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NATIONAL SCIENCE BOARD
WASHINGTON, D € 20550

March 20, 19%6

Dr. Roland W. Schmitt
Chairman

National Science Board
Washington, D.C. 20550

Dear Roland:

lam pleased totransmit to you the final report of the National Science Board Task Commuittee on
Undergraduate Science and Engineering Educauon. In pursuing your charge to the Commuttee we
have kept clearly in view the responsibility entrusted to the National Science Board to promote
research and education in science and engineernng in the United States.

I this report we state our conviction that the National Science Foundation must both assume a
leadership role and provide highly leveraged program support for undergraduate science, mathe-
matics and engineering education in order to successfully meet critical needs that affect the health
of he Nation.

The Committee consulted widely across the Nation and within the National Science Foundation
i the conduct of its business. At public hearings and through submitted testimony we heard from
leaders representing academic institutions, industry, government, and professional societies.
There were also nuinerous interactions with members of the National Science Board and NSF staff.
The issues we dealt with are complex and often interactive and as such are not easily resolved.
Their proper treatment will require carefully developed plans and sustained efforts by many
sectors.

We are greatly heartened that many members of the Board, and others as well, are expressing
strong support for a meaningful leadership role for NSF in undergraduate science, mathematics
and engineering educatio... The Committee is appreciative of the Director’s genuine interest and
active participation in its work, and we are grateful for his input to the development of this report.

I would like to thank the members of the Committee for the deep sense of responsibility that
they brought to this task. In addition, many members of the NSF staff, from the Board Office, and
from several Directorates, were quite helpful and made significant contributions to our work.

We commend your foresight in establishing the Committee. We are available for further
consultation as may be needed. The Committee is very hopeful that this report will trigger the
necessary action tha. we urge upon all sectors concerned with the quality of undergraduate
education 1n science, mathematics, and engineering. As announced since establishment of the
Committee, the report is to be distributed widely and we urge that it be made available to
appropria.: individuals and organizations.

Sincerely,

oot

Homer A. Neal

Chairman, NSB Task Cc mmuttee
on Undergraduate Science and
Engineering Educaton

Members of Committee:

Jay V. Beck Norman C. Rasmussen

Rita R. Colwell James L. Powell, Advisor

Thomas B. Day Lester G. Paldy, Consultant

James J. Duderstadt Robert F. Watson, Executive Secretary
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National Science Board Resolution re
Report of the Task Committee on
Undergraduate Science and Engineering Education

RESOLVED. The National Science Board hereby accepts the Report of the NSB Task Committee on
Undergraduate Science and Engineering Education and thanks the Task Committee
for its efforts.

Further, the Board requests that the Director, 1n close consultation with the NSB
Commuttee on Education and Human Resources, prepare a plan of action to respond
to the report focusing on new and innovative program approaches that will ehicit
creative proposals from unuversities and colleges, and submit such plan to the Board
as part of the National Science Foundation FY 1988 budget process.

March 21, 1986
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INTRODUCTION

This report 1s the outcome of a vear-long study conducted by the Naticnai Science Board Task
Commuttee on Undergraduate Science and Engineering Education. The Task Commuttee was
established because there were numerous signs that J.S. undergraduate education was develop-
ing serious problems; and because of our perception of the responsibility shared by the Board and
the National Science Foundation for the health of U.S. academic science and engineenng. Al-
though the Committee’s principal original charge was to consider the role of the NSF in under-
graduate education, this was extended appropnately to include consideration of the needs for
action by other sectors as well.

This report provides an analysis of the current condition and trends in U.S. undergraduate
education in the sciences, mathematics and engineering. It contains suggestions for actions to be
undertaken by academic institutions and their governing bodies, the States, the private sector, and
other Federal agencies, as well as by the National Science Foundation.

During the ¢ urse of its study, the Commuttee received information from many sources Ffour
public hearings were conducted and testimony received from knowledgeable leaders in higher
education, the scientific community, industry and government. The Committee studied a wide
range of pubhished reports, and also received statements and re ports from a number of concerned
individuals and organizations. We are most appreciahve of the time and efforts expended by so
many people in contributing to the report. In particular, we acknowledge the outstanding work of
the Committee and its chairman, Dr. Homer Neal.

The report contains much useful information and reflects strong opinions of a broad cross-
section of persons knowledgeable of U.S. science and technology about a serious national
concern. We hope the report will be of interest to and serve as a basis for discussion by those who
are actively concerned with the quality of the Nation’s colleges and universities and our country’s
long-term economic health.

Inits response, the Foundation will prepare a plan emphasizing new and innovative approaches
with reference to the information and recommendations contained in the report This Plan will
have to be devised in the context of severe budgetary pressures and large competing demands.
Thus its implementation poses a great challenge to all concerned with the quality of higher
education. But, we must all take action or suffer the consequences of an ever diminishing quahty in
the education of the Nation’c [uture scientists and engineers.

TR

Roland W. Schmutt Ench Bloch
Chairman Director
National Science Board National Science Foundat
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I. EXECUTIVE SUMMARY

Serious probleins, especially problems of quality,
have developed during the past decade in the infrastruc-
ture of college-level education in the United States in
mathematics, engineering, and the sciences. Problems
areoccurnng to a significant degree in all types of institu-
tions, two-year and four-year colleges and universities,
and in all regions of the country. Minonty nstitutions
conunue to have serious difficulties. The broad areas of
engineering, mathematics, and the sciences share many
of these concerns, but each has some of its own. The
problems of the engineenng disciphnes are especially
severe. The impacts and the challenges and oppor-
tunities of the new technologies pervade all the
disaplines.

The most striking and pervasive change of the 1980’s -
one that is fundamental and irreversible - is the shift to a
global economy. The only way that we can cont.nue to
stay ahead of other countries is to keep new ideas flowing
through research; to have the best technically trained,
most inventive and adaptable workforce of any nation;
and to have a citizenry able to make intelligent judg-
ments about technically-based 1ssues. Thus, the deterio-
ration of collegiate science, mathematics and engineering
education 1s a grave long-term threat to the Nation's scien-
tific and technical capacity, its industrial and economic
competitiveness, and the strength of its national defense

The major objectives of the study reported here were
assessment of the present character and condition of
undergraduate education in mathematics, engineering,
and the sciences, and determination of an appropriate
role for the National Science Foundation in regard to its
strength and improvement.

The Committee has concluded that the Foundation’s
role must be strong leadership of a nation-wide etfort,
an effort that will require participation by public and
private bodies at all levels. The Foundation must use its
leadership and high leverage programs to catalyze sig-
nificant effortsin the states and local governments and in
the academic institutions where ultimate responsibihty
lies. The recommendations of this report make renewed
demands on the academic community - especially that its
best scholarship be applied to the manifold activities
needed to strengthen undergraduate science, engineer-
ing, and mathematics education in the United States.

A. The Condition of Undergraduate
Education in Science, Mathematics,
and Engineering

The United States has developed the most varied and

extensive network of colleges and universities 1n the
world.

ERIC
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'n the Fall of 1984, 10,700,000 undergraduates out of a
total enrollment of over 12,300,000 students attended
some 3,300 U.S. institutions of higher learning. Annual
expenditures for hugher education nation-widc total $101
bilhon; of this, $42 bilhon are spent at the undergraduate
level.

There are great institutions of higher education
throughout the country. An inexpensive community col-
lege 15 within easy commuting distance of most citizens.
Highly developed regional and state public universities
are not much farther removed. Doctoral universities and
private colleges are to be found in virtually every State in
the Union. Taken together, these constitute a peerless
system of higher education, affording opportunities to
students with virtue'ly every kind of academic interest.

It 1s in these institutions that the talents and values of
future scientists, engineers, business leaders, doctors,
lawyers, and polticians are developed. From them will
emerge much of our future leadership at local, state and
national levels. The Nation depends in large part upon
the graduates of collegiate institutions to assure its com-
petitive edge 1n the world’s economy and the strength of
its national defense.

In 1983, the National Scier.ce Board Commission on
Precollege Education in Mathematics, Science and Tech-
nology reported on the character and condition of teach-
ing and learming 1n those subjects in the Nation’s schools.
Partly in consequence of the Commission’s findings and
its report, states and municipalities have taken many
steps 1n the intervening three years to correct the effects
of previous neglect and to restore strength and vigor to
school programs in science, mathematics and tech-
nology. The Congress has approved and initiated several
responses, including funding of a leadership role for the
National Science Foundation in these improvement
efforts.

The same concerns that led to these efforts to impr ve
precollege education have caused steps to be tal .a to
strengthen the flow of science and engineering research
results from colleges, universities, and other research
laboratories to the production and marketing sectors of
the economy. But attention has not yet been focused on
the essential bridge between the schools and the na-
tional apparatus for research and development; that
bridge is undergraduate education in mathematics, en-
gineering and the sciences.

A few states have taken significant steps to improve the
quality of instruction in the colleges and universities they
support. Industry has given increased attention to sci-
ence and engineenng research and to graduate educa-
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tion, but private sector support of undergraduate educa-
tion has not increased similarly.

Although the National Science Foundation for manv
vears supported a number of substantial undergraduate
programs, including both curriculum development and
faculty enhancement, 1ts present role in that area 1s very
small and hmted. There are very few opportunities and
incentives tor faculty to contribute and compete on a
national basis for support of scholarly and creative ac-
tivities related to teaching as there are for research.

The evidence considered by the Commuttee and the
observations of its members indicate clearly that the most
serious deficiencies 1n undergraduate science, mathe-
matics, and engineenng education are in three areas. It is
these three areas that require attention of the highest
prionty at this time - bv the National Saience Foundation
and other federal agencies, by the several states, and by
the private sector:

® Laboratory instruction, which 1s at the heart of science
and engineering education, has deteriorated to the
point where 1t is often uninspired, tedious, and dull.
Too frequently it is conducted 1n facilities and with
instruments that are obsolete and inadequate. (The
needs for new instruments alone are estimated at
$2-4 billion.) It 1s being eliminated from many intro-
ductory courses. Much too little funding is available
fo support faculty with creative 1deas for laboratory
redevelopment.

® Faculty members are often unable to update their dis-
aplinary knowledge continuously or maintain their
pedagogical skills, and are largely unable to make
skilled use of computers and other advanced tech-
nologies. In some fields there are serious shortages
of qualified faculty.

® Courses and curricula are frequently out-of-date in
content, unimaginative, poorly organized f-- stu-
dents with different interests, and fail ¢ -t re-
cent advances in the understanding of t.  agand
learning; the same 1s irue of instructional materials
now tn use. Insufficient faculty energies are devoted
toimproving the quality of instruction and its appeal
to any others than those enrolled as majors in their
field.

These deficiencies contribute to trends in student per-
formance and behavior that are adverse to the national
interest: fewer students are choosing careers in science
and engineering; certain specialties are not attracting the
number or quality of entrants they need; enroliment in
teacher education curricula in mathematics and the sci-
ences is critically low; and the supply of well-qualified
teachers for the schools is short.

The size o the 18-19 year-old age group will decline
significantly in the next decade. Unless education in
mathematics, engineering, and the sciences is made
more effective for all students and more attractive to
potential faculty members, and especiallv to the pres-
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ently underrepresented (women, minonties, and the
physically kandicapped), both the quality and number of
newlv-educated professionals in these important fields
will tall well below the Nation’s needs - with predictable
harm to 1ts economy and security.

There has been for a decade a steadily worsening
shortage of qualitied faculty in engineering schools.
Mathemat.cs began to experience the same dispanty be-
tween collegiate faculty demand and supply over five
years ago More recently a downturn in the rate at which
science doctorates choose academic careers has been ob-
served, suggesting that faculty shortages will soon
characterize masi of the fieids in which the Foundation
plays a role. These shortages will be exacerbated by the
already discernible increase in retirement of facuity who
were appointed initially during the enrollment expan-
sions of the 1950s and 1960s. Those retirements are ex-
pected to intensify the general shortages of college and
unuversity faculty members projected for 1995-2010. Since
it takes at least 9 years for a freshman student to become an
appomtable doctorate m most science and engineeri:ig fields,
only immediate and sustaned efforts to attract the brightest
young people to the rigorous process of preparing for a faculty
career can reduce the shortages that are sure to come

B. The Support of Undergraduate Education
in Science, Mathematics, and
Engineering

It1s estimated that education in the United States at all
levels will cost $260 billion 1n 1985-86. Higher education
will account for $101 billion of that total; and of that sum
$42 billion will be expended on undergraduate education
-$12.4 billion in private institutions, $29.5 billion in pub-
lic colleges and universities. About one-half of the latter
amounts will be devoted to science, mathematics, and
engineering education.

® State funding of higher education during the last dec-
ade has not kept up with cost inflation. Some states
have estabhshed review bodies for education in
mathematics, science, and technology education (as
recomnended in 1983 by the National Science Board
Commission), but only in a few instances have state-
wide surveys been completed, needs determined,
and new funding recommended.

® [ndustrial and other corporate gifts to education have
increased in the past fifteen years from 0.43% to
0.68% of pretax net income; they aggregated $1.6
billion 1n 1984. The higher education share of this
total is substantial, as is that of the technical fields,
but industries have concentrated their support on
graduate education and research linked closely to
their interests.

® Mission-oriented federal agencies expend large sums in
higher education, but primanly in direct support o{
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basic research and graduate education. The
Department of Education with minor exceptions 1s
mandated to concentrate 1ts resources on entitle-
ments, assistance to individuals, and formula-based
distnbutions. Very httle of its funds can be expended
on flexible programming to improve undergraduate
education in mathematics, engineering, and the sci-
ences, and the agency does not have a history of
strong linkages with the academic scientific and en-
gimeering communities.

® The bulk of the $1,500 million annual budget of the
Natiwonal Science Foundation 1s for the support of basic
research at both doctoral and non-doctoral academic
institutions. Some of this research involves under-
graduate students, and affects their education di-
rectly. At present, two programs that specifically
support undergraduate education in science, mathe-
matics and engineenng are located in the Directorate
for Science and Engineering Education. They are:
the College Science Instrumentation Program, bud-
geted at $5.5 million annually; and a teacher prepa-
ration program for future school teachers of mathe-
matics and science, budgeted at $6 million per year.

The support from all sectors for undergraduate educa-
tion in mathematics, engineering, and the sciences is
inadequately responsive to either its worsening con-
dition or the national need for its revitalization and
improvement.

C. Recommendations to the States,
Academic Institutions, the Private
Sector and Mission-Oriented Federal
Agencies

The evidence before it leads the Committee to make
recommendations beyond its original charge, which was
to define an appropriate role for the National Science
Foundation in undergraduate education in engineering,
mathematics, and the sciences. The Committee believes
that, realistically:

® Responsibility for the academic health of undergraduate
education resides primarily in the Nations colleges and
unversities and their governing bodies. Responsibility for
the finanriai health of the educational stitutions lies
primarily with states, municipalities, and the host of sup-
rorters of private higher education.

Most of the direct effort toreverse the downtrends of
quality in undergra'' uate mathematics, engineering,
and science education must be made at the state and
local levels of government and in the private sector.
Those are the places where educational policy is
made and the basic financial support for higher edu-
cation is marshalled.

® The Natwonal Science Foundation cannot assunie respon-
stbility for the financial health of higher education, cven i
the sciences and engineering But, the Foundation can and
should expand and establish programs twhich assist the
restoration of academic health to undergradiate education
m the fields within the domam assigned to 1t

The Foundation’s leadership should emphasize
provision of incentives, quickening of motivation,
and the partnership of the states, educational in-
stitutions, and many private sector entities 1n the
extensive and sustained eftorts that will be required.

The Commut » recommends
To States:

® establishment of undergraduate science, mathe-
matics, and engineering education as a high prionty
of essential importance to the economuc, socal, and
cultural well-being of their citizens;

® timely and responsive consideration by legislatures
of recommendations for improvement of under-
graduate mathematics, engineering, and science ed-
ucation in two- and four-year colleges and in
universities;

® enactment of special legislation aimed at achieving
national norms for a minimum level of support for
laboratory instrumentation (amounting to $2,000
per engineering or science graduate per year, as
recommended by bodies such as the National So-
ciety for Professional Engineers);

® careful long-range planning for the repewal of facih-
ties, equipment, and other physical resources; and

® the creation of special educational commissions or
review bodies (if they have not already been ap-
pointed) to determine conditions and needs in un-
dergraduate education in science, mathematics, and
engineering in their states, to help set goals and
objectives, and to recommend ways and means.

To Academuc lstitutions:

® achuevement of the investments of faculty, physical
facilities, and financial resources per student neces-
sary for high quality undergraduate educatior in
science, engineering, and mathematics, through in-
ternal prioritization and allocation;

® development cf both short-range and long-range
plans for modernizat.on of undergraduate instruc-
tional and research equipment;

® careful long-range planning for the renewal of facli-
ties, equipment, and faculties;

® strong support of faculty efforts to update and up-
grade courses and curricula designed to meet the
needs of both majors and non-rrajors;
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® increased participation by all faculty, including re-
search faculty, in the instruction of undergraduates
ard in other efforts to raise the - uality of their edu~a-
tional experier ce;

® joint efforts with other institutions to 1mprove the
school-to-college, two-year to four-year college, and
undergraduate-to-graduate transitions, and

® expansion of partnerships in education with indus-
tries and other organizations 1n the private sector.

To the Private Sector:

¢ greater and more stable support for undergraduate
education in mathematice, engineering, and the
sciences;

® expanded partnerships with colleges and univer-
sities 1n efforis to imprcve pre-professional educa-
tion, and

® increased cor rorate elforts to improve the f blic
undc--*anding of science and technology.

To Mission-Oriented Federal Agen-ies:

® Those federal agencies with strong basic and applied
research components (e.g., NASA, DOD, DOE, and
NIH) should continue their graduate-level program-
ming and expand their efforts to involve under-
graduate faculty and students in their research
activities

® Those agencies also should consider providing in-
centives to contractors and grantees for appropriate
inclusion of undergraduate components in their
work.

® The Department of Educatior: and the National Sci-
ence Foundation should collaborat. in a major effort
to correct the causes in schools of the steadily in-
creasing ¢..mand for remedial machematics and sci-
ence instruction in colleges and universities.

® The Departrent of Education and the Foundation
should vlevelop jointly, for college-level instruction
In engineering, mathematics, and the sciences, data
cellection and analyses that will reveal trends in
student achievement nation-wide.

D. Recommendatir . s to the
National Science r vundation

Current national policy and federal strategy recognize
that education in science, engineering and mathematics
are critica, «0 the econornic vitality and security of the
Nation sccordingly, heavy investments are being made
in graduate education and research, and strong pro-
grams have been initiated to improve the effectiveness of
precollege education. Now, sound national policy re-
quires that the strategy be made complete by supporting
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the revitaiization and improvement of undergraduate
education 1n science, mathematics, and engineering.

The enabling legislation for the National Scince Founda-
tion obiigates it to take leadership of efforts to revitalize and
improve uncergraduate mathematics, engineering, and
science education mn the United States.

In support of these objectives the Foundation should
concentrate on key undergraduate programs that empha-
size motivation and initiative for needed change, leverage
its resources, and make use of its historic relationships
with the science and engineering research communities.
These programs should build upon the Foundation’s
present activities to improve precollege science and
mathematics education.

The Commuttee anticipates that by no later th.n 1989
implementation of its recommendations will have estab-
hished a permanent Foundation presence in undergradu-
ate mathematics, engineering, and science education
comprising;

® a comprehensive set of programs to catalyze and stimulate
natwonal efforts to assure a wit..! faculty, maintain engaging
and high quality curricula, develop effective laboratories,
and attract an ncreasing fraction of the Nation's most
talented students to careers in enginecring, mathematics,
an  the sciences, and

® qanechamsm to systematically inform the Nation of condi-
twons, trends, needs, and opportunities in these important
areas of education.

The Committee’s specific recommendations for action
by the National Science Foundation fall into two catego-
ries: Leadership, and Leveraged Program Support.

1. Leadership

The National Science Founaation should take bold steps to
estabhish itself .n a position of leudership to advance anc mam-
tam the quality of undergraduate education in engineering,
mathematics, and the sciences.

The Foundation shovla:

® stimulate the states and the components of the pri-
vate sector to increase their investments in the im-
provement of undergraduate science, engineering,
and mathematics education, and providea forun for
consideration of current issues related to such
efforts;

® implement new programs and expand existing ones
for the ultimate benefit of students in all types of
institutions,

® actuate cooperative projects among two-year and
four-year colleges and universities to improve their
educational efficiency and effectiveness;

# stimulate and support a variety of etforts to improve
public understanding of science and technology,
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® stimulate creative and productive activity in teaching
and learning (and research on them), just as it does
in basic disciplinary research. New funding will be
required, but intrinsic cost differences are such that
this resvlt tan be obtained with a smaller investment
than is presently being made in basic research,

® bring its programming in the undergraduate educa-
tion area into balance with its activities in the pre-
college and graduate areas as quickly as possible;

® expand its efforts to increase the participation of
women, minorities, and the physically handicapped
in professional science, mathematics, and
engineering;

® design and implement an appropriate database ac-
tivity concerning the qualitative and quantitatve as-
pects of undergraduate education in mathematics,
engineering and the sciences to assure flexibility in
its response to changing national and disciphnary
needs; and

® develop quickly an appropriate administrative struc-
ture and mechanisms for the implementation of
these and the following recommendations. The focal
point should be the Directorate for Science and Engi-
neering Education; it should foster collaboration
among all parts of the Foundation to achieve excel-
lence in science, mathematics, and engineering
education.

2. Leveraged Program Support

The Comnuttee recommends that National Science Founda-
tion annual expenditures at the undergraduate level in science,
mathematics, and engineering education be increased by $100
million. Such an enhanced leve! >f expenditure would be
consistent with 1e funding goals recommended for NSF
precollege activities by the NSB Commission on Pre-
college Education in Mathematics, Science and Tech-
nology ($175 million), and with the level of present Foun-
dation support of research ($1,300 million).

The Committee intends that the programs it recom-
mends be highly leveraged. Initially, “upstream” par-
ticipation in financial support - e.g. through matching
will be required in many areas. This kind of leveraging is
specific and quantifiable; for example, the College Sci-
ence Instrumentatior Program generated 1n 1985 contn-
butions from awardee organizatior:s that exceeded the
federal funds made 1wailable. The Committee fully ex-
pects these programns will exhibit strong leverage “down-
stream” - that their influence on the quality and scope of
education will be very great. An example of downstream
leveraging is the computer language BASIC, developed
under an award from NSE.

The following items hst the program areas of highest
priority and indicate the distribution of funds appropri-
ate to their complementary and interactive character.
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...... $20 milhon
(supporting development projects to

improve the laboratory component of

science and engineering instruction)

® Laboratory Development

¢ Instructional Instrumentation and
Equipment ..... ...... ... $30 mathon
(encouraging and supporting joint
efforts to remedy the serious deficien-
cies of instructional instrumentation
and equipment)

® Faculty Professional Enhancement . ... $13 milhon
(stimulating new ways and shaning the
support of the best new and traditional
ways of improving the professional
quahfications of college and university
faculty members)

® Course and Curriculum Development . $13 million
(encouraging and sapporting efforts
t'simprove the ways in which technical
knowledge is selected, organized, and
presented)

e Comprehensive Improve ment
Projects ............. ... ..l $10 milhon
(addressing several of the above pri-
orities simultaneously in a single in-
stitution, or across a given discipline,
or in a combination of these through
consortial efforts)

® Undergraduate Research Participation $ 8 milhon
(stmulating and supporting the in-
volvement of advanced undergraduate
students in re;earch in their colleges
and in other places with progtams of
technical investigation)

® Minority Institutions Program ....... $ 5 milhon
(strengthening the capabihity of minor-
ity institutiuns to increase the par-
ticipation ot m.onties in professional
science, mathematics, ar.d
engineering)

® Informatic~ for Long-Range

Plarnim ... ..o $ 1 mulhon
i .ecting, studying, and analyzing
mformation and data on undergradu-
ate educaiion in science, engineering,
and mathematics, to assist long-range
Foundation planning; this funding
would include an appropriate level of
collaborative work with the Depart-
ment of Education and other major
data sources)

This 1ncrease of $100 million, although insufficient to

solve all of the problems of undergraduate science, engi-
neering, and mathematics education in the United State«

14




can cause truly significant, positive changes In corstant
dollars, the proposed prograinming 1s not far short of the
level of the Foundation’s undergraduate activities in the
late 1960s. Review of these programs indicated that many
of them had strong positive influence on the qualty ot
undergraduate education, and that expenence provides
assurance that this proposed level of activity can be
effective.

Tke levels of funding described above assume that
other federal agencies will continue and expand their
present support of undergraduate education, that the
Foundation’s efforts will stimulate the very much larger
necessary expenditures by states and municipalities, and
that the private sector will make an appropnat= response
to the national needs described ir. this report. We believe
that a proper response to this effort by the National
Science Foundation will require additional annual expen-
ditures of sums aggregating $1,000 mullion by states,
muniapalities, other agencies of the United States Gov-
ernment, industry, and other perts of the private sector.

The Committee recommends that this comprehensive
program at the undergraduate level be funded and imple-
mented as quickly as possible. Because the program ele-
ments are complementary and interactive, their imple-
mentation will have the greatest beneficial impact if done
in parallel.

We are recommending additional funding of $100 mil-
lion a year. In addition to the $13 million support n-
cluded in the Foundation’s FY 1987 Budget Estimate to
Congress, a viable set of program . ctivities requires $50
nullion i new funds for FY 1988; attainment of a total of
$100 million in new funds by FY 1989 will permit a frontal
attack to be made on the problems that the Committee
has 1dentified.

We make these recommendations of funding levels in
full knowledge of the current federal budget exigencies,
including the possible effect of the Gramm-Rudman-
Hollings Act. The Committee believes the mix and bal-
ance of programs described above to be sufficiently im-
portant that they should be initiated within the existing
Foundation resources rather than wait until incremental
funds are macde available.

The following brief tabulation summarizes the Com-
mittee’s proposals for the distribu*on of new funds. The
entries in the table show the phasing-in of specific pro-
gram funding and reflect the priorities of the Committee.

Examination of this table in the light ot the Findings
and Conclusions detailed in later sections of this report
reveals the imbalance and lack of synergism even at the
$50 million level of additional funds. Nevertheless, the
effects of built-in leveraging will permit a reasonable
attack to be made on certain problems. But, it is only at
the recommended $100 million level of additional expen-
diture that this leveraging from state and local, public
and private sources results in a strong nation-wide effort
that can solve these problems.
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Recommended
Funding Above

NSF Budget FY 1987 Budget
Estimate Estimate
FY 1987 FYy 1988 FY 1989
$13 Program (short title) $50 $100
— Laboratory development 10 20
2 Instrumentation 10 30
7 Faculty enhancement 10 13
— Course and curriculum 7 13
- Comprehensive improvement — 10
4 Undergraduate research 8 8
— Minonty institutions 5 5

— Planning

Dottars in milions

The Committee considered carefully, within its charge,
a number of educational needs t.  vhich 1t does not at this
time assign high priority for NSF funding. Among such
needs are. construction and remodeling of facilities; stu-
dent loans and scholarships; and programs to assist fac-
ulty members to earn advanced degrees. All of these (and
many others considered by the Committee) are mer-
itorious and would assist progress toward the principal
objective addressed in this report - improvement of un-
dergraduate education in scienc2, mathematics, and en-
gineering. However, they all have the character of capital
- not catalytic - investments. The Foundation must limit
its role to leadership and catalysis; basic capital expen-
ditures in pursuit of these national educational gnals
must be made by state and local governments and by the
components of the private sector.

The Committee considered carefully groups and in-
stitutions with special needs in arriving at 1ts rec-
ommendations for programs and funding. We recom-
mend that special needs be met within the programs
descnibed above, utilizing NSF's Review Criterion IV as is
done in the other regular support programs. With these
considerations in view we stress the following three rec-
omnmendations that cut across the areas just described:

® [ncreased Participation of Women, Minonities, and Phys-
ically Handicapped. The NSF should actively seek this
goal in implementing the above recommendations,
including program management and proposal re-
view, and the projects that are supported.

® [nstititional Dwersity. The Committee beheves that
the diversity of institutional types in the United
States is a strength to be rurtured. Care should be
exercised to assure that high quality projects are
supported at all tynes of institutions. It is important
to utilize and motivate the best and most talented
faculty at all institutions to strengthen the instruc-
tional component of higher education.

® Engineering Education and New Technologies. The Com-
muttee recognizes the current extraordinary levels of
concern and need in the various fields of engineer-
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ing. The impact of the new technologies (e.g. com-
puterization and biotechnology) on all fields 1s great
also. Accordingly, it recommends that the programs
initially target their support heavily in these areas.

Review of the appropriateness of support distrnibution
across the disciplines and 1n the other areas of special
need should be a continuig concern of the Directorate
for Science ard Engineering Education.

The Committee emphasizes the importance of educa-
tional and scientific merit as established by the peer
review process in the selection of projects for support
under programs developed in response to these rec-
ommendations. Such projects must meet the traditional
standards of quality and excellence demanded by the
Foundation.

The Committee recommends that the Director of the
National Science Foundation move to implement the
program and action recommendations contained herein.
A detailed plan for both the ieadership and program
activities, including an administrafive structure, within
the Directorate for Science and Engineering Education,
progra— descriptions, guidelines, etc., should be com-
pleted in time to permit the program to be initiated
during Fiscal Year 1987.

Finally, .ne Committee recommends that respon-
sibility for monitonng the implernentation of this report

be assigned to the Nauone! Science Board's Commuttee
on Education and tHumar: Rescurces.

E. Conclusion

The prinapal charge given to the Comrttee by the
Chairman of the National Science Board was “. .. to
consider the role of the National Science Foundation in
undergraduate science and engineering education.” This
report defines a role that is both appropriate to NSF’s
mission and responsive to the Nation's needs. It also
urges needed actions by other sectoss, both public and
private.

The Commuttee believes that INSF should be a signifi-
cant presence in undergraduate science, mathematics,
and engineering education. But the greatest efforts must
conte from the people directly responsible for the health
of colleges and universities. The Federal Government, in
general, and the National Science Foundation, in par-
ticular, cannot and should not be looked to for the sub-
stantial continuing infusions of resources that are
needed.

Undergraduate education occupies a strategically crii-
ical position in U.S. education, touching vitally both the
schools and postgraduate education. We hope that this
report will contribute to the resurgence of quality
throughout higher education that is essential to the well-
being of all U.S. atizens.




ll. FINDINGS

“An effective system of science and engineering educa-
tion is vital to the long term iterest of the Umted
States as this country strives to strengthen its econo-
my, its national defense, and the quality of life and
well-being of its citizens. The centrality of science and
technology to American life 1s a recognized fact, and it
is emdent that this Nation's future prosperity and
security 1s dependent upon the maintenance of a suffi-
cient number of adequately trained scientists and en-
gneers to respond to national needs and priorities.”
Frederick Humphries, President, Flonda A&M Uni-
versity (W24).

A. Background

1. Undergraduate Education. . .

Nowhere else in the world have Nations succeeded in
creat’ ;a system of higher education that reaches sucha
broad cross section of citizens as in the United States. The
quality we strive for and the standards we establish for
this enterprise ar= sensitive measures of our aspirations
for the American future.

There are nearly 3,300 institutions of higher learning in
the U.S., two- and four-year colleges, master- and doc-
toral- granting universities, and specialized institutions;
2,700 of these have courses of study in science and engi-
neering (Table A) (B1:266). In the Fall of 1984, these 3,300
institutions enrolled over 12,300,000 students, of whom
10,700,000 were undergraduates. Enrollment trends
since 1970 and projections through 1993 are shown in
Table B (B2:98) and Chart 1 (B2:99).

Undergraduate programs build on the experiences of
students accepted from our Nation’s diverse precollege
school systems, ranging from those flourishing in afflu-
ent locales to others struggling in inner city blight and
rural poverty. Reciprocally, challenging and well-con-
ceived undergraduate education can help to elevate the
quality of precollege programs across the Nation.

In 1983, the National Science Board Commussion on
Precollege Education in Mathematics, Science and Tech-
nology reported on the character and condition of teach-
ing and learning in those subjects in the Nation’s schools
(B3). Partly in consequence of the alarm sounded by the
Commussion’s report, states and municipahties have
taken many stepsin the intervening three years to correct
the effects of previous neglect and to restore strength and
vigor to cchool programs in science, mathematics and
technology. The Congress has approved and initiated
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several responses, including funding of a leadership role
for the National Science Foundation in these improve-
ment efforts (B4).

Graduates of the four-year colleges and universities
enter business, industry, and government, or continue
their education in graduate or professional programs.
Graduates of two-year colleges and technical institutes
provide an important human resource for industry and a
steady stream of transfer students for four-year colleges
and universities. American technological competi-
tiveness in the international arena in the future will be
influenced by these sometimes overlocked programs.

A significant fraction (31%) of college and university
students graduate today with majors in scientific and
technical areas, and these students constitute the scien-
tific and technological leadership pool that must support
American innovation and discovery for nearly half of the
next century (B5).

Attention has 10i yet been focised on the essential
bridge between the schools and the national apparatus
for research and development: urd-rgraduate educaticn
in mathematics, engineering and the sciences. A few
states (e.g. Kentucky, Tennessee, New Jersey and Cal-
ifornia) have taken significant steps to improve the
quality of instruction in those fields in the colleges and
universities they support. However, appropriations for
higher education in most states are notincreasing rapidly
enough to correct the effects of erosion by inflation dur-
ing the past fifteen years (B6).

The same concerns that led to recent school-oriented
educational improvement efforts have caused steps to be
taken to strengthen the flow of science and engineenng
research results from colleges, universities, and other
research laboratories to the production ard marketing
sectors of the economy. In the main, those steps have
been directed at the graduate education level. Industry
has given some increased attention to the research com-
ing from graduate education, though its direct support of
such activities is still a small fraction of that provided by
the State and Federal Governments (B7).

The * ..n counts on 1ts diversified population of col-
lege graduates to provide leadership inbusiness, govern-
ment, education, agriculture, media, and the arts. The
quahty of their undergraduate contacts with science,
mathematics, and engineering will be reflected in many
forums in the future. The knowledge and training of
these graduates and their ability to continue to learn,
more than any other tangible resource, constitute the
future wealth of the Nation.
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TABLE A

'nstitutions of higher education and institutions awarding S/E degrees,
by highest degree awarded: 1960-84

Four-year institutions

Granting S/E degrees (hignest degree)

Totai higher
education 4-year Bachelors and Not granting  Two-year
Year institutions inshtutions Total hest crofessiona,  Masters  Doctors  S/E degrees  nstitutions
1960 2.021 1446 1056 735 180 141 390 575
1961 2,034 1,441 1,090 748 189 153 351 593
1962 2.050 1,464 1,112 745 212 155 352 586
1963 2,106 1.476 1,125 754 209 162 351 630
1964 2,146 1,509 1,147 757 218 172 362 637
1965 2.189 1,532 1165 754 233 178 367 657
1966 .. 2,247 1.565 1.178 745 246 187 387 682
1967 .. 2.347 1,592 1,217 752 2N 194 375 755
1968 2.392 1,603 1,223 746 281 196 380 789
1969 2.503 1.636 1,254 756 292 206 382 867
1970 2,544 1,654 1,274 762 292 220 380 890
1971 2,573 1,681 1,276 760 287 229 405 892
1972 2,626 1.689 1.362 795 319 248 327 937
1973 2.689 1772 1.396 815 318 263 376 967
1974 2,744 1,737 1,400 102 327 27 337 1,007
1975 3.012 1,871 1,420 813 340 267 451 114
197R 3.026 1,898 NA NA NA NA NA 1,128
197/ . 3.046 1,905 NA NA NA NA NA 1,14
1978 . 3.095 1,925 1,445 804 359 282 493 1,170
1979 3.134 1,925 NA NA NA NA NA 1,209
1980 3.152 1934 NA NA NA NA NA 1.218
1981 3.231 2.007 1.447 793 361 293 560 1224
1982 . 3.253 2,039 1,457 797 365 295 582 1214
1983 3,280 2074 NA NA NA NA NA 1,206
1984 3.284 2012 NA NA NA NA NA 1272

Note NA = Not avaiable
SOURCE National Science Foundation Science Indicators, 1385

2. .. .and The National Science Foundation

The National Science Foundation (NSF) has statutory
authonty to support undergraduate education via Sec-
tion 3(a) of the National Science Foundation Act of 1950
(as amended) which states that “the Foundation is autho-
rized and directed:

“(1). . .toniiiate and support basic scientific research and
programs to strengthen the mathematical, physical, med:-
cal, bological, scientific research potential and science
education programs at all levels . . "

Throughout the 1960's and early 1970s, the National
Science Foundation had an extensive program of support
for undergraduate research participation, faculty de-
velopment, laboratory instrumentation, and develop-
ment of new curriculum materials.

An average of approximately $30 million per year ($100
million in 1985 dollars) was channeled nto these impor-
tant activities. However, questions about the proper role
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in education of the Federal Government, issues associ-
ated with perceptions of program focus, effectiveness,
and financial exigency caused NSF undergraduate pro-
gram support levels to be reduced severely in later years.

The history of NSF's support for graduate, under-
graduate, and precollege education through its Science
and Engineering Education Directorate is depicted 1n
Chart 2 and Table C. Chart 3 compares these data for
education support with the history of total NSF funding
since 1960 (B8:39, updated).

The following listing 15 a brief description of some of
the major undergraduate support programs formerly
conducted by NSF

Students:

® Undergraduate Research Participation Program (URP)—
Operated from 1959-1981, this program provided
summer full-time support, sometimes coupled with
part-time academic year activities, for undergradu-
ate students to work with faculty on specially de<:gned
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TABLEB

Pastand Projected Trends in Total Enrolimentin Institutions of Higher Education,
by Control and Type of Institution and by Level of Student: United States,
Fall 1970 to Fall 1993

(In Thousands)

Control of Institution  Type of Institution Leve!

Fall Graduate and
of Total Public Privae 4-Year 2-Year Undergraduate  Postbaccalaureate First-
Year Enroliment and Unclassified Unclassified Profess'or.al

1970 8.581 6,428 2,153 6,358 2,223 7.376 1,034 175
1971 8,949 5,804 2,144 6,463 2,486 7.743 1,012 194
1972 9,215 1,071 2,144 6,459 2,756 7,941 1,066 207
1973 9,602 7.420 2,183 6,590 3,012 8,261 1,123 218
1674 10,224 7,989 2,235 6,820 3,404 8,798 1,190 236
1975 11,185 8,835 2,350 1,215 3,970 9,679 1,263 245
1976 11,012 8.653 2,359 71,129 3,883 9,429 1,333 251
1977 11,286 8.847 2,437 7,242 4,042 9.714 1,318 251
1978 11.259 8,764 2,475 7,232 4,028 9,684 1,319 257
1979 11,570 9,037 2,533 1,353 47 9,998 1,309 263
1980 12,097 9,457 2,640 1,5 4,526 10,475 1,343 278
1981 12,312 9,647 2,724 7,655 4,716 10,754 1,343 275
1982 12,426 9,696 2,730 7,654 4,772 10,825 1,323 278
1983 12,463 9,683 2,782 7,739 4,726 10,846 1,339 279

Projected”

1984 12,345 9,645 2,700 7,600 4,745 10,715 1,345 285
1985 12,247 9,591 2,656 1,437 4,810 10,551 1,398 298
1986 12,162 9,533 2,629 7,358 4,804 10,447 1,413 302
1987 12,136 9,518 2,618 1,317 4,819 10,410 1,424 302
1988 12,141 9,528 2,613 1,303 4,830 10,17 1,424 300
1989 12,161 9,548 2,613 7,306 4,855 10,429 1,425 297
1990 12,093 9,498 2,595 7,204 4,829 10,371 1,427 235
1991 11,989 9,419 2,570 7,195 479 10,766 1,430 293
1992 11,810 9,284 2,526 1.0M 4,739 10,096 1,422 292
1993 11,676 9,185 2,40 6,968 4,708 9,368 1,818 290

*For methodotog ca ze'als see Projectiors of Equcation Statistics 1o 1992 93 1985

SOURCE U S Oeoanrent of Education National Center for Education Statistics Higher Education Ganerai tnformation Survey Farl Enroliment in
Colieges any Universinies varous years Projections of Education Staustics 13 1992 83, 1985 and unpublisihed 1abuiations (December 1984)

research projects. One goal was to induce faculties to for such projects as the creation of computer lan-
incorporate this type of activity into the regular cur- guage BASIC, and noted educational materials and
riculum for majors. In 1966, the program. supported films such as the film “"Powers of Ten.” Laces projects
6,500 students with a budget of $6.8 million, with in the 70's included creation of AMCEE (# ssociation
proposals requesting support for over 30,000 for Media-based Continuing Education for Engi-
students. neers) and the CAD/CAM (Computer-Assist :d De-

sign/Computer-Assisted Manufacturing) Engineer-

Curnculum and Materials: ing Project, a consortium of major engineering

® [nstructional Scientific Equipment Program (ISEP)— schools to develop and disseminate CAD/CAM ma-
Operated from 1961-1981, this program provided terials and curricula
matching funds for instruments to implement in- ® Local Course Improvement (LOCl)—Focused course

structional laboratory improvement and develop-

development jects by individual facu:ty or small
ment plans. ISEP was open to all institutions. e op prol y Inseua Y

groups; produced both local changes and published

® Science Curriculum Improvement Program (SCIP)—Op- software, materials, etc.
erated under this name from 1958-1972, with name

- ) Institutional Development:
changes thereafter, the activity supported curricu-

lum and course research and development activities. ® College Science Improvement Program (COSIP)—QOper-
In the 60’s SCIP supported the commissions (eg., ated 1967-73, supported comprehensive plans of
Commussion on College Physics);, was responsible predominantly undergraduate colleges and .con-

ERIC . " 19

i




CHART 1

Enroliment Trends in Institutions of Higher
Education, by Institutional Characteristics

Enroilment, by Type of institution
15,000,000
: Projected
|
Total
10,000.000
5,000,000 4
2 -year
insthitutions
0 ++r—r—"rrrrr—rrr_It— T
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Fall of year
Enroliment, by Control of institution
15,000,200
i Projected
Total
10.000.000
5.000.000
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0 ++—r—r—rrrrrrrrrtrr————— —r—
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Fall of year

Enroliment in 4-year institutions 1s projected to decrease significantly during
the 1980's and into the 1990's. while enroliment in 2-year institutions 1s pro-
jected to decline slightly in the early 1990's Enrofiments in both publc and
private institutions are expected to fall over the next decade

SOURCE The Condition of Education 1985 Ediion, National Center for Edu-
cation Statistics, U S Department of Education

sortia for development of their science instructional
programs. One component was for consortia of 2-
year colleges and universities, another was for mi-
nority institutions (later renamed and moved to De-
partment of Education in 1980).

® Comprehenstve Assistance to Undergraduate Science Edu-
cation (CAUSE)—Operated from 1976-81, simular to
COSIP, but open to all institutions.

® Resource Centers for Science and Engineering—QOper-
ated from 1978-81. Minority education was the focus
of these four major ($2.8 million each) awards to four
regionally dispersed sites. Programs brought to-
gether colleges, schools, and communities to 1m-
prove performance and participation of minorities in
science and engineering.

Faculty:

® Science Faculty Fellowships—Operated from 1957-1981
(except 1972 and 1973). Awards to individual faculty

ERIC

IToxt Provided by ERI
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n partial support of sabbatical leave-type activity, tor
study and for research, to enhance their effec-
tiveness as teachers

® College Teacher Workshops and Seminars—Operated
from 1956-1975. Awards to professional societies,
educational institutions, industr - and non-profit or-
ganizations for two to five w.ek summer con-
ferences for undergraduate faculty, dealing with re-
cent advances in scientific research or newly 1erg-
ing fields.

® Research Participation for College Teachers—Operated
{from 1959-1970, and intermittently in the 1970’s.
Awards to academic and other research organiza-
tions for support of faculty from small colleges to
participate 1n scientific research in summers.

® Chautauqua Short Courses—QOperated from 1970-1982.
Regional field centers provided 2-3 day sessions for
faculty onrecent advances in science and technology
by reseachers in the field. Program reached up to
5,000 faculty yearly.

At present, there are two NSF activities supporting
undergraduate education in the Directorate for Science
and Engineering Educatior: (1) The Office of College Sci-
ence [nstrumentation provides partial funding for efforts
by four-year colleges to improve their laboratory instruc-
tior and to acquire modern instrumentation; the 1986
budget for this activity is $5.5 million. (2) A small pro-
gram in the Division of Teacher Preparation and Enhan-
cement funds model programs that exhibit potential to
improve the preparation of undergraduates who plan to
teach science and mathematics at the precollege level (ca.
$6 millicn per year).

The Foundation supports research in non-doctoral in-
stitutions in several ways. The regular research support
prugrams (RSP) placed $36.9 million there in 1985; Re-
search in Undergraduate Institutions program (RUI),
$8 8 million; and the program for Research Opportunity
Awards (ROA), $1.4 milhon. However, 1t 1s important to
note that these programs do not address directly many of
the deficiencies 1dentified in this study.

3. The Need for Change

"The strains of rapid expansion, followed by recent
years of constricting resources and leveling enroll-
ments, have taken their toll. The realities of student
learming, curricular coherence, the quality of facili-
ties, faculty morale, and academc standards no long-
er measure up to our expectations. These gaps be-
tween the ideal and the actual are serious warning
signals. They pmnt to both current and potential
problems that must be recognized and addressed.”
Involvement in Learning, The Final Report of the
Study Group on the Conditions of Excellence in
American Higher Education (B11.8).
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Numerous national study groups (B9-B14), NSF ad-
visors (B15), and leaders from government, industry, and
the academ’= community (W1-W41) have identified defi-
cencies in the quality of undergraduate education in the
United States, emphasizing the need for Federal lead-
ership in this area They assert that:

® Tae great majority of undergraduate students—who
will become community leaders and decision
makers—are not receiving the speciai kinds of saien-
tifi, technical and mathematical knowledge they
need, which includes the principles, practices, and
techniques of science and awareness of its limits.

® Texts and other instructional materials are kept in
use even though they are seriously outdated, and
the use of advanced information technologies is not
being explored. This situation may reflect reduced
faculty ability and incentive to learn about and inte-
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grate new developments into the curriculum. The
“cottage industry” of random faculty textbook wrnit-
ing is no longer adequate to meet the need for high
quality new materials and modes of college-level
instruction.

Students of science embark upon hfetimes of profes-
sional work of critical importance to the Nation from
schools unable to offer even minimal practical expe-
rience of high qualicy. Laboratory programs and
hands-on experience are so deficient that graduates
enter upon their careers or tegin advanced training
in their fields without expozire- or practice in the
most central professional skills.

The situation i engineering < especially distress-
ing, for the baccaia.reate deg:: 1s the main point of
entry into practice. The engueerning and technical
professionals vho enter the work force at the end of
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National Science Foundat.on Education Obligations by Level of Education

(inmillions of dollars)

Total Total Percent _—
Fiscal NSF SEE SEE of Precollege Undergraduate Graduate Informal
Year Doilars Dotiars Totai
% $ % $ % $ % $

1952 347 154 44 4 0 0 GJ3 005 997 154 0 0
1953 442 14 319 07 001 2 03 97 137 0 0
1954 796 189 237 2 004 5 09 a3 176 0 0
1955 12 49 210 168 6 013 9 19 85 179 0 0
1956 1599 3.52 220 24 085 16 56 59 208 0 0
1957 3363 14 30 370 n 10 15 8 114 21 300 0 0
1958 49 97 1920 384 66 1267 13 250 22 422 0 0
1959 13294 6129 461 67 4106 1/ 10 42 16 981 003 002
1960 168 60 63.74 402 65 4143 18 1147 16 10 20 05 0132
1961 174 99 6344 363 61 38 70 22 1396 17 1078 05 032
1962 260 &2 2360 321 63 52 67 19 1688 17 1421 04 033
1963 32075 98 72 308 57 56 27 23 227 19 1876 04 G 39
1964 354 58 11723 314 54 60 06 21 23 36 24 26 70 04 044
1965 415.97 120 41 289 44 5218 26 31 31 30 3612 03 G 36
1966 466 43 124 30 267 42 52 21 26 3232 32 3978 01 0°*?
1967 465 10 125 82 271 40 50 33 24 3020 36 45 30 02 038
1968 495 00 134 46 272 40 5378 25 34 96 33 44 37 02 027
1969 400 00 115 30 28 8 39 44 97 26 29 98 35 40 36 02 023
1970 440 00 12018 27 3 42 5048 23 27 64 35 42 06 02 024
1971 513 00 98 81 193 37 36 56 22 2174 40 39 52 04 G 39
1972 622 00 86 10 138 41 35 30 R 27 55 27 23 25 08 169
1973 645.74 6222 9.6 39 24 29 28 17 42 31 19 29 10 032
1974 645 67 8077 125 38 3057 36 29 06 24 19 37 3 242
1375 693 20 74 03 107 38 2813 29 2147 30 220 2 148
1976 724 40 £2 50 36 12 750 56 35 00 28 17 50 4 250
1977 79177 74 30 94 13 9 69 58 4310 24 17 83 5 372
1978 857 25 73 96 86 19 14 05 48 3550 25 18 49 7 518
1979 926 93 80 00 86 20 16 WO 46 36 80 26 2080 8 6 40
1980 97513 7719 79 22 16 S3 42 3230 26 20 33 9 762
1981 104178 70 66 68 37 26 08 37 26 00 21 14 83 5 375
1982 999.14 20 90 21 18 382 0 - 72 15 00 10 208
1983 1,085 79 3000° 28 43 1281 0 - 50 15 00 7 219
1984 1,306 91 75 00" 57 70 52 50 0 - 27 20 30 3 220
1985 1502 89 8196" 56 52 42 46 6 500 33 27 30 9 720
1986°*° 1,555 35 87 00* 56 53 46 00 6 5560 31 27 30 9 8..

SOURCE: National Science Foundation Science and Engineering Education Directorate \SEE)

*Includes prior year carry over funds
“*Does not include Gramm-Rudman-Hollings

this period need to be famihar with the most current
tools and knowledge; there is seldom a period of
graduate study in which deficiencies or omissions
can be repaired. Yet, the pace of change in engineer-
ing is perhaps even greater than in the natural sc-
ences, since it is driver from both sides - by discov-
ery in the world of science and by innovation and
technological development in the world of industry,

Insufficient attention is being given to the education
of professional specialists - those who will become
medical or engineering technologists and precollege
teachers, and who are generally relegated to non-
elective “service” courses that often do notmeet their
special and varied needs.

Q
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‘Detail data may not add to totals because of rounding!

Paralleling all of these deficiencies and underlying
some of them are senous difficulties with the currency
and witality of the faculty - the fundamental resource for
high quality instruction.

Recent analyses of U.S. undergraduate education
(B12,B13, Bl6,B17) point repeatedly to problems of fac-
ulty obsolesceni e and “burnout” at every type of under-
graduate institution, including the 2-year colleges -
where it is estimated that half of all college students take
their introductory college-level science and engineenng
courses (B18).

Students in professional science and engineering
tracks may complete their undergraduate study with far
from contemporary knowlcdge, gained from faculty who
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are losing touch with their own disciplines and related
fields. Students in non-professional tracks may fin.sh
their undergraduate study without any real sense of the
scope of contemporary science or of its impact on every
aspect of contemporary life.

National figures concerned with collegiate education in
the technical fields suggested many ways of correcting
these deficiencies (W1-W41). The most frequently recur-
ring themes were:

® incentives to make the faculty and their implements
current, vital, and dynamic;

® up-to-date instrumentation linked to related curricu-
lum development;

® opportunities for faculty to pursue professional de-
velopment that will help maintain contact with
rapidly expanding knowledge in their fields;

® integral, “hands-on” research activities that provide
needed experiences for students;

® improved curricula, materials and technologies for
pre-professional and professional education that re-
flect the current states of knowledge and practice;

and

® improved curricula and materials that introduce the
general student ‘. the language, knowledge,
thought processes, and methods of science and
technology in a manner that integrates directly with
the other aspects of a liberal education (B13,B19).

4. The Charge to the Committee

In May of 1985, the Chairman of the National Science
Board, Dr. Roland W. Schmitt, appointed the Task Com-




mittee on Undergraduate Science and Engineering Edu-
cation. The Committee was charged to determine an
appropnate NSF role in undergraduate science, mathe-
matics, and engineering education. The Commuttee was
also asked to 1dentity possible mechanisms for carrying
out that role. The text of Dr. Schmitt's May 16, 1985 Letter
of Appointment and Charge to the Committee follows-

“Your charge is tc consider the role of the National
Science Foundatior. in undergraduate science and eng-
neering education.

“NSF and other agencies have comprehensive pro-
grams at both graduate and precollege levels. However,
currently no systematic federal leadership or support
exists for science, engineering and mathematics educa-
tion at the undergraduate level. Several recent major
reports have expressed concerns about the health of un-
dergraduate education, especially saence, engineering,
and mathematics. Some of the issues that merit consid-
eration are the need for cvrriculum changes to provide
students with broader-based, interdisciplinary back-
grounds, and the need to reverse the decline in numbers
of highly able students going on to graduate work n
science and engineering.

“Within existing NSF resources*, what is an appropri-
ate NSF role in undergraduate science and engineering
education? What are possible mechanisms for carrying
out that role? Should NSF move to establish undergradu-
ate science, engineering and mathematics programs ap-
art from support for undergraduates provided in some
research grants? Should NSF have a role in shaping un-
dergraduate curricula?

“Your work should begin at the June 1985 meeting of
the National Science Board and a final report should be

*Dr. Schmutt removed this restriction 1n a later communication
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subnutted to the Board at its March 1986 meeting You
should feel free to ask one or two outside consultants to
heln the commuttee with its work. You should also feel
free to develop and modify this charge as necessarv.
Because ot the close relationship between this speciahized
task and the general charge to the Education and Human
Resources (EHR) Commuttee, you may find 1t useful to
keep the EHR Comnuttee informed of your progress.”

Durning the course of its work, the Commuittee con-
sulted with higher education organizations, conducted
hearings, m t with NSF program officials, and reviewed
the hiterature. This report presents the Commuttee’s Find-
ings, Conclusions and Recommendations.

5. Demographic Changes

One of the most significant changes in the technical
personnei supply that will be encountered over the next
decade denves from a projected decline in the size of the
18-19 year-old age group from which come most of the
college and university students in all fields (Chart 4)

(B20). Unless patterns of field selection change, many
fewer young people than at present will choose to pursue
scientifi. and engineering careers (Chart 5) (B21).

The Nation is already seeing the first effects of this
demographic decline. Over the period 1973-83, the
number of undergraduate science majors fell by about
15%. The number of engineering majors rose by 92%
during this period (in response torapidly growing indus-
trial demand) (B22). However, the proportion of entering
students planning to pursue engineering careers
dropped to 10.0% in 1985, down from 10.4% in 1984, and
a peak of 12.0% in 1982.

During the period 1960-1980, the character of our so-
ciety was becoming dramatically more technologically
based. Yet the number of baccalaureate degrees in the

CHART §

BS Rate in Natural Science and Engineering
Degrees Per1000 U.S. 22.Yr-Olds

Rate Needed 1o Maintain v,
1983 Numbes . .
L]
L] b .o
L]

.
Actua)
N~

Degrees 1000 22 Yr Qlds | Adjusted:

olid. b 1114210 b)) bbb bbby
1960 1965 1970 1975 1980 1986 1980 1995 2000

Year
SOURCE National Science Foundation, Division of Policy Research and Anal-
ysis [PRA)

24




natural sciences, engineer.ng, and mathematics com-
bined did no better than stay even with the pace of
population increase of 22-year olds While bachelor’s de-
grees in computer science and engineenng have nsen
since 1975, those in the biological sciences and in maihe-

matics have declined. A dechine in degrees in the physical
sciences has been recorded since 1980. These trends,
together with related changes in masters and doctoral
degree production are illustrated in Chart 6 and Tables D,
E, and F (B1:267)(B23:154-156).

CHART 6

Degrees by Major Field Group: 1960-1983
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Perhaps ot greater concern is a compariscn of the ma-
Jors choser: by freshmen in recent years, Table G. Sigfi-
cantdecreases were found 1n 1985 from previous years in

TABLED

Bachelors Degrees oy Major Field Group: 1960-83

all the technical disciplines, while business majors, the Prvsicar Computer Bologral - Socal
’ - o . Scences  Enai errnnd Mathematis  Soenres Canc ey Siences

freshman’s most popular choice, rose to 23.9% of all e - —

majors in 1985 (B24). 1960 16 057 37 %08 143 17 806 23383
‘Among students who complete degree programs in Ve 3 7m 19 581 o 28072 © 9%

science and engineering, about one-half of the B.S. reap-

. . s 1970 21 551 44772 27 965 1544 40 760 82 707

lents, two-thirds of the M.S. recipients, and three-

fourt*s of the Ph.D. recipients actually enter the science 9% Thw 00 16 346 A

and engineering workforce (B?3:21). If present patterns 190 23661 w2 240 1 an 121 50 496 12286

of field selection continue and «f employer demand does o 23097 12 950 12 557 20678 067 417

not abate, it is clear that the Nation will face manpower

supply shortages in a significant number of technical =~ source o sien e Foumsan © vt s Resnsies Stuses s

fields over the next ten years, which is approximately the

length of the high school to postdoctor~te pipeline. TABLEE

6. Resource Constraints

Masters Degrees by Major Field Group: 1960-83

Phys:cal Computer Biological Soacial
The US educational enterprise iS a major aspect Of our Sciences Engineenng  Mathemaucs  Scuences Sciences Sciences
economy, mvolvmg a tote‘ll. annual expendntgre In 1o . 15 © 26 ) 54 S o
1985-86, estimated at $260 billion. Higher education ac-

T . L 612 4348
counts for $101 billion of this, and its undergraduate ' e e e e )
component amounts to $42 billion. The cost of the in- 1970 5948 15 567 5648 1459 6783 7 9%
structional portion of undergraduate education 1s esti- 975 5 830 5 43 4338 229 693 9229
mated to be $20 l?llhon. See Table H (B25). o0 503 16 846 568 2607 6 854 7658

An accurate estimate of the cost of undergraduate sci- » 5o 7 10
. . . . . 983 5288 19723 2839 53
ence and engineering education is not available. '
However, Chart 7 compares the number and percent of SOURCE Na wandi Suence Founabr Oniser ot v ser = Hosouts €8 Stuntis, SRS
science and engineering baccalaureate degrees (31%)
with the other baccalaureate degrees (69%) awarded 1n TABLE F

1982-83 (BS). On this basis, we estimate that the instruc-
tional experditures for undergraduate science and eng-
neering education are at least $10 billion.

Doctors Degrees by Major Field Group: 1960-83

At many institutions, problems of excessive class size, Priscal y Computer Boiogear - Socai
. . Lences ngineernny athematics Liences ciences cience:
heavy teaching loads and inadequate support for student — =
research have contributed to a conviction that the overall 1960 ) 838 65 303 1 207 841
qual!ty of unde'rgraduate science, mathematics and eng- - 2629 212 s 6 © o5 © 2%
neering education has declined. These burdens, usually
. . 0 3308 2 503
related to resource constraints, reduce the time available 970 em it ' e
for faculty in different kinds of institutions to pursue 1975 3628 3 975 213 3420 3
their personal scholarship and advance and deepen their 1560 3005 2519 724 220 3668 263
dlsalphnary undgrstgndmg. . . ' 1983 3270 S a5 o8 162 3 38 2507
Higher education is very labor intensive. Constraints
on resources not only lead to over-utilization of faculty SOURLE Matarar Suenee o dati Divonr ot 5o Hesus o8 a5

and support staff, but to deferral of expenditures on
facilities, equipment and maintenance. In fields that are
experimental or observational by nature (as are all that
relate to the Foundation’s mission, except mathematics),
these deferrals leave faculty and students with deficient
libraries, inadequate laboratories, and obsolete
equipment.

Undergraduate programs have suffered also as a con-
sequence of the elimination or minimization of science
and mathematics requirements for non-science majors.
There is a double effect of such a trend: first, the breadth
of the undergraduate non-major curriculum is reduced
undesirably; second, the enrollment-related resources
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flowing to science departments are decreased 1n con-
sequence of lower student registrations overall.

One might argue that a smaller service course instruc-
tion load would relieve some of the pressures on science
departments, but the exact opposite was reported to the
Commuttee (B26,W20). Close coupling between enroll-
ment and budgets at most institutions is perceived as
leading to furter program degradation as attempts are
made to reduce expenditures - often for laboratory in-
struction and program enrichment, such as research par-
ticipation for undergraduate students. It 1s apparent that
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TABLE G

Trends in Majors Chosen by Freshmen
During Fall of 1985*

Percentage of AllFreshmen

1977 1985
Bic.ogical Sciences 47 34
Physical Sciences 31 24

1983 1984 1985
Computer Sciences 88 61 44

1982 1985
Engineering 120 100

*Reported In The American Freshman Nationai N rms for Fall 1985— Con-
ducted by the Cooperative Institutional Research Program of UCLA and The
American Council on Education

Cited in the Chronical ot Higher Education”, January 15 1986

many institutions will choose to place highest prionty on
programs for majors; as a result, elective courses for non-
majors will suffer from lowered resources and attention.

State funding of higher education during the past ten
years has increased substantially, but not in race with
~nrollments, nor have the ravages of earlier “double dig-
it” inflation been repaired (B27:84-85). M yre reasonable
levels of support aze being achieved in some states as
they recognize the relationships between strong gradu-
ate research and their attractiveness to high technology
industries, but the fact that high quality graduate educa-
tion 1n engineering and the sciences must be rased on
strong undergraduate programs has not been recognized
with proportionately increased funding.

Private support of higher education has increased, too,
but there 1s a shortfall simil~r to that found in the public
sector. Industrial gifts to education (all levels) have in-
creased 1n the past fifteen years 'rom 0.43% to 0.68% of
pretax net income; they aggregated $1.6 billion 1n 1¢74
(B7). Although the higher education share of this total 15
substantial, asis that of technical fields such as engineer-
ing and the sciences, most industries have concentrated
their support on graduate education and research hnked
closely to their interests, not upon the essential under-
gracuate base.

Broadly, then, the resources applied to undergraduate
education in the last fifteen years have fallen steadily
behind need., and the situation is especially intense in
the costly science and engineering fie ds upon whose
quality the Nation now relies so heavily.

7. Participation of Underrepresented Groups

"It is time for the scientific establishment and the
National Science Foundation as one of the leaders of
this establishment to take the lead and make the com-
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mitment to reduce the underrepresentation of mincr-
thes m science and engmeermg.” Thomas W. Cole,
Jr.. Presudent, West Virgima State University (W2).

The number ot women and minonties entering upon
the study of science and engineering has 11creased sig-
nificantly during the past ten years, but thei; participa-
tion 11 hese professions has not yet reached equitable
levels (B28:21-38,167-177) (W2, W24, W36).

Unfurtunately, a continuing increase in the representa-
tion of women and minc ies in science and engineering
fields 1s by no means assured I fact, the proportion of
women 1n the first year of engineering school dropped 1n
1984 after rising significantly each year since 1969
(B29,W12). Even if the numbers of female and minority
entrants continue to rise, this increase will probably not
offset the fall in the total number of persons entering the
student stream that results from the demographic decline
in the total number of available 18-19 year olds.

The Nation is not being adequately served by current
ef* rts to increase the number of women and minorities
in he science and engineering workforce, Unless these
effortse e maintained where they are effective and inten-
sified where they are not, the nation will continue to
deprive itself of an important source of future scientists
and engineers to offset the decline in total number of new
entrants expected between now and 1995.

Concerns about underrepresented groups in science
and engineering were the subject of several of those
presenting testimony to the Committee
(W2,W21,W24,W36).

The problems for minonties start in the early years >f
schooling. Minority students drop out of school m dis-
proportionately high numbers compared to majority stu-
dents at each potential entry point into the workforce
along the education pipeline, as shown in Table I (W2).

TABLE H

Expenditures for Undergraduate Educationin
TheU.S., 1985-86 (Estimated)

{Billions of Dollars)

Education and General:

Total Public Institutions Private Institutions

412.0 $29.5 $12.4
Irstruction:

IO_'.d_| Public Institutions Private Institutions

$20.3 $15.5 $4.8

SOURCE Estimate provided by the Nationai Center tor Higher Educat'on Man-
agement Systems [NCHEMS)



CHART 7
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Most minonties are less likely than whites to be 1n an
academic curriculum whale in high school, and less hikely
to take advanced mathematics courses (Table J) (B28:29).

Among the minorities, blacks and hispanics seem to be
the most seriously underrepresented in science and engi-
neering, followed by American Indians. Although Asian-
Americans are generally thought to be overrepresented,
there is some indication that this is a result of recent

ERIC

IToxt Provided by ERI
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immigration and l2ss due to behavior of U S. native Asi-
an-Americans (W12)

Those women and minonities who earn degrees in
science and engineenng fields generally have higher
rates of unemployment and earn lower salaries than their
male and majonty counterparts (Table K and Chart 8)
(B28 5,12)

One witne.  (W21) noting that the physical sciences in
particular had problems of underrepresentation of
women and minenties said: “This 1s not only a question
ot social equuty and justce but also a matter of self-
interest, in tuat women and black and hispanic minorities
form the largest and mostly untapped pools for increas-
ing the saentific and technical workforce of the Nation”

Persons with physical handicaps also have had histor-
1cally seriously low rates of participation in science and
engineering. In 1984, 75,000 employed scientists and en-
gineers reported having a physical handicap. However,
recent data indicate that handicapped scientists and engi-
neers are four times more likely than all scientists and
engineers to be out of the labor force (B28).

All available information (B30) indicates that hardi-
capped students enroll in secondary and postsecordary
science and mathematics courses less frequently than do
all students, that iney pursue further training in saence
and engineering to a lesser extent, and that even today
handicapped students are discouraged or prohibited by
counselors and educators from enrolling 1n science and
mathematics courses, due to a perception that scence
and engineering are "too difficult” and inappropriate
fields for persons with handicaps (B31).

Mainta‘ring the vitality of the nation’s sciencz and
technology enterprise requires attracting the best talent
from every available pool, including persons with
handicaps.

8. The Changing Faculty

vve have given less attention than the situation de-
serves to enhancing and updating the capabilities of

TABLE |

The Educational Pipeline Index

Mexican Puerto Anerican
tducational Stage Whites Blacks Americans Ricans Indians
Enter First Grade 100 100 100 100 100
Graduate from a3 72 55 55 55

School
Enter College 38 29 22 25 17
Complete College 23 12 7 7 6
Enter Grad/Prof 14 8 4 4 a4
Complete Grad/Prof 8 4 2 2 2

SOURCE Adapted from the Commisston on the Higher Education of Ninori-
ties, Final Report of the Commission on the Higher Education of
Minorities, Higher Education Research Institute, Inc, 1982
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TABLE J

Mathematics and science coursetaking by race’

Native

Coursework Wh.te Btack Amernican

MATHEMATICS
Algebra |
Geometry
Algebra It
Trigonometry
Calcuius

SCIENCE
Physical science
Biology
Adv Biology
Chemistry
Chem- stry il
Physics
Physics It

71%
60°,
38°¢
26°0

8%

64°,
46°%,
29°¢
16%

4%,

66°0
68°c
39°%
43°%,
19°,

57°
34%,
22%
14%

4%,

87%
79%
20°,
39°.

5%
20°¢

2%

719
80°c
16°0
30°,

3%
12%,

1,

67°¢
%,
14°%,
24°%,
3%
99,
0%

52%
79%
25°%
58°0

9%
36°0

70,

'Represents individuals in 1982 who were sophomores In high school In
1980 {High Schooi and Beyond. First Follow-up)

SOURCE "Women & Mimorities in Science & Engineering” 1986, National Sci-
ence Foundation

current faculty.” Fred W. Garry, Vice President-Cor-
porate Engineering and Manufacturing, General
Electric Co (W16).

Net growth of college and university faculties 1n the
disciphnes related most closely to Foundation program-
ming slowed over fifteen years ago, except in computer
and hfe sciences (B32:7). In some places there have been
no replacements of retiring faculty for years; in others
there have been fewer candidates than ..ceded to fill
available positions.

Over a quarter of a million scientists and engineers
were engaged in teaching and related activities 1n col-
leges and universities in 1984. Tables L and M provide
information on their numbers according to field, status,
and 1nstitutional type. These and similar data require
presently-lacking information about the distribution of
effort and the time commitments of part-time appointees
before one can estimate the numbers of full-time equiv-
alent {aculty members at each kind of collegiate institu-
tion. (This 1s one of many examples pointed out to the
Committee of incomplete coverage by present
databases.)

In the natural sciences, student numbers were falling
slowly to a new plateau; in mathematics, a steady rise in
r. nmajor siudent registrations coincided with a constant
supply of new faculty. In engineering, fluctuating enroll-
ments occurred while there was both reiatively rapid fall
in the fraction (B1:267,268,274)(B8:139-163)(B23:9) of
nati. ¢ baccalaureate engineers who elected to enter upon
graduaie work (W12) (and thus enter the pool of potential
future faculty members) and an increase in the rate at
which young faculty members left engineering schools
for industral positions.

The result in almost all fields is an aging permanent
faculty, and in many areas increasing rehance on gradu-
at students, part-time, and less-than-optimally-
qualified persons to carry the instructional load.

o &Y

-
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Aging of the faculty 1scommonly expected to resultina
lowering of the vitality of undergraduate education as its
members are perceived, with or without justification, as
being less responsive to student needs and interests and
less motivated to maintain their professional acuity. At
many institutions, the increasing number of foreign na-
tionals among the graduate assistants and faculty is be-
lieved to have lowered the quality of undergraduate edu-
cation, primarily because these individuals have diffi-
culty in making themselves clearly understood in
instructional settings. It has been reported that some are
perceived by female students to be biased against them as
potential professionals (B33,W12)

These institutional concerns are important, but chang-
ing faculty perspectives may have serious ramifications
for the ability of colleges and universities to recruit and
retain qualfied staff members. The 1984 Carnegie Foun-
dation survey of 5,000 faculty members at a represen-
tative sample of 310 institutions revealed a pervasive un-
easiness amorng professors over the state of their careers
in both personal and professional terms. Nearly half of
the faculty members polled would senously consider a
reasonable offer from outside the academic community
‘B34).

B. Students; Faculty and Their Inplements

1. Students

“It 15 well known that undergraduate mnterest m basic
science has recently plummeted Within a decade the
percentage of American undergraduates intending to
major m science fell by 33 percent, with the absolute
number of such mtended ma‘ors dropping by almost
40 percent. Only shightly more than one i t-enty
freshmen on American campuses mtends to major i
science today, down from a high of one m ten m the
late 1960s. Meanwihile, of course, our graduate
schools are being filled by increasingly able students
from abroad.” S. Frederick Starr, President, Oberln
College (W5)

TABLE K

Selected characteristics of scientists and engineers
by racial/ethnic group: 1984

Native
Charactenstic White Biack Asian Amerncan Hispanic'
Unemployment rate 15% 27 247, 34° 21
S/E employment rate 868" 813 90 8°- 78 3¢ 803°%
S/E underemployment rate 25% 660 18" 29v, 42°,
Annual salary $37 500 $32500 $38 200 $40 500 $33 100

‘Includes members of allracialgroups

SOURCE 'Women & Minorities in Science & Engineering” 1986, National Sci-
ence Foundation
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CHART 8 and thesciences, the Commuttee kept in sight the fact that

Unemploymentra‘es for scientists and engineers the ultimate beneficiary ot any improvement effort 1s the
by field and sex: 1984 student. o
The student body is diverse. Curricular separation of
Percent students with different kinds of interests in science and |
AL R LA LA LR S °’  mathematics begins in the muddle school and increases
Total thereafter. As a result, undergraduate education in math-
ematics, science, and even 1n engineer:ng, is offered to
Sciantists, total students having widely differing identifications with the
! subsect matter - ranging trom the intense concern of
physical
those few who consider themselves even as freshmen to
Mathematical be pre-doctoral students to the larger number who want a
computer , last look at ore of these disciphines as a “cultural
specialists phenomenon.”
Enwronmental The ranges of need and opportunity are wide, Stu-
dents who approach technical subjects from a cultural
Lite pe ective should be offered courses and other educa-
tional experiences that relate science and technology to
Peycnologsts the worlds they perceive as well as to the "real” world.
oot Undergraduate scientists, engineers and mathematicians
can exercise their creativity and accelerate their acquisi-
Enginesrs, total | tion of professional skills by participating in active re-
! s . . J search programs of their faculty mentors.
SOURCE “Women & Minonities 1n Science & Engineering” 1986, National All of these students, whether “general” and in the
Scienze Foundatian “main hne” or pre-professional and in the “pipcline”, or
somewhere in between, deserve the highest quality edu-
cational experience that can be provided through the
Education implies learning and may involve teaching. efforts of faculties, the use of facilities, and the apphca-
The Finding~. Conclusions, and Recommendations of tion of the methods and materials of education.
this report are more often set forth in terms of educators
and their tools for teaching than in terms of the needs of 2. The Faculty
those who are learning. But, in this review of the state ot Colleges and universities cover wide ranges of institu-
undergraduate education in mathematics, engineering, tional size and complexity and, therefore, of the “at-
TABLE L

Scientists and engineers employed at universities and colleges
by field and status: selected years

FIELD AND STATUS Doaer | aem 1984

y .
1971 | 1973 | 178

—
|
|

+

T T
1980 | 1982 | 1983

P ——

I i |
| | :
+ —+ , + t +— . :

ALL FTELDS ..ovvniniinnnn, -y 212,8550 231,756 257,9001 264,887 278,919 297,856! 307,757! 326,249! 349,000! 358,929! 370,450
FULL TIWE . <) 170.557] 187,082| 209.416| 216,424| 222,336| 236,278| 242,170! 254,990! 2¢8.550! 274.092) 281.561
PARY TIME . L] 42,298 4 67¢] “ani4d8) “uniee3) "55.583) 78) ¢5,587) ¢9,259] "80.500| “84.837] 88889

ENGINEERS .. .ovvivnineinninns, | 25,2530 25,3870 27,130) 27,530 27,9191 30,083] 30,997) 33,7370 36,36 37,7:7' 29,015
BALLTTIME L | 20.983) 2Ll 23,009 23,485 22,5800 240108 2eeee) 24720 201986) 28dadl 29438

TTIME L. 4, ’ ’ v [ 6 8,39 8,893 C
I I v ' . l I l I . I . l L] ' v | A
PHYSILAL SCIENTISTS ............ | 26,2030 28,169 29,443 30,210 30,836] 32,120/ 232,839 33,554! 34,500! 34,778! 35,521
FUL TIME DAL 25000, 26,366 26.4e6) 20662 27.583) 279021 27.993) 28,400, 28.514; 29.0%0
ART TIME ... ........000ne 44 4 4 4 6 900 6,264 4
| ' | ' | ' | ' | ' | ' i ' 1 ' | ' | ' t '
o1 sanl o s,s4e) 6,500l 6,934)  7,855)  eam! s 18! 9,960 10,200! 10,153! 10,624
SR RIS I S I RO I
- 4 . 1.528) 1,46 ¢
| | l | | 1,068 1,262, 1,333, 1,507 1,528 1462, 1,
| i I | | i | | | | |
17,76l 22,4950 26,5481 20,7701 28,4750 31,9%! 33.034! 35,957 42,234 45.666] 49,282
FULL TIME ... 000000l | 14397 181390 20282 20,794 22,404 23,870 24,349! 26,030! 28.375! 29.941! 31.940
PART TIME .00 00000000 | B39 4105] Tai2ee]  3,97¢] Tel071] “a,12¢) Caless) 9927 131889) 15728) 17,32

LIFE SCIENTISTS | 87,347 97,2061 110,274} 112,352} 113,466] 117,441] 122,956 13,7021 145.264] 151.440! 156,279
ruLL i B i O SO B AR R ORI O
PART TIME ... | 20,727) 22,324| 24,3¢7] 23,934| 22,782] 23,135) 25,230) 25,547 29.973] '31.825, 33,

PSYCHO OGISTS ...vevereninnnn. | 11,3580 14,7800 16,8061 18,8761 21.649! 23,699 23,952] 23,257 237! 23.772] 23,967
R USRI IO IR -+ I S e S IR IR R Y I S S I R

SOCIAL SCIENTISTS ... ......... | 39.767] 38,190) 43,203 44,215] 48,719 53,1800 54,561] 54,082) 55,305 s5.383' 55.762
FULL TIME .......00.0 000000 | 32.348] 30868 35,09 36:193] 38.246] 41,062] 41836 41)154] 41.806) 41,631 82.447
PART TIME ... 0000000000l | T.Aley 703220 Ta107] 8,022) 10,473) 12;118] 120725) 12.928] 13)999) 13752) 13,315

SOURCE Academic Science/Engineering Scientists and Engineers, January 1984, Surveys of Science Resources Series National Science Foundatior,
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TABLEM

Scientists and engineers employed at universities and colleges
by type of institution and status: selected years

Y T T T T T ! ! T 1‘ :
TYPE OF INSTITUTION AND STATUS | 1967 | 1969 | 1971 1973 1 1975 | 1977 | 1978 | 1900 | 1982 | 1983 | 1784
t 1 + ' + + 4 —+ t +- +
‘ ! | 257,90¢! 266,887! 278,9191 297,856} 307,757) 324,249! 349,000! 358,929] 370,350
A 1 $75:357: 1a7:083) 269,416 21e.a2¢! 22333 2361278) 2421170] 25¢.390! 268,550! 274,092 281561
PART TIME .. ) e2,298) abl678 “anladB| T4Bla63] 55,583 Te1,578| 5,587, §9,259, 80,50, 84,837, 28,889
I j i ) |
INSTITUTIONS GRANTING: | ! : : ! : | ! | | |
' ' 426! 171.238' 174,474 180,330 193,206 200,366! 218,021} 231,711 236,545, 244,286
°°‘13ﬁt‘$1£? SE e o };f:fl: }gtlegs' isélga | 143.393! 1487096 159,848/ 164,732) 179.775) 189,420/ 192,756 | 197,508
PART TIME .. | "280230] 20.820] 30,899) 31.081) 32123.) '33.356| 35.634; 38,246 42,201, 43,789 46,778
J ' ' o' 30.080' 28,703 34,075 34,790 3s.628! 37,362' 39,030 065! 44,743
"Aslﬁflsr}:zs‘i ! 532333‘ 250 25,597] 24.851) 27,511, 27.118' 29.308) 27,915| 28,721 29,730/ 2,822
PART TIME D 3lem) “4l229) T3l Talss2) CelSes) 7.e72) 9,233 9,447, 10,309, 10,935, 11.9
|
' ! t ' I 28,3630 27,113 27.411! 26,222) 26,830 28,815 29.469] 29,812
B S ?3:333; i%:ggg} ii:é?%g 23,620 22s06! 22.437) 211165 20.78] 21less| 22:219] 21.813
PART TIME S 0T Talear! Talreal 305751 4743 Tal707)  4.97) 5,057, 6,046 7,169, 7.250; 7.9
' ! ¢ ' ! ' 607! 858! 842! 7! 610 545
MU A SO Logeo%s! i::gg;} gg::ggi 1':;5} 1'333{ 527: 708! ¢8o! 5791 489 aze
PART TIME | 6,330] 6,862, 9,531, 536 517! 1e0! 153 162/ 108/ 121
i
_ ! - - o1 31,989' 36,05 #1,8as! 41,683 41,1940 48,847] 51,640, 51,064
T T ! [ -! -1 237481 2404980 26.408] 260173 2583 281841 28,898, 28,94
PART TIME oo N -l -1 -1 Tl2s1l 110sel) 150a3¢; 15,510] 15,358 20,663, 22.742; 2,

Datafor 1967 through 1871 includes 2-yea, institutions as well as instituions awarding degreesin non-science/engineerng field

SOURGE Academic Science/Engineering Scientists and Engineers. January 1984, Surveys of Science Resources Series. Nationat Science Foundation

mosphere” in which their faculty members work. Some
have a few hundred students and correspondingly few
faculty members, others have enrollments 1n the tens of
thousands, and correspondingly large faculties. In some
of these institutions, faculty members do little but teach;
inothers, they are expected to be productive scholarsand
researchers as well as teachers.

Whatever the atmosphere about them, many faculty
members confronted with choices among careers 1n 1n-
dustry and 1n various kinds of educational settings, elec-
ted careers in education in an enviroment in which the
highest prionty was teaching. At non-doctoral institu-
tions, the purpose of research 1s less the creation of a
contribution to knowledge and more the involve ment of
the faculty member and the parhiaipation of students.

Colleges and universities without research.

Although in the majonty of cases college faculty do
find therr jobs rewarding and their career decisions to
have been sound, they soon learn that they facea nun ber
of obstacles.

Faculty at two- and four-year colleges te «ch more class
hours and a broader range of subject matter than do their
counterparts at universities. It 1s not uncommon for a
college faculty member over the course of several years to
teach as many as half of the courses offered by the
department.

Because many college departments are small, their
administrations often avoid hiring faculty membersin the
same subfield, attempting to cover as many of the sub-
fields of a given discipline as possible. Given the degree
of spedahzation that exists in science and engineering
today, a faculty member at an undergraduate college may
not have a colleague with whom to discuss research.

RIC
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The disciplinary refreshment of faculty in such colleges
must depend 1n large part on mechanismes that move the
individual 1nto a research-oriented environme . Atten-
dance at professional meetings is especially important for
faculty at smaller non-doctoral institutions because it
places them in such an environment at modest cost.
Where personal and 1institutional resources permit or can
be augmented, a sabbatical leave ina research nstitution
1s preferred because of the immersion it represents. Un-
fortunately, the very institutions whose faculty need this
refreshment the most are the ones least able to bear the
full cost.

Colleges and universities with research.

Faculty members at institutions whose resources do
permit modest support of their research activities are not
necessarily better off, in part because of the greater expec-
tations they face. Their teaching loads may be somewhat
lighter and their research may be supported from bud-
gets for supplies and instrumentation. But, since they
have time allocated for research, 1t is expected that they
will be productive - that their research will meet the tests
of currency, quahty, and novely applied to all submis-
sions to the professional journals, regardless of institu-
tional origin. And, the number of their publications will
be counted, too.

Factors such as these make it difficult for colleges to
retain research-active faculty members. Both industries
and larger educational institutions can lure them away
with promises of greater support for research and, in the
case of the latter, without completely eliminating the
close student-teacher interactions that impelled the
choice of a teaching career in the first place. The spccial
needs of faculty in research-sponsoring colleges are those
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that expand research opportunities through the provi-
sion of more sophisticated apparatus and instrumenta-
tion, that permit uninterrupted involvement of both tac-
ulty member and advanced students for substantial
penods 1n or between school years, and that in other
ways support the college as a place where research can be
done.

Since universities and colleges are diverse 1n manv
aspects, the models described above fall short of indicat-
ing the vanety of solutions being tried for the problem of
maintaining faculty sharpness. But, a common thread
runs through the entire discussion of this 1ssue - 1t 1s that
the mechanisms for comb-tting faculty obsolescence
must be capable of frequent application and must permut
real flexibility in matching persons with opportunities

Doctoral universities.

Faculty members in doctoral universities have special
problems where undergraduate education 15 concerned.
Their research activity simplifies somewhat the mainte-
nance of high quality instruction of graduate students,
but intensifies the difficulty of maintaiming breadth in
their work with undergraduate students - especially stu-
dents with majors outside their own disciplines. Further,
maintaining breadth must be done while specialist ac-
tivities are carried out under high pressure. The result 1s
that doctoral-university faculty are hke all others in hav-
ing to grapple with professional obsolescence and insuf-
ficient time to attend to maintenance of pedagogical
skills.

Disciplinary explosions.

“In some areas the rate of scientific discovery and
technological development 1s so lugh that we are hard
pressed to modermize curricula fast enough to keep up.
A good example of this 1s molecular brology. 1t 1s clear
that the techmiques and technologies surrounding mo-
lecular biology will have increasing impact, not only
on our scientific understanding of the origins and
development of life on earth, but on areas of modern
soctety, such as medicine, law and business . . This
1s not an 1solated nstance.” David T. McLaughlin,
President, Dartmouth College (W18).

Modern biology 1s an example of a field in which an
explosion in knowledge ha: resulted 1n a revolution n
the way the subject is - or ought to be - taught. Faculty
members in all kinds of colleges mentioned above are
hard-pressed to keep up with even the most sigpificant
developments i1t the field. New teaching strategies must
be developed, as well as new instructional instrumenta-
tion and materials. Testimony to the Committee urged
the Foundation to establish programs that would provide
the time to faculty members for pursuit of these objectives
(W13).

Aruitoxt provided by Eic:
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Recognition.

There 1s much fine teaching being done in mathe-
matics, saence, and engineering. National recognition of
such excellence could serve to simulate the entire profes-
sion. A program of Presidential Awards for Lxcellence in
Undergraduate Teaching would certainly call attention to
the best teaching of undergraduates as well as to the
individuals who carry 1t out. Properly structured, an
awards program could also serve as a mechanism to tap
the expenience and creative energies of the best teachers
and make the results of their efforts widely available to the
teaching profession.

3. Courses and Materials

The content of instruction - the curriculum - 1s at the
core of the teaching and learning process at an- level. At
the undergraduate level 1t 1s especially important that the
curnculum be dynamic, reflecting the rapid increases in
knowledge and changes 1n theory that are taking place in
consequence of scientific and technological progress.

Students majoring in technical areas.

Advances of recent years - biotechnology, genetic engi-
neering, chemical processes, the computer and all of its
ramifications, robotics, lasers - all bring pressures for
change throughout the disciplines. As systems become
more complex and interactive they also bring greater
imperatives for inter- and multi-disaphnary approaches
to problems and consequently for restructuring
curncula

Shortly after the start of their undergraduate years,
students are gaining rapidly 1n intellectual development
and are undertaking studies in depth. For most students,
whether saence/engineering majors or not, this is the
time for the first and last formal instruction 1n the basic
sciences that support their majors - 1.e., the physics un-
derlying chemistry, the chemustry supporting biology.

The diversity of needs and requirements is so great
among students at this level that it 1s no longer reasonable
to expect that a single curriculum in a discipline will
suffice for all students. Students preparing to enter the
health fields or to become high school teachers do not
need and should not be expected to take the same basic
science courses as those who plan to be practicing engi-
neers or research scientists. Yet these “other” students
who constitute the majority of students enrolled in fresh-
man and sophomore mathematics and science courses
are often relegated to a single set of "service” courses
whose content and challenge is insensitive to the diver-
sity of their needs and often of distinctly lower quality
than those offered to science majors.

Changing patterns of employment are also affecting
student needs for organized curncula. The technology
degree programs, e.g. chemical technology, health tech-
nology, etc., are becoming increasingly important as de-
mands for these types of workers increase (W4). Yet these
curncula are often static and stale from neglect in the
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shadow of professional engineering and science
programs.

The pre-professional curricula, however, are not with-
out problems in many institutions. At best, they are beset
by unsettled, often long-standing contention over
length, emphasis, and specific content (W7,W17,W18).
Atworst, they are dull, unimaginative, and as obsolete as
many curricula offered to non-majors.

The general student.

“T ¢ task of infornuing and educating the public with
regard to issues moolving science and technology 15 a
fornudable one, yet it 1s one that must be accom-
plished, for our democratic society rests upon the
active mvolvement of an mformed citizenry .. . A
public that does not understand space, laser, biolog-
1cal, telecommunications, genetic, and engineering
tecimology cannot be exper'.d to support programs
that break new ground .n these areas.” Bernard |
Luskin, Executie Vice President, American Associa-
tion of Commumty and Jumor Colleges (W4).

Several who brought statements to the Commuittee
were concerned primarily with the needs of students
majoring in nontechnicalareas - those who constitute the
vast majoriy of American undergraduates today.

Too many college graduates are ill-prepared for the
world that actually exists about them, a world that in-
creasingly reflects and depends upon scientific and tech-
nical endeavor (W4, W10, W19,W23). Many college grad-
uates lack the background to deal with the technical
aspects of some of the complex and critical 1ssues that
confront contemporary society - disposal of toxic wastes,
environmental quality, occupational safety, nuclear
power, and manipulation of genetic matenal - issues that
involve decisions by governments at several levels. Ul-
timately, the governmentis the people and they ard their
leadership should be both aware and well informed. It1s
especially important that the people understand what
saence is and what 1t is not; 1t is not sufficient that they
know “a Iittle of this and a httle of that”

The general college student 1s not well served, the
Commuttee learned (B13,B19,W35), by the introductory
courses 1n individual saiences 1ntended for non-major
saence students (thev assume more background and
more interest than the geneial student should be ex-
pected to bring to thern) or even by the special courses
devised for their benefit. Too often, it seems, these spe-
cial courses are watered-down non-mathematical ver-
sions of the standard introductory courses for sc:~ace
students; some have a strong “applied” or “environmen-
tal” onentation; and some focus narrowly on selected
topres such as kitchen chemistry, physics for airline pas-
sengers, or biology for the home gardener. All of these
attempts, in the views of their critics, fail what ought to be
their central objective, to 1llustrate the nature of science
and scientific thought; they overemphasize facts, under-
emphasize process and methods, and avoid abstracton.

Modes and materiais.

The mechanisms and modes of delivery of instruction
have taken on significance nearly as great as the content,
with the advent of the new technologies, espeaally the
computer. Ways must be sought to exploit the power of
these technologies in the learmng process, in the inter-
ests of increased efficiency and effectiveness of learning
and lower overall costs. The lure of the computer may
also prove important in making science learning more
palatable to the non-scientist.

There is strong evidence that in recent years the most
talented scientists and engineers have not been working
on novel new textbooks, educational software, and tech-
nologies as they did a decade or two ago. This has been
observed by memburs of the Co.nmittee at their own
institutions.

A federal role.

Clearly, a strong need (as well as opportunities) exists
foran NSF role in the support of the creation of advanced
course and curriculum materials, technologies, software,
and other novel ways of advancing excellence in instruc-
tion in undergraduate science, mathematics, and engi-
neering. The nationally competitive and merit-based
nature of NSF support would serve to provide incentives
and to motivate the best faculty throughout the Nation
and would encourage academic adminstrators to provide
local support for this needed activity. In addition, where
major new approaches may be indicated (e.g., the crea-
tion and testing of a complete new course in engineenng
design or a novel computer-based instructional delivery
system), 1t would be neither reasonable nor cost-effective
to have universities across the country duplicating each
other’s work Some of the problems will be addressed
most effectively through individual projects, others by
team or consortial ettorts.

4. Laboratories

“We have to introduce people to the idea that scrence 1s
somethmyg that 1s practiced, not something that exists
1 books We have to make certain that students
experience the expernmental side of science at the un-
dergraduate level, regardless of major or specialty.

We have to disabuse ourselves of the idea that you
can learn about chenuistry without picking up a test
tube, or about brology wnthout dissecting a specumen,
or about astronumy without looking at the sky.”
William G. Smmeral, Executwe Vice President, E.
Dupont de Nemours and Company (W19).

Science and engineering are strongly observational
and experimental in nature. The laboratory experience is
a central and essential element in the undergraduate
training of students in these areas. Through the experi-
ences of collecting data and organizing and interpreting
them, students can come to understand the underlying
principles of the disciplines and how science and engi-

5
33




neering are really done. Thus, the quahty and effec-
tiveness of the curriculum overall is strongly dependent
on the strength and currency of the laboratory
component.

There are strong indications that the quality of under-
graduate science and engineering laboratory instruction
has deteriorated significantly in recent years. Reports
and testimony to the Committee indicated that much
instrumentation in undergraduate laboratories
throughout the U.S. is either worn out or obsolete in the
face of rapid advances in science and technology
(B35,B36, W15,W21).

Institutions of allkinds are finding it difficult to acquire
needed new equipment. Mc,or research universities in
some cases have had to focus on their research needs to
the detriment of undergraduate laboratory programs.
Insufficiencies and inadequacies of laboratory equipment
appear to extend across the scientific and engineering
disciplines.

A report in 1982 of the National Society of Professional
Engineers (B35) concluded that the cost of modernizing
U.S. academic engineering laboratories would be $2 bil-
lion. This and other studies find that the lack of modern
engineering instructional instrumentation causes new
graduates in many areas of engineering to be inade-
quately prepared.

A 1984 American Chemical Society study (B36) ob-
tained a profile of the current inventory of laboratory
equipment in college and university chemistry depart-
ments. The total needs for chemistry instrumentation
were found to be nearly $150 million, not including main-
tenance, a major portion of which would be used 1n
whole or in part for undergraduate instructional pur-
poses The report called for increased support by funding
agencies of both research and instructional
instrumentation.

The American Physical Soaety in 1985 conducted a
survey of the chairpersons of U.S. physics departments
and received an unusually heavy responsc (70% ; 553 out
of 791 departments) (W15, W21). The survey concludes:

"The overwhelmung consensus 1s that physics depart-
ments badly need new modern laboratory equipment
for advanced or upper division couises, the present
equipment being judged as obsolete 1 many respects,
and that physics departments badly need replacement
equipment for classical physics expertments and for
the mtroductory laboratories as well.”

Because biology is the “exploding science” at the pres-
ent time, its needs for new instructional equipment are
especially intense, but more difficult to specify than
those of physics and chemistry. The methods employed
to investigate biological systems have changed dramat-
ically. There are few research universities able to reflect
these changes in undergraduate laboratory instruction,
and the situation in other kinds of institutionsis even less
favorable (W13,W18). At the same time, industnal de-
mands for qualified, well-educated, laboratory-experi-
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enced personnel are expanding, fueled 1 part by the
need to maintain national competitiveness in related
fields such as biotechnology

Witnesses before the Comrttee suggested a number
of ways the Foundation could act to alleviate these
situations:

® enlarge and extend the present College Science In-
strumentation Program,

® establish a program to stimulate new approaches to
the instructional laboratory’s content and methods;

® supporta program to develop computer ssmulations
of some kinds of laboratory experiments (to augment
the experience gained 1n traditional laboratory
exercises),

® iritiate an effort to design and develop simphfied
instrurmentation specifically for mstruction (so that re-
search-hke, “cutting-edge” expenments could be
done in the mass-enroliment introductory laborato-
1y courses, but at less than research-iike cost), and

® reestablish an undergraduate research participation
program (with emphasis on placing undergraduates
in university and industrial research laboratories
dunng the summer months)

One very great need 1n the instructional mater:als area
1c for new experiments that will permut good science to be
done and learned in the mass-enroliment introductory
laboratory courses at modest cost. Colleges and univei-
sitiesare beginning to cut back on the amorint of laborato-
ry work required 1n such courses because of escalating
costs of apparatus and matenals (B37:30,51). Solution to
this problem might well involve collaboration among the
industnal manufacturers of laboratory equipment, top
research scientists, and the best teachers of saence
(B37:31).

The Commuttee finds these reports and testimony to be
deeply disturbing Instructional equipment problems are
closely interwoven with curriculum difficulties since
many technical subjects cannot be effectively included 1n
the curriculum without supporting laboratory
instrumentation.

C. Disciplinary Perspectives

1. The Sciences

“lit a society where saence and fedmology so greatly
mfluence our lives, we are graduating students et
lmuted factual knowledge and understanding of sci-
enttfic expermmentation: We wenll rely on some to be-
come oni futwre researchers winle many will be lead-
ers who serve on public boards concerned with e
cffects of rescarch on then commuonty, envnonment
ad cconomie develevment As a consequence, ve will
have a society dl-equipped to mahe either the futie
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scientific advances or the important politicd and et~
wal deeistons affecting our liees ™ Jean L Brenchle
(Pernsyloama State Uniecrsity) Presdent-Flecr,
American Soctety tor AMicrobiology OV T

Survey data and testimons presented to the Commit-
tee :ndicate that the situation i undergraduate mstruc-
tion 1 the basic sciences is far fr 10 satistactory As
detailed above, phvsics department (i rmen have ated
pressing needs for the procurement . t nodern laborato-
1y equipment for advanced undersraguate courses and
replacement equipment tor intreducton courses (Bl
The American Chemical Society repers that che vastny
department chairs regard therr nvry
largelv obsolete (B36) The head ot abiotecns o, wroup
ata large state university testitied that probiems rocurnic-
ulum development, teacher ettectiveness ard saarce in
structional resources threaten the martenance ot ade-
quate undergraduate programs~ in the brolozical sciences
(W13).

Large classes in many departments lower the quality
of instruction; this situation is especially severe in the
important introductory courses taken by non-majors.
Few departments use new educational technologies
effectively to individualize instruction (W33) As 1t be-
comes more difficult to recruit U.S. graduate students in
many fields, institutions are being forced to appoint
teaching assistants whose Enghsh language abihty 1s not
adequate for instruction (B12:58;W12). As teaching
quality declines, negative feedback from disillusioned
students lowers the morale of faculty and makes study
opportunities in the sciences less attractive to potential
majors who are then lured by other professional pro-
grams that offer greater prospects for career rewards.

The contents of science curricula are discovery-driven.
This guarantees continuing pressure on faculty members
to update their courses and to develop more efficient and
more stimulating ways of teaching their subiects. Unfor-
tunately, a good deal of tiine is required if this course and
curriculum tuning is to be done well. There is real con-
cern n the several disciplinary communities that not
enough of this kind of time 1s being spent.

The situation in biology is an extreme example. There
has been an explosion of knowledge in the past decade;
new apphed fields (e.g. bioengineering, biotechnology)
have arisen and new industries have been born during
this explosion, such has been its character and momer.-
tum (W18).

The result in colleges and universities has been disar-
ray. Faculty members in research universities have con-
centrated onkeeping up with the explosion of knowledge
rather than working on incorporating its content into
new courses, especially courses that could be taught in
non-research inst'tutions. The methods for study of bio-
logical systems have changed so rapidly that even re-
search universities are hard pressed to keep advanced
laboratory courses equipped with state-of-the-art appa-
ratus, and few if any institutions have been able to revise
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the mass-enrollment introductory-level laboratory
courses to reflect the new knowledge and techniques.
The faculty themoelves are often unable to keep abreast
of - much less master - the new scence.

The emphasis on disciplinary rcscasch that has
changed the nature of doctoral university faculties in the
past 35 years has had a marked effect on non-doctoral
institutions, which produce many of the Nation’s new
baccalaureate engineers and scientists. These institutions
tace all of the difficvities noted above with only a sinall
traction of the human and financial resources available to
programs embedded 1n doctoral universities. And, their
taculties, quite understandably, are beginning to moder-
ate therr commitment to improve teaching in order to
spend time - and an increasing part of the resourcer of
their colleges - on basic research.

Few doubt the importance to students of the inteilec-
tual stimulation gained by their teachers from their re-
search activities, and neither do many doubt the harm of
increasing the fraction of faculty members whose alloca-
tion of research time is first to the discipline and second
to the improvement of teaching.

Interestingly, some of the solutions to these difficulties
suggested by witnesses before the Committee amount to
more - not less - support of research 1n collegate institu-
tions (W11,W25).

Opportunities for undergraduate research are fre-
quently 1dentified 1n reports (B38) and testimony
(W21,W25,W27) as being of significant importance for
undergraduate instruction in the bkasic sciences. Such
research opportunities enable good departments to re-
cruit outstanding science students for graduate work
later.

In non-doctoral institutions, the support of stvdent
involvement in the research activities of the facuty is of
benefit to all parties; the enthusiasm and ingenuousness
of the undergraduate are just as stimulating to an inves-
tigation as the determination and dedication of the doc-
toral student, and both learn important things about
themselves as well as about the disapline in being part of
a vigorous research program.

In the doctoral universities, few faculty members who
are leaders in disciplinary research devote significant
amounts of time to the curriculum research and course
development activities necessary to build new knowl-
edge into the educational experiences of students. As
faculties in all kinds of institutions have become more
discipline-centered and less institution-centered, this
concentration of leadership effort has begun to have a
negative impact on the quality of instruction (W26).

Witnesses before the Committee urged that ways be
found to involve active research scientists in course and
curriculum development activities that result in trans-
ferrable products - new courses and new curricula that
can be adapted to needs of othe: kinds of colleges and
universities. They emphasized the need to replace ob-
solete instructional and research egmpment; argued that
ways must be found to reverse the falling-off of laborato-




ry course requirements (because of rapidly escalating
costs of laboratory instruction); pointed to the necessity
of developing new programs to help faculty members
stay abreast of their fields; and urged that the very best of
the teachers and researchers in each of the sciences join in
efforts to improve the courses ar instruction 1n science
that are designed to meet the needs of the general stu-
dent - tomorrow’s non-scientist citizen.

2. Mathematics

“Mathematics is both an enabling force and a critical
filter for careers i science ond engneering.

Mathematics 1s not just one of the sciences, but 1s the
foundation for science and engineering . . . The reai-
ity (howzver) . . 1s both simple and awesome: under-
graduate mathexatics 1s a totally different subject
than it was twenty years ago.” Lynn A. Steen, Presi-
dent, Mathematical Association of America (W20).

Mathematics underlies all of the sciences a. 1 engi-
neering. In the first two years of college, a typical under-
graduate science or engineering student takes as many
courses in mathematics as in the chosen major. For stu-
dents preparing for a research career in science or engi-
neering, the total number of courses in mathematics
taken over the four undergraduate years may exceed the
number of courses in the major. Successful efforts to
improve the undergraduate curriculum in mathematics
will have immediate impact not only on mathematics but
also on instruction in all the sciences and engineering.

The "general” or “non-technical” undergraduate 1s not
untouched by mathematics, for one or more courses n
mathematics are required for, or elected by, nearly every
coliege student. Theimportance of mathematics in nearly
every field of study is becoming widely acknowledged.
Colleges across the country are instituting mathematics
proficiency requirements and many also have distribu-
tion requirements in the subject. Thus, successful efforts
to improve the undergraduate curriculum in mathe-
matics can have a significant impact on the level of scien-
tific literacy in the nation. These efforts will not be suc-
cessful unless solutions are found to serious problems in
the areas of faculty and curriculum (B26).

Faculty Shortage and Faculty Development.

The spectre of a major shortage of qualified college
mathematics faculty looms on the horizon. A major de
crease in the rate of production of Ph.Ds in mathemaiics
is occurring simultaneously with an increase in the
number of non-academic jobs that are available for math-
ematicians and an almost explosive rise in registrations in
relatively elementary mathematics courses in colleges
and universities (W17).

The enrollment increase derives from larger enroll-
ments in engineering and some science curricula, and
the steady rise over the past twenty years in the amount
of instruction that must be done to remedy deficiencies in
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the mathematical preparation of students in the second-
ary schools. When coupled with falling Ph.D. produc-
tion 1n the field, these factors combine to worsen the
conditions of faculty employment.

Asin saence and especially in engineering, instruction
at the elementary and remedsal levet 1n mathematics 15
done incmeasingly by graduate teaching assistants or ad-
junct faculty, many of whom do not communicate well in
English (B39) The senior faculty must teach the more
advanced courses and their reluctance to “teach more
and more junior high school mathematics to college age
students” 1s understandable. Several persons testified
that a substantial research effort in the “teaching and
learning” areas should be directed at secondary school
mathematics in hope of improving that instruction so that
remediation would not be required 1n the colleges

The decrease 1n faculty supply and incre.se in student
eniollments have resulted in steadily rising teaching
loads for mathematics faculty. Time for the individual
research that charactenzes the field, and for other kinds
of faculty refreshment and development is decreasing
perhaps even more in the college than in the university.
Witnesses stated that, for these and other reasons, 1t
would be timely and beneficial for institutions, govern-
ments and their agencies, including the National Science
Foundation, and private sources of funding, to invest
seriously in programs of faculty development in mathe-
matics (W17, W20).

Curriculum Change.

The mathematics curriculum is npe for change. Re-
search activity in mathematics has never been more in-
tense. New applications of mathematics are continually
being discovered, and these new applications in turn are
stimulating new research. The impact of computing tech-
nology cn mathematics is dramatic. For all of these rea-
sons, mathematics is changing. And if mathematics 1s
changing, then so must instruction in mathematics.

These changes are already beginning. Many college
mathematics departments are installing instructional
computer facilities, and their availahility 1s altering the
way such subjects as differential equations and numerical
analysis are being taught. The increasing graphics ca-
pability of computers that can be afforded for classroom
use 1s modifying rapidly the approach to a subject like
differential geometry - as not long ago research in that
area was revolutionized. On a more elementary level,
instruction in calculus is changing, and some schools are
introducing courses on the mathematics of computation
at both the lower and upper division undergraduate
levels.

The pace of necessary changes in the undergraduate
mathematics curriculum will be too slow unless substan-
tia support comes f.om sources external to the colleges
and universities. Too few of them can afford the costs of
research and development for the new courses they need
- ones that embody recent advances in mathematics re-
search and in computing technology. The sensible way to
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accomplish these changes 1s for a few colleges and uni-
versities to develop prototypical courses and instruc-
tional materials with support from a foundation such as
NSE These materials can then be tested, refined, dis-
seminated for the benefit of all, and serve as templates for
later commeraial publishing (W20).

Leadership funding of this kind should not be ex-
pected from the publishers themselves, though they will
follow successful pioneer efforts. This is the lesson of the
CHEM study and PSSC Physics courses developed for
high school instruction by the 1960's projects sponsored
by NSF - today, most high school chemistry and physics
texts are based on them.

First steps of this kind are already being taken. An
example 1s provided by the Sloan Foundation’s recent
support for the introduction of discrete mathematics into
the freshman curriculum. Sloan sponsored a conference
on this topic, from which came a proceedings volume
that described a variety of opticns. Next, Sloan provided
support for six institutions to develop model courses,
some were independent courses in discrete m~*hematics
while others combined discrete mathematics and the cal-
culus. Steps such as these are needed in many other
subject matter areas, and witnesses appearing before the
Committee urged that the National Science Foundation
assume a leadership role in their initiation.

Undergraduate Research.

Resource requirements in mathematics are generally
different from those in science and engineering. At the
graduate level, the need is for the support of human
resources rather than laboratory facihties and equipment.
Even the human resource needs in mathematics are dif-
ferent from those in the sciences. The primary need is for
support of the professional researcher - for secretarial
assistance and perhaps for computing. Need for support
of laboratory technicians and maintenance staff is limited
to computer-related activities.

Thus pattern of support requi-ements extends naturally
to the undergraduate level, where, for example, student-
faculty apprentice-mentor relationships are different
from those found in the laboratory sciences and eng-
neering. Mathematicians generally work alone, but even
when mathematicians do work with others, these groups
tend to be rather small and to consist either of researchers
of comparable experience and talent or of a senior re-
searcher working with one or two talented postdoctoral
research associates. Undergraduates usually do not have
the requisite knowledge or expenence to make direct
contributions to research projects in mathematics (W20).

Nevertheless, the health of the mathematics reseaich
enterprise may well depend on the availability of oppor-
tunities for mathematics majors to have meaningful sum-
mer experience 1n their field. This is espeaally true for
the many future mathematicians who are studying at
relatively small undergraduate colleges where there may
be only one or two mathematics majors with aninterest in
a research career. The interaction with one’s peers that 1s
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so important 1n the process of sohdifying one’s career
goals1s often absent 1n such settings. A stimulating sum-
mer experience can do much to make up for that.

3. Engineering

"At the undergraduate level, no set of national policies
or piograms recognizes the important role of engimeer-
mg education in contributing to the imperatives of a
technology-basea world ecor: 'my” National Research
Council, Commuttee on the Education and Utilization
of the Engincer (B12:62).

As our society becomes ever more dependent upon
science and technology, so too does it become dependent
on the availability of talented, broadly educated engi-
neers. Indeed, the health of this nation’s engineering
schools 1s a cntical factor in determining the economic
and military security of this Nation and the quality of
American life. Undergraduate engineering education is
at a crossroads, not because it hasn’t served the Nation’s
needs and met its expectations, but because it has. High
demand for engineering graduates coupled with greater
interest 1n engineering careers on the part of the Nation’s
best high school seniors has resulted in dramatic enroll-
ment increases nationwide. This tiend has persisted for
nearly a decade, dunng which period most academic
institutions were experiencing increasing fiscal con-
straints (B51).

The engineenng profession has attracted many highly-
quahfied students. The resulting overload of facilitiesand
faculties during a period of austerity has generated sub-
stantial downward pressures on the quahty of engineer-
ing education. Several witnesses testified that a decade of
such pressures had already caused significant deteriora-
tion in the witality and quality of the engineering pro-
grams at many if not most of the Nation’s engineering
schools.

Characteristics.

In contrast to most other professions, engineering edu-
cation 1s focused at the undergraduate level; the four-year
baccalaureate program represents the terminal degree for
most practicing engineers (B12:3).

There are many kinds of engineening: aivil, computer,
mechanical, electrical, aerospace, manufactunng, chemi-
cal, and others. An undergraduate engineering curricu-
lum is not, however, hmited and monolithic in its struc-
ture. About half of the conteat is common to all the
specialty tracks, a factor which permits students to move
from one field or subdisciphine to another without adding
substantially to their times in course. Because 128-140
semester hours of course work may be required, (com-
pared with the “standard” 120 semester hours), about 4.5
years, on the average, are taken to complete the “four-
year” engineenng curniculum In some areas, recent de-
velopment has been so rapid that the normal processes of
curncular compression have not had time to act; in those
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areas there is often serious interest in adding a fifth year
to the baccalaureate curriculum or making the M.S. the
entry level degree (B12:4).

Production of Graduates.

(@) Quantity. While it is true that the United States lags
far behind other industriahzed nations in per capita pro-
duction of engineering graduates, the sense of crisis
among engineering educators and employers has less to
do with the quantity than the quality of undergraduate
engineering education. At the present time, the nation 1s
producing roughly 70,000 B.S. engineering graduates
each year (along with 15,000 M.S. and 3,000 Ph.D. gradu-
ates) (B1:267). For the long term, anticipated retirements
and limited technical mobihty of the engineering work-
force (50% of whom are within 16 years of retirement),
coupled with the demographic decline in the number of
high school graduates (roughly 25% to 30% in the East
and Midwest), raise serious concerns about the Nation’s
supply of engineers. However, in the short term, aside
from periodic shortfalls in critical areas such as electrical,
computer, manufacturing, and aerospace engineering,
there appears to be an adequate supply of baccalaureate
engineering graduates (B40:108,W14).

There is right now a serious shortage of faculty in most
branches of engineering, one that is expected to worsen
in the next few years. Thus situation arises in part from
the attractiveness of entry-level positions 1n industry.
Erigineers nearing the end of B.S. degree studies receive
several interesting offers and see no need to continue
their education to the master’s level or beyond (W14). The
result is a dearth of advanced degree candidates who
might be recruited to academic careers.

Undergraduate enrollments in engineering have near-
ly doubled in the last decade, but the number of doctoral
candidates is about the same as it was ten years ago
(B41:63-65,73). Thus, the production of potential faculty
members 1s presently only half the national need, this
factor 1s limiting the growth of baccalaureate engineer
education and jeopardizing its quality.

(b) Quality. Of more serious concern is the quality of
undergraduate engineering education. While under-
graduate engineering enrollments have more than dou-
bled over the past decade, and the attractiveness of engi-
neering careers is drawing the most talented of our
Nation’s high school graduates into engineering pro-
grams, limits onavailable financial resources and insuffi-
cient engineering doctorate production have held the
amount of institutional space and the number of eng-
neering faculty positions roughly constant (B32:9) and
led to serious overloads of both staff and facilities. This
situation has been compounded by the serious obsoles-
cence of the laboratory and instructionai facilities, which
have fallen far behind modern technology and engineer-
ing practice.

The engineening curriculuin, in the view of some who
met with the Committee, has not kept pace with the
demands placed on professional engineers. Further, it 15
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said to be deficient inone element that 1s important to the
maintenance of balance between “producer” ana “con-
sumer” views of the proper preparation for engineering
practice (W14).

Upon graduaiion most engineers go into industry and
business n the private sector. The preparation for workin
the private sector can only be touched upon in the under-
graduate years, unlike the situation 1n o.ner areas where
several years of graduate study and postdoctoral work
immerse a person in the type of work they may later doin
a unuversity, government, or industry laboratory. There
are no “teaching hospitals” or similar arrangements to
help prepare engineering graduates for work 1n the pro-
fessional real world. A research expenence for under-
graauates would be another way of preparing for prac-
tice, but more than one-half of the B.S. engineernng
students graduate from non-Ph.D. engineering institu-
tions where research opportunities are hmited. The uni-
versities that recerve 50 percent of the federal funding for
research graduate only 26 percent of the B.S. engineers
(B49).

Large companies have training programs to help new
engineers become productive in the industrial environ-
ment, and large corapanies are generally quite comnh-
mentary about the high quality of graduates. Howe r,
small companies have ot thought that they have che
resources to provide extensive training programs. They
are critical of these same graduates because of their inex-
perntence and lack of specific knowledge (which, in com-
bination, retard the arrival of new engineers at the point
where they can apply the knowledge they do have in
innovative and creative ways). As the country 1s highly
dependent on small companies and industries for inno-
vation and creative products and processes, and tor
providing new job opportunities, 1t 1s important that
more attention be given to the preparation of graduatesto
meet their needs.

Other Problem Areas.

(a) Faculty shortage. Despite concerted efforts bv institu-
tions, industry, and federal agencies, roughly 1,500
(8.5%) of our nation’s budgeted engineering faculty posi-
tions remain vacant. If resources were available to cope
with enrollment growth during the past decade, 6,700
faculty positions would have to be filled (B41). Of par-
ticular concern are the cntical shortages in high demand
areas such as electrical engineering, computer science
and engineering, and manufacturing engineering,.

Key factors 1n constraining the supply of engineering
faculty are the hmited production of engineenng docto-
rates (particularly U.S. nationals), inadequate salanes,
obsolete facilities, instructional overloads, and inade-
quate opportunuties for professional development. The
inability of engineering schools to attract younger faculty
has led to an aging faculty cohort with hmited abilitv to
respond to technological change. Anticipated retire-
ments over the next decade will almost certainly intensity
the shortage of engineering faculty.
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It is imperative that faculty devoted to teaching be
provided opportunities to maintain competence, and to
develop new areas of knowledge and methods for main-
taining a vital, inspiring, creative, and exciting link
with the students. The teacher must have time tor reflec-
tion as well as experience if he 1s to consider and adjust
the balances of science and technology, theory and prac-
tice, depth and breadth, and ethics and economics as
various technucal topics are presented to the students
Teaching loads have nearly doubled over the past 10 years
and time for pursuit of scholarly activities and practice-
related activities has become practically nonexistent in
many nstitutions

(b) Instrumentation, equipment, and facilities. An es-
pecially serious aspect of today’s engineering education 1s
the difference between the amount and condition of in-
structional laboratory instrumentation and equipment
and that appropriate to the dimensions of the teaching
task. Laboratories in the schools “producing most of our
engineers (are) a national disgrace,” according to one
distinguished educator {B52).

Recent NSF surveys have estimated that only 18% of
the equipment used in engineering instructional labora-
tories is state-of-the art (B53). It 1s estimated that the
deficiency in needed laboratory equipment now exceeds
$2 billion. To maintain the quahty of instructional equip-
ment at adequate levels, institutions should be investing
roughly $1,500 to $2,000 per graduate per year (B35).

Of comparable concern are the costs associated with
servicing and maintaining the modern laboratory -
amounting typically to 10% to 15% of equipment pur-
chase costs per year. All too frequently corporate gifts of
badly need~d equipment lie unused because of inade-
quate resources to maintain the items.

Investments ¢f similar magnitude must be made to
achieve the computing environment characterizing con-
temporary engineering practice. Keeping pace with mod-
ern tools of engineering such as computer-aided design,
supercomputers, and computer networks presents aca-
demic institutions with staggering challenges. Yet failure
to expose students to such technology will guarantee the
rapid technological obsolescence of newly graduated
engineers.

Few engineering schools have managed to maintain
the quality of facilities necessary to respond to surging
enrollments and sophisticated new technology. The ab-
sence of federal programs to assist in the construction or
renovation of instructional space has been particularly
damaging, since it was this support during the 1960s that
enabled many institutions to get substantial matching
funding from public and private sources. According to
several of our witnesses, most engineering instruction
now occurs in faulities inadequate for the installation and
maintenance of modern instrumentation and informa-
tion technology.

(c) The Curriculum. Numerous studies have asserted
that the undergraduate engineering curriculum has not
been kept abreast of technological change and profes-
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stonal practice There are growing concerns about the
himitations inherent to the traditional four-year program
(W7,W4l). Issues of concern include: the growing voca-
tional focus of the curriculum; over-speciahization; inade-
quate exposure to engineening practice - particularly en-
gineering synthesis and design; and the inability of the
traditional disapline approach to keep pace with the
intellectual evolution of engineenng practice, which
tends to be cross-disciphnary in nature. Furthermore,
there continues to be general concern that for some
fields, such as electrical and computer engineering, the
entry degree into the profession shoula be extended to
the M.S. level (B12:51-84).

There seems to be widespread agreement ‘nade-
quate attention has been paid to curriculumdevelc | ment
in engineering education. This has been due in part toan
overloaded and aging faculty, as well as to the absence of
external programs aimed at stimulating curriculum inno-
vation and implementation.

A number of problem areas were identified by the
witnesses but none so serious as the lack of emphasison a
systems approach. For example, design is an important
element in almost every aspect of engineering practice.
While the teaching of the design of components is reason-
ably well done, there is so little instruction about design
of systems in most institutions that good teaching mate-
rials are rare - especially in the sub-area of manufacturing
design, where the need nation-wide 15 especially great.

Summing Up.

The consensus of the testimony presented to the Com-
muttee 1s that there are grave problems in engineenng
education. The serious shortage in the availability of
engineering faculty, the poor quality of physical facili-
ties and deficiencies in instructional laboratory equip-
ment, and the failure to keep the undergraduate engi-
neering curriculum abreast of technological change have
all been documented extensively in numerous studies
and reports. The success rate of institutions seeking ap-
proval of their programs by the Accreditation Board for
Engineering and Technology has fallen-off sharply (B43).

The testimony 1dentified a number of causative factors:

First, the attractiveness of engineering careers coupled
with no growth in the student capacity of good educa-
tional programs has limited freshman enrollment to an
mncreasingly higher “cut” from the applicant spectrum.
More able entrants mean higher quality graduates; the
ability of st1dents has nisen faster than the quality of their
education has declined, until recently. The result has
been to mask the lowered quality of education.

Second, few academic institutions have taken steps to
re-establish a balance between engineering enrollments
and resources through major internal reallocation or by
limits on engineering enrollments.

Third, American industry has been a dnving factor in
the intense demand for engineering graduates, but it has
been slow to develop a corresponding interest in sup-
porting engineering education at a level adequate to meet
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this demand or to modify its recruiting practices so as to
better balance the demand with the supply. Also, taculty
members leave academe for industry, but very few expe-
rienced engineers have been attracted from industry into
faculty posilions.

Finally, some of the blame must be shared by those
responsible for the character of federal programs o aid
education. Inthe various changes that occurred in the last
decade: research and graduate education have enjoyed
support closer to their needs, K-12 programs have re-
ceived attention at last, though not nearly enough fund-
ing; but undergraduate education - which 1s the level
cnitical for the quality of engineering in the future - has
been largely ignored.

D. Institutional Perspectives

1. Doctoral Universities

"Since the phase-out of the NSF programs (for course
and curriculum development) we have seen a decrease
in the flow of new nstructional materials from the
research universities. . . . Some of the burden for
curriculum improvement has been assumed by (pni-
vate) foundations and by corporate imitiatives. . .
However, foundation and corporate support 1s not
encugh. One element that 1s missing 1s a competitive
focus for mdvidual professors to seek funds for new
teaching 1deas. Also missirg 1s the visibility provided
by the competitive process. At a place like Cornell, the
worth of a faculty member is often judged by lus or her
success in the competitive process of seeking research
grants. A national competitive process for seeking
funds for innovate teaching and curriculum im-
provements would also give young faculty visibiity
and ‘credit’ in the tenure process. Without this vis-
ibility and credut, there 1s less incentive for faculty at
institutions like Cornell to partic:vate in innovatwe
teaching actiities.” |. M. Ballantyne, Vice President
for Research and Advanced Studies, Cornell Univer-
sity (W1).

Education 1n science, mathematics, and engineering at
the doctoral universities presents special problems in
addition to sharing many of the concerns of non-doctoral
institutions.

The presence of research scientists who are at the
cutting edge of their fields is a resource for undergradu-
ate science and engineering instruction that is unique to
doctoral universities. The effective utilization of this re-
source for undergraduate education while maintaining a
high level of research productivity should be a central
concern of doctoral universities, both public and private.

The strong focus on graduate-level research at these
universities creates a dichotomy of interest for some fac-
ulty members. There is institutional pressure to obtain
grant support for research; promotions, tenure, salaries,
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and peer group recognition are more strongly hnked to
research productivity than to teaching The resulting
“publish or penish” syndrome often detracts from efforts
to improve undergraduate education. Those faculty
members who act on senous interests in undergraduats
instruction take some risks and may make considerabie
sacrifices in order to persist in such activity while facing
pressures to maintain strong research programs and to
obtain funding for them.

Needs.

(a) Facilities Well-equipped modern laboratones are
especially important to educational programming in the
doctoral universities. Witnesses described to the Com-
muttee senous deficienciesin the character and condition
of teaching space, instructional laboratories, and equip-
ment for demonstraton and instruction; the scarcity of
computers devoted tonstructional tasks; and the simple
lack of enough equipment to serve the students enrolled.
One of those testifying stated:

"The teachung labs m electrical engineering still make
regular use of nstruments manufactured m 1920,
oscillators manufactured in 1940, microwae equip-
ment manufactured i 1962, and computers manufac-
tured 1n 1970." (W1)

The situation becomes even more critical when we
consider the widely acknowledged need for high-quality,
"hands-on” laboratory experiences for undergraduates,
the increasing use of sophisticated equipment in modern
science, and the rapid emergence of new technologies
and their use in new scientific disciplines such as bio-
technology and others springing from modern biological
science. Several individuals testified to the Commuittee
that donations from industry are not likely to solve the
equipment problem that now confronts the science and
engineering disaplines (W8, W16).

(b) Curriculum improvement. The sudden phase-out in
the late 70’s of Foundation programs to stimulate innova-
tion in college-level science and engineering courses re-
sulied not only 1n the elimination of this flow of often-
creative projects, but indirectly in a further redur ‘ion of
effort un the part of research faculty members to prepare
new instructional materials. Because they work at the
frontiers and borderlines of knowledge, the involve-
ment of research scientists in course and materials de-
velopment is necessary in order to assure that such work
products are up-to-date and that they reflect both the
directions and excitement of the most active lines of
research.

The problem is one of making such participation by
research scientists not just possible but attractive. Fur-
ther, it is desirable that such faculty members be exposed
to fields close to but apart from their own specialties and
to recent advances in the sciences of teaching and learn-
ing - so that the effectiveness of their work on new mate-
rials will be enhanced.
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(c) Faculty shortages. Current informat.on predicts that a
serious shortage of science and mathematics faculty will
develop in the near future. This situation alr-ady exists in
engineering. Many students have shifted from other
fields into engineering, and shifts have occurred from
one enginer ing field to another. Between 1976 and 1982,
the number of undergraduate students in engineering
increased by almost 60%; during the same peniod, the
engineering faculty increased less than a third. Currently
pupular fields such as Electrical Engineering and Com-
puter Science are experiencing serious faculty shortages.
There is inadequate production of engineering docto-
rates to meet the demand (B42).

Related to faculty shortages are the problems of larger
class size ard increased teaching load. Maintaining a
reasonable faculty/student ratio 1s important for effective
undergraduate instruction in mathematics, the sciences,
and engineering. More staff support (e.g., secreta-ial
help, lab technicians, lab assistants) is also needed to
provide high-quality undergraduate instruction. When
faculty members are overloaded and lack staff support,
they do not have time or incentive for new curriculum or
materials development.

(d) Intellectual breadth of science and engineering educacion.
Testimony to the Committee recommended that federal
programs aimed at strengthening science and engineer-
ing education give prominence to its intellectual breadth
(W7). The basic premise is that the best professional
education in science and engineering education 1s one
that is broadly based. The humanities and social sciences
contribute to the breadth and intellectual skills needed
for engineers and scientists to be effective professional
leaders.

(e) Science literacy. One of the missions of science edu-
cation 1 the schools is to produce a atizenry for the
future that has at least mimimal acquaintance with the
methods, content, and significance to society of contem-
porary science. Colleges and universities expect their
students to further advance the reading and writing skills
they bring with them from high school; similar expecta-
tions are becoming manifest in mathematics and the
saences.

Theintroductory science course, whether designed for
majors or non-majors, is often the only exposure that
non-science students will have to the subject at a collegi-
ate level of sophisticati~n. It is iinportant that this course
be well-designed and well-taught, 30 that students who
complete it have a good foundation 1n science to take
with them into their lives as citizens and as the potential
leaders 1n many different communities.

The introductory course may serve as a gateway to
science and engineering careers; one would hope that
able students who have not made a career choice at that
time rught be attracted to science or engineering becau. 2
of A motivating expenence there. It 1s also an important
course for students who have already decided to becoime
scientists "r engineers; potential science majors need a
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good start in their freshman year to reintorce their inter-
est 1n science and to set the stage for advanced studies.

Despite their importance, mitroductory science courses
generally do not receive sufficient support. The typically
large number ot students enrolhng 1n introductor:
courses places a strain on facilities and equipment, re-
placements, maintenance and repairs are serious prob-
lems with large associated costs.

Teaching the introductory courses requires spec:al
skills and attributes. In some doctoral universities, dis-
tinguished raculty scholars have elected to teach these
large courses. Because of the heavy demands of such
teaching assignments and the lack of recogrition and
reward that often accompany them, non-tenured faculty
at those universities may take considerable risksin choos-
ing to teach introductory courses.

Competitive national finding programs aimed at
providing modern equipment and facilities for introduc-
tory science courses and attracting outstanding faculty
members to teach them and work on t: “1ir improvement
would be highly desirable. Such programs would estab-
hsh incentive, recognition, and rewards for faculty, and
would reinforce the importance of the introductory
courses in the curnculum.

(f) Improved Articulation Between Colleges and Universities
and the Secondary Schools. Science literacy at the under-
graduate level is built on good teaching in the second. 'y
schools. There is need for greater exchange and coopera-
tion among secondary school science teachers and the
faculties of all kinds of colleges and universities. Such
cooperation could involve not just refresher courses for
school teachers, but joint efforts in revising textbooks,
increasing available literature, making films, and/or
organizing workshops. Greater continuity in the science
curnculum between high school and undergraduate edu-
cation would permit offering more advanced material
and increase teaching effectiveriess at the undergraduate
level. Because of their quality and prestige, and because
of their obvious stake in the outcome, doctoral univer-
sities and their faculties should play leadership roies in
this area.

2. Comm. ! and Junior Colleges

Two-year olleges serve a large fraction of the Nai‘on’s
college population. In 1985, 41% of full 1me freshmen
and sophomores attended community, junior, or tech-
nucal colleges. This number includes 42% of the Black
college stuaents, 54% of "' *lispanic studentt, and 43%
of the Asian student! pu ion (W4).

The growth of the tv _ear coileges in the past two
decades has been extrauv:dinary. In 1964 theic were 637
wwo-year colleges; by 1984 the number hed doubled to
1,272 (Table A). Student enrollments (FTE) grew from
approximately 600,000 to 3,000,000 during this penod
(Chart 9).

Although many of 1its students are enrolled in college
transfer programs, the two-year college provides the ma-
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CHART 9
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jonty with their last opportunity to study science in «
formal educational setting. A typical community college
student 1s more likely to , ..rsue an occupational or tech-
nical curnculum than a liberal arts program. Many move
directly from the two-year college to employment. Those
that do transfer to four-year institutions often have satis-
fied any science requirements before transfer and do not
elect additional science.

The quality of the engineering, science, .nd mathe-
matics taught at two-year colleges 1s thus of prime impor-
tance. It provides the underpinning on which the tech-
nica: skills of occupational students are built, and 1s the
culminating science education expenence for a substan-
tial portion of aitizens.

Needs.

The major 1dentified needs for science education in the
twa-year colleges are 1n the areas of: (a) faculty develop-
nent, (b) courses and curricula, and (c) facihties and
equipment.

(a) Faculty development. Earlier Foundation programs
for college faculty are viewed almost universally as hav-
ing had sigruficant positive impact on the quality of sci-
ence, mathematics and engineering instruction in the
United States (B37:12, W6, W8,W10,W21,W26). One wit-
ness estimated that 50% of science faculty who are enter-
ing the last third of their careers received their initial
training with both the encouragement and financial as-
sistance of the National Science Foundation (W4). For
some, this came in the form of NSF programs for second-
ary schoo' teachers. Some of the teachers v.ho earned
advanced degrees through NSF institutes became two-
year college faculty; the new generation of teachers does
not have this c;'portunity. Furthermore, many two-year
college faculty = rrevented by geographical considera-
tions from any significant interaction with faculty at re-
search nstitutions. Relatively modest partnership sup-
port from NSF for faculty development could lead to
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genuine improvements in science and mathematics
nstruction.

(b) Courses and cuiricula The potential apphcations of
technology to educa..vn are of great interest to two-year
colleges. Computers and computer networks, television,
videotape and videodisc technology are seen as bringing
new dimensions to teaching and learning. Ir vestments
by NS n this area can lead to great advances in t! e
capability of two-year colleges to deliver high quahty
instruction.

Because of the concentration of their faculties on 1n-
struction, community colleges lend themselves well to
research and development projects on teaching and
learring, especiaily those that are facilitated by the pres-
ence of large and heterogeneous student bodies.

The two-year colleges are a part of higher education.
Their transfer programs provide large numbers of upper
division students to four-year institutions. Articulation
at this transfer point is difficult and requires serious and
permanent collaborative efforts between the source and
acceptor colleges. NSF-sponsored demonstration pro-
grams mught be especially helpful to the development of
consortial interactions that could make the transfer pro-
cess smoother administratively and less risky for the
student.

(¢) Facilities and equipment. As is the case with many
four-year colleges, the two-yearinstitutions (community,
junior, and technical colleges) are beset by outdated labo-
ratory facilities and serious deficiencies in both the
amount and condition of apparatus and equipment.

Unusual pressures are placed on two-year institutions
because of the diversity of their curricula. The costs of
instruction in most hberal arts subjects are much lower
than in the laboratory courses that are part of every
technical, scientific, and pre-engineering curriculum.
Were two-year colleges’ programming hmted to the col-
lege transfer area, their concerns would be 1dentical with
those of four-year institutions. The extra pressure on
them arises from the substantal science instruction in-
cluded 1n many of the technicalicertificate curricula they
offer The importance of Foundation leadership and 1n-
tervention 1s intensified by the programmatic diversity of
these institutions

3. Non-Ductoral Colleges and Universities

The non-doctoral colleges and universities in the
United States play a significant ard critical role in edu-
cating professional scientists and engineers as well as in
providing a background in science to students majoring
in non-science fields. These are institutions, both public
and pnvate, that award bachelors or rnasters degrees but
do not hav. large doctorate programs. They include liber-
al arts colleges, some private universities, and state col-
leges and universities that do not have graduate traiming
and research as a major responsibihty.

The hiberal arts colleges have a long trad:tion of excel-
lence in undergraduate education. The most selective of
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them graduate significant numbers of science and engi-
neering baccalaureates, and they are a major source ot
students for graduate programs (W5). The state colleges
and universities educate large numbers of students of
saence and engineering, like the hberal arts colleges,
they also provide the only college-level ~cience education
for the majonty of their students who do not become
professional scientists or engineers.

Student tuition 15 the major source of operating funds
for all pnivate colleges and universities; only a few of the
better-endowed inshtutions receive significant income
from investments. State funds are usually approprated
to public institutions on the basis of student enrollment.
Teaching and doing science is expensive, but 1t1s a neces-
sary part of the undergraduate education these institu-
tions provide. Ever so, resource constraints result in
unintended bias toward support of less costly prozrams
and sometimes force adoption of techniques for science
and engineering instruction that are detnmental to 1ts
quahty, e.g., de-emphasis of laboratory work, over-re-
liance on demonstrations, etc.

Predominantly Minority Institutions.

Some 130 colleges and universities have mostly under-
graduate programs and enroll primarily minonty stu-
dents. These constitute a special and unique subset of the
gtoup comprising the nondoctoral colleges. “Minority” is
not a uniform label. These institutions differ among
themselves in ethnicity, programmatic emphases, and
geographic disti.bution.

Minority institutions are usually smaller and less well-
financed than their non-minority counterparts. Further,
they are ail in transition between narrow service to a
special population and more comprehensive attention to
the educational requirements of diverse student groups.
As a result, all of \he concerns expressed here apply to
them - but the problems are intensified, even exacer-
bated, by virtue of their continued fiscal poverty and
long-standing exclsion from equitable access to re-
sources of all kinds (W2,W24).

Five institutions in the Southwest, fourteen in Puerto
Rico, and one in Florida enroll mainly Hispanic students.
In Alaska, the students at one college are almost all
Native Alaskans. There are ten institutions in cities with
large and diverse minority populations (New York, Chi-
cago, Santa Fe, San Antonio, and Los Angeles) that serve
several major minority student cadres.

In nearly a hundred of these predominantly minority
institutions, the student body is mostly Black - these are
the “historically Black” colleges. Small for the most part,
their number includes, however, sever~' comprehensive
institut'>ns and more thar one researci: university. The
historically Black insti.....u.1s (HBI's) are concentrated in
20 states, mostly in the Southeast, and in those states
they graduate over half of the Black bachelor's degree
recipients. The HBI's make a special contribution in sci-
ence and engineering, since they produce more than 40%
of all Black undergraduate degrees in the technical fields
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(W24) The HBI's together with the two-vear colleges
enroll approximately 60% of the Black students in U S.
higher education.

Thus, Black students are still highly concentrated 1n
the HBI's. There 15 strong feeling; in the Black commumty
that majonty institutions, whiie effective for some minor-
ity students, are not appropriate for others. Many minor-
ity students are uncomfortable and h. .itant 1n a depait-
ment or school where they may be the only students of
their race or ethriaty, and where majonty faculty may
ot be conscious or thoughtful of their umque situaticn

Minority institutions and the HBI's often serve as
links to the minority communities in ways that their
majority counterparts cannot. They can help to strength-
en the educational pipeline from the very earliest years of
schooling, producing impacts well beyond undergradu-
ate education. In the words of one witness: “. . . 1if the
Federal Government takes seriously its responsibility to
increase the representation of minorities in science and
engineering, one component of the solution should in-
volve support of those institutions where minority stu-
dents are located that have a historical track record in
producing quality graduates at the undergraduate level”
(W2)

Needs.

Non-doctoral institutions share many of the concerns
of the doctoral universities; need for course and curricu-
lum improvement; actual and nrpending faculty short-
ages; difficulty of staving-off faculty obsolescence; the
need for more facile transitions between schonls and
colleges and between undergraduate and graduate in-
stitutions, etc.

Testimony before the Commuttee (W3, W5, W8, W11,
W25) and poution papers submitted to it (B38, W29,
W31, W32, W37, W38) identified the priority needs of
undergraduate institutions, included suggestions for
how the Federal Government might respond appropr-
ately to those needs, and commented on the adequacy
and appropnateness of present support. Some of the
deficiencies can be met without new programs; others
will require initiatives from NSE

The needs these institutions 1dentify fall into two
broad :categories: tools (equipment, instructional mate-
rials, facihties) and people (support for faculty and stu-
dents). The most widespread need, identified by man
who appeared before the Committee nr wrote to it, 1s for
scientific equipment for instruction and research. Pres-
ent holdings are inadequate and obsolete, and they are
getting worse rather than better. Some instructional labo-
ratories cannot be operated because of lack of equipment,
and 1n others the equipment used 1s out-of-date or run-
down. Modern instructional equipment in adequate
quantity is vital. Research equipment is also necessary to
help faculty keep up to date in their fields and tc provide
to students the research opportunities that are a highly
desirable part of excellent undergraduate education in
science and engineering.
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Submussions to the commuittee pointed also to serious
deficiencies in the quality of instructional materals.
Texts, laboratory manuals, and methods of teaching have
not kept up with progress in science and engineerny
Certainly, materials for teaching must reflect the current
state of a discipline if undergraduates are to be well
educated

The emuinent need identified 1 the “people” category 15
for support of faculty research and other skill-enhancing
activities. Active participation in researchis the preferred
way for faculty to keep up-to-date. Without quahfied
faculty whose knowledge 1s current, the education enter-
prise cannot succeed. Institutions find that faculty re-
cruiting and retention are more successful if they faciii-
tate faculty research and other activities that help faculiy
keep abreast of progress in their disciplines.

4. Some Common Concerns

The “ederal Role.

Non-doctoral institutions traditionally have rehed on
tuitior and on private or state funding for their opera-
tions; all agree that these will continue to be their pr:n-
cipal sources of funds. However, it 1s a national and,
therefore, federal concern that those students who may
become some of the Nation’s leading sc:eniists and engi-
neers be encouraged and taught well as undergraduates
Federal encouragement and support of excellence in un-
dergraduate education are both necessary and propc -

There are actwvities, particularly curriculum deve, ..p-
ment, where the individual institution do=s not hase ti
organizational structure or resources to make a nehionai
impact. There are others, particularly undating of instru-
mentation and supporting undergraduatc research,
where federal funding in augmentation of local resources
encourages excellence. Further, there is the question of
equity: predominantly under: raduate ins‘itutions feel
unfairly excluded from current NSF activites even
though the Foundation is mandated to suppurt their
important national role in undergraduate science and
engineering education (W5,W31).

Women, minorities, and the handicapped in the Unt-
ed States are underrepresented in every kind of place in
higher education (students, faculty, administration) and
in every field for which college and univer=ity »ork 1s
preparation (including science, mathematics, engineer-
ing, and all the specialized profession-). There is strong
support for special efforts to achieve equitable represen-
tation in all of these areas.

Why should NSF provide the support rather than some
other federal agency? While others certainly have appro-
priate roles to play, NSF is in an unusually strong posi-
tion. Throughout the scientific community NSF is view-
ed as an agency dedicated to excellence, one that will
support high quality activities to address the problems of
undergraduate education. Other ager.ies are seen as
having narrow missions that do not include sensitive

ERIC

IToxt Provided by ERI

36

support tor undergraduate education, or there 1s doubtin
the community about their ability to concntrate re-
sources to advance its qualty.

Many of the more serious and longer-range problems
of undergraduate education require tor their solution the
cooperation and involvement of scientists and engineers
*vho are expenienced 1n both research and education. The
Foundation has an enviable record of achievement 1n
getting research saentists to work on educational
development

Continuity of Funding.

“It1s stmply wrong to believe that science teaching can
be brought up to date by a ‘quick fx’ or even by more
substantial, but one time only efforts. . . . Science
teaching 1s mewvitably rather Iike the White Queen
Alce in Wonderland, who said we must run very
fast just to stay where we are!

"50, as riy major overall recommendation, | urge that
continuity be the hallmark of all the NSF's prugrams
m the teaching of science and enginesring The as-
surance of continaty is essential to attract the best
people to the task ad to avord ihe great loss m
effectiveness of groups which arc et up only to ve
knocked down. Although NSF funding for teaching
wil! probably never exceed twenty-frve percent of the
amount the Foundation mvests in resec xch, teachng
must have the same long-term continuty of effort and
support winck 1s provided for research.” John S. Toll,
President, Un:versity of Maryland (W10).

The foderal response to most of the needs identified
by institutional sectors should not be based on the as-
sumption that after a few years the needs will disappear
and programs again can be dismantled. Support must be
steady; what is excellent row zcon becomes outdated
and renewal must be stimulated: curricula age, equip-
ment becomes ov_olete, and faculty must work continu-
ously to maintain thuir disciphinary and pedagogical
skills.

Certainly, the priorities for federal contributions to the
health of undergraduate technical education will change
over time, but neither the provider nor the beneficiaries
of such support are well served if such change 1s cata-
strophic, wholly unpredictable, or unrelated to major
national needs and priorities. The great need at the pres-
ent time is for the United States Government to catalyze
and stimulate desirable change in undergraduate tech-
nical education by establishing and stabilizing diverse
programs targeted or excellence and renewal. The poor
results of short-term, uncoordinated responses areall too
apparent.

Teaching and Research - and the Long Term.
Finally, both testimony (W3,W4,W10,W15,W22) and
written submissions (W30) pointed to the need to
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provide some long-term financing for the continuing
evolution of undergraduate science and engineering ed-
ucation. In these dornains, re-interpretation of fact does
cceur, but the pressure to accommodate new fact 1s much
greater. The Federal Government and other supporters of
research have caused university-based disciphinary re-
search to acquire impressive momentum. Several of
those who brought testimony to the Commuttee stated
that sucn funding of basic research at substantial levels
over the long period since World War 1l was responsible

more than any other factus for the present tension in the
academy between teaching and research (W1, W26).

It 1s 1mportant, therefore, that there be continuous
funding of the efforts of college and urnuversity faculties to
generate equally impressive momentum 1n cfforts that
would bring integration and transmission of new knowl-
edge 1nto Lalance with the creation of new knowledge.
No national interest would be served by increasing the
teaching loads of doctoral university faculty members.
Many national interests would be served if they 1n-
creased their leadership of efforts to improve instruction.
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Ili. CONCLUSIONS
AND
RECOMMENDATIONS

A. The State of Undergraduate Science and
Engineering Sducation in the U.S.

“If the ‘research plant’ of higher education has been
deteriorating, the ‘mstruction plant’ of undergradu-
ate science and engineering has been collapsing.” Jon
C. Strauss, President, Worcester Polytechnic In-
stitute (W6)

Mention was made earher of the many studies and
surveys that have been published about varnious aspects
of the condition of undergraduate science, mathematics,
and engineering education in the United States. These
reports and the observations of members of the National
Science Board led to the formation of this Committee. (A
number of these reports are referenced in the Bibliogra-
phy.) Later in this section the conclusions of tnhe Commit-
tee will be presented; but, we begin with a sharp and
sucanct expression by the Editors of NATURE (B44)

1. As Described by the Editors of NATURE

“There is mounting and disturbing evidence that the
quality of teaching in both public and private universities
is dechning. Faculty are aging and are not being replaced
at sufficient rate, especially in engineering. Laboratory
instrumentation is, despite corporate munificence, se-
riously out of date, particularly in institutions not famed
as research establishments. And increasing teaching
loads all too often force universities and colleges to rely
on the teaching of undergraduates on new graduates, for
many of whom Enghsh is not a first language.

“Quantity is another and a daunting aspect of the prob-
lem. The proportion of young people in the Unuted States
going on to higher education in science and engineering
is only a half of what it is in Japan, while there is mount-
ing evidence that demand is being constrained both by
the high cost of higher education and the continuing
poverty of high-school education at all but the excellent
institutions. Can the United States continue to be as-
tonished at the imbalance of its trade with Japan?. . .

“The result of this neglect is that university teaching
has come to seem a chore to faculty members at many
institutions, not an activity vital to the function of an
institution. (There are some honourable exceptions,
chiefly among the private universities.) Research, by con-
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trast, brings its own rewards, both intellectual and (main-
ly 1n the United States) finanaal. .

“A credible programme for science and engineering
education at the undergraduate level would provide what
is at present lacking, a subset of university teachers
whose primary commitment would be to excellence in
education. . .

“By any analysis, the strength of the United States rests
on 1its scientific and technucal workforce, as do all of its
hopes for the future. There is no known alternative to
dihgent study and excellent teachers. Americans should
not need to be told that”

2. As Found by this Committee

Any complex undertaking is in trouble when the gap
between actual and tolerable imperfection grows so large
as to hazard its proper functioning. This Commuttee finds
that the gap s that large today for undergraduate educa-
tion in mathematics, the sciences, and engineering and
technology. The principal deficiencies are in some areas
of effort and some areas of supply.

Insufficient efforts are being made to:

¢ inform all students of the nature of science and of
technological endeavor and of their relationships to
the functioning of contemporary society;

® attract to professional careers interested and tal-
ented members of groups presently underrepre-
sented among scientists arid engineers;

® maintain overall academic quality in different kinds
of educational institutions;

¢ involve industry, professional societies, and other
parts of the pnvate sector in sharing responsiblity
for the health and quality of the educational
enterprise;

¢ provide education with the tools and develop the
human resources it needs to do its job;

¢ explore the potential of advanced technologies to
improve the effectiveness and efficiency of teaching
and learning;

® maintain without tension a balance between under-
graduate teaching and graduate research; and
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€ sustain steady interest in - and financing of - neces-
sary educational improvements

Asaresult of these and other factors, there are deficien-
aes n the supples of:

® properly qualified faculty in some areas,

® instrumentation and other matenals for instruction
that reflect the states of current knowledge and
practice;

® mechanusms for maintaining the acuity of faculty
members in their disciplines; and

® information about undergraduate education and its
changing aspects over time.

3. The Special Situation of Engineering

The reader will have noted that the highest prionities
for action urged upon the Committee at this time are:

® strengthening the laboratory experience, in part
through increased support for acquisition and main-
tenance of instructional instrumentation and
equipment;

® changing courses and curricula better to reflect the
state of knowledge and the needs of both pre-profes-
sional and non-professional students, and

® attraction, retention, and disciplinary resharpening
of well-qualified faculty members.

The concerns that led to these priorities are similar in all
the disciplines with which the Foundation is concerned
and in all kinds of institutions that have direct roles in
undergraduate education. But, there islittle doubt that at
this time the problems of engineering are especially intense
because of both the intellectual character of engineering
education and the national need for engineering
graduates.

There are two main reasons for the present situation in
engineering education, one permanent, the other chang-
ing slowly: First, progress inengineering is driven by both
the results of scientific research and the continuing revo-
lutions in professional practice - it is both knowledge-
driven and technology-driven. Second, the principal
level of entry into practice of engineering is at completion
of the baccalaureate degree, in contrast to mathematics
and the sciences, for which the usual preparation of
professionals is the doctorate.

The sub-disciplines of engineering difter among them-
selves less than those of science. A revolution 1n one is
transmitted more quickly to another in engineering than
in science. When a perioa of rapid change begins (elec-
trification, electronics, automation, microelectronics,
computerization, etc.), the whole of engineering is
caught by the wave; in contrast, progress in one field of
science usually affects other fields much more slowly - in
many areas of science there is time for accommodation.
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The whole of engineering 1s now engulfed 1n yet an-
other revolution resulting from the convergence ot sever-
al technologies - microelectronics, computer and com-
munications technology, and matenals science The
demand for the very best engineers has expanded stead-
1ly ‘or over twenty years, particularly in advanced tech-
nologies such as electrical and computer engineering.
One of the dilemmas faced by engineering education
today has been caused by the degree to which industry
diverts the most talented baccalaureate engineers from
further graduate education and preparation for teaching
careers This has been a key factor in causing the serious
faculty shortages faced by engineening schools. A mem-
ber of the Commuttee put the matter very bluntly during
discussion at one of the public hearings - “Industry is
eating the seed corn . . ” (B47:125).

4. Supply-Demand Cycles

Generally, the recommendations to be found later in
this section do not focus on the guantitative aspects of
professional manpower supply and demand, primarily
because the time constants or ”characteristic times” for
the two are quite different. The rate of change in indus-
trial employment needs is typically an order of magni-
tude faster than that of academic preparation of scientists
or engineers. Further, economic driving of industrial de-
mand causes fluctuation in both its scale and its composi-
tion; there are no quick-acting analogues for the latter in
the educational stream. Students tend to ”vote with their
feet” in making career choices. The result is a cycle of
shortage and glut whose dampening would seem to in-
volve restrictions on individual choice that are foreign to
American traditions.

5. Research and Teaching

"The language of the academy 1s revealing: professors
speak of teaching loads and research opportunuties,
never the reverse. . .

"The enemy of good teaching is not research, but
ratiter the spirit that says that this 1s the only worthy
or legitimate task for faculty members.” Association of
American Colleges, Integrity in the College Cur-
riculum (B10).

In several instances, the recommendations of the Com-
mittee will reflect an important qualitative aspect of the
manpower situation - the very real tension in higher
education between the research and teaching roles of the
faculty. A number of those who testified before the Com-
mittee remarked on this tension, and a few identified a
specific cause for this undesired effect - the steadily in-
creasing and substantial support by federal agencies, t. e
National Science Foundation included, of research in uni-
versities in the sciences and in technical fields over an
extended period - now approaching forty years.
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According to the generally accepted taxonomy of 1n-
stitutions of higher education, doctoral universities ofter
the highest academic degrees in a broad spectrum ot
professions and disciphnes. The Ph.D. has always been a
research degree - awarded to one who has made a contni-
bution to the knowledge 1n his field (and who thereby
has learned how to go about making such contributions)
In support of such activities - the learning and pursuit of
research -universities long ago accelerated their develop-
ment of great libraries and museums, constructed fine
laboratones, and for'nd ways to send parties into the
field.

Asrecently as fifty years ago, the continuity of academ-
ic research depended on financial support from a wide
variety of sources: individual and corporate phi-
lanthropy, non-federal taxation, and gifts and grants
from interested parties of many descriptions. The federal
role was limited largely to the support of “agriculture and
the mechanicalarts”, as it was in the post-Civil War I1860s,
when the Land Grant Colleges were established. At that
time there was less difference between ar. "Oberlin” and a
"Harvard” than there is today.

Between 1935 and 1945, the federal role in support of
research in the natural sciences expanded greatly for
reasons of national defense. The people who did that
kind of fundamental research, found to be the wellspring
from which flowed needed technological progress, were
in universities. Many of them were supported there;
many were gathered together in special project areas to
pursue specifically oriented and directed ends - most of
which were successful by very pragmatic standards. By
1950, a decision had been made - fundamental research
was worth supporting for its own sake in the national
interest, and the Federal Government continued the
leadership role it had assumed out of wartime necessity.

The results could have been predicted easily. In uruver-
sities, faculty members in those areas to which research
money was easily available became, in time, less aitizens
of their academic campuses and more citizens of their
disaiplinary communities. Their priorities shifted from
the task of imparting their knowledge to the young to the
creation of new knowledge - not simply to mainiain their
skills as professionals by exercise of that important fac-
ulty, but asan end in itself. A revision of the professorial
value system followed inevitably.

Since the prestigious have always been objects of emu-
lation, it is not surprising that faculties in kinds of institu-
tions different from what became the doctoral univer-
sities should adapt their value systems accordingly, first
in the natural sciences, but increasingly in all areas. To-
day, "research” is expected for advancement even in the
faculties of some two-year colleges.

If substantial improvements are to be made in under-
graduate education in mathematics, the sciences, and
engineering, some of the attention of the Nation’s best
research scientists will have to shift from the acquisition
of new knowledge in the discip}irz» to the development

of more effective ways of transmitting the knowledge of
the disciphnes.

B. Support for Needed Change

1. State and Local Governments

The responsibility for the financial health of public
colleges and uruversities hes primarily with states and
municipalities. Governments at all levels are among the
supporters of pnvate higher education through taxation
and other polices that recognize the importance to the
public welfare of all colleges, universities, and their
graduates.

Insofar as public institutior:s are cuncerned, most of
the direct effort to reverse the downtrends of quahty in
undergraduate education in engineering, mathematics,
and the sciences mustbe made at the state and local levels
of government It is there that educational policy is made
and the basic financial support for public colleges and
universities is marshalled.

The 1983 report of the National Science Board Commis-
sion on Precollege Education in Mathematics, Science
and Technology endorsed the estabhishment of Gover-
nor’s councils in each state:

”

.with representation from key sectors with nterests
elementary and secondary education (for example, govern-
ment officials, educators, school board members, professional
scientistsand engineers, business, labor and industry leaders
and parents). These Governor's Councils should develop edu-
cational goals for their States, monitor progress toward those
goals, and make recommendations for the improvement of
education - particularly i mathematics, science and tech-
nology. They should help generate public support for neces-
sary improvements. They should encourage local boards of
education to set higher standards and evaluate progress, and
they should facilitate the exchange of information among
school districts, ...... ,andwith ... ... other States.” (B3:10)

Every State in the Union has a state-level board of educa-
tion. Had they been able to carry out the functions just
described, that recommendation would not have been
necessary.

Nearly every State has a state-level body of some kind
charged with a variety of responsibilities in relation toits
public colleges and universities; in some cases (usually
authority to approve new degree programs), they relate
to private institutions also. Some of these bodies do <on-
tinuously and effectively carry out planning, evaluation,
and coordination of educational programs, in addition to
their usual role in budget approval and recommendation.
But very few of these bodies can assume the positions of
advocacy and exhortation envisioned in the excerpt from
the report of the Commission.

The Committee is persuaded that state <cuncils or
commissions for higher education - analogous to the Gover-
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nor’s councils proposed for elementary and secondary
education - could be very effective in developing goals
and winning support for improvements that must be
made 1n higher education, particularly in undergraduate
education in mathematics, engineering and the sciences.

Legislatures across the nation have already shown
themselves willing to provide authority and funding for
new research centers in their states to create a chmate
more attractive to hugh technology industrial enterprises.
One hopes that legislatures would attend with similar
enthusiasm to strengthening the undergraduate educa-
tional base for such research actwities.

2. Academic Institutions

Clearly, the primary responsibility for assunng quality
hes within academic institutions themselves. Colleges
and universities, public and private, and their governing
bodies must make the commitments necessary to:

® provide instructional offerings that are of high
quality and appropnate to their missions;

® provide a support base adequate to assure a compe-
tent and vigorous faculty;

® plan for the renewal of facilities and other resources;
and

® work to form lasting partnerships with industry 1n
support of the broad educational mission, not just of
focused research.

Pubhcinstitutions, of necessity, must be responsive to
the people who, through state and muniapal govern-
ments, tax themselves in order to support higher educa-
tion. It is difficult to hold the concerned attention of the
public for extended periods, much less indefinitely. But
an mnformed public can appreciate the long-term, continu-
ous effort necessary to achieve zi«d maintain excellence in
undergraduate education, and can make the sophist-
cated judgiment that it is not just the disaiplinary research
fast-track that is worthy of support in the interest of the
future. Higher education must tellits story better than 1t
has if the decimating swings of public funding during the
last decade are not to recur.

The universities, public and pnivate, have a special
responsibility. They should be models for the behavior of
the rest of higher education. If any sector of education can
guide the substantial curricular reform necessary tobring
undergraduate education closer to the mark, if any sector
can provide leadership by reallocating internal resources
to restore instructional research and good teaching to
their proper and honored places in the professorial hier-
archy of priorities, if any sector can do what must bedone
to bring its teaching laboratories as close to the state-of-
the-art as its research laboratories, the sector comprising
the universities can - and must. It is no mean task to
change value systems; but the doctoral universities let
happen the ascendancy of disciplinary research over
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teaching, and they should lead the move to redress the
balance.

3. Professional Societies

The professional societies in mathematics, engineer-
ing, and the several sciences support many outstanding
programs of continuing professional education, of ac-
creditation or approval of professtonal education, and of
educational activities directed toward the general public.
Some of these organizations have spoken early, often,
and eloquently as the downward drift of quahity in under-
graduate education became apparent. The Committee
believes that the professional societies have much to offer
as serious efforts are made to improve undergraduate
education, including the education of the future citize-
nry-at-large - which citizenry will determine the con -
tions under which professionals are allowed to do their
work (B37:7-10).

The professional societies are in a unique position to
serve as brokers and bridges between the academic and
industrial worlds, whose close partnership is an impor-
tant key to the success of broadly-based efforts to im-
prove undergraduate education. Part of that bridging is
accomplished through the accreditation process. In view
of widespread concern with the narrowness of profes-
sional education, it is important that the professional
societies and other accrediting bodies assure breadth and
avoid early over-specialization in the curricula they de-
sign and monitor (B37:44-45).

4. Industry and Other Private Sector Groups

A variety of interactions between inaustrial and educa-
tional institutions have contributed to the growth and
emunence of the Nation in science and engineering - an
eminence that now is threatened. Many of these interac-
tions withered or disappeared altogether as federal fund-
ing of basic research and in certain areas of development
put money nto academic institutions on a g-and scale.

Recently, 1t has become a national policy to urge and to
facihtate the formation of industral/academic part-
nerships to the mutual benefit of both parties. Privaie
industry will never match, much less supplant, the scale
or vanety of fe ral involvement in academic 1esearch,
but the growth ui partnership and collaborative activities
in pursuit of common interests cannot help but benefit
industry, education, and government.

There 1s a long history of industna! provision of re-
search support to academic laboratories. It 15 time for
industry to consider similar programs to support the
instructional activities of colleges and universities. In-
dustry thrives on incentives and cost-cutting - to neither
of which higher education paid much attention until
recently. One of the serious consequences ot academic
cost-cutting is the ill-advised de-emphasis on laboratory
instruction, particularly in large enrollment introductory
courses. Industnal interest could be very effective in the
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development of lower-cost experiments and apparatus so
that laboratory instruction would be available to more
students rather than fewer.

The exchange of professionals between industrial and
academicinstitutions is a practice of long standing. There
has never been greater need for expansion of such part-
nership activities. Especially in engineering, oppor-
tunities for young faculty members to maintain real con-
tact with the world of professional practice wiil be
important as undergraduate engineering education is
modified to meet the changing needs of industry and
socety.

Industry and business can participate usefully in many
of the formal p1ocesses of science and engineering educa-
tion. Professionals employed by industry can serve as
adjunct faculty on a continuing basis as well as on ex-
changes. There is great need for industrial participation
in efforts to improve the science literacy of the people, for
industry is a direct victim of science illiteracy. As to the
future, tomorrow’s citizens are today’s students, and in-
dustry should consider the benefits of diverting signifi-
cant portions of its present resources to the education of
future generations of both citizens and technical profes-
sionals. Undergraduate research and faculty research
leaves or sabbatical year appointments are other areas in
which the opening of industry’s doors can assist educa-
tion and improve its quality and relevance.

5. The Government of the United States

A role must be defined for the National Science Foun-
dation ina national effort to improve undergraduate edu-
cation in mathematics, science, and engineering. An
important part in that effort should be played by other
agencies and departments of the United States
Government.

Information was sought (W42) and received (W43-
W47) from the larger federal agencies and departments
concerning their activities and programs that relate to
undergraduate education in mathematics, engineering
and the sciences. In the main, these achvities involve the
participation of faculty members in research related to the
agency mission. The Committee urges the continuation
and expansion of these programs, and notes that it would
be especially helpful if some preference could be shown
in the proposal evaluation process to projects that involve
undergraduate students in the research to be performed.

The Department of Education administers a variety of
programs that allocate funds on a national scale for the
benefit of individuals and institutions. The major thrust
of its programs is toward the schools. One of its most
important activities is data collection. It would be very
helpful if that activity were enlarged to include under-
graduate as well as precollege education and expanded to
provide special information about ..ience and mathe-
matics education to assist the improvement of school-
college articulation in all its aspects.
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A number of federal agencies (e.g., Defense, Energy,
Aeronautics and Space, Health and Human Services)
have missions that depend strongly on the scope, scale,
and quality of undergraduate education in the disciplines
of primary interest to the National Saience Foundation.
Atany given time, at least one of them is affected by the
cyclically recurring shortages of qualified professionals in
various fields. As part of their efforts to improve the
quality of education afforded the young scientists and
engineers they must attract, these agencies should seek
ways to assist undergraduate education. Direct fiscal
grants to colleges and universities should be considered.
They all operate extensive research or development labo-
ratories; advanced students and faculty members on
leave could be given appointments in them to pursue
research projects in collaboration with government scien-
tists and engineers.

Apart from direct participation by the Foundation and
other agencies in programs to improve undergraduate
education in technical fields, the Federal Government
can assist such efforts in many indirect ways. For exam-
ple, strong tax incentives could stimulate corporate sup-
port of science and engineering education; special fund-
ing could be provided to stimulate the renovation of
instructional faciliies and the replacement of out-dated
apparatus and instrumentation; more realistic indirect
cost rate regulations could be developed for depreciation
and replacement of research facilities and equipment
used by undergraduates; etc.

In many ways, federal programs and policies could be
adjusted to initiate and catalyze a wide variety of im-
provements related to undeigraduate technical educa-
tion - for a modest cost in direct or tax expenditures, and
with strong leverage.

C. Recommendations to the States,
Academic Institutions, the Private
Sector, and Missiori-Oriented Federal
Agencies

"Before telling you whut 1 believe the National Science
Foundation can and should do to deal with the threat-
enng situation i undergraduate physics education, 1
wish to make 1t clear that the Federal Government by
itself cannot solve all or even most of the problems
Much of the mpetus and resources for change will
have to come from the States, from industry, from
sctenttfic societies. .. and, most of all, from the colleges
and unwversities themselves.” Robert R Wilson, Pres-
dent, American Physical Society (W21).

The facts before 1t lead the Committee to make rec-
ommendations beyond its original charge, which was to
define an appropriate role for the National Science Foun-
dation in undergrad-iate education in engineering, math-
ematics and the sciences
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1. States

The Committee’s primary recommendation to the
States 15 that they reestablish undergraduate science,
mathematics, and engineering education as a high pri-
onty of essential importance to the economic, socal, and
cultural well-being of their aitizens.

It urges that legislatures give timely and responsive
consideration to recommendations for improvement of
such undergraduate education. For example, the Na-
tional Society for Professional Engineers has recom-
mended special legislation 1n each state that would aim at
achieving national norms for a minimum level of support
‘or laboratory instrumentation amounting to $2,000 per
engineering (or science) graduate per year.

The Committee recommends that appropriate state-
level bodies encourage, coordinate, and suppoit institu-
tional long-range planning for the renewal of facilities,
equipment, and other physical resources that are neces-
sary to improve and maintain the quality of undergradu-
ate education in mathematics, engineering, and the
sciences.

The Commuttee also recommends that each state that
has not done so create a special education commussion or
review body to determine conditions and needs in un-
dergraduate education in science, mathematics and engi-
neering in their state; to help set educational goals and
objectives for their state; monitor progress; and to make
recommendations for improvement. Such a body should
also recommend ways and means to help generate public
support for needed change.

2. Academic Institutions

Faculties and governing bodies have the primary re-
sponsibihity for the academi- health of colleges and ur-
versities, whatever the resource picture. There 1s little
doubt that the laboratory-centered character of good n-
struction in engineening and the sciences ties their
quality with unusual firmness to the provicion of ade-
quate funding for capital expenditures on acilities, in-
strumentation and equipment. But course and curricu-
lum improvement are vital activities that are less
dependent on massive funding than they are on the
initiative, creativity, and expertise of faculty members
and the good sense of academic administrations to
provide the necessary time.

To Academic Institutions, the Committee
recommends:

® achievement of the investments of faculty, physical
faclities, and financial resources per student neces-
sary for high quality undergraduate education in
science, engineering, and mathematics, through in-
ternal priontization and allocation;

® careful long-range planning for the renewal of facili-
ties, equipment, and faculties;

® development of both short-range and long-range
plans for modernizabion ot undergraduate instruc-
tional and research equipment,

® strong taculty efforts (and strong administrative
support of them) to update and upgrade courses and
curncula designed to meet the needs of both majors
and non-majors,

® increased participation by all faculty members in the
instruction of undergraduates and 1n other efforts to
raise the quality .f their educational experience,

® joint efforts with other institutions to 1mprove the
school-to-college, two-vear to four-year college, and
undergraduate-to-graduate transitions; and

® expansion of partnerships in education with indus-
tries and other organizations in the private sector.

3. The Private Sector

Private support of higher education has decreased 'n
constant dollars during the past fifteen years. A few
pnivate colleges and universities have disappeared in the
maelstrom of rising costs powered by double-digit infla-
tion. Fortunately, state scholarship programs, federal
and state student loan programs, and other forms of
public support of students attending private institutions
have kept public and private expenditures on student
support and institutional operations approximately in
balance.

Witnesses from several pnivate colleges and univer-
sities informed the Committee that the problem of facili-
ties obsolescence in private institutions was especally
severe because of the termination of earher programs of
federal support, most of which were leveraged through
substantial requirements of matching. The Committee
decided to make no recommendation to the Foundation
about capital facilities.

Industnal and other corporate support of higher edu-
cation has kept pace with inflation, but, in spite of the
recent upturn of industnal funding of graduate research
activities, 1s still less than 1% of pretax net income (B7). A
doubhing of this level of giving to education would be
sound business policy, and trebling of the amounts ear-
marked for undergraduate mathematics, engineering,
and science would represent enlighten. 1 self-interest,
especially on the part of technology-onented industries.

To the Private Sector, the Committee recommends:

® greater and more stable support for education at all
levels;

® within higher education, more generous gifts for
unaergraduate education in mathematics, engineer-
ing, and the sciences;

® within those fields, special emphasis on the funding
of construction and renovation of laboratories and
other speaial instructional facihties,

ol




® expanded partnerships with colleges and univer-
sities 1n efforts to improve pre-protessional educa-
tion, and

® increased corporate efforts to 1improve the public
understanding of science and technology.

4. Mission-Oriented Federal Agenrins

To Mission-Oriented Federal Agencies, the Commuttee
recommends that:

¢ those with strong basic and applied research compo-
nents (e g. NASA, DOD, DOE, and NIH) continue
their graduate-level progrimming and expand their
present efforts to involve « ndergraduate faculty and
students in their research activities:

® the same agencies consider providing incentives to
contractors and grantees for appropriate inclusion of
undergraduate compone s in their work;

¢ the Department of Educihion and National Science
Foundation collaborate ia a major effort to correct
the cartses in th2 schools of the steadily increasing
demand for remedial mathematics and science in-
struction in colleges and universities; and

¢ the Department of Education and the National Sci-
ence Foundation develop jointly, for the fields of
mathematics, engineering, and the sciences, data
collection and analyses that will reveal trends 1n
student achievermnent.

D. Recommendations Concerning the Role
of the National Science Foundation in
Undergraduate Science, Mathematics,
and Engineering Education

“Our recommendation 1s simply that the NSF should
allocate a significant portion of its resources to sup-
portmng inprovement in teaching of science, enginecr-
ing, and technology, particularly at the undergradu-
ate level.

“Research 1s tmportant. In my own company half of
our revenues m any year come from products which
didn't exist three years previously. We depend on
research; we do not advocate any cessation of support
for research. But we think that our nation will be
better served if we redress the balance in favor of
teaching in our schools.” Terry L. Gildea (Hewlett-
Packard Co.) for Technology Education Consortium
(16 major lgh technology corporations) (W22).

1. Role

The Chairman of the National Science Board remarked
in his charge to this Committee that "currently no sys-
tematic federal leadership or support exists for science,
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engineering, and mathematics education at the under-
graduate level” The Comnuttee has confirmed this
observation

Manv 1nstitutions and organizations are concerned
with undergraduate education. These include the col-
leges and unversities themselves, learned and profes-
sional societies, education associations, private phi-
lanthropic toundations, industral firms and their asso-
ciations, and vartous state and federal agencies.
However, nore of these has comprehenswe and national
responsibility for the undergradute science, mathematics,
and engineening educational enterprise in the United
States.

It is the determination of this Committee that the
National Science Foundation is the body that can take
such responsibility and that it is the proper leader of
efforts to advance and maintain the quality of under-
graduate instruction in mathematics, engineering, and
the sciences in the United States. The enabling legisla-
tion for the National Science Foundation obligates it to
assume such a leadership role.

The Foundation must serve not only as a point of
leadership for educational excellence across the Nation,
but should actively draw together and coordinate the
efforts toward that goal of educational institutions and
the other interested parties.

The dechining state of undergraduate science and engi-
neering instruction 1s one of the most serious problems
facing higher education. Because of the massive re-
sources required for full remediation (currently estimat-
ed at several billion dollars), recommendations for Foun-
dation efforts in this area must focus on catalvtic, highly
leveraged programs that provide leadership, models, and
incentives, in contrast to those that require a major ex-
pansion in the support base.

2. Leadership

when 1t comes to (a research-oriented 1ssuce) there
are one or two people that just care desperately about
this as therr number one priority. .. Nobody else
much cares . . at's number one on somebody’s, two
people’s, priority hist and maybe nine or ten on every-
body else’s

“Education may be third on cverybody's prionity list.
It's niot that 1t's not there. It's not that it’s not impor-
tant. It's just not the number one; 1t may be number
two or three.

“Under those circumstances . . . you tend to get an
oversupply of the things that are number onc on a few
people’s prionity hst and an undersupply of things
that everybody thinks are important, but not quite too
tmportant.

“And, traditionally, the way those number three ttems
on everybody’s hist get solved 1s a crisis gets created.”




Johm P. Creeme, Senmor Vice President, Academic
Affairs, Carnegie-Mellon Unversity (B46:124-125).

The National Science Foundation should take bold
steps to establish itself in a position of leadership to
advance and maintain the quality of undergraduate edu-
cation in engineering, mathematics, and the sciences.

The Foundation should:

¢ stimulate the states and the components of the pri-
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vate sector to increase their investments in the im-
provement of undergraduate science, engineering,
and mathematics education, and provide a forum for
consideration of current issues related to such
efforts;

implement new programs and expand existing ones
for the ultimate benefit of students in two-year and
four-year colleges and in universities;

actuate cooperative projects among two-year and
four-year colleges and universities to improve their
educational efficiency and effectiveness;

stimulate and support a vaniety of efforts to improve
pubhc understanding of science and technology;

stimulate creative and productive activity inteaching
and learning (and research on them), just as it does
in basic disciplinary research. New funding will be
required, but intrinsic cost differences are such that
this result can be obtained with a smaller investment
than 1s presently being made in basic research;

bring its programming in the undergraduate educa-
tion area into balance with its activities in the pre-
college and graduate areas as quickly as possible;

expand 1ts efforts to increase the participation of
women, minorities, and the physically handicapped
in professional science, mathematics, and
engineenng;

design and implement an appropriate data base ac-
tivity concerning the quahtative and quantitative as-
pects of undergraduate education in mathematics,
engineenng and the sciences, to assure flexibility in
its response to changing national and disaiplinary
needs;

develop quickly within the Directorate for Science
and Engineening Education an appropnate admin-
1strative structure and mechanisms for the imple-
mentation of these recommendations and others that
follow; and

the Directorate for Science and Engineering Educa-
tion should foster collaboration among all parts of
the Foundation to achieve excellence in science,
mathematics, and engineering education.
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3. General Recommendations

In developing and exercising 1ts leadership of national
efforts to revitaize and 1mprove undergraduate educa-
bon m saence, mathematics, and engineering, the Na-
tional Science Foundation should:

® concentrate on key programs that emphasize
motivation and initiative for needed change, and
leverage 1ts resources;

® make use of 1ts historic relationships with the science
and engineering research communities;

® build upon its present activities to improve pre-
college science and mathematics education;

® move flexibly between full funding and catalytic
funding 1n specific program areas as changing con-
ditions warrant, arranging program and project sup-
port in ways that leverage or magnify its financial
allocations; and

® support continuing review, study, and analysis of
“undergraduate education indicators” to guide,
through related research, its decisions concerning
major shifts in programmatic emphasis and direc-
tion, and to provide to colleges, universities, and
other constituencies of undergraduate education,
the information they need to plan for change in their
continuing pursuit of excellence.

4. Identification of Areas of Current Highest Priority

The deliberations of this Commuttee and the hearings
before 1t during 1985 constitute a timely review, study,
and analysis of many different “undergraduate education
indicators” - for mathematics, engineering, and the sci-
ences - 1n the spirit of the last General Recommendation
above. On this basis, the Committee recommends that
the Foundation give highest priority attention at this tine
(©:

® Laboratory Development and Instrumentation (sup-
porting develcpment projects and efforts to remedy
deficiencies 1n instrumentation, so as to improve
laboratory 1nstruction);

® Faculty Protessional Development (stimulating new
ways and shanng the support of the best new and
traditional ways of improving the professional
quahfications of college and university faculty
member-),

¢ Course and Curriculum Improvement (encouraging
and supporting efforts to improve the ways in which
knowledge 1s selected, organized, and presented);

® Comprehensive Improvement Projects (which
mught address several of the above prionties simul-
taneously in a given institution, or one across a
given disciphine, or a combination of these through
consortal efforts, etc.); and
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® Undergraduate Research Participation (stimulating
and supporting the involvement of advanced und
graduate students in research in their colleges and in
vther places with piogtams of technical
investigation).

Inaddressing these prionties, special attention should be
given to.

® increasing the participation of underrepresented
groups, and

® the collection, study, and analysis of information
and data on undergraduate education 1n scence,
engineering, and mathematics.

E. Programs and Projects

Every person who made a statement to the Committee
or participated in the general discussion which followed
each presentation had ideas for programmatic emphases,
specific programs, and individual projects that the Foun-
dation might sponsor and/or support. Often these 1deas
were the subjects of specitic and direct
recommendations.

The development of a mix of programs and projects
that is responsive to the single priontizing recommenda-
tion above and to the goals statements and general rec-
ommendations that preceded 1t must involve substantial
efforts over time by the professional staff and advisory
bodies of the Foundation, officers of the Congress and
other Government agencies, and peer reviewers from the
several disciplinary communities. Further, ti.at mix will
change as conditions change.

The following section describes the program elements
which, 1n the judgment of the Commuttee, represent
balanced responses to the deficiencies 1t has identified.
(Appo~"ix A contains a more detailled descnption of
these ana « 't selected Programs and Projects.)

F. A Balanced Undeirgraduate Program for
the National Science Foundation

1. Program Perspective

! wouldd encourage the National Science Foundation
to get mvolved speaifically in support of undergradu-
ate science and engineermg education. . In many
ways, graduates of American umversities set the
quality standard for the rest of the world, but that
quality could be threatened wnthout proper federal
support.

“"Maodern science requires sophisticated and -
creasingly expensive equipment and scientists versed
m current technology. As advances are made, 1t 1s
mperative that both undergraduate and graduate ed-
ucatwn keep up with the improved technology. This

will not be possible without proper guidunce and
fundmng at the federal level " David P Sheetz, Vice
Presudent, Director of Research and Developmes
The Dow Chenucal Company (W9)

The National Science Foundation can esiablish and
maintain a strong position of leadershup in efforts to
improve undergraduate education 1n mathematics, eng:-
neering, and the sciences at a relatively inodest cost. The
National Science Board Commission on Precollege Edu-
cation 1n Mathematics, Science and Technology, 1n 1ts
report Educating Americans for the 21st Century, defined a
role for the Foundation in precollege education that en-
talled an annual expenditure of approximately $175
mullion.

The Comnnttee recommends that Natwonal Science Founda-
tron annual expenditures at the undergraduate level in science,
mathematics, and engineering education be increased by $100
nullion Such an enhanced level of expenditure would be
consistent with the funding goals recommended by the
NSB Commission, and with the level of present Founda-
tion support of research ($1,300 milhon}

At this time, the recommended distribution of this

increased annual expenditure 1s.
® Laboratory Development ... $20 mulhon

® Instructional Instrumentation &

Equipment ........ .. ... 30 million
® Faculty Professional Enhancement ... 13 milhon

® Course and Curriculum Development . 13 million

® Comprehensive Improvement Projects 10 million
® Undergraduate Researcy Participation 8 million
® Minonty Institutions Program .. 5 million
® Information for Long-Range Planning . 1 million

It 1s anticipated that adjustments will be made from
time to time 1n the distnbution of available funding over
these arcas of high prionity. These major program ele-
ments are dese oed individi*” | 1n the remainder of this
section

2. Major Program Elements

® Labo.atory Development . 520 million
(suprorting development projects to
impeove the laboratory component ot
science and engineenng instruction)

The goal of this program is to modernize the character
and improve the effectiveness ot laboratory instruction in
saence and engineering in undergraduate institutions
The program should be made attractive to the best and
most creative faculty at the host universities and colleges.
The scope ot individua: rojects might range trom de-
vel~oment of a small number of new experiments for a
single kind of course toan eftort to re-think and then fully
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detail the laboratorv component ot ani entire undergradu-
at curriculum

Among the kinds of proposals that might be invited
under this ment-based program are those for projects
that would-

® create more open-ended laboratcry exerc.es;

® integrate the laboratory and expositorv elements ot
the curniculum 1n more etfective wavs,

® develop more effective and efficient wavs of teaching
or structunng the laboratory experience, and

® re-think the laboratory component of mass enroll-
ment introductory courses and design and develop
experiments that would require simple, inexpensive
apparatus and instrumer..ation - and design, pilot-
produce and test such apparatus and
instrumentation.

Where practicable, collaboration with the instrument
manufacturing industry should be encouraged

® Instructional Instrumentation and
Equpment .... ... .. ... ... .. .. ... $30 milhon
(encouraging and supporting joint
efforts to remedy the serious deficien-
cies uf instructional ir."t-umentation
‘ard ec..pment)

The goal of this program is to strengthen and support
models o1 excellence in undergraduate science and eng-
neering laboratory instructi »n at the nation’s colleges and
universities. At this ime, the competition for rerit-
paved support under this program should emphasize
improvement of instruction through the utilization of
modern instrumentation.

¢+ ung the kinds of proposals that might be nvited
unc.ur this program are those for projects that would:

® introduce modern instrumentation to improve the
expenences of undergraduate students;

® interface computers with laboratory instruments, or
make other instructional applications of current
technologies; and

® establish partnership or consortial arrany ements for
sharing costly instructional apparatus and
instr .nentation.

The instrument purchase aspects of the program
should require (as does the present College Science In-
strumentation Program) the one-for-one matching of
Foundation allocations with contributions from local re-
sources, including douations 1 y industries.

® Faculty Professional Enhancement ....$13 . illion
(stimulating new ways and sharing the
support of the best new and traditional
ways .f improving the professional
qualifications of college and university
faculty members;
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The goals of this program are to raise the status and
improve the quality ot teaching at the undergraduate
level, to induce scientists and engineers to use some of
their creative energies 1n such ettorts, and to encourage
colleges and unuversities to take a more systematic inter-
est 1n keeping their teaching corps abreast of their disa-
plines and current 1n the best education arts The Com-
mittee recommends two different broad types of
activities, here tcrmed Cooperatrve Development Projects
and Faculty Development Netoorks

Among the hinds of proposals that might be ‘nvited to
the competition for merit-based Cooperative Develop-
ment Projects are those that would suppot:

® sabbatical leaves (supplementing a home 1nstitution
contribution) to engage 1n curniculum design;

® research-oriented appointments at a different aca-
demicnstitution or in a national orindustrial labora-
tory, and

® teaching-related appointmentsin .nother institu-
tion providing an opportunity for course or curricu-
lum development work.

Projects could be located at colieges, uruversities, na-
tional laboratories, industral research centers, science
museums, and other sites or combinations of them. Co-
sponsorship by both home and host institutions would
be expected, and continuing collaborations encouraged.
Projects should be designed to improve the disciplina-v
and teaching skills of the individual faculty member
while resulting 1n the preparation of an evaluative "prod-
uct” - which might be a new course, a revised currniculum,
a set of ingenious laboratory experiments, etc. These
activities should be substantially cost-shared with the
participating institutions.

Faculty Development Networks, organized on a re-
gional basis, would utilize the best traditional techniques
and test and evaluate new low-cost methods for keeping
large numbers of faculty members abreast of recent ad-
vances in their fields. Lecture series at a <mngle site and
electronic teleconferencing of topical sem.s:: .r> represent
the ends of the spectrum of approaches that might be
tried. The subject matter might be community-identified
or Foundation-determined. In all cases, *7p mathemati-
cians, engineers and scientists would beengag  to pres-
ent the matenal.

Participant cc sts in these network programs should be
the responsibility of the home 1nstitution. Initially, the
Foundation might supply part or all of the orzanizational
and instructional costs; but, in time, those should be
borne by the home institutions through modest fees re-
mutted to the hub university and/or through other local
co-sponsorship.

® Course and Curriculum Development .$13 million
(encouraging and supporting efforts
toimprove the ways in which technical

50




knowledge 15 selected, organized, and
presented)

The goals of this program are to assure a continuing
flow of new knowledge into undergradu -te courses and
curricula, to shmulate design of more efficient and more
effective ways of presenting knowledge to students, and
to encourage experimentation and innovation 1n the or-
ganization of information for teachmig and learning

Among the kinds of proposals that might be invited to
the ment-based competition for awards under this pro-
gram are those that seek support for

® design of a new curriculum 111 a science or engineer-
ing field or in mathematics that would result in more
effective preparation of baccalaureate level
prc” :sionals;

® development ot new courses in major, minor, and
general student curnicula;

® application of ne ' ‘chnologies to nstruction, 1n-
cluding, for example, development of new software
and other teaching/learning aids;

® preparation of new instructional materiais, and

® research on improved methods of college-level
teaching and learning.

Proposals should be invited from the Nation’s best
talent 1 all kinds of institutions. Wheie whole profes-
sional curricula are involved, several unuversities might
collaborate, possibly under tt » sponsorship of the pro-
fessional society of the discipline. Activities proposed
under this program might be carried out by individuals,
by smail or large groups, at single or several educational
institutions, or by consortia among educational and in-
dustnal collaborators.

Projects meeting high standards of technical content
should be judged on the degree of their creative content
or nnginality and on the likehihood that they will vield

esults or products capable of widespread adoption, ad-
aptation, and use.

e Comprehensive Improvement Projects $10 milhon
(addressing several of the above pri-
orities simultaneously in a single in-
stitutior, or across a given disciphne,
or in a combination of these through
consortial effort)

The goal of this program is to provide a flexible mecha-
nism for the support of large and/or complex projects
designed to improve undergraduate instruction across a
whole discipline, 1n several areas within an institution
simultaneously, or in a cluster of institutions - projects
that are characterized by breadth, large scale, or multiple
foci.

Among the kinds of projects that might be invited to
the ment-based compeiition for awards under this pro-
gram are those that would:
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® engage a scientific scaety and representatives ot
manv kinds ot institutions 1n the development ot a
new protessional curniculum 1n a particular
disciphne,

® permit a single institutio. o design and partaliv to
implement a thorough restructuning ot 1ts curricula
in all areas ot, say, phvsical and vrological science;

® bring together faculty members ot several doctoral
universities to create an up-to-date curnculum in a
disciphne in which there has been a recent explosion
of knowledge or revolutic 1 1in understanding, and

® support the efforts of several engineering colleges
and a number of industnal research centers 1n a
compact geographical region to design and imple-
ment an effective “teaching hospital” expenence for
advanced engineering undergradu “tes.

Selectinn of projects for support should be based on
the quahty ard -oundness of the plunning done, the
potential for exportation and adoption of the outcomes
(where this is possible), and the exceller.ce of the results
likely to be achieved 7here should be substantial cost-
shanng in these projects, most of which would lend
themselves to the “challenge g nt” approach, which
would result in high leverage of Foundation funding.

® Undergraduate Research Participation . $8 milhon
(stimulating and supporting the 1ri-
vc'vement of advanced undergraduate
students 1n research 1n their colleges
and in other places v:*h programs of
technical investigation; projects based
on this tunding could 1nvolve 2500

students)

The goal of this program 1s to support a variety of
etforts that will increase the frachon ¢ advanced stu-
derts in engineering and the sciences who wop off their
undergraduate careers with significant participation in
an achve research program. This program will comple-
ment the support now available through the Researchin
Undergrad: “*e Institutions program, Engineering Re-
search Cen.ers, etc.

Among the kinds of proposals that might be inwited
under this program are t} use for projects that would:

@ encourage and support participation of undergradu-
ates 1n research activities ot science and engineernng
faculty members, and

® encourage and support the provision of research
opportunities to undergraduate students by national
laboratories, industrial research centers, and other
kinds of institutions that have cngoing programs of
technical investigation.

Evaluation of proposals submitted to the program
should place comparable weights on the appropriateness
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and value of the educational experience and on the
qualty of the research to be undertaken.

® Minonty Institutions Program
(strengthening the capability ot minor-
ity institutions to increase the par-
ticipation of minonties in professional
science, mathematics, and
engineenng)

$5 million

The goals of this program are to increase the number of
minonties entering professional careers in engineenng,
mathematics, and the sciences, and to strengthen the
capability of minority institutions to recruit and prepare
individuals for such careers.

Among the kinds of projects that might be invited to
the competition for awards under this menit-based and
highly flexible program are those that seek support for:

® the kinds of endeavors described under other sub-
sections of these programmatic recommendations,

® outreach activities in the precollege community de-
signed to acquaint young minonty students with
opportunities that merit continuing their education
through college, and to attract them to careers in
mathematics, engineering, and the sciences,

® teacher-training and enrichment projects to
strengthen the precollege education of minonties;
and

® educational partnerships between and among mi-
nonty and majority institutions that would increase
the availability of high-quality educational resources
tominonty studentsin all parts of the country and in
all types of institutions.

As with other kinds of host institutions, cost-sharing,
would be expected for many kinds of projects hosted by
minonty institutions. In arran ging the phasing or match-
ing of Foundation support, careful attention should be
paid to the matunty and strength of the institution’s tics
toits local and constituent communities and their record
of contributions.

® Information for Long-Range Planning . $1 milhion

{collecting, studying, and analyzing
information and data on undergradu-
ate education in science, engineering
and mathematics, in support of long-
range Foundation planning; this fund-
ing would support an appropnate
level of collaborative work with the
U.S Department of Education and
other major data sources)

The goals of this program are the acquisition and main-
tenance of a database on the qualitative and quantitative
aspects of undergraduate education in 1nathematics, en-
gineering, and the sciences, and the support of review,
analysis, and research of such information to facilitate

and munprove the Foundation’s long-range planning in
these areas of education.

Proposals should be invited from the most highly
quahfied individuais and institutions for .nent-based,
competitive awards for specific projects. Much of the data
collection activity 1s likely to 1nvolve collaboration with
other Government ag=ncies, particularly the U.S. De-
partment of Education. ¥urther, the program should be
coordinated with paralle! efforts underway in other Di-
rectorates of the Foundation. The research and analysis
activities may be done partly within the Foundation,
partly through awards to individuals and insttutions
outside 1t

The kind of database envisioned by the Committee
would be a valuable resource for entities other than the
Foundation, so care should be taken in 1t~ design to
assure flexibility as well as an agreed level of compiehen-
siveness. Information should be collected on students,
faculty, and facihties; on input: and outputs as well as
contents; and on qualties as well as quantities.

This increase of $100 million, although by itself insuffi-
aent to solve all of the problems of undergraduate sci-
ence, engineering, and mathematics education in the
United States, can cause truly significant, positive
changes. In constant dollars, the proposed programming
15 not far short of the level of the Foundation’s under-
graduate activities 1n the late 1960s. Review of those
programs indicated that many of them had strong
positive influence cn the quality of undergraduate educa-
tion, and that expenence provides assurance ‘hat this
proposed level of activity can be effective.

The levels of funding described above assume that
other federal agencies will continue and expand their
present support of undergraduate education, that the
Foundation’s efforts will shmulate the very much larger
necessary expenditures by states and municipahities, and
that the private sector will make an appropnate response
to the national needs described in this report. We believe
that a proper response to this effort by the National
Saence Foundation will require additional annual expen-
ditures of sums aggregating $1,000 mulhon by states,
municipahties, and other agencies of the United States
Government, industry; and other parts of the private
sector

The Commuttee recommends that this comprebensive
program at the undergraduate level be unded and imiple-
mented as quickly as possible. Because the program ele-
ments are complementary and interactive, their imple-
mentation will have the greatest beneficial impact if done
in parallel.

We are recommending additional funding of $100 mil-
hon a vear. In addition to the 313 mlhon support in-
cluded in the Foundation’s FY [987 Budget Estmate to
Congress, a viable set of program activities requ.res $50
million ur new funds for FY 1988; attainment of a total of $100
nullion i new funds by FY 1989 will permut a frontal attack
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to be made on the problems that the Committee has
identified.

We make these recommendations of funding levels in
full knowledge of the current fedcral budget exigencies,
including the possible effect of the Gramm-Rudman-Hol-
lings Act. The Commuttee beheves the mix and balance ot
programs described above to be sufficiently important
that they should be imitiated within the existing Founda-
tion resources rather than wait until incremental funds
are made availablc.

The following brief tabulation summarizes the Com-
muttee’s proposals for the distribution of new funds. The
entries in the table show the phasing-in of speafic pro-
gram funding and reflect the priorities of the Committee.

Recommended
Funding Above
NSF Budget FY 1987 Budget
Estimate Estimate
FY 1987 FY 1988 FY 1989
$13 Program (shoit title) $50 $100
— Laboratory development 10 20
2 Instrumentation 10 30
7 Faculty enhancement 10 13
— Course and curriculum 7 13
— Comprehensive improvement — 10
4 Undergraduate research 8 8
— Minority institutions 5 5
- Planning — 1

Dollars in Millions

Examination of this table in the light of the Findings
and Conclusions detailed in earlier sections of this report
reveals the imbalance and lack of synergism even at the
$50 milhon level of additional funds. Nevertheless, the
effects of built-in leveraging will permit a reasonable
attack to be made on certain problems. But, it 1s only at
the recommended $100 million level of additional expen-
diture that this leveraging from state and local, public
and private sources results in a strong nationwide effort
that can solve these problems.

The Committee considered carefully, within its char se,
anumber of educational needs t~ which it does not at this
time assign high priority for NSk funding. Among such
needs are: construction and remodeling of facihties; stu-
dent loans and scholarships; and programs to assist fac-
u'ty members to earn advanced degrees. All of these (and
many others considered by the Committee) are mer-
itorious and would assist progress toward the prinapal
objective addressed in this report - improvement of un-
dergraduate education in science, mathematics, and en-
gineering. However, they all have the character of capital
- not catalytic - investments. The Foundation must hmit
its role to leadership and catalysis; basic capital expen-
ditures in pursuit of these national eaucation goals must
be made by state and local governments and by the
components of the private sector.

Q

3. Procedural Recommendations

In arnving at these program and funding recommend-
ations, the Commuttee considered carcfully groups and
institutions with special needs. We recommend that spe-
cial needs be met within the programs described above,
utilizing NSF’s Review Criterion IV as1s done in the other
regular support programs (B50). With these considera-
tions 1n view, we add the following three recommend-
ations that cut across the areas just described:

a. Increased Participation of Women, Minorities, and Phys-
wally Handr- ved. The NSF should actively seek this
goal in imp.ementing the above recommendations,
including program management and proposal re-
view, and the projects that are supported.

b Inst:tutional Diveraity. The Committee believes that
the diversity of institutional types in the United
States is a strength to be nurtured. Care should be
exerased to assure that high-quahty projects are
supported at all types of institutions. It 1s important
to utilize and motivate the best and most talented
faculty at all institutions to strengthen the instruc-
tional component of higher education.

c. Engineering Education and New Technologies. The
Comnmittee recognizes the current extraordinary
levels of concern and need in the various fields of
engineering The impact of the new technologies
(e.g., computerizetion and biotechnology) on all
fields is ~reat also. Accordingly, it recommends that
the piograms initially target their support heavily in
these areas.

Review of the appropnateness ot support distribution
across the disciplines and 1n the other areas of special
need should be primary continuing concerns of the Na-
tional Science Foundation and the Directorate for Science
and Engineering Education.

The Committee emphasizes the importance of educa-
tional and scientific ment as established by the peer
review process in the selection of projects for support
under programs developed in response to these rec-
ommendations. Such projects must meet the traditional
standards of quality and excellence demanded by the
Foundation.

The Committee recommends that the Director of the
National Science Found. 'on act to implement the pro-
gram and action recommendations contained heremn. A
detailed plan for both the leadership and program ac-
tivities, including an administrative structure, within the
Directorate for Saience and Engineering Education, pro-
gram des -dptions, guidelines, etc., should be completed
in time to permut the program to be initiated during Fiscal
Year 1987.

Finally, the Committee recommends that respon-
sibihty for monitoring the implementation of this report
be assigned to the National Science Board’- Commuttee
on Education and Human Resources.
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4. Conclusion

The prinaipal charge given to the Commuttee by the
Chairman of the National Science Board was “ . to
cor.sider the role of the National Science Foundation in
undergraduate science and engineering educatior.* This
report defines a role that is both appropnat: to NSF's
mission and responsive to the nation’s needs. It also
urges needed actions by other sectors, both public and
private.

The Commuttee believes that NSF should be a signifi-
cant presence in undergraduate scence, mathematics,
and engineenng education. But the greatest efforts must
come trom the people directly responsible for the health
of colleges and universities. The Federal Government, in
general, and the National Science Foundation, in par-
ticular, cannot and should not be looked to for the sub-
stantial continuing infusions of resources that are
needed.

Although the individual Committee recommendations
have different specific objectives, taken together they
constitute a strategy to:

® exert high leverage to improve undergraduate in-
struction, serving national as well as local interests;

® stimulate and invigorate faculty with creative poten-
tialat all types of institutions, thus raising the overall
quality of teaching;

® yield products such as teaching aids, laboratory
manuals, scholarly publications with extensive im-
pact; and

® assure that the nation’s brightest young people are
given high quality, rewarding experiences in science
In time to affect their career choices.

In addition to the strengthening and development of
regular science, engineering, and mathematics courses
and laboratories, the recommendations speak to the need
for greater science hteracy on the part of the general
student, the education of future teachers of precollege
saience and mathematics, and efforts to reduce the barrn-
ers to careers in science and engineering for women,
munorities, and the handicapped.

The Committee anticipates that by no later than 1990
imp;:2mentation of its recommendations will have estab-
hshed a permanent Foundation presence in undergradu-
ate mathematics, engireering, and science education
comprising;

® a cor.prehensive set of progrems to catalyze and
stimulate national efforts to assurc a wital faculty,
maintain engaging and high quality curricula, de-
velop effective laboratories, and attract an increasing
fraction of the Nation’s most talented students to
careers in engineering, mathematics, and the sci-
ences; and

a mechanism to systematically inform the Nation of
conditions, trends, needs, and opportunities in
these important areas of education.

Undergraduate education occupies a strategically cnt-
ical position in U.3. education, touching vitally both the
s "ools and postgraduate education. We hope that this
report will contribute to the resurgence of quality
throughout higher education that 1s essential to the well-
being of all U.S. citizens.
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IV. APPENDICES

A. Programs and Projects

Every person who made a statement to the Committee
or participated 1n the general discussions which followed
each presentation had 1deas for programmatic emphases,
speafic programs, and individual projects that the Foun-
dation might sponsor and/or support. Often these 1deas
were the subjects of specific and direct
recommendations.

The development of a mix of programs and projects
that is responsive to the single pnontizing recommenda-
tion above and to the goals statements and general rec-
ommendations that preceded it must involve substantial
efforts over time by the professional staff and aavisory
bodies of the Foundation, officers of the Congress and
other government agencies, and peer reviewers from the
several disciplinary communities. Accordingly, this Ap-
pendix to the report presents a selection of the 1deas
presented in testimony and submissions to the Commut-
tee as examples of general elements of future Foundation
programming in the und.:graduate area.

1. Faculty Professional Development

Some New Modes

The Committee believes that the intellectual health and
vitality of the faculty is the most important consideration
at the unaergraduate level, as it is at the precollege and
graduate levels of education. All of the broad rec-
ommendations and suggested programs presented 1n
this report have as ancillary direct objectives and desired
benefits the stimulation and motivation of the best faculty
for excellence in teaching.

There is a great need to raise the status of teaching at
the college level, to induce scientists and engineers to use
some of their creative energies to improve teaching, and
to encourage colleges and universities to take a more
systematic interes* in keeping their teaching corps
abreast of their disciplines and current in the best educa-
tion arts. Several submissions to the Committee and a
number of persons who testified Fefore 1t described new
and interesting ways the Foundation might ~ssist con-
tinuing attention to these objectives.

Cooperative Developme:t Projects could advance the art
and cause of teaching in the same way that research-
oriented leaves contribute the energies of faculty mem-
bers to advancement of their disciplines and themselves.
Most colleges and universities give at least partial salary
support to sabbatical or other kinds of faculty leaves, in
the realization that continuous renewal of one’s disciplin-
ary knowledge and professional skills and enthusiasms
necessary for vital, effective teaching. There is a lot of
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supplementary support available to make possible re-
search-onented leaves of reasonable length (NSF's earher
Senior Postdoctoral Program had that purpose), but very
httle where the meat or matter of the leave activity relates
directly to the teaching process.

Cooperative faculty development projects are envi-
sioned as tak'ng a variety of forms: supplemental sab-
batical leave s: pport; research-oriented appointments at
a different academic institution or in a national or indus-
tnal laboratory; or teaching-related appointments in
other institutions that afford opportunities for course or
curriculum development activities that would improve
the teaching skills of the appointees while transportable
or disseminatle products were created.

Such a program would be structured very flexibly to
encourage a wide variety of activities that stmultaneously
honed the skills of the faculty member while yielding an
improvement useful to other institutions.

The cooperative nature of a project, involving cospon-
soiship by the hoine and Lost institutions, would seem to
assure address of such multiple objectives. The success of
the appointees might lead to longer-term mutually bene-
ficial inte-actions between the two orgamizations. (For
example, such pairs mightii.volve a two-year college and
a major university, a four-year collegc and an industrial
research institution, etc.)

Faculty Development Networks were proposed to the
Committee as a mechanism for involving large numbers
of faculty members for short terms. The networks would
be planned on a regional basis and experimentation with
advanced communications techniques (electronic mail,
electronic blackboard, teleconferenang, etc.) would be
encouraged to keep costs low.

Perhaps as many as fifteen regional hubs, probably
unuversities, would contract to hold short ccurse or work-
shop sessions of two-to-four days length, penodically.
The centers would be sited so that almost all faculty in all
types of institutions offening instruction to undergradu-
ates would be less than a day’s drive from one of them.
The country’s top mathematicians, engineers and scien-
tists would be engaged to przsent the material.

Some disciphnary organizations already huve substan-
tial programs of this type devoted to continuing profes-
sional education, and each of them has discovered the
mix of topics that permuts all costs to be covered by
“student” fees. The proposed networks program should
be expected to do the same, in due course.

Other Modes

Many other ways of assisting faculty develepment
were presented or described to the Committee,
including;
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® exchanges of faculty between educational
institutions,

® participation 1n professmnal meetings,

® leaves to work 1n industry or government,
® workshops of extended length,

® visiting professorships of vanous durations,
® academic-industnial exchanges,

® summer seminars, and

® participation in research projects on teaching and
learning.

2. Course and Curriculum Improvement

Fortunately, college-levelinstruction in science and en-
gineenng are discovery-driven to a substantial degree.
Continuous evolution of content is inherent to instruc-
tion in the technical disciplines. Even freshman courses
can, in prin< ple, reflect quickly the results of significant
research. (One of the most interesting topics under dis-
cussion by teachers of mathematics is the possibility of
building this kind of dexibility .nto the mathematics
courses taught to large numbers of undergraduates, so
that such courses will have a similar timeliness and fresh-
ness about them.)

The pace of such course development through sub-
stitution of new knowledge fc: old depends in large part
on the time and incentives faculty members have for the
task. In smaller institutions, the pace is slowed because of
the diversity and weight of the instructional burdens
borne by the faculty. In major universities the pace 1s
slowed (and natural leadership sidestepped) because of
emphasis on disciplinary research.

Earher 1n this .eport there was mention of the respon-
sibility of the National Science Foundation and other
supporters of academic research for the present primacy
of disciplinary research in the professorial value system.
There was also mention of their responsibility to assist
the correction of that situation by provision of similar
incentives to bring the very best scientists and engineers
back into active work on the improvement of under
graduate education. That work could be: research on
teaching and learning, preparation of new instructional
materials, development of new curricular approaches
(especially for non-scientist students), writing up-to-date
texts and monographs that embody not just recent sci-
ence but the best educational practices and the results of
research in the cognitive sciences, the introduction of
new technologies into the classroom and laboratory, etc.

NSF’s Engineering Directorate is currently planning an
activity that constitutes a limited implementation of this
approach. It expects to support a small number of experi-
mental projects in undergraduate engineering that will
focus on team teaching via telecommunications by uni-
versity and industry scientists.

ERIC
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Most of the programming of the National Science
Foundation s organized to utihize the independent proj-
ect mode. But 1t was proposed to the Commuttee that the
Foundation should expand this traditional approach to
permit more complex project management straegies:
networking among the faculties of several institutions,
involvement of persons who teach at different levels in
the system, and other kinds of people and institutional
clustening. The goal of these strateg.es 1s that projects
supported by the Foundation should both impact stu-
dents and involve faculty members from ail types of in-
stitutions having undergraduate enroliment.

3. Laboratory Development and Instrumentation

The financial pressures of recent years have caused
institutions to defer maintenance and replacement of
much of the equipment that is used for the laboratory
instruction of undergraduate students and for the joint
faculty-student research activities that are such important
elements in the preparation of future science and engi-
neering professionals. A related and especially per-
nicious consequence of the same pressures has been the
reduction - in some cases the elimination - of the laborato-
ry component in large-enrollment introduciory courses,
courses that serve to introduce non-science students to
the world of scientific bservation and expeniment.

The problem of obsolete undergraduate instructional
equipment and laboratories extends across all disci-
plines, but seems especially severe in engineering and
biotechnology programs. The introduction of radically
new technology is changing the way engineers and biolo-
gists work as well as some of the traditional areas in
which they have worked.

The professors and academic administrators who ad-
dressed this problem were unanimous in their support of
one part of its solution - expansion of the Foundation’s
present College Science Instrumentation Program. They
recommended strongly that the program not only be
enlarged in terms of dollars allocated to it (a factor of ten
was mentioned often), but be expanded at the same time
to include all types of institutions with undergraduate
programs - two-year collegesand  .oral universities as
well as predominantly undergraduate four-year institu-
tions. The students, after all, move in large numbers
L etween institutions of different types as their education
advances.

In addition, witnesses before the Committee pre-
sented strong arguments foran initial heavier-than-aver-
age-share dedication of the expansion part of the Pro-
gram to schools of engineering and technology, in
recognition of the intensity of theirequipment problem at
this time. Soine witnesses argued that such a con-
centration of new resources for a few years would serve to
accelerate the equipment donation activities through
which industries have long lent their support to under-
graduate engineenng education.
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Several persons who appeared before the Commuttee
remarked on the desirability of expanding the mission of
the present Instrumentation Program to include laborato-
ry development activities. New emphasis might be
placed on: improvement of laboratory instruction
through utilization of new kinds of instrumentation, de-
sign of more effective and efficient modes of teaching or
structuring the laboratory experience, creation of more
open-ended laboratory exercises, or studies of new ways
of integrating laboratory and expository elements in the
curnculum. The hope was expressed that faculty mem-
bers in doctoral universities would take specialinterest in
such programs.

A strong laboratory development component in the
College Science Instrumentation Program would go
beyond the present commendable goal of assisting col-
leges and universities to use instrumentation to1mprove
the educational experiences of students in science and
engineering courses - majors, non-majors, and non-sci-
entists alike. It would accelerate theapplication to labora-
tory instruction of computenzation and other «dvanced
technologies and could provide alternatives to the pres-
ent cost squeeze on the introductory laboratory course.

An idea worth considering with respect to the mass-
enrollment introductory laboratory courses is a program
in support of academic and industrial team activity to
devise experiments suitable for these courses but which
require only simple, inexpensive apparatus and instru-
mentation. The strong arguments for the introduction of
students to research quality instrumentation inadvanced
courses are simply beside the point when applied to
introductory laboratories. These same study teams
should be expected to design and at least pilot-produce
and test the items of new apparatus and instrumentation
that may be required for the experiments they dewise,
possibly 1n collaboration with manufacturers of instruc-
tional laboratory equipment.

4. Undergraduate Research Participation

The Committee was informed from many quarters that
one of the most significant ways toenrich undergraduate
education is to involve students directly in the research
programs of faculty members. Participation in research as
undergraduates provides  .ents with gooc tasic skills
opportunities to apply these skills to invesrigation and
experimentation at the frontiers of knc.’ledge, to im-
prove those skills and acquire others, te s.e kow ques-
tions about nature are formulated and investigt~d, and,
one hopes, to participate in the discover, of new
knowledge.

Undergraduate research is unlikely to be elected by a
science student unless his career planning includes at
least the possibility of graduate work. Since the actual
entry level for professional careers in the scences is
increasingly at that of the doctorate, the most able stu-
dents should be encouraged to undertake graduate
study. Itis now well known that the undergraduate edu-
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cational experience most effective in stimulating able stu-
dents to pursue graduate study 1s participation in faculty
research. In engineering, an undergraduate research ex-
perience 1s often the closest a student can have to the
lind he will find upon entering industry.

Expansion of Foundation support of joint faculty-stu-
dent research, especially in non-doctoral institutions,
would be a triply-effective investment 1n the future. It
would increase faculty activities at the most advanced
levels of their disciplinary skills. It would provide sinal-
taneously to the participating undergraduate scientists
and engineers an expenence highly beneficial to them in
thelongterm. And, it would be powerfully and appropr-
ately engaging to those students most diffident about
technical careers - women, minorities, and the
handicapped.

Faculty research is totally absent from some colleges.
Their faculties must utihze external opportunities if con-
duct of research 1s an important mode for them to main-
tain and advance their professional knowledge. A variety
of such opportunities has been described above. Similar
external programming should be made available to
provide a research experience to qualified students in
engineering and the sciences.

5. Comprehensive Improvement Projects

The vanous programs and projects described above are
characteiized by relatively concentrated focus. In some
cases, however, a multiple focus approach could have
differep* but equally significant and desirable results for
undergraduate education. Projects of this type could in-
volve a single institution (the multipliaty ansing from
the collaboration of a number of different departments), a
group or consortium of insttutions, or a discipline-ori-
ented society (bringing together representatives of many
institutions to address a common problem).

An example of a multiple focus or “comprehensive”
project is one comprising activities designed to improve
undergraduate instruction 1n all areas of science, mathe-
matics, and engineering offered by a single institution.
Such projects would have to begin with or build upon
careful long-range planning by an institution to strength-
en its capability to offer high quahty programs in tech-
nical areas. The execution phase might involve simul-
taneously a number of different activities of the types
described earlier in this section. Foundation support,
which might be substantial at the start, would have to be
augmented and then replaced in accordance with a well-
designed, realistic schedule; or, substantial and phased
matching of Foundation support might be required from
the beginning.

Another kind of comprehensive project was proposed
in one of the position papers submitted to the
Committee:

Advanced laboratory instruction ought to relate closely
toactual engineering practice in the most favorable kinds
of professional environments. No small school and only a
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tew of the engineening colleges in research universities
can attord to mount such programs

The NSF-supported Engineering Research Centers ini-
tiated recently (and other rescarch organizations snch as
national laboratories, major corporate research stations,
etc ) could offer to advanced undergiaduate students n
engineering the kind of experience in relat:on to profes-
sional practice that medical students on rotating clerk-
ships and internships receive 1n teaching hospitals

At such an installation, advanced engineering stu-
dents would recerve hands-c 1 experience with the latest
research equipment develop an appreciation for protes-
sional ethics and the concerns of the lay society that s the
consumer of the products of engineering practice, learn at
first hand the importance of economics in design, com-
munications skills, good working relationships with as-
suciates and with management; and be introduced to the
cross-disciphnary and multi-disciplinary aspects ot con-
temporary engineering practice.

Fhe apphication ot this idea to science students i small
colleges 15 equally attractive and apt In such a project,
the support ot the Foundation would be more tor the
administrative structure to develop and sustain the nec-
essary cooperation than tor the conduct of the manitold
clements ot the project, the latter should ¢ -aw their major
suppert trom the sponsoring and host institutions.

It was pointed out to the Commuttee that one Founda-
tion program now ended had many of the hallmarks ot
the Comprehensive Improvement activity just described,
that program supported the Resource Centers for Minor-
ity Education These Centers did not opeiate at just the
undergraduate level, but had elements ranging from
middle school through graduate school. The Committee
beheves that those aspects ot the Minonty Centers that
are tound to be successful and transferrable vught to be
combined 1n a new support program of the same kind,
and that those successes can Le exemplary to the plan-
ning by other kinds of institutions of their participation in
the several thrusts identified in this report
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