (ROA) and the Re-
search Sites for Educators in Chemistry
(RSEC) programs.

Instructional Workforce
and Curriculain K-12

NSF funded its first institute for sec-
ondary teachers in 1954 to address out-
of-field teaching by high-school science
teachers, a concern that remains today.
Within three years, expenditures for
teachers’ institutes had overtaken expen-
ditures to enhance college faculty. In
1959, NSF enlarged the program by add-
ing elementary teachers and administra-
tors(Lomask, 1976). The Foundation was
less enthusiastic about its move into K-
12 education, concerned primarily about
the sheer magnitude of the target audi-
ence, possible adverse impact on NSF's
prestige, and potential conflicts with the
Office (now Department) of Education
(England, 1982).

Two factorsled to the rapid growth of
the teacher and faculty institutes as well
as other non-fellowship education pro-
grams. The first was the perceived dis-
parity in the preparedness of future sci-
entistsand engineersin the United States
and the Soviet Union, anotion given cre-
dence by the launch of Sputnik | on Oc-
tober 5, 1957. The second factor was the
attractiveness for Congress in the possi-
bility of developing another source of
funding for their districts (Lomask, 1976).
With at least one facility in each of 45
states by 1957, the NSF-supported insti-
tutes solidified an emphasis on scientific
content knowledge by secondary teach-
ers. Concurrently, there was a relaxation
of the narrow interpretation of the
Foundation’slegid ative authority regard-
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ing education.

InFiscal Year (FY) 1965, thelast year
of substantive growth in this area, $44
million was spent in support of 518 sum-
mer institutes, 183 academic-year insti-
tutes, and approximately 2,000 in-service
seminars and conferences attended by a
total of more than 43,000 teachers, mostly
at the high-school level. The budget ap-
propriation for NSF asawholerosefrom
$40 million in 1958 to $134 million in
1959 and continued to rise, reaching
nearly $500 millionin 1968 with approxi-
mately one-half of thefunds used for edu-
cation programs.

In addition to teacher-training insti-
tutes, there were fledgling efforts to try
other approaches to strengthening sci-
ence, mathematics, engineering, and tech-
nology (SMET) education, particularly
the design of new high-school curricula
in mathematics, biology, physics, and
chemistry. A new high school level
Course Content Improvement Program
grew from lessthan $1 millionin 1958 to
$20 million in 1968 (Lomask, 1976).
Congressional support at thistimewasfu-
eled by expert testimony about the anti-
quated content of many high-school text-
books still in use, some of which were
out of date by sixty years(Lomask, 1976).
Leading these efforts were study teams
comprised of eminent scientists at the
nation’s most prestigious universities—
early examples of the current NSF em-
phasis on the integration of research and
education.

Comprehensive Activities in
Higher Education

Severa programs to strengthen col-
lege and university instruction emerged
in the 1960s. Starting in 1962, the Sci-
ence Development Program (SDP) pro-
vided five-year grants of $3to $5 million
(1962 dollars) to colleges and universi-
tiesother than the Top 20 to upgrade their
research and instructional activities. InFY
1970 a second program, the College Sci-
ence lmprovement Program (COSIP), tar-
geted predominately undergraduate insti-
tutions with grants limited to $300,000
for up to three years.

It was not agreat stretch for the Foun-
dation to move from enhancing faculty
at non-research universitiesto providing
research opportunitiesfor the most prom-

ising students at non-research universi-
ties. By 1965, the Undergraduate Re-
search Participation (URP) program—
one of several incarnations of the same
coreidea—provided student stipendsand
cost allowances. Inthe 1970s, NSF added
the Student Originated Studies (SOS) pro-
gram to develop proactive research skills
among talented undergraduates and to
respond to the desire for independent ac-
tion and increased social relevance being
advocated by students. By 1987, a pro-
gram called Research Experiences for
Undergraduates (REU) provided new
awards to special sites developed ex-
pressly to give undergraduates enrolled
at a variety of institutions the opportu-
nity to participate in summer research
projects. The Graduate Traineeships Pro-
gram, initiated in 1964 in response to a
perceived shortagein the supply of engi-
neers, expanded to encompass all NSF-
supported sciences by 1967 (Lomask,
1976).

During the 1980s, a group of liberal-
arts collegesknown asthe Oberlin 50 took
advantage of an existing NSF program to
revitalizetheir science, mathematics, and
engineering faculty, who were principally
engaged in teaching undergraduates. The
program arising from this initiative—
Research in Undergraduate Institutions
(RUI)—was funded from the research
and related activitieslineitem in the bud-
get.

Large-scale and comprehensive (but
more elusive) fundsfor extensive curricu-
lar overhauls offered by programs such
asAlternatives in Higher Education (FY
1974), Comprehensive Assistance for
Undergraduate Science Education (FY
1978), and Devel opment in Science Edu-
cation (FY 1981) disappeared dueto Fed-
eral budget cuts in the 1980s. The man-
dates of these programs, however, were
later revived in the Recognition Awards
for Integrating Research and Education
(RAIRE) and Awards for Integrating Re-
search and Education (AIRE) competi-
tionsin the 1990s.

Applied Research
and Education

The shift toward applied research and
higher-education programs was an ex-
pression of the popular view that Neil
Armstrong and Edwin Aldrin’'s 1969 walk
on the moon had al but conquered the

frontiers of basic research. Just as Sput-
nik had spurred enhanced NSF support
for basic research, it now appeared that
another milestone in space exploration
would mark theend of thisera. The 1969
Mansfield Amendment to the Defense
Procurement Authorization Act (which
required that the Department of Defense
only support basic research with “a di-
rect and apparent relationship to a spe-
cific military function or operation”) and
the extension of NSF programming to
applied research both contributed to the
Foundation’s next period of significant
growth. The new emphasis on applied
principleswas also reflected in programs
that focused on addressing special needs
within academic institutions. Basic im-
provementsin individual institutions be-
gan as Science Curriculum Improvement
(SCI) in the 1960s, then revised to Local
Science Curriculum Improvement (LOCI )
in the mid-1970s. Under LOCI, grants of
up to $30,000 (with a2:1 matching ratio)
were allowed.

Introduced inthe early 1960s, the first
undergraduate |aboratory/research equip-
ment effort was known as the Instruc-
tional Scientific Equipment Program
(ISEP). However, |ISEPwas suspended in
FY 1971 because of an overlap with Title
VI-A of the Higher Education Act of
1965. The program evidently filled an
essential niche since the NSF Office of
Experimental Projectsand Programs soon
issued a Consumers’ Guide to Instruc-
tional Scientific Equipment (NSF E75-
43). The guide provided information to
faculty and departments concerning new
equipment purchases through Title VI-A
or with their own funds. Several years
later ISEP returned, structured asamatch-
ing-grants program from which appli-
cants could request up to $20,000 with at
least 100 percent in matching funds.

The Division of Undergraduate Edu-
cationin Science wasreplaced by anum-
ber of new “Divisional” and* Office” cre-
ations during the mid- to late-1970s as
N SF sought to accel erate the pace of tech-
nological improvement in undergraduate
education. The Alternatives in Higher
Education (AHE) program included sci-
ence education for undergraduate majors
and non-majors as well as graduate edu-
cation. The program had three tracks: 1)
instructional materials and modes devel-
opment; 2) alternative-degree programs
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(in search of interdisciplinary-degree pro-
gram development); and 3) continuing
education of practicing scientistsand en-
gineers. AHE sought new ways of dis-
seminating curricular materials and in-
structional approaches rather than rely-
ing on conventional published articlesand
papers presented at meetings. The pro-
gram also sought new hardware in sup-
port of science education and tried to
identify networksfor devel oping materi-
als beyond and between individual fac-
ulty and publishers. Therewasalso anew
emphasis on evaluating the outcomes of
such projects.

In K-12 education efforts, NSF en-
deavored to support the production of new
materials and textbooks while avoiding
any inferencethat these materials, inturn,
would berequired at NSF' steacher-train-
ing institutes and workshops. Elected of -
ficials needed reassurance that the Foun-
dation was not attempting to create afed-
erally approved set of educational mate-
rials that would usurp local authority in
such matters. This is not to suggest that
such efforts were always successful. In
themid-1970s, acongressional review of
the Foundation’s budget request raised
concerns that Man: A Course of Sudy
(MACOS), acurriculum devel oped with
NSF support, was causing children to re-
consider thevalues, beliefs, and loyalties
of their parents (Lomask, 1976). Accord-
ing to Newsweek (1975), MACOS was
then being taught in 1,700 schools in 47
states. The seriesis still in use today, but
itisbelieved to have caused somereal harm
to public support for NSF education pro-
grams in the appropriations process.

Economic Decline
and Budget Cuts

In the wake of the energy crisis and
substantial inflation, 1975 to 1983 was a
period of zero or minimal economic
growth. Education programs accounted
for only 10 percent of NSF soverall bud-
get (SEl, 2000) and the Foundation wit-
nessed the near elimination of science-
education programs under President
Reagan’s budget. The fine line between
local autonomy in education and federal
programming had become almost invis-
ible, dominated by the President’s belief
that local autonomy should prevail.

Much of the 1980s was spent rebuild-

ing from these budget reductions. The
policy basis for this new expansion was
the 1983 publication of A Nation at Risk
(NCEE, 1983). In addition, a 1986 report
generated by the National Science Board
(N'SB 86-100, the“Neal Report”) argued
that the passage of the baby-boom gen-
eration through college was associated
with asignificant deteriorationinthe state
of undergraduate laboratories. The report
considered this alarming, stating that
there was a strong need for NSF leader-
ship in efforts to renew undergraduate
teaching laboratories and teaching faculty.
One of the first consequences of the
Neal Report—even prior to its publica
tion—was the establishment of the Col-
lege Science Instrumentation Program
(CSIP) to support projects designed to
improve the laboratory curriculum of
undergraduate SMET students. This pro-
gram evolved into the Instrumentation
and Laboratory Improvement (ILI) pro-
gram with annual appropriationsrising to
more than $20 millionin the early 1990s.
Weis (1991) discussed some of NSF's
initiatives to attract women and other
underrepresented groups into SMET at
this time. In quick succession, the Divi-
sion of Undergraduate Science, Engineer-
ing, and Mathematics Education
(USEME) added the Course and Curricu-
lum Development (CCD) and Under-
graduate Faculty Enhancement (UFE)
programsto support stronger undergradu-
ate education for all students. In the late
1990s ILI, CCD, and UFE were merged
into the Course, Curriculum, and Labo-
ratory Improvement (CCLI) program.

Comprehensive or Systemic
Approaches

Renewed attention to undergraduate
education in the late 1980s spawned sev-
eral comprehensive efforts. Examplesin-
cluded the Engineering Education Coali-
tions (a systemic workforce effort initi-
ated in 1989), a broad interdisciplinary
curriculum initiative in mathematics, a
more focused effort in chemistry, and new
efforts to engage minority students. In-
cluded in the latter category were the
Research Careers for Minority Scholars
(RCMYS) and the Louis Stokes Alliance
for Minority Participation (LSAMP) pro-
grams. L SAMP set quantitative goalsfor
its students to increase baccalaureate

awardsin selected SMET fields.

Attention was also directed to other
workforce elements where strong SMET
knowledge was essential. There was a
refocused, discipline-centered teacher-
preparation effort (FY 1995) and a popu-
lar foray into the education of technicians
with the Advanced Technological Educa-
tion (ATE) program (FY 1996). Under
Director Neal Lane, higher-educationini-
tiatives at NSF were marked by an in-
creased emphasis on the integration of
research and education, exemplified by
the RAIRE and AIRE competitions men-
tioned earlier. State, urban, and rural sys-
temic initiatives characterized NSF's K-
12 initiatives in the 1990s.

Surveying the Landscape

By the mid-1990s, definite changes
were occurring with the national science
and engineering workforce. The problem
of an adequate supply of trained profes-
sionalswasreceding. Employment oppor-
tunitiesin traditional fieldswere also di-
minishing in response to more selective
hiring practicesin academiaand areduc-
tion in the amount of research and devel-
opment conducted by the military. Con-
currently, there was a steady increase in
the rate of college matriculation of high-
school graduates and a clear preference
by industry for knowledge workers with
abroad education and flexible skills. The
personal computer and the Internet revo-
Iutionized the way in which knowledge
workerswere utilized in many large cor-
porations. In general, employers could
become more flexible in accommodating
shiftsin demand for products and services.

Such changes brought corresponding
implications for undergraduate SMET
education. In response, NSF's advisory
committee for Education and Human
Resources released Shaping the Future
(NSF 96-139) in the summer of 1996
(NSF, 1996; see also Fort, 1995 and
Metzenberg, 1997). Concurrently, the
National Research Council’s Committee
on Undergraduate Science Education pro-
duced From Analysis to Action (NRC/
CSMEE, 1996). Both reports established
the need to modernize and improve un-
dergraduate SMET education, attempted
toreach al students, and centered under-
graduate educationin quality research and
laboratory-based education.

From 1983 to 1999, NSF expanded its
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funding for undergraduate-education pro-
grams in the aggregate. The challenging
balance between quality and quantity in
devel oping the technical workforceisre-
flected in current NSF undergraduateini-
tiatives such asthe Advanced Technol ogi-
cal Education (ATE) program, which
emphasizes the production of more and
better trained technicians. The current
Integrative Graduate Education and Re-
search Training (IGERT) and the Grant
Opportunitiesfor Academic Liaison with
Industry (GOALLI) programs can be seen
as descendants of the Research Applied
to National Needsinitiative of the 1970s,
which was “designed to prepare and mo-
tivate science students in the graduate
schools for work in industry or in other
non-academic environs’ (Lomask, 1976,
p. 255). To this day, despite the early au-
thorization to do so, the foundation does
not offer direct support for undergradu-
ate scholarships. However, in 1999 the
Computer Science, Engineering, and
Mathematics Scholarship (CSEMS) pro-
gram began to offer awardsto institutions
in support of scholarships. This means of
support was expanded in 2000 by Schol-
arship for Service, a Reserve Officer
Training Corps-like program for produc-
ing government information-technology
managers.

Year-to-year growth was also
achieved by adding new programs. Prob-
ably the most significant new addition for
this period was 1999's National Science,
Mathematics, Engineering, and Technol-
ogy Education Digital Library (NSDL).
Thisinitiative seeksto leverageinforma-
tion technologies to enhance student
learning and erase boundaries between
and among students, researchers, and
teaching faculty. It represents a new ap-
proach to teaching and learning as well
asthe manifestation of NSF'sfirst virtual -
user facility. Another effort projected for
the near term is support for assessment
of student-learning outcomes in order to
establish the educational research basefor
linking instructional activities to student
learning.

In FY 2001, the Directorate of Edu-
cation and Human Resources has been
apportioned approximately $800 million
of NSF's $4.4 billion budget. Other
education and training efforts across the
Foundation (excluding research assi stant-
ships) probably account for an additional
$300 million.

Using the Past to Look Ahead

Based on the NSF's past experience
in SMET education, we propose six ar-
eas that would benefit from the
Foundation’sattention in the next decade
and beyond.

1. Systemic Reform of Higher
Education Curricula and
Institutions.

Two different kinds of infrastructure
building are critical: reform within insti-
tutions across disciplines and depart-
ments and, in recognition of the redlities
of the current faculty-reward system, re-
form across institutions within disci-
plines. Whether one is discussing stu-
dents, faculty, courses, laboratories, cur-
ricula, or institutions, even changes with
significant short-term impact are difficult
to maintain unless they are endorsed by
all components of the system.

2. Demonstration of Student

Progress.

A critical need exists for cogent as-
sessment of undergraduate students and
measurable indicators of their progress.
Especially useful will be assessments de-
veloped with attention to the knowledge,
skills, and abilities expected of recipients
of undergraduate degrees. Such assess-
ments could be applied at various levels
of examination, enabling individual fac-
ulty to improve their instruction, depart-
mentsto improvetheir programs, and in-
stitutions to progress further toward sys-
temic reform.

3. High Quality Faculty
Instruction.

Effective undergraduate instruction re-
quires faculty who have access to: 1)
high-quality educational materials; 2)
methods of proven efficiency; 3) the lat-
est knowledge and methodsfrom the dis-
ciplines; and 4) role models and mentors
drawn from senior faculty. A fiftham s
equally important: extending the supply
of exceptional faculty through the proper
preparation of their successors. Institu-
tions must develop strategies that coher-
ently address these needs.

4. Educational Materials and
Methods Using Information
Technology.

Effective educational materials and
methods developed from an empirically
verified discipline and education research
alow studentsto emulate the experiences
of professional practice. Institutions need
to better encourage such efforts at the
undergraduate level. The Internet and its
successorswill have startling implications
for how we care to teach and choose to
learn.

5. Diversity.

Because of their relatively higher po-
litical visibility, rapidly productiveand in-
novative approaches are required if the
United States is to achieve the desired
impact on selected student groupsinclud-
ing prospectiveteachers, two-year college
students, and underrepresented popula-
tions. We must recognize not only demo-
graphic differences, but differences in
learning styles, personal values and ca-
reer goals. For the past thirty years, SMET
majors have fairly consistently repre-
sented about 25 percent of all undergradu-
ates. In anincreasingly technological so-
ciety, we must reach and engage the re-
maining 75 percent, many of whom will
be making decisions that determine the
professional |atitude and respect afforded
to scientists and engineers.

6. Attention to the Whole Stu-
dent—Curricular, Co-curricu-

lar, and Extra-curricular.
Educators must recognize and under-
stand what happens outside the classroom
and find ways to make curricula more
supportive of these influences. Con-
versely, the curriculum must be maderel-
evant to students’ lives. Instruction can-
not take placeif students are not ready or
receptive to learning. Readiness for edu-
cation involves decreasing the detrimen-
tal effects by alack of personal encour-
agement and financial support. Institu-
tions of higher education must determine
how to better integrate these fundamen-
tal considerationsinto program design.
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