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The results of this study ue reported in three volumes:

The Summary Report contains a brief overview of all fmdings and
conclusions regarding NSF's mission in K-12 science education, the
opportunities for the Foundation to make a significant contribution to
solving problems in K-12 science education, and how NSF can approach
these opportunities more strategically.

Volume 1 - Problems and Opportunities presents full discussions of
NSF's mission, the problems in K-12 science education that are
susceptible to NSF's influence, and the opportunities to address these
problems. Essays on each opportunity present an analysis of:

IN The rationale for NSF's involvement.

How current (or projected) NSF programs and policies, carried out
by its Directorate for Science and En&eering Education (SEE),
relate to the opportunity.

Promising alternative initiatives for SEE to take advantage of the
opportunity.

Volume 2 - Groundwork for Strategic Investment (this volum ) contais
extended discussions of:

NSF's "core or basic functions in science education romoting
professional interchange, building a base of information and
kmowledge about science education, and supportinginnovation

The basis for strategic investment in K-12 science education
(design of initiatives, development of strategies md strategic
capacity).

Volume 2 also includes a discussion of study methods, a summary of NSF's
30-year history of funding in 1(42 science education, and three commis-
sioned papers (regardklg NSF's role in mathematics education, computer
science education, mid efforts to serve minority students in scienc
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PREFACE

In 1984, Congress included in the National Science Foundation's (NSF's) appro-
priations bill (P.L. 98-371) a requirement for "a contract to develop a science educa-
tion plan and management structure for the Foundation." This and a related mandate,
that the Foundation "develop a strategic plan for science and engineering education"
(P.L. 99-159), were partly a result of congressional dissatisfaction with the program-
matic plans that NSF initially proposed when its Directorate for Science and Engin-
eering Education (SEE) VMS reinstated in 1983. The legislation and associated events
underscored Congress' wish that NSF resume its role in education in the sciences and
renew its programs, which had come under fire several years before and had been term-
inated (except for the Graduate Fellowships program).

Along with the mandate to develop a science education plan, Congress indicated
that NSF should get help in putting together its education-related activities and
Education Directorate. The language of the legislative mandate also expressed con-
cern about the lack of compelling evidence regarding the efficacy of NSF support in
science education.

The Study

As part of the Foundation's response to the mandate, NSF (SEE) awarded a con-
tract to SRI International in March 1986 "to assess initiatives available to NSF to
address problems and opportunities in science education."* Science education was
defined broadly to include mathematics, the sciences, and technology, but the
project's scope was limited to the K-12 level.** The project had two major phases:

(1) Assess initiatives available to NSF in K-12 science education. This
phase required SRI to investigate NSF's current and alternative initiatives
in science education, clarify their objectives, and examine their

* NSF had earlier awuded a contract to Research Triangle Institute to assess initiatives related to
science education (excluding mathematics) at the middle/junior high school level. Subsequently, NSF
convened a series of panels concerning NSF's role in undergraduate-level science, mathematics, and
engineerhig education.

Throughout this report, we use the terms "science education" and "education hl the sciences"
generirAlly to include education in mathematics, the natural sciences, enrineering, and technology (as
both d toot and object of study), except where differences between the disciplinary areas are
specffically indicated. Similarly, we use t',o term "K-12" to encompass all science learning
activities for children and youth from 5 through 18 years of age, both inside and outside of school.

1 3



advantages and disadvantages, based on lessons learned from previously
supported educational programs.

(2) Develop an assessment plan and procedures so that NSF could assess its
own initiatives on an ongoing basis. This phase required a pilot
evaluation of a current NSF initiative in 1C42 science education.

This volume is the final report of the first phase.

SRI's assessment of initiatives available to NSF proceeded in two stages; each
involved multiple methods and many sources of irdormation. In the first 6 months of
the project, working groups were assembled to review from five different perspectives
all current NSF programs in K-12 science education and examine alternatives to them:

School-based education in the natural sc ences

ci School-based mathematics education

Out-of-school (informal) science and mathematics education

Technology in science and mathematics education

E Development and support of science and mathematics teachers.

Activities during this stage included (I) a historical review of NSF K-12
programs from 1952; (2) interviews of NSF staff, other executive and legislative
branch staff, members of the scientific and engineering community, and experts in
science and mathematics education regarding current activities, needs, and opportuni-
ties in the field; (3) literature reviews and commissioned papers; and (4) analyses
of current and projected NSF initiatives. An important step in this stage of the
project was a series of meetings to review the worldng groups' preliminary findings.
Reviewers were invited from the scientific and science education communities; partici-
pants included university-based science and mathematics educators and individuals
with special areas of expertise, such as cognitive science, the publishing industry,
or teacher education, depending on which of the five perspectives was under discus-
sion. Subsequently, the project team revised the working-group findings on the basis
of the reviews, and presented them to the staff of NSF's Education Directorate.

The second stage of the assessment activity required us to consider findings
about current initiatives and potential alternatives in a larger framework. To
provide guidance to the Foundation and satisfy the congressional mandate for a
science tAucation plan, we developed a prospective framework for viewing NSF's
options, including what had been learned from the more retrospective view of
initiatives during the project's first stage. klso, our analysis did not focus only
at the level of programs and initiatives, but included NSFs overall strategy in K-12
science education as well. Thus, the question "What are the advantages and disadvan-
tages of current and alternative initiatives?" became part of the larger issue, "What

xii
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arc iNar s most pronusing mvestment options, given tne problems and opporturdties in
K-12 science education?" The five earlier perspectives evolved into a framework of
opportunities and strategies. Our synthesis of working-group findings, supplemented
by further interviews within the science education community and a review by repre-
sentatives of scientific and professional associations, was directed at identifying
the most promising opportunities available to NSF and strategies for addressing them.

This Volume*

This volume of SRI's report presents a detailed discussion of "core functions"
for the National Science Foundation in K-12 science education (promoting professional
interchange, building the base of information and knowledge about science education,
and supporting innovation). In addition, this volume discusses the basis for
strategic investment in three key activities:

Desigrdng initiatives

Developing an overarching strategy

Building strategic capacity witkin the Foundation

This volume also includes a discussion of study methods, a summary of NSF's
30-year history of funding in K-12 science education, and three conunissioned papers
(regarding NSF's role in mathematics education, computer science education, and
efforts to serve minority students in science

As explained in the Summaty Report, our analysis assumes that NSF's primary
goal in K-12 science education is to contribute to broadening the pool of competent
and interested science learners; throughout this volume, we refer the reader to the
detailed discussions of 10 opporturdties for NSF to address this goal.

Michael S. Knapp,
Marian S. Stearns,

Co-Principal Investigators

June 1987

The fmdings and conclusions from Phase I are also presented in two other vohimes: Summaty
Report (an overview of all fmdings and conclusions) and Volume 1 - Problems and Opportunities
(extended discussion of NSF's opportunities to address problems in science education).
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PART ONE: CORE FUNCTIONS

Each of the opportunities described in the Summary Report and Volume 1 implies
that NSF invests in goal-directed activities. The success of these investments
depends, in part, on the Foundation's support for other activities, which are focused
less on a particular educational improvement goal than on the underpinnings for all
improvement efforts: the interchange of ideas within the professional community, the
development of information and knowledge about science education, and the encour-
agement of innovative ideas. Through these kinds of support, which we call "core
functions," NSF (SEE) accomplishes two things: it prepares the science education com-
munity to take advantage of the opportunities, and it aids its own process of
designing effective initiatives. Simultaneously, the Foundationprovides an essential
national resource to the professional community.

In this part of the report, we explain why each function is essential, why the
Foundation is uniquely suited to cony it out, what NSF (SEE) is currently doing to
fulfill the function, and what remains to be done (if anything) to establish the
function more securely. We argue that, with some exceptions, the Foundation should
invest more resources and pay greater attention to these functions than it now does;
for each function there are a series of attractive initiatives for accomplishing this
end.

The Core Functions

We organize and define the three functions as follows:

Promoting professional interchange: activities aimed at (1) maintaining the
link between educators and the scientific conmmriity, (2) developing networks
within the science education community, and (3) establishing mechanisms for
archiving and disseminating materials or information among prospective users.

m Building the base of infOnnation and knowledge about science education:
activities aimed at (1) investigating science learning and learning environ-
ments (including the study of science learning processes, teaching, educa-
tional technologies, alternative settings, etc.), (2) learning about science
education systems (including national and international assessments, moni-
toring, studies of system functioning, etc.), and (3) documenting or eval-
uating the results of NSF (SEE) interventions.

g Supporting innovation: activities that encourage irmovation in science
education on an open-ended basis, that is, not in relation to a particular
target of intervention but as defined by creative individuals in the profes-
sional community (e.g., as displayed in proposals that "fall between the
cracks" in SEE's current program structure

1-1
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NSF's Rale

These functions represent a different kind of role for NSF; rather than direc-
ting its funding toward specified targets, the Foundation acts as a central, national
resource to the science education community by encouraging the exchange of ideas,
supporting the development of knowledge about science education, and responding to
unanticipated or innovative ideas that supplement and extend the efforts of others in
these areas.

Aside from the service they represent, these functions bear an important rela-
tionship to NSFs efforts to address the opportunities described in other volumes of
this report. Extensive interchange among project directors (and others in the
science education community) can encourage cross-fertilization while projects or pro-
grams are under way. Designing effective strategies for addressing opportunities
depends in part on accurate information about the state of the field and on a clear
understanding of the learning process. And if the results of individual projects are
to cumulate, be interpreted, and be made available to others (especially important in
the case of demonstration projects), effective documentary evaluation and archiving
are required.

These functions are especially appropriate for the Foundation. As the most cen-
trally positioned and visible national-level institution concerned with education in
the sciences, NSF (SEE) is able to orchestrate the interaction among diverse groups
in the professional community. The Directorate can muster a sufficient body of dis-
cretionary resources to support open-ended inquiry. By the nature of the work it sup-
ports, the Foundation is naturally located at the intellectual center of the science
education communi

One may well ask whether NSF (SEE) needs to support distinct activities to accom-
plish these functions, or whether the functions can be accomplished as a by-product
of investments aimed at particular opportunities. To some extent, these core func-
tions can be, and are, carried out in the course of projects focused on targeted
goals--the development of particular kinds of curriculum, teacher education for pros-
pective science or mathematics teachers, etc. For example, efforts to reconcep-
tualize the content of mathematics and science instruction rest, in part, on the par-
ticipation of members of the scientific community, as well as on the findings of
research on science learning.

However, those research findings and participants will only exist if an ongoing
Intellectual infrastructure" is maintained. Members of the scientific community who
wish to make useful contributions to reconceptualizing the content of school instruc-
tion need to be familiar with schools and K-12 educational issues. Some form of
open-ended support--intellectual "risk capitar--must also odst for scholars to
pursue interesting avenues of inquiry. In other words, a critical mass of scientists
or scientifically trained professionals) and educational researchers, among others,

must commit substantial amounts of time--even whole careers--to pursuing these
issues. NSF's role, then, is to provide a secure base of support for this intellec-
tual infrastructure over the long term.
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PROMOTING PROFESSIONAL INTERCHANGE

The fact that the disciplines of science and mathematics are in rapid flux is
well known. Because of the constant change in content, and for a wide variety of
other reasons (increasing use of technology, new goals, state mandates, etc.), the
system of science education at the K-12 level is also changing rapidly. For the
hundreds of thousands of professionals engaged in science education to be successful,
they need to be exposed to a wide variety of ideas and people who will provide
information necessary for them to do their jobs well.

Many people and agencies share responsibility for promoting professional
interchange, ranging from science and mathematics teachers themselves to textbook
publishers and state education agencies. In addition, NSF has a very strong interest
in helping to promote professional interchange because it will help NSF to fulfill
its mission in science education. In several areas, NSF is particularly well suited
to carry out this function, notably in fostering the exchange of ideas between
scientists and educators, and in helping to disseminate knowledge about work that NSF
(SEE) itself has supported in science education. In these and other ways, NSF has a
responsibility to help promote professional interchange of ideas and materials as a
means of improving science education.

The Need for Professional Interchange, in Context

In science education, as in science itself, there is a need o maintain an
Intellectual infrastructure." Without suitable interaction and exchange of ideas
(e.g., in-service training, professional journals, meetings), the field would quickly
become moribund. Many individuals and institutions contribute to this infrastruc-
ture, including pi ofessional societies (e.g. NCTM, NSTA, ACS, AkAS), school
districts, and universities. However, NSF also has a responsibility to act in this
area. In this section, we discuss NSF's role under three broad headings: main-
taining links between educators and members of the scientific community, developing
networks within the science education community, and establishing more effective
mechanisms for archiving and disseminating SEM own materials and information.

Maintaining the Link Between Education and the Sciences

In principle, at least, many members of the scientific community have a unique
and important contribution to make to K-12 education in the sciences. They know the
craft and culture of science firsthand. They know that the disciplines of science
are intellectually exciting, alive, and evolving. They are in a better position than
teachers to distinguish enduring, underlying principles from the mass of information
about their discipline. Drawing on their immersion in the subject discipline,
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scientists, mathematicians, and engineers have the ability to help science and mathe-
matics teaching accurately reflect the nature and excitement of science. Through
their involvement they can also contribute to the prestige of science education and
K-12 education generally, and serve as role models for students (both of which are
impoitant functions).

At present, however, the reality is that few avenues are available for science-
trained professionals at all levels, from undergraduate science students through
professors emeriti, to participate in the 1C42 educational process. Scientists, for
the most part, are intensely involved in their own research work, with little time or
encouragement to pursue educational issues, especially at the K-12 level. Present
professional reward systems offer few incentives and considerable disincentives for
such involvement. Moreover, the realities of districts, schools, and classrooms are
foreign and urdnviting to many scientists. As a result of these barriers, scientists
have largely abandoned the teaching of the fundamentals of their own disciplines to
others who are less familiar with the nature and structure of the scientific
enterprise.

The American Journal of Physics (MP) bemoaned this abandomnent in a series
of editorials:

Let us compare, for example, typical _embers of the American Association of
Physics Teachers [A.APTI with typical members of the American Physical Society
[APS]: I suggest that in 1986 there is a greater distance between these two
groups than there was in 1940. Further, I suggest tbat both the AAPT and theAPS
axe, in 1986, the worse for it. Even sadder, I believe that contemporary
culture is the worse for it--and profoundly so.... (Rigden, 1986a)

From the per pective of general education, contemporary physics is a far richer
resource than was the physics of the 1940s. Yet, if the pages of AM from the
two eras are compared, the conclusion must be drawn that physicists were more
concerned about general education then than they are now. Wily? (Rigden, 1986b)

A well-known scientist, on the other hand, explained it to us this way:

"For the young scientist, the rewud structures are all wrong; they are fully
involved in theft own work. For the older scientists, by the time they get
there, they are fully socialized into science and have come to spurn educa-
tion.... Also, scientists are somewhat self-selected against those who can
communicate or write well.... Really, scientists we no more and no less
narrowly focused on their own myopic agendas than those in any other
profession.... It is all a question of reward structures."

NSF's close connection and familiarity with the university-based scientific and
engineering communities creates an opportunity for arranging interactions between
scientists and educators. NSF has prestige and credibility in both worlds, enabling
t to bring together good scientists and educators. Additionally, SEE now has years
of experience in understanding the nature of the collaboration that is needed to
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create successful K-12 programs, both in and out of the schools. With the coopera-
tion of the other directorates, SEE is ideally positioned to establish a range of
creative and diverse programs that bring scientists into the world of education and
educators into the world of science.

It is important to point out that we do not believe it is feasible (or even
desirable) for NSF to return to the pattern of the 1960s, when scientists led the
Sputnik-inspired improvement of science and mathematics education. The need to
address all students means that tho opportunity now is to facilitate collaborative
interactions between scientists, science educators, and other educators. In addi-
tion, NSF can continue to support the educational development of science profes-
sionals who decide to address educational issues with the same fervor and rigor as
they do scientific problems.

Thus, in addition to its current priority on funding projects that bring
together scientists and educators (for research, development, and teacher training),
two general approaches are promising for SEE. One is the establishment of long-term
arenas of collaboration between scientists and educators for carrying out a wide
range of research, curriculum development, and evaluation projects. Specifically,
NSF could;

Support regional science centers that are dedicated to improving the
curricula and teaching. Typically centered in science museums and
uW.versities, such centers could serve as prestigious arenas for scientists,
science educators, and local teachers and administrators.

The second promising approach is for NSF to support opportunities for scientists
to further their interests, sldlls, and careers in the educational domain. For
example, NSF could support:

Graduate-level programs and fellowships for students trained in science at
the graduate level to pursue research and careers in science education.

Collaborative work with professional societies to provide opportunities for
scientists to participate in internships, conferences, and sabbaticals.

All of these options are described in more detail in the section on promising

Developing Networks within the Science Education Community

One of the Foundation's richest resources is the large number of grant
recipients who are actively working on projects under NSF support at any one time.
Grants related to IC42 education in the sciences number in the hundreds at current
levels of funding; many of them are working on related topics and could benefit
considerably from one another's experiences, if the occasion and means to do so were
at hand. In addition to those who have NSF grants, there are many more whose
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activities and thinking are a potential source of direction for NSF and who are one
of the key audiences for the results of NSF projects. Given its position and roles
in science education, the Foundation has a core function of stimulating the
interchange with and among these members of the science education commum

There are, of course, naturally occurring linicages among professionals within
the science education community. As in any area of endeavor, professionals tend to
make it their business to know about other activities related to their own. However,
unlike the well-defined community of scholars engaged in a particular line of scien-
tific research who are likely to be in close touch with relevant developments in
their field, the participants in efforts to improve science education in schools or
informal institutions are highly diverse, representing subject fields as different as
early childhood development, chemistry, and materials design, or institutional set-
tings as diverse as a publishing house, a professional society, and an elementary
school district. Generally, there is no natural meeting ground for such people.
Occasions for interchange among such groups must be created. NSF has done well over
the years to stimulate collaborative arenas, primarily within individual projects and
occasionally through meetings or conferences that bring larger groups together.

Why should NSF support such activities? Its position between educators and the
scientific community and its ongoing relationship with many who are directly involved
with research, training, development, and other activities related to education in
the sciences make it a logical stimulus for such interchange. It shares this respon-
sibility with existing forums afforded by professional societies (such as the
AAAS, the National Council of Teachers of Mathematics, the American Chemical
Society, and others) or occasionally convened through the auspices of private founda-
tions or universities. But with few exceptions (AAAS is one), NSF is in touch with a
greater breadth of activities at any one time than any other group, by virtue of the
amount of grant funds it has and the scope of its programs. Hence, NSF can act as an
intellectual broker or "switchboard" in ways that facilitate productive interchanges
among groups that are unlikely to relate to one another.

The greatest potential lies in communication between science education groups
that have hitherto remained apart--for example, university-based science education
researchers working with advanced learning technology, industry-based hardware and
software developers, and practicing educators, all of whom need to join forces more
effectively if the promise of advanced technology is to be realized. NSF can do much
to put these kinds of groups in touch with one another. Further expeiimentation with
network mechanisms, meetings, and other forums should be considered.

Establishing More Effective Mechanisms forArchiving and
Disseminating Materials and Information

Science education professionals require easy access to the tools of their trade.
Yet the science education community as a whole faces a perennial problem in making
high-quality materials and research results available and useful to disparate groups
within the community, especially teachers. SEE's own approach of leaving most
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materials and research dissemination up to individual project directors is widely
recognized as inadequate. Now, as a large number of new research and development
projects are coming to fruition, is an appropriate time for SEE to develop better
archiving and dissemination capabilities, drawing on advanced technologies where
necessary. Supporting additional mechanisms for archiving, interpreting, and
disseminating information and materials would also be appropriate.

NSF is quite familiar with the problem. In the last several decades, many
hi -quality instructional materials have been developed for use in elementary,
middle, and high school science and mathematics classrooms and in teacher training
programs. Some of the best of these materials, many of which were partly or fully
paid for with NSF funding, have remained in circulation, particularly through
commercial publication and distribution channels (e.g., Elementary Science Study
and Science: A Process Approach, materials developed 20 years ago for elementary
science, are still available). However, other fine materials quickly became lost
from view, sometimes as much for want of an appropriate distribution mechanism as
for lack of demand.

Over the same period of time, many items of inferior quality have continued to
be readily available; these typically include materials that are most easily marketed
to the mass school market, including those without complications entailed by accom-
panying kits or the risk associated with innovative formats. In short, there is a
major and perenWal challenge facing science education: maximizing the spread and
longevity of existing high-quality materials (those that enhance students' learning
of desirable scientific content, skills, and attitudes), as distinguished from the
larger set of inferior materials.

There is a parallel problem regarding the spread of knowledge. During the past
few decades, a good deal of wisdom has been developed about promising approaches
to science education, based on research studies and the testing of teaching
practices. Yet the accumulated knowledge available to practitioners about these
practices and insights is relatively meager. Once again, the lack of effective
mechanisms for assembling this knowledge, interpreting it, and making it available to
the various audiences that might use it, especially practicing teachers and program
platmers, is largely responsible.

Conceptually, there are four activities that need improvement: (1) assembling
large amounts of information about science education research and materials at
central points; (2) synthesizing and interpreting it, including making judgments
about more and less effective materials; (3) indexing or otherwise reducing the
information so that users can quickly find what they want; and (4) dispersing the
information (at least in reduced, synthesed, or interpreted form) throughout the
decentralized system of users (schools, science teachers, researchers, teacher
educators ) so that large numbers of people can and do make use of it.

NSF is not alone among the institutions that have been or might be concerned
with this problem, but in science, mathematics, and technology education, NSF is very
well positioned to promote a comprehensive and satisfactory solution to it because



of its Lndependence from commercial interests, close connections with both educators
and the scientific community, an excellent reputation among science and mathematics
teachers, etc.). Several kinds of efforts have been undertaken by others over the
last three decades:

im ERIC Clearinghouse. The ERIC Clearinghouse for Science, Mathematics and
Environmental Education at Ohio State University has been funded for many
years by the U.S. Department of Education as part of the ERIC (Educational
Resources Information Center) system. ERIC, consisting of 16 clearinghouses
in various subject fields, eLists to meet the needs of researchers and practi-
tioners for easy access to information about education research, curriculum,
and other matters. A substantial collection has been assembled, and each
year nearly 1,000 documents and 1,800 journal articles are added to it,
including compilations and syntheses produced by the Clearinghouse. ERIC is
comprehensive in certain areas (notably research), but, although there is
some provision for sorting out items ofpoor quality, some users report that
they are overloaded with document abstracts or references to journal
articles, many of which are of questionable value. ERIC has historically
placed priority on research documents; consequently, less attention has been
paid to curriculum documents or other practitioner-oriented materials.
Hence, despite the fact that ERIC annually sells more than 15 million micro-
fiche and is accessible via computer telecommunications at hundreds of loca-
tions, the ERIC system is not as well known among educators, and especially
teachers, as one might expect. Interestingly, one curriculum area that is
apparently well represented is materials produced under SEE grants. Boxes of
materials were submitted to ERIC at about the time that SEE was disbanded;
others are submitted by principal investigators. However, there is appar-
ently no general procedure whereby NSF, after receiving final reports
(including curriculum materials), submits such materials directly to ERIC.

a International Clearinghouse. The University of Maiyland's international
Clearinghouse on Science and Mathematics Curricular Developments, which is
no longer operational, did not focus on research. It concentrated instead on
curricular materials from the United States and other nations. It had some
gaps in its collection, but c,.taloged approximately 300 curriculum projects
in science between 1956 and 1977. In contrast to the ERIC Clearinghouse, the
International Clearinghouse never had mechanisms comparable to rrucrofiche,
computer networks, and floppy disks by which to disseminate its material.

Other centralized collections. Other centralized collections of materials
and information exist, often with a more specialized focus e.g., the
Teachers' Clearinghouse for Science and Society Education in New York City,
the science textbook collection of the U.S. Library of Congress), but they,
too, fall short of fulfilling a complete curriculumclearinghouse function.
Not only is the scope of each limited, but users must generally travel to the
collections. Some of these organizations (e.g., the Teachers' Clearinghouse)
publish excellent newsletters and bibliographies for teachers' use.
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Reviews. Science education journals and professional societies have a
continuing review function that highlights the availability and merits of new
materials, as well as interpreting and disseminating research-based knowledge
among science educators. For example, The Mathematics Teacher, published
monthly, regularly reviews high school mathematics textbooks and, from time
to time, reports some research results (such as findings from the National
Assessment in mathematics). The AAAS publishes a periodical, Science Books
and Films, whose sole purpose is reviewing materials, including science
books for children and, begirming in 1985, high school textbooks. Although
highly useful, these activities are generally incomplete; usually only a few
materials are reviewed at a time in these settings, the reviews are brief,
and reviewers (and the journals) are often reluctant to appear too negative.
Nonetheless, one suspects that sources such as these are underused and are
more valuable than is generally recogrzed.

Syntheses. Several science and mathematics teachers' associations
distribute research syntheses of interest to practitioners. For example, the
National Council of Teachers of Mathematics (NCTM) distributes Classroom
Ideas from Research on Secondary School Mathematics. These organizations
also compile information about various materials, such as Mathematics Tests
Available in the United States and Canada. Other organizations also
spormor such work, including the ERIC Clearinghouse (see above) and the
Department of Education's "education laboratories," which produced a series
called Research Within Reach, including several volumes on science and
mathematics teaching.

What can NSF do to improve on this situation? First, the availability of
research and research syntheses seems on the whole to be more effectively organized
than are the collection, analysis, and dissemination of curricular materials and
information about them. (However, research synthesis and interpretation for par-
ticular audiences still deserves NSFs attention; see the discussion of initiatives
below.) Teachers, department chairmen, parents, and others interested in learning
about, and perhaps examining, a broad array of imstructional materials available for
some area of the science and mathematics curriculum (including written materials,
computer software, videotapes, assessment instruments, etc.) find that there are not
enough services or guides available to make the job easy or straightforward.

A low-cost, "bare-bones" approach to both the research and materials problems
would be for NSF (SEE) to begin to archive results of all (or a selection) of its own
research and development projects, notably including products of the Instructional
Materials Development and Applications of Advanced Technology programs. Archiving
might be done centrally, such as in a library, or it might be done in a format suit-
able for electronic distribution (e.g., on CD-ROM discs). In either case, the
objective would be to assure permanent and relatively easy access to knowledge
and curricular resources produced under support from SEE.

NSF (SEE) can, however, think in terms of a larger response to the problem. By
virtue of its central position in the field and the kinds of discretionary resources
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it commmds, NSF can spearhead the establishment of a more sophisticated archiving
and dissemination capability for curricular materials. This might be accomplished in
part by Fupporting research into appropriate ways to carry out the task, in part by
connecting existing efforts more effectively (e.g., by telecommunications) and by
funding the creation of new kinds of centers and distribution mechanisms.

The biggest contribution NSF can make to this need may have more to do with its
capacity to select from, and interpret, the array of materials available than with
efforts to assemble and index all materials. Comprehensive archiving without inter-
pretation (or, at the least, a sophisticated quety system) may be of less use than a
selective representation of the best materials available across a range of possibili-
ties. The Best of the Best of ERIC series is one model: some ERIC clearing-
houses, for example, do an annual selective compilation of abstracts in particular
"hot topic" areas and publish this as a small volume for interested users. In
meeting the need for archiving and dissemination, less if often more.

NSF would bring several key strengths to bear on the problem: access to scien-
tists who can participate in the review of materials, fanilliarity with the science
education community and with its past and present work, resources to support the
development or adaptation of appropriate technology, and a reputation for attention
to the quality of science education materials. Few other institutioms, if any, are
likely to concentrate effort on this problem.

In addition, this is a time that the spotlight of reform is on the schools.
Now, while states and districts are reconsidering the structure of their curricula in
these subject areas, is the most appropriate time to make a wider range of ideas and
materials available, to stimulate and assist the process of choosing programs at the
state and local levels.

NSF (SEE) Activities in Relation to This Core Function

SEE already has activities under way in the general area of promoting profes-
sional interchange. For example, there is a general priority on projects that
involve professional scientists, mathematicians, or engineers, in addition to science
educators. Also, SEE currently operates a Science and Mathematics Education
Networks program to facilitate communication among science educators (and others ). A
more detailed description of SEE's activities, along with a discussion of their
strengths and weaknesses, follows.

SEE Policies Aimed at Maintaining the Link
Between Education and the Sciences

In the 1950s and 1960s, NSF appealed to the scientific community to lead
large-scale curriculum projects aimed at upgrading and revitalizing K-12 science,
mathematics, and technology education. A large number of scientists and
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mathematicians did become leaders in this effort, includ ng (among others) Beberman,
Begle, Fehr, Holton, Karplus, Pimentel, and Zacharias.

In addition, throughout its history, SEE project review criteria have specified
that all projects must be judged on both scientific and educational merit. Accord-
ingly, staff of NSF-funded projects have typically included scientists or those with
sufficient scientific expertise to ensure that the scientific aspects of the project
would be of high quality. Consequently, a significant proportion of NSF-funded
principal investigators have been scientists or mathematicians located in univer-
sities and museums.

In line with this tradition, SEE currently makes the active involvement of
scientists, mathematicians, or engineers a major priority for proposed projects in
all of its programs. In some cases, members of the scientific cormnunity are the
principal investigators (for example, of teacher institutes and of some materials
development projects); often, they are included in projects as collaborating members
of the project team. The Directorate's policy represents the strong conviction of
SEE planners that the success of science education efforts depends in part on the
participation of individuals active in the subject disciplines.

This policy has clearly made it possible for a number of highly motivated
individuals to gain exposure to issues of science education and, in some cases, take
the lead in shaping projects. But SEE planners and program officers confess
difficulties vAth the policy. The demanding SEE guidelines for proposal preparation
discourage a number of potentially interested scientists from submitting proposals,
and those who do often find their proposals noncompetitive. Scientists are more used
to the relatively open grantsmaking process in the rest of NSF. Second, the quality
of collaboration elicited by the current policy varies considerably; proposers are
tempted to include "token" scientists in situations where an appropriate individual
is unavailable for the project in question. Third, scientists frequently lack the
requisite expertise in educational issues to be of great help, until they have been
involved for substantial periods of time. Fourth, interested members of the
scientific community often find the specificity of SEE programs too confining; their
own ideas don't fit. Finally, some of the emerging directions in SEE programs (e.g.,
the emphasis on the elementary level for materials development or the shift toward
district-centered training in teacher enhancement projects ) make it difficult for
large numbers of scientists to participate.

These difficulties may have been exacerbated by recent trends in SEE funding
priorities and guidelines. For example, SEE is now strongly encouraging the use of
consortia and collaborative teams in the stnicturing of its projects, so as to
include all the relevant constituencies and expertise required for projects that will
be successfully implemented in the schools. For example, the latest guidelines for
teacher training projects suggest that proposed projects might include classroom
teachers, teacher educators, educational researchers, curriculum developers, school
supervisors, and subject-matter scholars. This emphasis coincides with an increasing
focus on the school or district as the "center of gravity" for the project.
Collaborative arrangements such as these that are centered more in the schools
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provide fewer incentives and present more barriers to the participation of scien-
tists. One of the costs of the present emphasis on collaborative teams may be to
discourage the best, most creative (and autonomous) scientists from participating.

One can imagine alternatives to the current SEE strategy that would not aliena e
the scientific community as much. SEE could encourage greater differentiation of
projects so that some involved working scientists more than others. SEE could also
fmd and support appropriate roles within a teamwork structure for scientists to play
(e.g., as reviewers and critics). Further, SEE (and NSF as a whole) could stimulate
the creation of appropriate mechanisms for providing sciengsts with professional
rewards and incentives for educational work (e.g., Science magazine has recently
agreed to publish research articles that deal with science education if they meet
accepted social science research standards).

SEE's Investmen s in Network Development

SEE currently encourages interchange among members of the science education
community, including grant recipients, in several ways that represent a promising
step toward a more satisfactory exchange of ideas. First, within programs, regional
or national gatherings of project directors are periodically held, typically to "show
and tell" project progress. Second, agenda-setting conferences or meetings are
occasionally organized (these are not limited to grant recipients, nor should they
be). Third, the Science and Mathematics Education Networks program funds projects
that create or extend information-sharing arrangements, which may include grant
recipients, although they are not focused primarily on this category of user.

These activities achieve some degree of interchange, but they are limited in
several ways. The potential synerg among grant recipients remains a largely
untapped resource. With the exception of project directors' meetings, none of these
activities explicitly aims at grant recipients. Grant recipients from different
programs are unlikely to be exposed to each other's work, except through their own
professional grapevine. Large gatherings of principal investigators are not likely
to be organized frequently, for obvious logistical reasons. Finally, the show-and-
tell mode of many principal investigators' meetings discourages thematically based or
issue-oriented interaction.

To its credit, NSF has begun to experiment with principal investigators'
meetings, by organizing them around important issues in the field that confront a
group of project directors. For example, a recent gathering of individuals directing
teacher enhancement projects devoted much of the time to an exploration of the
"leadership teacher training" concept and the problems or progress encountered in
projects that soueit to achieve this goal. Other kinds of thematically organized
meetings aie possible, as are numerous devices that increase the incentive or
establish the means for project directors whose projects address similar goals to
exchange information with one another.
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At relatively little additional expense, SEE could significantly improve the
interchange among grant recipients and others through other means such as:

A telecommunications network among principal investigators. It could become
a stipulation of the grant award (and thus a small part of each project's
budget) that all project directors participate in a telecommunications net-
work throug,hout the duration of their grants; subs zquently, they might be
allowed to continue at their own expense. The network might feature topical
bulletin boards, electronic fonims, or other means to liwk project directors
with similar interests.

A more substantial amount of resources would be required for the following kind of
communication device, which would serve a much wider audience than grant recipients:

A regular NSF journal on education in the sciences, patterned after Mosaic,
the Foundation's journal for publicizing developments in scientific research,
that features sections on grants in progress, syntheses of research, etc.,
organized by issue or theme.

These possibilities are discussed in more detail in the description of initiatives
later in this section.

SEE'S Current Contribution to Archiving and
Dissemination of Information and Materials

In the 3 years following SEE reinstatement, programmatic attempts to assemble,
interpret, and disseminate materials and information to practicing science educators
have not been a high priority for NSF. The following kinds of activities in fiscal
years 1984-1986 have addressed this need:

a A few projects have reviewed and synthesized research studies e.g.,
regarding the effectiveness of homework in science) or cataloged existing
materials in particular areas (e.g., the elementary science materials
available regionally).

Projects funded to establish conununication networks on a local, regional, or
national basis are, among other things, sharing information about effective
practices and available materials.

Some individual principal investigators have disseminated the results of
their research, development, or training projects to wider audiences, with
varying degrees of success.

NSF produced its own listing, by state, of all projects funded by SEE during
this 3-year period.
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One should add that for a certain category of projects--large-scale materials
development done with publication in mindcommercial channels offer effective
distribution mechanisms, but only as long as the materials "sell."

SEE's current approach to these needs has encountered difficulties:

Documentation. The starting point for any attempt to archive or dissem-
inate the results of projects is the creation of a descriptive record of
project activities and results. This is generally left to principal investi-
gators, who are required to furnish annual reports and a final report. The
thoroughness of these reports varies (see the next core function--building
the base of information and knowledge about science educationfor a more
detailed discussion of project documentation). Projects are documented in
other ways, as wellfor example, the initial abstract in the proposal,
publication of research results in journals, or publication of materials by
commercial firms. The abstracts, when edited and published by SEE, are an
important source of information about both projects and programs--often the
only information that is publicly available. As far as results are con-
cerned, research projects that are published in journals are typically pub-
lished in a journal with limited readership; few research results are known
by teachers. Similarly, few of the development projects now being supported
are likely to reach commercial distribution (note that recent collaborative
development efforts with publishers are an exception here).

Archiving. Beyond an annual published directory of awards (listed by
state, with no programmatic or topical index) and published grants summaries
by program (e.g., NSF, 1987a, 1987b, 1987c), NSF currently maintains no
archiving system through which project documentation, evaluation, or products
can be made accessible to those who want them. For example, the minimal
solutiona library of final project reports at NSF--does not exist.

s Dissemination. As with the two functions described above, project dir c-
tors are given responsibility for developing dissemiration plans, which vary
in effectiveness and are typically short-lived. Long-term storage and
retrieval (if any) is left to the U.S. Department of Education's ERIC system.
SEE planners are considering plans to establish a clearinghouse for all
SEE-supported products and project results, hut, the exact nature of this
facility remains a matter of debate.

These functiom are not easily accomplished for a number of reasons. They take
considerable staff time and resources, which are in extremely short supply. In the
case of archiving, questions of physical storage space and the ongoing operational
costs of maintaining an archiving system are difficulties not easily overcome.
Debate continues on the relative importance of selection and interpretation versus
comprehensive archiving.

The shortcomings of these efforts with respect to the core function under
discussion are obvious and fan-Aar to NSF (SEE) s aff. For example, principal
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investigators are often not the most effective disserrdnation agents; and, given
scarce resources for research, synthesis and dissemination activities have neces-
sarily taken second place to support for new research.

Currently, SEE is considering more ambitious steps to meet the needs for
archiving and dissemination:

A set of published directories, including abstracts that describe SEE
projects similar to what was done in the 1970s).

The possibility of a national evaluation and dissemination center for all
NSF-supported materials, combining archiving with aggressive dissemination.
This would represent a big step forward in addressing some aspects of the
opportunity.

But even these measures will fall far short of the overall goal. New initiatives are
needed that will improve archiving and dissemination of information and materials.

Promising Initia ives

SEE is particularly well situated to promote professional interchange among the
recipients of its own awards. Similarly, information and materials produced under
grant or contract from SEE are (at least in principle) those most easily archived
and/or entered into some network through which the science education community can
become better informed. In addition, because of its extensive ties with the scien-
tific community, NSF is particularly well suited to foster exchanges between
educators and members of the scientific community.

Despite the fact that NSF is in a good position to do so, in reality, for a
number of reasons (notably limited resources), SEE is doing less than it might to
promote or encourage professional interchange. Below we present a number of prom-
ising initiatives that SEE could undertake to increase its effectiveness in promoting
professional interchange and strengthening science education. (These initiatives are
especially promising; others are certainly possible.

Initiatives That Establish Stronger Links
Between Education and the Sciences

We se.e two broad categories of initiatives that are likely to stimulate more
diverse and useful collaboration between educators and members of the scientific
community: (1) creating arenas of collaboration, and (2) supporting the development
of "scientist-educators."

At the K-12 level, high-quality science instruction requires an intelligent and
sensitive blend of science content and pedagogy. Without a careful integration of
the two, an imbalance may occur, resulting in science instruction that too heavily
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reflects the scientist's point of view (making it pedantic, difficult, and inappro-
priate for the audience) or the educator's point of view leaving it weak in
scientific substance or clarity).

At the K-12 level, the integration of science and pedagogy is happening in
various ways--for example, in research that focuses heavily on the subject-specific
processes of learning; in teacher training workshops that give teachers appropriate
knowledge of the disciplines and bow to teach them; in television productions and
museums that artfully blend science content with attractive pedagogy.

Integration of good science with good pedagogy rewires the joint effort of
people who understand both the educational and scientific worlds. But to bring them
people together in productive ways, structures for collaboration and rewards for par-
ticipation are required. Because of its experience and prestige with both the educa-
tion and scientific commuMties, NSF can create arenas of work that will attract and
reward the best in education and in science.

Support national and regional science education centers--NSF could fund a
small number of national centers, each focusing on a different aspect of science,
mathematics, and technology education, where a critical mass of scientific and
education expertise could be brought together to work on new developments that
might significantly advance the field. Centers could be established to focus on
technology, mathematics, informal science education, leadership teacher developmen
curriculum development, and research. Not only could they serve as places where
innovative projects occur, but they could foster interaction between professionals in
a way that develops national science education leaders. They inight also be places
where graduate programs in science education av: centered.

At the regional level, NSF could create and support resource centers that sup-
port and upgrade the regional quality of science education. Such resource centerscould have a small permanent staff and offer a chance for local scientists and educa-tors to come for periods of a few days up to several years to work on science educa-
tion projects. Specifically, such centers could enhance the quality of (1) curricu-lum framework and development projects for states and local districts, (2) inservice
tralning capabilities, (3) preparatoxy training of new teachers, (4) local evaluation
and research projects, and (5) the local public understanding of science. Such
regional centers might look like the partnerships of university, industry, and local
schools described in Volume 1 of this report (see Opportunity 4), or they might
have a more flexible collaborative form, with teachers at the core (Ford Foundation,
1986).

The main function and advantage of NSF-sponsored national and regional centeriis that they might provide a nucleus for the meeting and cooperation of leading scien-tists, science educators, and educational scholars who do not specialize in science-
related issues. In the past, NSF has resisted the notion of supporting centers per
se; indeed, there are well-documented pitfalls to the center approach, as the U.S.
Department of Education's experience with regional "laboratories" and research
centers attests. These centers might be established in an informal rather than a
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formalized way
and a threshold
support.

e.g., the Harvard Technology Center), with a 7- to 10-year mandate
evel of funding to avoid some of the pitfalls of long-term center

Depending on the size and configuration of the centers it supports, SEE would
need to invest between $25 rrilllion and $35 ration over the next 5 years to make
these centers a reali

In addition to establishing collaborative arenas such as these, NSF (SEE) could
do much to improve the incentives for scientists to make long-term commitments to
work in education. Over the years, a small number of practicing scientists have
become actively involved in education, while maintaining their ties to their respec-
tive research disciplines. These "scientist-educators" include physicists working in
science museums, mathematidans working with national television shows, and computer
scientists studying teaching and learning using the most advanced ideas of cognitive
science and artificial intelligence. Many of the staff at SEE belong to this cate-
gory of professional. NSF has been instrumental in stimulating the emergence of this
type of person; the Foundation could foster the development of scientist-educators
more extensively and develop avenues for their skills to be used to a maximum degree.

Although no one expects all, or even most, scientists to be strongly interested
in K-12 science education, our interviews suggest that a small proportion of the
scientific community (typically young scientists with children in the schools and
scientists toward the end of their careers) have a very strong interest in contrib-
uting to, and being involved in, education. These individuals enjoy the intellectual
rigor of science, but they want to use their intellectual skills to study and solve
educational problems, rather than in a laboratory. They like to work with people and
are interested in transmitting the culture and understanding of science to others.

One scientist described why he became involved in education:

"I do it for myself.... It is a great intellectual challenge for me to put the
important ideas of science clearly--with the same conceptual density--but using
popular language.... So essentially I do it to fulfill myself, just likesome-
body eLse plays basketball. After aLl, man can not live by science alone...."

Each of the following initiatives describes programs that would support science-
trained professionals to develop their own skills in education and to serve in an
educational teaching, research, or leadership position. Each initiative focuses on
the community that NSF knows best--the scientific community in academe and private
industry.

Graduate-level programs and fellowshipsNSF could support programs that
provide graduate-level research and development opportunities for students in science
and engineering who wish to pursue an educational interest rather than a research
one. The Berkeley Search for Excellence in Science and Mathematics Education
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program (SESAME) is one model of how a science-based program in education can
yield high-quality graduates who have credibility in both the scientific and
education communities. SESAME graduates have played effective roles in
science education, both in and out of the schools. By heavily supporting a few
high-quality graduate programs, NSF could help to create a new and needed cadre
of national leaders in science education.

NSF could also provide graduate fellowships for students who wish to pursue
combined science and educational research. This would require additional funds if
the current number of science graduate fellows is to be maintained. The rationale
for supporting such fellowships seems strong. In addition to providing students with
support, the allocation of graduate fellowships to encourage science-oriented
students to pursue educational issues would begin to shift the overall reward struc-
ture and provide some incentives on the education side. The symbolic value of such
fellowships might be as important as the fellowships themselves. If NSF is serious
about its educational mission, graduate fellowships are an easy way to demonstrate
its commitment. Finally, by supporting promising graduate students (and thereby
faculty) to do education research, NSF would both create leaders in science education
and cultivate science education activity within science departments.

An investment of $6 million to $7 million over a 5-year period would support the
creation of four graduate programs (at $250,000 per year), as well as 20 to 40 fellow-
ships (e.g., offering $10,000 per year for 2 to 3 years). Collectively, these invest-
ments would support 15 to 25 graduates annually, starting in several years' time.

Supporting the work of professional societies in encouraging educational activities
within their mentherships--NSF could work in collaboration with, and further support
programs of, the professional societies that aim at fostering scientist-educators.
The AAAS Education Fellows program, for example, aims at giving a young scientist
an intense experience in an educational domain. NSF may wish to discover such
programs and search for ways to extend them or broaden their impact. There are also
examples of internships within informal science institutioms that make natural arenas
for the involvement of scientists in educational projects (Semper et al., 1982). All
such progams provide avenues for interested scientists to work and develop their
skills in the education arena. Other mecharsms that NSF may wish to consider are
year-long sabbaticals, conferences, and seminar programs.

Emphasis might be placed on professional societies' extending a formal invita-
tion" to potentially interested members. Our interviews with scientists who were
engaged in activities relevant to K-12 education underscored the importance of having
an avenue and invitation for scientists to participate in education. One scientist
wrote a monthly column in a magazine because he was asked to. Another did a televi-
sion show because he was approached by the producer. Another was at an elementary
science conference because of an invitation. NSF could do much to foster the partici-
pation of science-trained professionals by supporting groups that provided these
scientists with invitations to participate in appropriate roles.
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Four to seven grants per year over 5 years at $150,000 per grant on average)
would enable most of the major scientific societies to offer a variety ofways to par-
ticipate in science education, along the lines just described. This kind of invest-
ment would total $3 million to $5 million over 5 years.

Initiatives for Improving the Networks within
the Science Education community

Even apart from the scientific community (with which it is most familiar ), NSF
(SEE) has excellent opportunities to develop networks within the science education
community, starting with its own grantees. We have identified three particularly
promising initiatives.

Thematically organized principal investigators' meetings--When SEE occa-
sionally organizes meetings of principal investigators, the common element is that
all the projects represented are funded by a particular SEE program. There is a
natural diversity of projects (in most cases) within a framework or activity (e.g.,
instructional materials development) that is cormnon to all. This combination of
similarities and differences can make meetings of principal investigators lively and
profitable.

There are times, however, when it would be more profitable for such meetings to
cut across progxam lines. For example, to focus attention on the status of teacher
education (e.g., current practices, recommendations for change, barriers to change,
etc.), SEE might want to involve researchers, people involved in materials develop-
ment for teacher education, practitioners, and others. Principal investigators
working on SEE projects in each of these areas would provide complementary perspec-
tives, making the meeting a richer one than if only one perspective were available.
It might be advisable in some cases to invite additional expertise from outside the
group of SEE principal investigators to make such a meeting as useful as possible--
useful, that is, to the principal investigators, to SEE, and to the science education
community as a whole.

Within a program, thematically-organized principal investigators' meetings could
be organized more purposively, to get beyond the natural tendency for these meetings
to lapse into "show-and-tell" sessions. SEE has begun to experiment with meetings of
this sort in several progarn-s-, more could be done, with more ambitious agendas
related to important strategic planning issues confronting NSF.

Much of the cost of such meetings could come from the principal investigators'
own grants: travel, lodging, subsistence, etc. (These, in turn, would ultimately be
borne by SEE's budget.) Some additional expenses, such as the cost of facilities,
would be separate costs to SEE. In all, to support 8 to 10 meetings per year, at a
cost of approximately $200,000 per meeting, would take $8 million to $10 million over
5 years.
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Telecommunications networks for principal investigatorsA related possibili
for increasing the exchange of ideas within the science education community is tolink principal investigators electronically, rather than through face-to-face meet-
ings. A stipulation of the awards (and thus a small piece of each project's budget)
could be that all project directors participate in a telecommunications network
throughout the duration of their grants. The network might feature topical bulletinboards, electronic forums, or other means to lit* project directors with similarinterests. (The Fund for Improvement of Postsecondary Education at the U.S.
Department of Education has successfully experimented with such a network.)

These networks could be made up of principal investigators from a specified
program, from clusters of programs within a division, or from SEE as a whole. People
who are not principal investigators might also be included. For example, after an
award expires, principal investigators might be permitted to stay on the network attheir own expense.

The costs of operating such a network are now quite low. At an estimated$100,000 per year, the cost over 5 years would be $0.5 rrffllion.

A new NSF journal, patterned after Mosaic--The Foundation currently publishes ajournal, Mosaic, through which it can distribute hiformation about developments inscientific research. The periodical includes sections on grants in progress, syn-
theses of research, etc., organized by theme; or sometimes an entire issue is devotedto a single topic. (Occasionally, articles deal with education-related matters.)Mosaic is published four times per year.

The science education community would benefit from the creation of a similarjournal devoted exclusively to education in science, mathematics, and technology.Grants (and contracts) in progress would be one focal point of interest, concen-trating on awards funded by NSF, but not exclusively so. Issues devoted to a singletopic (e.g., elementary school life science, or school-museum partnerships) wouldalso be of interest. The journal would help to open up communication among differentcomponents of the science education community (e.g., those in different disciplines,at different levels, or in different institutions, such as schools and televisionstations).

Income from subscriptions for a publication such as this is not likely to coverthe full costs. NSF would need to cover the balance of the costs, estimated at $1.5million over 5 years:

In'tiatives Aimed at More Effective Mechanisms
for Archiving and Dissemination

Because much is known about what works and what doesn't work in this area,NSF has some attractive options before it that imply a fairly immediate impact on thecurrent system, if successful. This is not an area of opportunity requiring long-term investigation or experimentation, even though there are significant unresolved
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questions about the most effective way to accomplish the long-term goal, especially
regarding demand for disseminated information. Also, the options are more focused
than in some sther areas because the nature of the task can be specified concretely;
there is little to gain by opening up the area to diverse, field-initiated solutions.

We discuss below three initiatives in this area, each of which provides NSF with
significant avenues for improving the situation.

National/regional science and mathematics education materials exchangeNSF
might establish a sophisticated archiving and dissemination capability, based in a
single central location or in a small number of regional centers, to provide a highly
visible and widely recognized means for users to locate iniormation about science
mathematics education materials, practices, or research. This may be thought of as
an elaboration of NSF's existing plans to establish a clearinghouse. A key feature
of the exchange would be a capacity to review materials and interpret their appro-
priateness to different kinds of instructional situations. The exchange might also
publicize selected materials the way that the ERIC system occasionally highlights the
year's best research work regarding "hot topics."

Some thou& would need to be given to the desirability of a single location
versus multiple locations. The nature of the interface between this capability and
existing clearinghouses would also have to be carefully thought out. It would not be
advisable to have such a facility duplicate what has already been done; rather, NSF's
resources should concentrate on the more difficult problem of selecting the best from
among the array of resources, coordinating what already exists, finding creative ways
to make it more available and visible to a mass audience.

NSF would not necessarily need or want to be the sole supporter of this ente
prise, although it would be reasonable for it to support some portion of the oper-
ating expenses of such a system on a long-term basis. The most important NSF con-
tribution would probably be in getting the work under way.

Several factors make this a timely initiative to pursue at the present time.
First, following its hiatus in the early 1980s, NSF is once again supporting research
and development in science education. In the 3 years following the reinstatement of
SEE, approximately 100 development projects have been supported that aim at school-
based science or mathematics education; about half that many were supported in
research; a somewhat small number of developmental projects in informal education
settings have also received NSF funding. Before it supports many additional instruc-
tional materials development efforts, this is an opportune time for NSF to set up
mechanisms to make results of all the projects available for wide distribution. The
mechanism would be far more effective i? they included (or, at least reviewed) as
many instructional materials as possible, because NSF-supported materials are only a
small part of the total universe of available materials and practices.

This initiative is also timely because technologies have recently become avail-
able that make the storage, retrieval, and distribution of masses of information by
thousands of people technically more feasible. In particular, various forms of
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electronic storage and communication make it possible to handle, distribute, and
search latge data bases, such as an entire encyclopedia, in seconds. Video tech-
nology (e.g., videodisc) adds an important visual dimension: both materials that are
not in a print medium (e.g., kits, laboratory setups, computer software) and their
application in different classroom enviromnents can be efficiently documented,
displayed, and accessed through currently available technology (e.g., CD-ROM).

Indeed, experiments have begun in science education that partly demonstrate the
potential of an archival system or systems. For example:

The Carnegie Foundation is supporting an elementary science archiving project
focusing on curriculum materials produced in past years with NSF support.
Large amounts of data are being stored on CD-ROM discs, for easy retrieval.

The Educational Product Information Exchange's (EPIE's) elementary mathe-
matics curriculum alignment data base will help teachers, school boards, or
others to locate appropriate textbooks, software, or other instructional
materials that match specific teaching objectives for any grade level (EPIE,
1986). EPIE calls its system IIIR, for Integrated Instructional Information
Resource. Copies of the instructional materials themselves are not available
through MR (which can be used either on-line or via a paper copy of the
data base.)

This may be the time for NSF to support demonstrations of the larger potential sug-
gested by these pi ojects. Relatively inexpensive technologies have made it possible
to provide services now that were far too expensive to provide in the past.

Support for the individual ERIC clearinghouses averages several hundred thousand
dollars annually. Because of the start-up costs and use of a new technology (new for
this purpose), $1.5 million to $2 million a year over a 5-year period may be needed
to support this materials exchange (for a total of $7.5 million to $10 million ).
Efforts could be made to phase in funding from other long-term partners (e.g.,
scientific societies, NSTA).

This initiative provides both good prospects for collaborative involvement o
other organizations and a key role for scientists, mathematicians, and engineers (in
reviewing materials). Further, it provides widespread access to a variety of mate-rials, and many of the elements of a functioning system are already in place or arebeing developed.

In addressing this opportunity area, NSF's greatest risks are two: NSF' will
discover that the system it contemplates is impractical or excessively costly, or NSF
will create such a system but it will not be extensively used. In either case, NSF
would fail to achieve its ultimate goal of enhancing the use of knowledge and mate-
rials for science education developed by NSF or others. Other key disadvantages
include the difficulty of avoiding controversial judgments about quality of the
materials, if they are reviewed; and, of course, the effectiveness of dissemination
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as an improvement strategy is irtherently linvited by the capabilities of users (e
teachers and teacher educators).

Comm:vs.:oiled revIews of edsting materials and researchAt relatively little
cost, NSF might sponsor a series of reviews of (1) the materials available in all
areas of the science and mathematics curriculum, with emphasis on developing scien-
tific and pedagogical profiles of the materials; and (2) syntheses of the existing
research literature, interpreted for different audiences, notably publishers/
developers, teachers, support staff (e.g., district-level science specialists), and
teacher educators. NSF (or a grantee) would commission recognized authorities in
the field to prepare the reviews. Some efforts might be made to get provocative or
contrasting reviews to sharpen thinldng about the items being reviewed and to
guard against accusations of one-sided judgment. An alternative strategy would be
routinely to use multiple researchers in a kind of survey approach.

Some of this kind of activity happens already under the auspices of professional
societies. The National Science Teachers Association, for example, puts out an
annual synthesis volume called Wizat Research Says... for its membership, and, for
a time, the Northwest Regional Laboratory reviewed instnictional computer software.
Other examples have been cited above.

Typically, when items are reviewed in periodicals, the reviewer receives no
payment for his or her work. Such an arrangement might be possible for the reviews
contemplated here, but it would not necessarily be advisable. If costs were $100 to
$200 per item, to cover the hours of work involved in a review, $100,000 to $200,000
would cover the costs of reviewing 1,000 items. Hence, this initiative would be
relatively low in cost.

In addition to its low cost, a strength of this initiative is that, by making
reviews available, it would meet important needs. A large number of scientists,
mathematicians, engineers, and teachers could be involved as reviewers, strengthening
the ties between the science community and elementary/secondary education.

Disadvantages include the potential difficulties involved in having NSF asso-
ciated with reviews that assess materials produced by third parties. Regardless of
the purity of the motive, strong feelings are not uncommon reactions to reading
reviews.

Based on the costs shown above, this initiative would require about $0.5 million
to $1 million over a 5-year period.

Research on demand and usageThe mechanisms for supplying information implied
by the preceding options will be effective only to the extent that there is a strong
and continuing demand among teachers, researchers, developers, and others for the
kind of information to be disseminated. The nature of "market demand" for this
tnformation is not well understood. NSF could support studies to uncover the nature
of demand for the information that might be disseminated and to understand what makes
users aware of the information, capable of requesting it, and motivated to seek
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further information about materials, practices, etc. Price sensitivity might also be
explored.

A targetrz...1 vogram of research on these and related topics tnight cost $600,000
to $800,003 annually. Synthesizing what is already known would be an important place
to begin. For example, in recent years there has been extensive research on "tele-
text" and 'videotex" information services for the general public, leading, for
example, to better understanding of the demand for information in relation to its
cost.

Advantages of this initiative include its relatively low cost and the fact that
additional investments would be Wormed by research. Existing clearinghouses e.g.,
ERIC) or research-based materials (such as synthesis volumes ) might be improved
using Lnformation from such a research program.

Disadvantages of the initiative art that policyrnakers may wait for results from
research indefinitely before implementing other initiatives designed to make research
results, best practices, and information about instructional materials more acces-
sible. Also, research of this nature is not simple, especially to the extent that it
asks people about products or services with which they are not familiar.

Based on the costs above, we estimate that $3 million to $5 million would be
needed for this initiative over 5 years.

Establishing a usable, NSF-based library ofproject resultsEach project funded
by SEE is potentially one from which the science education community could learn.
But the potential is not always realized. In most cases, dissemination is left up to
the principal investigators, with very mixed results. Even simple descriptive infor-
mation about the projects funded has, at times, been difficult to obtain. Of equal
or greater concern is the ability to access, in a reliable way, products of the
projects, such as final reports, instructional materials, videotapes, etc. The lack
of more satisfactory solutions in this area is perceived by many outside the
Foundation as a weakness in NSF's science education effort. Thus, attacking this
problem head-on constitutes an important opportunity for the Foundation.

No single solution will address each of these problems. Ho ever, the simplest
solution, conceptually, to the problem of documenting and archiving SEE projects is
for the NSF to establish and maintain a library that would handle progress reports,
final reports, evaluation records, and, to the extent possible, products produced
with SEE support, such as instructional materials and computer programs.

To maintain such a library would require a full-time librarian, as well as space
and assistance from other SEE staff. To cover the costs of space, salary, materials,
communications, and other items (e.g., eperimentation with the use of CD-ROM for
storage and searching), we estimate that $250,000 per year would be required, for a
5-year cost of $1.25 million.
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BUILDING THE BASE OF INFORMATION
AND KNOWLEDGE ABOUT SCIENCE EDUCATION

Supporting the search for knowledge about science and mathematics education has
always been held among NSFs educational responsibilities and functions. From its
inception, NSFs mandate to "strengthen science education programs at all levels" has
included specific authorization to support research on science education; a recent
restatement of the Foundation's mandate includes:

Research on methods of instruction and educational programs in mathematics,
science, and engeering...and such studies may include (1) teactth2g and
leurag research...and its application to...instructional materials development
and to improved teacher training programs; (2) research on the use of local and
informal science education activities; (3) research on recruitment, retention,
and improvement of faculty, and (4) atnilysis of materials and methods...used in
other countries and their potential application in the United States.
(42 U.S.C., 1986)

At earlier stages in NSFs history, this mandate has been asserted as well. For
example, when other programs were to be transferred to the newly formed U.S. Depart-
ment of Education under the organizing act for that body (20 U.S.C. 3444), the "con-
duct of basic and applied research and development applied to science learning at all
educational levels and the dissemination of results concerning such research and
development" were among the few functions specifically excluded from the transfer,
specifying it as central to NSF's educational role.

The Knowledge Base in Science Education and NSF's Role

As in any area of professional endeavor, science education is informed by an
accumulating body of idormation and knowledge about the goals and methods of
practice, the state of the field, and the results of efforts to improve it. What is
known about science education specifically adjoins the wider bodies of lmowledge
developed by educational researchers, developmental or cognitive psychologists, and
others trained in the social sciences.

NSF has played a central role in establishing the science education knowledge
base as a distinct stream of inquiry within this broader intellectual tradition. In
fact, NSF's commitment of a significant level of resources to this purpose over the
last decade probably has been one of the most critical forces in the development of
the science education knowledge base. This fact, combined with the absence of com-
parable institutions as either a source of support or a focus of intellectual energy,
underlies the essential ongoing role that the Foundation must play in this area.
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Types of Information and Knowledge Building in Science Education

NSF and the science education community as a whole need to engage in three
generic kinds of learMng on a continuing basis: about the science learning process
itself, about the state of the field, and about the results of NSF's interventions.

Investigating science learning and learning environmentsThere is a need to
examine the processes of science education at the level of the individual learner,
teacher, classroom, or other setting for learning. Any attempt to educate young
people in science or mathematics rests on assumptions, often unexamined, about the
learner, the learning process, and the environment for learning. How, for example,
do learners construct a picture of the physical world? What motivates them to change
it? How does the answer differ for contrasting types of learners (boys vs. girls,
bright vs. average students, etc.) or for different subject disciplines (mathematics
vs. life sciences, chemistry vs. earth science)? What kinds of instructional set-
tings evoke the greatest interest among learners? A decade of investigations have
advanced our understanding of these ldnds of issues. But in the course of developing
that understanding, new questions have naturally arisen.

Learning about science education systems. Science education systems as a
whole have a dynamic of their own. Here, too, are important, enduring questions that
must be answered, regarding such topics as the status of student performance in aggre-
gate, the nature of the teaching force, the interaction of systemic forces that in-
hibit or enhance student opportunities to learn science, and so on. These questions
need to be answered with respect to either formal educational systems (public school
districts, private schools, state education policy systems) or informal systems
(educational media, institutions such as science museums), or both. Questions
arising at the national level--e.g., regarding the incentives encouraging entrance
into mathematics teaching or the aggregate effect ofstate reform initiativesare
especially appropriate to NSF-supported inquiry. But so, too, are investigations at
any level that promise to advance general understanding of educational system
functioning. How do schools create.and sustain effective environments for learning?
How do institutions within a region or state interact to support the efforts of
elementary teachers to introduce science into their classrooms? How does the
presence of a science museum alter the patterns of recreational science activity in a
city? These and singlar questions invite inquiry.

Documenting and evaluating the results of interventions and policies) designed
to affect the systemNSF and others attempting to improve science education are
engaged in a continual process of trying to reshape science education systems so that
they operate better. What are the results of these efforts? Are these interventions
carried out as planned (and if not, what do they look like)? How do interventions in
one part of the system (e.g., the creation of magnet schools for science and mathe-
matics instruction) influence other parts of the system (e.g., science emollments in
non-magnet schools), either by design or happenstance? These kinds of questions beg
to be answered, even though they are extremely difficult to study and resist conclu-
sive findings.
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The general development of educational and social science research methods over
the last decade provides increasingly powerful intellectual tools for addressing
these questions. The research community has moved well beyond the once dominant
paradigm of controlled experimental studies; now questions about science learners and
learning environments are answered through longitudinal studies, surveys, anthropo-
logical investigations, quantitativc observational methods, and other approaches.

Scholars draw on an equally broad range of techniques to learn about education
systems, including descriptive research, longitudinal investigations, explanatory
studies, and other forms of investigation drawing on numerous research traditions.

Investigations aimed at this sort of question take many forms, too, from small-
scale descriptive accounts of the way a particular technology or classroom method is
implemented to national or international assessments of student progress, from evalua-
t;ons of innovative approaches to training to examinations of policy reforms and
their effects.

Purposes fbr Building the Base of Information and Knowledge

NSF's support for knowledge building in science education can accomplish several
broad purposes: advance the state of the art, understand more clearly the realities
of current educational practice, and find strategies for closing the gap between the
state of the art and the state of practice.

Advancing the state of the art--Given its historical success in supporting
=ovation in the sciences and engineering, it is not surprising that NSF has always

provided funding for forward-looking projects that seek to advance the state of the
art of K-12 science education. Ln supporting collaborations of talented researchers
working in the natural sciences, social sciences, technologies, and education, NSF
has helped to advance the understanding of the processes of learning science as well
as generate new instructional possibilities.

Some science education researchers we intelviewed have argued that K-12 science
education is so deeply embedded in larger complex social and economic systems that
NSFs efforts at fostering incremental change are wasted--that is, the system is so
overconstrained that we find ourselves in a "gridlock" situation. In this state of
educational gridlock, they argue, efforts to improve curriculum or train teachers
will be frustrated by forces from other parts of the system (e.g., unions, testing
practices, publishers, administrators). This pessimistic assessment drives some
scholars to conclude that NSF's best investments lie in long-term efforts that
explore radically new alternatives and experiment with bold innovations. A physics
educator and cognitive scientist commented:

"I am very pessimistic about improvements without radical changes.... I just
don't see...short-term direct solutions doing much. But what if a smart team of
basic researchers came up with a computer tutor designed to work with a class
and an unskilled teacher, and helped them all to learn physics? I don't know
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what the effects of that would be, but I think the short-term prospects look
sufficiently bleak that some Lnvestment in longer-term, more radical solutions
is essential."

Even if one does not accept the gridlock premise, there are still good reasons
for NSF to invest in basic research and in highly irmovative instructional approaches.
High-risk, hig,h-gain experiments draw on NSF's unique strengths (e.g., its connec-
tions with the research disciplines in the academic community) in a natural way.
Treating education as worthy of the most basic kinds of research will attract a
number of NSFs constituencies (e.g., those working in educational technology,
natural and cogrdtive scientists) that otherwise would not be interested in educa-
tional pursuits, as a cognitive scientist we interviewed observed:

"No one can foresee the future, but if SEE were to decide that science education
does NOT include the science of education, it cuts off the chance that some
really influential discoveries might be made. It also pushes away smart
researchers who might turn their expertise to education0 research, but probably
not to educational development or application."

Over the long term, the work of basic researchers and innovative developers may
yield powerful ideas that provide NSF large returns on its investment in terms of
their "intellectual leverage" over the practices of K-12 science education. For example,
developing appropriate uses for the new technologies, reconceptualizing the way we
think about the content (knowledge, attitudes, and skills) of what should be taught
and learned, and gaining insight into the processes of learning science and mathe-
matics (and into the formation and function of attitudes toward science) are all
activities that have large potential for influencing K-12 science education. More
specifically, in terms of helping to develop a broader pool of interested young
science learners, a range of basic research efforts may help us to understand how
science/mathematics learning occurs for a wider spectrum of students, to know better
how to serve this full range of students, and even to understand more fully why there
is such a discrepancy between knowledge and practice--between what we know to do and
what we actually do.

Also, in terms of advancing the state of the art, probably NSF alone has the
ability to bring together the cross-disciplinary combinations of talent required to
explore innovative, creative, and revolutionary ideas. NSF is, in fact, unusual
among government agencies in having the latitude of mission and the magnitude of
discretionary resources to explore intellectual terrain that in all probability would
not be explored by anyone else. One researcher put the matter succinctly:

"If NSF is not experimenting with ideas that will come into practice 10 ye
from now, who else will do it?"

Understanding current educational practice and systemsIn addition to exploring
and invendng 'What might be" in science education, NSF can support basic
research, national status studies, and evaluative studies that seek to understand
better the 'What is." That is, NSF can support work that furthers the understanding

1-30

4 9



of the important elements of the complex IC42 educational system and how they inter-
act. How well NSF understands the status of science education in the current educa-
tional system and the nature of current educational practices will determine, in
part, how effective its change-oriented initiatives can be.

NSF and others in the science education conununity need ongoing access to
information that provides a picture of science education as it is actually happening,
both in and out of the schools. The "actual" curriculum that exists at the point of
instruction may be quite different from the 'ideal" curriculum that exists in the
state and district syllabi (Shavelson et al., 1986). Natural histories and case
studies can help to portray more accurately what is actually happening in the
schools, the sidlls and needs of teachers, and the barriers to change and how they
can be overcome. National-level surveys (e.g., Weiss, 1986) can paint a broader-
brush picture of the status and condition of science education in the nation and
provide some sense of the representativeness of problems and issues. International
studies (e.g., Ai les and Rushing, 1986; Stevenson et al., 1986; McKnight et al.,
1987) can provide an important outside perspective that illuminates in a unique way
the overall health of science education in the country. Studies aimed at shedding
light on particular issues (the relationship between testing and curriculum, for
example) can help provide insig,ht into critical relationships that exist between
different parts of the educational system. Finally, policy studies (such as this
one) can help NSF and others not only identify needs and problems in science educa-
tion but also study in more detail the initiatives and mechanisms most likely to pay
off in addressing them.

Closing the gap between practice andpotentialGround-breaking research and
studies of current practice are not enough, however. NSF also must understand the
discrepancy between what is possible and what is actually happening and seek effec-
tive strategies for intervention that can bring the two closer together.

Part of this understanding is accomplished by examining interventions aimed at
improving the system to determine how successful they are, or other forms of evalua-
tive inquiry (e.g., research that tests the assumptions on which interventions are
based). But part happens through the effort to translate and interpret what is
learned from research and evaluation into terms on which the science education com-
munity can act. A major synthesis ofneeds in science education put the matter this
way:

A challenge which needs immediate attention is [finding] a means for translating
new research findings into progams for affecting practice; a profession must
have a philosophical basis, a research base, a means for change to occur based
on new information. Sepuation of researcher from practitioner is a major
problem in science education: all facets of the profession must work in concert
for major progress to occur.... (I-larms md Yager, 1981)

Through support for networks, collaborative arrangements, partnerships, conferences,
interdisciplinary centers, and other mechanisms, NSF can support efforts that aim
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primarily at engineering the application of research to practice. Such application
of research findings, if done in ways that are both effective and practical on a
large scale, can close the gap between the level of practice in the field and the
state-of-the-art possibilities generated by high-quality research.

Why NSF?

The rationale for NSF to support research and evaluation as an ongoing function
independent of specific opportunities has several underpinnings. First, knowledge
generation of the sort we have described is critical to guiding NSF's own efforts as
well as supporting the field in an important and fundamental way. The ideas and
intellectual activity that derive from high-quality research can enrich and sharpen
the Foundation's education initiatives at all levels. If NSF is to take a proactive
role and pursue strategic goals, it needs an ongoing capacity for gathering intelli-
gence about the field it is trying to influence. A research and evaluation program
can also provide early warning signals that NSF initiatives need to be modified, and
it can suggest new arenas for future initiatives. Thus, without being a major
expense, a focused research program can contribute to an intellectual underpinning
and rationale for the Foundation's investments in science education.

Second, NSF has strengths that give it a comparative advantage in doing such
work vis-a-vis other public and private agencies. One is that it already is spon-
soring most of the major experiments in science education through its programs in
informal science education, materials development, teacher education, etc. Research
can be designed that complements these projects; in effect, nearly all NSF-supported
projects can be exploited as an opportunity to learn about science education and ways
to improve it. Mother advantage is the sheer level of discretionary resources that
NSF can muster. Its aggregate funding for K-12 science education last year exceeded
the combined funding of all major private foundations in this area.

A third advantage is that the Foundation as a whole is oriented toward research
and knowledge generation: it is closely connected with academia and with the larger
scientific research community. SEE, particularly, is well connected with those who
are knowledgeable about, and sympathetic to, the subtle and significant issues of
science education research. These connections make NSF urfiquely capable of identi-
fying productive avenues of inquiry in science education, as well as the individuals
most able to carry out this inquiry.

Fourth, the widely recognized need for an interdisciplinary approach in
addressing the problems and opportunities in science education makes NSF an even
more logical candidate to lead research and evaluation efforts on a national level.
Over the years, there has been a growing recogrution of the need to address problems
in science education in a holistic and systematic way. Fragmented research
approaches generally fail to bring about an understanding of how to make systemic
changes:
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Some domains of inquiry fit less well into the disciplinary structure than
others. One domain that fits badly is research on mathematics, science, and
technology education. Understanding and improving education in science requires
three distinct kinds of knowledge: first, the structures and processes of the
subjects to be taught; second, the fundamental...process involved in learning
these subjects; and third, the contexts in which teaching and learniag take
placethe wide range of formal and infornW instructional experiences that are,
in turn, embedded in contexts of iateracting social and political institutions
and norms.... (March et al., 1987)

Ato a foundation intellectually centered in the field, NSF is ideally suited to serve
as a coordinator of information and to facilitate its flow between the diverse groups
involved in science education (as noted earlier in this volume in discussing the
promotion of networks within the professional communi ,ike other foundations,

[NSF] occupies a central position in the intricate web of personal and insti-
tutional irlitiences that gives it a power that less strategically located insti-
tutions do not have. Its activities bring it into regulacontact with indi-
viduals from academia, science.... It is a marketplace and nodal point for the
exchange of information about trends, problems and emerging ideas.... Its
resources are maneuverable.... It can affect the character of other institu-
tions and whole fields of research.... Most important of all, it can assemble
the speciazed competencies needed to deal with major and complex issues.
(Nielsen, 1985)

The absence of adequate investment (by NSF) in knowledge-generation could
further entrench the status quo and, at the very least, would waste many oppor-
tunities for learning from NSF's own projects. In addition, it would deprive the
science education community of its major source of funds for self-examination and
future exploration. As one SEE program officer put it, "Research is certainly one of
SEM core functions. Without the research function, SEE would be like an organism
without a cortex."

NSF's Past and Present Investments in Building
Knowledge About Science Education

Although research is the paramount activity of the other NSF directorates, it
has not received equivalent emphasis or status within SEE. Before 1978, there was no
identifiable program of basic and applied research in the Science Education Direc-
torate; however, some research was done in the context of the large curriculum
development projects. Mostly performed by doctoral students under the supervision of
the scientists carrying out the curriculum projects, this early research pursued ques-
tions that arose in connection with the projects and was mostly hidden from view.
NSF did not have the programmatic means, however, to examine the important
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part, that the professional community and the commercial marketplace would "evaluate"
the results of NSF support, such as the products of curriculum development funding.
Nonetheless, a few studies were done of particular investments through the Problem
Assessment and Experimental Projects program (in 1974-76); a few large-scale retro-
spective reviews of NSF's effects were also undertaken, such as the "Platt report,"
which communicated a shift in NSFs strategy for funding curriculum and course
improvement (NSF, 1970) and a comprehensive evaluative review (NSF, 1975) of the
Foundation's investments in response to congressional concerns raised by "Man: A
Course of Study" (MACOS).

Establishing Research and Evaluation in the Late 1970s

With the establishment ofl.he Research in Science Education (RISE) program in
1978, a long-term effort was begun to build a research infrastnicture and a community
of people in different disciplines working on related educational problems. In some
respects, the program attempted to couple research and developmentby treating devel-
opment projects funded under the Development in Science Education (DISE) program as
a natural laboratory; at the same time, most of the projects supported by DISE bad no
formal research component. Attempts were made to couple research with development in
other ways; for example, a joint program with the National Institute of Education
(N1E) attempted to integrate the perspectives of cognitive researchers, many of whom
had no particular focus on science, with those of science product developers.

The ideal of close and vigorous interaction between development and research was
not fully achieved in the RISE and DISE programs. There also were no subsequent
efforts to synthesize the individual research projects that were carried out under
these programs, nor were there mechanisms for making relevant research findings avail-
able to those proposing and planning development or teacher enhancement programs.

The RISE program encountered other persistent difficulties:

The program was "swamped" with proposals for psychological studies focusing
on the study of general learning processes, with the science education appli-
cations being relatively peripheral.

Efforts to disseminate research findings widely never got off the ground.
Although often interdisciplinary, the existing avenuesjournals, confer-
ences, etc.--rarely reached the full community ofgroups involved in science
education. NSF's own efforts to archive and disseminate research findings
were not extensive.
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Research in mathematics and science education was generally perceived to
be less rigorous and of lower quality) than research sponsored in the scien-
tific directorates.

An overarching strategy to coordinate and focus the research effort over the
long term was largely absent. Infrastructure building, growth in conceptual tools,
and the development of research skills take time. The disestablishment of SEE
3 years after the start-up of the RISE program put an end to any sustained research
program that might have been developing.

Alongside the establishment of RISE, NSF undertook other forms of knowledge
building during the latter part of the 1970s, chiefly through the activities of the Office
of Program Integration (OPI). Formed in 1976 with a mandate to gather data on
science education and conduct internal evaluative reviews of various kinds, OPI
carried out a diverse series of activities, among them:

Annual compilations of statistics relevant to science education, published as
"databooks," which were used internally by SEE staff and distributed
externally, as well (e.g., Buccino et al., 1982).

A series of large-scale status studies, aimed at capturing the state of
science education through a survey of science teachers (Weiss, 1978), a set
of case studies of science education programs in action (Stake and Easley,
1978), and a review of the science education literature (Helgeson et al.,
1977). The results of these studies painted a comprehensive picture of K-12
science education for the first time and became, thereafter, a basic refer-
ence point throughout the science education community.

Follow-up activities to these status studies, e.g., Project Synthesis (Harms
and Yager, 1981), which sought to develop a statement of goals and direction
for science education based on a synthesis of the status studies and NAEP
data.

Evaluative studies of various sorts that examined the implementation and
effects of particular NSF investments.

Although it accomplished a good deal in the years before it was disestablished
in 1981, OPI's role and relationship to other programs in the Education Directorate
remained a matter of controversy, in particular, with regard to its evaluative func-
tion (was it to be a watchdog over program quality?) and its fiscal relationship (was
it to undertake its activities by, in effect, "taxing" other programs' budgets?

SEE's Current Approaches to Research and Evaluation

Following the reestablishment of SEE in 1983, kno ledge-building activities
resumed once again, alongside other programs. Present and projected) approaches to
knowledge building can be seen as an outgrowth, with modifications, of the pattern
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established in the late 1970s. We review the nature of current nvest ents in the
three types of knowledge building below.

Current investments in understanding science learning and learning environments--
SEE invests in the first type of knowledge building primarily through two programs:
Research in Teaching and Learning (RTL) and Applications in Advanced Technology
(AAT). RTL was set up to "support basic and applied research on significant factors
that underlie effective teaching and learning of precollege science and mathematics"
(NSF, 1983). Especially encouraged were studies of how students learn and apply
complex concepts, and of the factors that are most influential in governing their
participation and performance in science and mathematics courses.

The projects funded by this program in the last 3 years cover a wide range--for
example, several comparative international studies, applications of idormation-
processing models to the learning of science concepts and problem solving, studies of
teachers' cognition and belief systems, and longitudinal studies of factors affecting
career choice and attitude formation.

Recent grants have placed increased emphasis on studying factors that affect the
quality of instruction and that determine the attitudes and participation of
students. For example, present priorities include:

hwestigations of the relationship between teachers' knowledge and their per-
formance in the classroom.

01 Studies of the effects of direct personal experience in learning science and
how it affects later learning in the classroom.

Examination of the beliefs and preconceptions of the young learner.

These emphases reflect SEM growing intent to have its research program generate
knowledge that will support and guide the initiatives and priorities of the
Directorate.

The Ala program is devoted largely to the purpose of advancing the state of the
art in instructional technolog (chiefly, the computer) for mathematics and science
education:

This program is concerned only with issues at the forefront of technology
applications to science and mathematics education. Projects should be
imovative, have national impact potential, and utilize advanced applicatio
instruction made possible by advanced technology. We seek to support
immovative projects that will lay the research &nd conceptual foundation for new
technologies that will be available in the near term (5-10 years)...we seek not
only to focus on current problems, but wish to support new innovations that will
create new opportunities for learning and teaching in rapidly changing areas of
science and technology. (NSF, 1987b)
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The future orientation of these investments is evident not only from program announce-
ments but also from an analysis of projects funded. Investments in computers account
for the bulk of SEM support under the AAT program and, for the most part, are aimed
at developing irmovative instructional materials that take advantage of the computer
as an interactive, visual medium. Most projects are experimental, combining develop-
ment and research. Projects that lead students to discover algorithms, learn estima-
tion skills, develop geometric relationships, or even promote general problem-solving
skills are all pushing the frontiers of educational technology.

Both of these programs represent an effective blend of open-ended support for
the best researchers in the science education community and focused attempts to set
up and sustain productive lines of research. In both cases, SEE staff have made
active use of the professional community to define the agenda for ongoing invest-
ments, for example, through an invitational conference on research priorities (Linn,
1986) or small-group consultation with an informal panel of experts on promising
targets of R&D in advanced computer technology. Thus, although the two programs
have not issued formal solicitations to target the use of their funds, they have
devoted a substantial portion of their limited resources ($3.5 million for RTL and
$5.2 million for AAT in FY 1987) to a few specific research topics, such as the
development of authoring systems or the next generation of intelligent tutors.

Current investments in teaming about science education systemsIn addition
to its research investments just described, SEE has been pursuing over the last
4 years a vigorous program of studies and other investigations aimed at understanding
science education systems, chiefly through the Studies and Malyses Program (SAP)
within the Office of Studies and Program Assessment (OSPA), an organizational unit
within SEE created at the same time as the Directorate in 1983.

To date, SAP has concentrated on descriptive and analytic work that contributes
to a better descriptive picture of the state of science education and its needs. To
this end, the program has supported, fully or partially, a variety of investigations,
including several international comparative studies, examinations of teacher supply
and retention, analyses of the science education pipeline, and others. This research
has been useful both internally and externally. The program officer in charge of SAP
prepares the "science education chapter" for NSF's annual volume Science Indicators
(e.g., NSB, 1985) and draws heavily on the projects he supports (and on smaller-scale
analytic work supported by purchase orders) for this purpose. At the same time, the
science education community has treated SAP-supported studies as basic reference
points regarding the state of the field. For example, the most recent Forum for
School Science convened by the American Association for the Advancement of Science
(AAAS), which addressed the state of curriculum development, featured VW-supported
analyses heavily in its compendium of background materials (AAAS, 1986).

SAP has also contributed in several ways to extending the state of the art in
this area of research through investments in the development of more advanced
national monitoring systems for science and mathematics education and improved
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assessment instruments (these are discussed in more detail under Opportunity 8 in
Volume 1 - Problems and Opportunities

Other activities within OSPA, not part of SAP, have been undertaken or are
projected) to further understanding of science education systems and policies or
programs aimed at improving them:

E A large-scale assessment of the Foundation's options in K-12 science educa-
tion (this study) and a smaller-scale companion study of program options
related to middle school science (Weiss, 1986).

A newly armounced program of "assessment studies" no awards have yet been
made) that can "address issues related to the ongoing appraisal of the Founda-
tion's many educational programs" (NSF, 1987a). (This thrust is not the same
as direct evaluation of programs or projects, discussed below.)

As in the case of research on teachers, learners, and learning environments, all
of the activities supported by OSPA have evolved toward a more focused conception of
the Office's mission that both provides a resource to the field and meets SEE's (and
NSF's) need for analytical work on which to base its policies. The most recent
program announcement puts it as follows:

The goals [of OSPA1 ue: to serve as a major source of research, policy dat
and appraisal idormation for strengthening science, mathematics, and
engineering education in the limited States; and to provide analytical and policy
support for the leadersWp efforts of the Foundation in these critical areas.
(NSF, 1987a)

More specifically, OSPA has recently announced priorities that are closely linked
with many of the opportunities identified in Volume 1, including the study of
issues related to participation in science, teacher supply and qualifications, the
role of tests and textbooks, the implications of local and state reforms, and interna-
tional studies. These emphases seem appropriate, not only from the point of view of
NSF's role as national overseer of the status of science education but also from the
perspective of evolving a Directorate-wide strategic approach to broadening the pool
of K-12 science learners.

OSPA's investments in learning about science education systems--in particular,
through studies supported by SAP--appear to have been effective, within the limits of
the resources allocated to this program (e.g., $2.2 million in FY 1987), and promise
to continue to be so in the future. (It is too soon to judge the contribution of
other OSPA-supported activities to this goal.)

Current approaches to documenting and evaluating NSF's (SEE's) interventrons in
science education--Over the past few years, SEE has done little to learn systemati-
cally from the experience or results of the projects it funds. In this regard, the
Directorate can, in principle, (1) document the activities and results of each
project, (2) assess projects in midstream to provide formative feedback to project
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participants or SEE itself, or (3) evaluate the outcomes and long-term effects of
projects once completed. These activities can be done with respect to each project
taken by itself or sets of related projects; they can be carried out, in principle,
by the project directors themselves, SEE staff, or third parties hired for this
purpose. The generic purpose for all these activities is the same: to maximize what
is learned from SEE-funded interventions. From these kinds of activities, two kinds
of things can be learned: first, about the phenomenon (nilddle school science
inservice, high school mathematics curriculum development, etc.) and ways to address
it; second, about the way SEE has sought to contribute to improvement activities.

There is a growing recognition that SEE's current approaches to these activities
are inadequate, and some steps are being taken to rectify the situation. SEE must do
much more if it is to carry out these functions effectively.

Documentation is typically left to project directors, who submit annual reports
of project activities and, at the completion of the project, a final report. These
reports vary greatly in quality and are often treated as a requirement to be satis-
fied, rather than as a means of communicating something essential about the project
to interested audiences. SEE project officers tend to do little with these reports
when they are received, nor are they assembled in such a way that interested SEE
staff or outsiders can easily gain access to them later, as discussed under the pre-
vious core function in this volume (see the discussion of mechanisms for archiving
and dissemination in "Promoting Professional Interchange"). To date, SEE staff have
not experimented with alternative approaches to documenting projects--for example, by
using third-party contractorsnor has the importance of the documentation function
been emphasized in the grant award process (e.g., by insisting on an adequate plan
and budget for this activity within the project proposal).

Formative evaluation of projects while they are under way, either by project
staff or by SEE staff (e.g., through on-site visits for monitoring purposes), is rela-
tively rare, also, with one exception. Formative research ofsome kind is often part
of larger-scale development projects, for example, in SEE-supported children's televi-
sion series. Other than that (and the informal process of feedback that occurs
naturally within most projects), systematic attempts to assess what is being done
while the projects are in process are the exception rather than the rule. On their
part, project directors either feel no need for such evaluation or lack the expertise
to do it, or both. SEE staff, on the other band, find little time for on-site visiting
during the bulk of the grantsmaking year, despite their desire to do so. Periodic
meetings of project directors can, and sometimes do, provide informal formative
feedback, although the full potential of this mechanism for formative evaluation (or
documentation) has not been exploited. As in the case of documentation, other mech-
anisms have yet to be tried, although SEE has begun to consider some possibilities:
a midstream assessment of its investments (nine long-term developmental projects
funded last year) in middle school teacher preparation is on the drawing boards.

The pattern for evaluating results of longer-term impacts of completed projects
is similar. SEE requires, as part of each final report, an evaluation of some sort.
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But, for understandable reasons, this requirement is often not taken seriously.
Project directors and teams are often not particularly interested in evaluation (it
takes time and resources away from what they perceive to be their "real" purpose--
development, training, or whatever), nor are they necessarily expert in it. Further-
more, the evaluation task is elusive and difficult, at best: capturing the subtle
effects of a network development project, for example, may require observation of
network users and exploratory interviews with them to understand how the network's
eAstence opens up new possibilities for users. In addition, the most important
effects may not manifest themselves in the short termthat is, at the project's
conclusion; a careful evaluation may need to examine the network's effects several
years later.

In a few instances, SEE has supported summative evaluations of several kinds.
A grant award made by the Informal Science Education program, for example, is cur-
rently supporting an evaluation of the science television series "3-2-1 Contact,"
aimed at understanding long-term viewing patterns and effects on students' interest
in or learning of science, among other things. Other grants in the last few years
have supported several meta-analyses of the effects of NSF-funded curriculum
projects. Although not at the K-12 level, SEE's College Science Instnimentation
program has recently issued an RFP calling for an evaluation of that program's
numerous investments in upgrading instnictional instnimentation (this evaluation will
accomplish both summative and formative purposes). It appears that this and other
assessment activities coordinated by OSPA (e.g., the assessment studies discussed
earlier) represent an increasing commitment by SEE to systematic evaluation of the
Directorate's interventions in science education improvement.

Promising Areas for NSF Investment in Knowledge Building

In each of the following areas NSF currently has the opportunity to support a
mixture of projects that help to advance the state of the art, understand currer
practice better, and translate research into practice. The choice of these area:,
arises from their strategic importance to the goal of broadening the pool as well as
from the fact that they represent areas where current and productive lines of
research converge.

Further Research on Learning and Learning Environments

Several recent reports synthesize the current state of research in science educa-
tion and recorrmiend prornising directions for future research (Welch 1985; March et
al., 1987; Linn, 1986; NRC, 1985). We sketch below several promising directions for
research, based on these reviews.

The learner as constructor of knowledge--There is a strong consensus about the
need to change the long-standing view of the learner as a passive absorber of informa-
tion. The learner as absorber (and the accompanying view of teacher as broadcaster)
is a metaphor that underlies much of the current practice of science education.
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Understanding the learner as inventor and constructor of his or her own knowledge on
the basis of interactions with the surrounding environment (including the teacher and
the textbook) offers a new perspective for thinking about learning and instruction
(Litm, 1986). This active and more autonomous view of the learner presents a range
of new possibilities for both instruction and research into science education. A
recent NSF-sponsored conference stated it this way:

The new consensus about the learner reflected Ln recent studies extends the
constructivist view of Piaget by recognizing that learners build conceptual
frameworks that are complex, highly organized, and strongly tied to specific
subject matter.... There is widespread agreement that learners actively
construct an individual world view based upon personal observation and
experience and that they respond to formal instruction in terms of this
preexisting intuitive perspective.... Teaching correct scientific ideas...
requires restruauring the concepts that cUdren have, rather than simply
supplying correct concepts. (Lhin, 1986)

This view of the learner also has implications for the processes and factors
that are highlighted in a research agenda. For example, it suggests that it may be
very important to understand the ideas and cognitive structures that "naive students
bring with them as they begin their study of science, and that it may be important to
observe in considerable detail what students actually do and think in the course of
their instruction. Knowing more about why they change (or don't change) their
existing views, intuitions, and problem-solving processes, as well as comparing these
processes with the processes of those who are more expert in the subject matter, may
yield important insights about the design of effective instruction.

Examples of research questions that NSF might address within this perspective
and that support some of the other opportunities NSF now faces include:

What are the cognitive skills that are part of learning to learn? What
knowledge and/or 5.1dlls are required by those students (the majority) who
will not become professional scientists? What additional skills are needed
by those who will pursue scientific careers?

How do teachers currently think about science and science education? What
conceptions of science do they bring to their teaching and students? How do
they solve the problems they ask their students to solve? Can they model and
transfer the same intellectual processes that scientists use?

How does the use of technology interact with the teacher's and learner's
thought processes? Cognitively, what a/7antages and disadvantages does it
offer?

What kinds of cognitive and affective) processes are involved in informal
science learning experiences?
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The report of the National Research Council's Comrrilttee on Research in Mathematics,
Science, and Technology Education (NRC, 1985) describes cognitive and instrucEonal
sciences as one powerful lever available for the improvement of curriculum and
instniction:

S ch research has produced better understanding of the components that make good
instruction effective, which Wclude: (a) models of correct performance (e.g., of
physics or mathematics problem-solving), (b) models of uninstructed performance
(e.g., preconceptions of scientific phenomena that interact with the theories
being taught), and (c) models of effective instruction (e.g., principles of
design for effective instruction).

The advances m research have not taken place in subject-free problem-solving
domains; rather, students' reasoning skills seem inextricably linked to the structure
and knowledge of the discipline involved. The committee's report describes it this
way:

It appears that problem-solving, comprehension, and effective reasoning are
based on subject-specific knowledge. Therefore, it seems best to teach
reasoning skills in the context of specific subjects that students are learning.
This finding implies that research on reasoning needs to involve experts in a
partieulu discipline as well as cognitive scientists wid experienced
teachers....

This need for interdisciplinary expertise and collaboration makes NSF the agency that
is ideally suited to support this particular research program.

The nature of the learning environmentComplementary to this view of the
learner is a more systemic and ecological perspective on the learning environment.
Within this perspective the learner is seen as actively interacting with his or her
surroundings, which include teachers, other students, the school and classroom
climate, and available materials and technologies. Collectively, all of these
environmental factors provide a context within which self-generated and self-
determined learning is supported (or thwarted). Self-determined learning has been
the prevailing view of the learner in informal science education settings for some
time; it now appears equally useful for thiraing about instruction in the school
setting.

Clearly, learning envir nments are not simple. School climate, teacher attitude
and competence, availability of resources, and competencies of other students all
interact to provide a context that shapes each student's learning. The interactive
nature and complexity of the learning enviromnern invite a more holistic and eco-
logical perspective for NSF's research and development efforts:

The past decades have seen an accumulation of knowledge...and the development of
new technologjes, but their application to science and mathematics education...
has been episodic, unsystematic and limited in scope.... In other enterprises
this integrative function has been called systems design and en&eering..,
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it has been widely used wherever it has been recognized that proper design
involves more than just assembling vm-ious components that have been designed in
isolation.... Modern educaronal activities, too, should be considered a system
in which improvement of components in isolation may not lead to improvement of
the overall system. (NRC, 1985)

Priority should be given to the investigation of the important qualities of dif-
ferent learning environments. What are the unique advantages and constraints of the
learning environments in the home, schools, and informal education institutions? To
what degree can NSF penetrate or influence these envirorunents? What must indi-
viduals developing materials or training teachers know about these environments?
How can the learning in one environment reinforce learning in another?

Environmental factors extend beyond the immediate learning environment.
Educational researchers have long recognized the influence of the larger context that
surrounds individual achievement and motivation. Recent international studies
(Stevenson, 1983; Stevenson et al., 1986; Fetters et al., 1983) have dramatized the
influential role that parents and home environments play in school achievement,
particularly in relation to mathematics achievement. Other research suggests that
community norms may play a large part in determining motivation and achievement of
different ethnic and racial groups:

A more satisfactory explanation [for overall group performance differenceson
tests] is simply that the communities...maintain different norms, standards, and
expectations concerning performance within the family, in school, and in other
institutions that shape children's behavior. Young people adapt to these norms
md apply their talents and energy accor&ngly. (Bock and Moore, 1986)

For these reasons, it makes sense that questions of how environmental conditions in
the home, school, and classroom iniluence science learning became one of the top
priorities for research and possibly development projects (Welch, 1985; NRC, 1985).

In addition to investigating the nature of different learning environments, NSF
could support research projects that actively design and explore alternative learning
environments (e.g., technology-rich environments, new informal arenas for learning
science). (Several of these areas are included in initiatives described in oppor-
tunities in Volume 1). Many of SEE's present development efforts (most of those
within the AAT program, for example) fall within the domain of designing alternative
learning environments.

In addition to technological enviroments, there are new settings and arrange-
ments that can be designed to encourage science education activities:

Research reviewed in the paper on contextual factors in education...makes it
clear that coordinated attention should be given to educational activities that
cross the boundary between school and out-of-school learng. For example,
after school learning activities...using such settings as community centers,
churches, libraries, and school facilities themselves...could effectively
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increase active learning time for mathematics nd science.... Joint school-
community and school-museum programs hold promise for mathematics and science
education.... What does not exist and needs interdisciplinary research to
develop is nn overall understanding of the potential and limitations...ofsuch
activities. arch et aL, 1987)

By bringing together the best minds from diverse university-based cormnunities
(the social sciences, cognitive sciences, education research) and the science educa-
tion community with material developers and those kstowledgeable about school
environments and practices, new environments can be invented and explored. Specific
areas for experimentation, relevant to the goal of broadening the pool, require this
range of interdisciplinary research expertise, for example:

E Efforts to apply the methods and findings of cognitive science research to
the design of new mathematics and science curricula and learning environ-
ments that are suitable for a wide range of learners. Not only would such
interdisciplinary efforts lead to improved approaches and materials in
science education, but they could help advance the field of cognitive science
by providing a rich subject-specific domain for its work.

is Development efforts that investigate the use of technology to create learning
environments that are highly effective in interesting and motivating a wide
range of learners in activities relevant to science and mathematics learning.

Experimentation with approaches roducts and programs) that help teachers
apply the emergLrig powerful ideas of the cognitive sciences and the new
information technologies in their own classrooms.

These examples are not meant to be all-inclusive; rather, they are intended to illus-
trate how the current high-quality and largely academic research efforts in learning
and technology might be productively brought to bear on the major problems in the
educational system. As one researcher told us:

"The problem is that within education there are very challenging and hariguing
problems that are being addressed with trivial research efforts...while at the
same time in academia there are very bright researchers working in cognitivt
science and computer technology who are addressing trivial problems."

Understanding the determinants of attitudes, motivation, and career choices--
The understanding of attitudes toward science and the formation of an interest in
studying science is of the utmost importance to NSF in broadening the base of
science-competent and science-interested youth.

Less is known about the formation and Wteration of student attitudes than is
known about thek cognitive processes. The relationship between attitudes and
performance is also not well understood. That this is an unportant area is
underscored by the relatively negative attitudes most students hold toward
science and math and by their continuing declne. (Welch, 1984)
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For science and mathematics education, the relation between attitude, motivation, and
achievement is relatively unexplored. We not only need to find how these link but,
more basic than that, we need to explore their measurement:

More fundamentally troubling is the lack of sophistication and confidence in our
ability to assess attitudes in a meaningful way. There is a high degree of
consensus in the field that the whole domain of interest and attitude formation
is a high priority for study. (Welch, 198

Research on interest, attitude, and motivation might benefit from NSF's support for
longitudinal studies. Such studies could help to determine how students develop a
lifelong interest in science. Models of success are needed in motivating students
over long time scales corresponding to the actual period of an individual's career
development (Linn, 1986). Such longitudinal studies might include studies of
scientists (Bloom, 1985) as well as students.

New conceptualizations of science, science learning and science education--
The challenge of reconceptualizing K-12 science education has already been described
in Volume 1 as a major opportunity before NSF. Underlying this effort is the con-
tinuing need to explore the theory and direction of science education. The need for
clarity about the goals of science education has been voiced repeatedly (e.g., Hurd,
1986a; NSB, 1983). Conceptual research on the essentials of scientific thinking, the
goals of science education, and the concrete manifestations of science literacy could
do much to clarify and refine fundamental visions of what science education should
be. For example, the meaning scientists attach to the term "scientific literacy"
(which to them emphasizes attitudes and evaluative skills, as well as knowledge of
the process of inquiry), often differs from the response of the schools to the call
for scientific literacy (which is to push an encyclopedic view of science). Better
and more specific definitions of goals for "general" science education are needed
(Harms and Yager, 1981). More viable ways are needed to define what is meant by
critical thinking, problem sohing, and basic sldlls in science (AAAS, 1985). A
mixture of philosophically based conceptual analysis and real-world experimentation
could help further the fundamental aim of formulating, describing, and illustrating
the basic aims of science education.

The current mechawism for supporting research in these areas--through open
grants competitions and targeted priorities within them--is appropriate for con-
tinuing support in this area. Other mechanisms (most of which presume a somewhat
larger overall level of investment in this function) ought to be considered as well:

More extensive agenda building. For example, through conferences convened
on a regular basis, SEE could play a more active and continuing role in
shaping the agenda for research on science education.

Formal solicitations on focused research topics. For example, some of the
research areas sketched above could be more productively pursued by drawing
attention to them and earmarking a certain level of funding for them.
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m Research uaddongrants. With relatively little additional funding e.g.,
grants in the $50,000 to $150,000 range), project directors of existing
larger-scale development projects might add a research component to examine
unanticipated research questions that arise in the course of development.

NSF (SEE) could maintain adequate support for research on learning and learning
environments for an estimated $4 million to $6 million a year. (More than this would
make sense, if SEM overall strategy placed greater emphasis on advancing the state
of the art, as in the "fundamental change" strategy discussed in the Summary
Report and earlier in this volume).

Fullher Investments in Understanding the Status
and Functioning of Educational Systems

NSF (SEE) should continue its support for studies of the state of science educa-
tion, along the lines described above. Several areas of investigation not emphasized
in OSPA's plans for the future include:

Barriers and facilitators of students' exposure to science education opportunities--
Given NSF's vision of providing the nation's youth with widespread opportunities for
rich and diverse educational experiences in science and mathematics, the study of
what constrains and facilitates interactions with science resources can provide
crucial information for implementing this vision. A recent review of possibilities
for research in science education gives exposure to science activities top priori

This research question is based on the assumption that students need to be
exposed to science learning opportunities by enrolling in courses or by
participating in out-of-school activities. Science enrollments are low and
little is known about procedues for changikig this. Furthermore, our under-
standing of informal science learning opportunities is minimal. To improve
science learning, we need more students participating in more science learning
activities. Research aimed at discovering ways to do this seems essential.
Without students in classes, the best instruction is for naught. (Welch, 1985)

The report of the National Research Council's Committee on Research in Mathematics,
Science, and Technology Education discusses in a similar way the importance of
finding ways to increase both the amount and the quality of engagement that youth
have with science resources:

Expanding the capabilities of the educational system to increase the amount of
quality learning timethat is, time devoted to effective teaching in contexts
that engage the learnershould therefore be a primary objective of a research
agenda. (NRC, 1985)
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Similarly, lack of time on task has been identified as a crucial constraint in the
present science educational system (e.g., NSB, 1983). International comparisons also
show American students spending far less time on science and mathematics in grades
K-12 than students in many other nations (e.g., McKnight et al., 1987).

We need to know in much more detail what in the educational system and its
context inhibits exposure to science learning, why these barriers exist, and how they
might be changed.

Understanding connections between Important components in the educational
systemIn trying to affect the science education system, NSF needs to understand
how different system components interact. For example, how does testing actually
affect the curriculum? How does the process of textbook adoption limit alternatives
for effective reform? What is the role of state frameworks in determining what
happens in the classroom? What is the relationship of science supervisors to
teachers? Answers to such questions have very real implications for both the design
of research and the engineering of its application. NSF needs to understand how all
of the critical institutional components of the K-12 educational system interact if
it is to work effectively with the schools. Various observers have argued for the
need for a "systems" or "ecological" view, for example:

Studies generally are viewed as too narrow in concept and flawed in method to
deal realistically with the complexities of human behavior. The physical
science model, so widely used in educational research, with its emphasis on
experimental control of variables and statistical analysis has limited value for
investigating issues raised by the reform movement.... Better would be a model
derived from ecology which recognizes complodties and assumes broad patterns of
interactive behavior such as would be characteristic of a teacher and students
in a learning situation. (Hurd, 1986b)

The interaction of emerging national social needs and the role of science
educationThe changing demographics, the progressive disenfranchisement of large
groups of people from the scientific world, the increasing need for a higher level of
public science literacy, and the threat of weakness in the technological/human-
resource infrastructure all are issues that will bear on the role that science educa-
tion must play. Accordingly, research on science education as a system must
continually examine the implications for science education. More simply put:

Science education research ought to explain how [all] students can be attracted
to the field, how they can be encouraged to pursue education in science that is
appropriate to thek needs, and what scientific knowledge they should have....
(Linn, 1986)

NSF (SEE) can maintain support for these kinds of investigations for between
$3 million and $5 million a year, depending on the exact nature of its investments
(ongoing support for monitoring systems, for example, is likely to be more costly
than studies)
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More Extensive Documentation and Evaluatton of SEE's Investments

Aside from their direct benefits to the target audience and their indirect
benefits to the project participants, NSF's projects are potentially valuable invest-
merits for a much wider audience. The extent to which this value is realized depends
on the degree to which NSF invests in efforts to learn from its own projects and to
share what it learns with others. There are two complementary approaches to learning
from SEM own projects. One is to document and evaluate each project (or sets of
projects) as a case (or set of related cases) to be learned from. The other is to
treat each project (or set of projects) as an arena for research into more basic
issues involved in the teaching and learning of science.

Because it has done relatively little to document project activities and eval-
uate their results, SEE has considerable room for experimentation with more effec ive
approaches. Whatever it does will rest on several premises: (1) evaluation and docu-
mentation are central to the ongoing process of learning from interventions in the
field, (2) effective evaluative learning will only happen when higher priority is
placed on these kinds of activities, and (3) higher priority means a relatively
greater allocation of either SEE staff time or funding (e.g., for evaluative activi-
ties carried on by outsiders), or both. The allocation of resources to this purposes
should not be excessive--perhaps 10% ofall resources could be devoted to this
purpose (a major national foundation routinely allocates 15% of each project's budget
to documentation

SEE must proceed with caution in this area because evaluation of educational
programs is difficult to do well. Blindly or mechanically applied, many evaluation
techniques have little value as a way to learn from or about SEE's investments.
Under pressure for public accountability, a great deal of money has gone into educa-
tional evaluation over the last two decades, and much of it has been wasted. The
emphasis must be on appropriate evaluation, drawing on the best of recent think-
ing about evaluation design and techniques. The following kinds of activities
deserve consideration:

Building cross-project evaluation (and research) agendas into the proposal
solicitation processAlthough there are distinct limitations on the capacity (or
willingness) of a project team to "study itself," SEE could do more to incorporate
better documentation and evaluation into the original thinking behind project design,
especially into the design of larger-scale projects solicited for focused purposes.
By making evaluation design a clear priority in proposal preparation (and review ) and
by suggesting in its solicitations to the field elements of a common evaluation
agenda to be addressed by all projects and to be carried out by project staff (or
others) over the life of the project, SEE stands a better chance of attracting pro-
posals and supporting projects that take the need for evaluation seriously. Other
ways night be considered to assist project directors with the task of evaluation,
such as support for a Technical Assistance Center, analogous to those funded by the
U.S. Department of Education to assist local compensatory education programs meet
evaluation requirements. Nonetheless, SEE should not overestimate the yield of
evaluative information from project directors who lack expertise in evaluation work.
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documentation, it can produce insights into the phenomena being addressed by the
projects in question. Project directors could be given the incentive to prepare and
present thoughtful critiques of their own work or assessments of key issues
confronting their projects by organizing the meetings somewhat like symposia and
publishing "proceedings" from the meeting (recorders or transcribers with good
substantive and editorial skills would be necessaty to accomplish this goal). SEE
has already begun to experiment with these meetings and should continue these
experiments.

If it invested between $2.5 million and $3 million annually in separate docu-
mentation and evaluation activities, SEE would be able to sustain a varied array of
systematic learning activities. In addition, a certain portion of many grant awards
should be reserved for documentation or evaluation, as discussed above.
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SUPPORT FOR INNOVATION

NSF cannot anticipate all of the interesting developments regarding science
education at any one time. Unanticipated opportunities are likely to arise that
deserve consideration and the possibility of discretionary support. NSF has an
especially important role to play where these situation_s lead to highly innovative
ways of thinking about science education, creative models for approaching problems,
or new avenues for NSF (SEE) to exert its influence. We include the following
categories of activities:

E Innovative proposals that do not match current priorities. Certain
unsolicited proposals are exceptionally innovative and creative, but do not
correspond to the programmatic emphases of the Foundation at the time.
For example, a proposal to do exploratory research on iconic languages and
their relationship to visual aspects of science education would not fit
with current emphases in any of SEE's programs, yet could deserve serious
consideration (assuming the proposal were imaginatively prepared).

cross-cutting proposals. Some proposals cannot be assigned easily to one
program area because they combine elements of several--for example, a
proposal for developing instructional materials and associated training
approaches derived from recent research on teaching, or a proposal to
establish a network among software development firms for the purpose of
collaborative exploratory work in a new area of software design.

Unanticipated events. Unanticipated events often present new possibilities
for the Foundation that deserve to be explored. For example, the sustained
interest shown by the public in the Carnegie Forum report Teachers for the
21st Century and the resulting momentum toward fundamental restnicturing of
the teaching profession was unanticipated by even the Carnegie Forum itself
and has created an opportunity for the Foundation to explore the way these
reform proposals relate to science and mathematics teaching (SEE has, in
fact, taken steps to open a dialogue with leading individuals within this
reform movement).

The Role for NSF

In response to these situation-s, NSF (SEE) needs to maintain, on an ongoing
basis, a discretionary reserve of funds that it can draw on when the merits of the
unusual proposal or unforeseen opportunity warrant it. Mechanisms need to be in
place, as well, that maintain an openness to these possibilities, and even to
encourage, within reason, the submission of these kinds of proposals.
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Serendipitous discoveries play as important a role in educational improvement as
in scientific research, even though the task of improving educational systems gen-
erally demands more focused investment than does basic scientific research. NSF
(SEE) can enhance the possibility of such discoveries by devoting some portion of its
funding to open-ended investigations aimed at highly innovative research or devel-
opment (not clearly related to targeted priorities), as well as by reserving some
discretionary funding for important unanticipated events.

Such possibilities are especially appropriate for the Foundation to consider.
NSF is one of the few national-level agencies with sufficient resources to encourage

:levation in science education and to take advantage of unanticipated events.
Although private foundations are a possible source of support for such things, few
specialize in science education issues, and even fewer have discretionary funding to
support high-risk or innovative activities. Furthermore, many of the larger founda-
tions that take an interest in science education (e.g., Carnegie, Ford, Sohio,
Sloan) have fairly well-defined program emphases that exclude a wide range of
proposal possibilities. Other government agencies are an ufflikely prospect; their
resources for this kind of endeavor are very limited and are often aimed at a par-
ticular target. The U.S. Department ofEducation (ED), for example, has a small
amount of funds available for unsolicited grants (under the Secretary's Discretionary
Fund, a set-aside percentage of money under Title fl of the Education and Economic
Security Act, earmarked for the improvement of mathematics and science education),but the bulk of ED's funding for mathematics and science education improvement goes
to states and localities in the form of block grants for teacher training programs.
The situation is analogous to that facing research, as we described in the previous
section: NSF is one of the few agencies with a broad enough focus and sufficient
discretionary resources to consider the possibility of maintaining some resources for
unsolicited, highly innovative activities.

NSF's (SEE's) Current Approach to Open-Ended Innovation Support

Currently, the Foundation handles these possibilities in two ways. First, as a
general policy, SEE will accept any proposal it receives on any topic related to
science education. Proposals are assigned for initial consideration to one of the
nine programs that are aimed at the K-12 level. Because the program rubrics are
comprehensive and because each program operates under a broadly defined program
announcement, it is likely that an unusual proposal will come close to at least one
of the existing program areas. Second, each program officer is informally allotted a
small amount of discretionary resources for special events and opportunities that
arise; the Assistant Director exercises comparable discretionary control over funds
when the occasion warrants.

There is a third way that the Foundation solicits innovative ideas from the
professional community. Some SEE programs place heavy emphasis on innovation or
"model building" in program announcements; it is also common knowledge in the
professional community that the Foundation favors support for new activities on a
"seed-funding" basis. But this kind of invitation to creativity is typically related
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to a specific set of programmatic priorities. The Applications of Advanced Tech-
nology (AAT) program is a case in point. Of all of SEE's current programs, it is
most clearly oriented toward high-risk, high-gain investments, through funding meant
to develop prototypes of the next generation of instnictional technology. The cur-
rent program announcement, reinforced by the priorities of the program officer, is
quite specific (this is, in fact, one of the program's strengths). AAT is concen-
trating its resources on the following priority areas: symbol manipulation tools,
authoring systems, problem solving with computers, and intelligent tutors. Proposals
to explore other aspects of advanced instructional technology, which might have
considerable merit, are unlikely to get well reviewed.

The example points out a dilemma for SEE, which becomes more acute as it directs
its funding toward more specific targets and opportunities: the Foundation may be
less sensitive to creative possibilities that don't fit its programmatic priorities.
In one sense, that is the cost of becoming more focused, but at the same time the
long-term success of NSF (SEE) depends in part on a continual responsiveness to new
possibilities.

In principle, SEE's system takes care of this need, but there are several ways
in which it falls short of the mark. SEE staff indicate that proposals that do not
clearly adhere to the announced priorities within each program or that combine
priorities of more than one program are at a disadvantage in the proposal review
process; SEE% programs are not a completely open invitation to the field. Highly
innovative proposals are at a disadvantage in a different way; such ventures are
likely to draw mixed reviews from panels or mail reviewers because of the diversity
of viewpoint among the reviewers chosen. Even though follow-up reviews may be
arranged to resolve the discrepant reviews, it is still very difficult for innovative
proposals to receive consistently high marks and, hence, gain acceptance.

The result is a pattern of mutual caution exercised by both SEE and the profes-
sional community. Proposers tend not to submit "wild" ideas, because they understand
that these are unlikely to be well reviewed. On its part, SEE relies on a review
process that tends to screen out the more innovative ideas.

There are, of course, good reasons to be cautious with public funds. NSF would
not want to be in the position of pwing most of its education-related funds into
high-risk, high-gain activities. The expectations of the public and Congress, among
others, are too oriented toward shorter-term efforts that achieve visible results.
Nonetheless, the problems of 1(42 science education call for bold thinking and
creativity. NSF (SEE) can help to keep this kind of thinking alive.

Al ernati e Approaches

There are various ways to improve this situation. The following a e some ideas
that SEE should consider.
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Setting up a 'Mad money" potBy reserving a modest amount of money (e.g.,
half a million to a million dollars) every year for innovative proposals that do not
conform very well to the scope of existing programs, the Foundation could formally
invite such proposals more directly than it does now. Required preliminary proposals
could streamline the screening process and help to nurture promising ideas that are
not yet at the full proposal stage. (Other agencies have created precedents for this
approach, such as the National Institute of Education's Unsolicited Grants Program or
the Fund for the Improvement of Postsecondary Education.)

Creating a cross-program task force of SEEprogram o cers for handling
innovative proposalsSuch a group would be charged with identifying promising
proposals tha "fall between the cracks" and setting up an appropriate standing panel
for considering them. Special review procedures might be necessary to ensure that
the unusual nature of these proposals was not a negative factor. The task force
could be allocated a target amount of funding, say $1.0 million and $1.5 million
annually, to invest in the most promising cross-cutting proposals that do not fit
neatly into any one program category.

Increasing and formalizing the discretionary funds at the le;,el of individual
programs, divisions, or even within the Director's o ceThis acdvity would
simply establish current practices more securely. A total discretionary reserve of
approximately $1.5 million annually would provide SEE professional staff with
sufficient wherewithal to respond to appropriate opporturnties as they arise.

A total annual allocation of $3 million to $4 million would thus be sufficient
to cover unanticipated opportunities and support unsolicited, innovative proposals of
the kind described here. However, if overall NSF (SEE) strategy were to emphasize
advancing the state of the art, as in the "fundamental change" strategy noted earlier
and discussed in the Summary Report, then a proportionately greater investment in
open-ended idea generation might make sense.
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PART MO:

THE BASIS FOR STRATEGIC INVESTMENT

In this part, we explore three requirements for the National Science Foundation
to invest its funds strategically in K-12 science education. First, NSF must design
initiatives aimed at opportunities (such as those described in Volume 1 and the
Summary Report) related to the long-term goal (i.e., of broaderung the pool of
competent and interested science learners up to the age of 18). Second, it must
develop an overarching F to guide the choice and relationships among hUtia-
fives, so that they have th, _atest chance of achieving mutually reinforcing
effects on the goal. Thirc, die Foundation must build and maintain its capacity for
investing strategicallythat is, ensure that it has the staff, procedures, and
resources in place to carry out strategic investment in science education over the
long term.

As a base for this strategic investment, the Foundation must also invest in core
function activities on a continuing basis, as described in Part One of this volume,
so that it has the information to design initiatives properly and the professional
community is adequately prepared to respond to these initiatives.

Because the business of contributing to K-12 educational improvement is dif-
ferent fi-om the business of supporting scientific and enghieering research, the
Foundation's approach to investing in science education needs to differ significantly
from the arrangements for supporting scientific research. The approach to science
education must be proactive, coherent, and targeted. Investments need to be engi-
neered so that systemic changes are likely. In its Education Directorate, NSF has
begun to rebuild the capacity to undertake this kind of investment, but the Founda-
tion's strategic capacity requires further development and the support of the Founda-
tion as a whole if strategic investments are to achieve the maximum payoff.

These components of strategic investment in science education, and the relation-
ships among them, are displayed schematically in Figure 2-1. A discussion of each
follows.

Designing Initiatives

By "initiative" we mean a programmatic attempt to support projects and other
activities aimed at particular targets, using certain funding mechaiilsms, and
embodying a particular philosophy or "theory" of change. In the course of examining
each opportumty, we developed a set of initiatives that we believe deserve serious
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consideration as NSF decides how it will direct its grant programs.* These are not
the only sensible initiatives that can be imagined; rather, they are meant to illus-
trate initiatives that are likely to achieve desired results.

BUILD LONG-TERM
STRATEGIC CAPACITY

WITHIN sEE AND IN
NSF AS A WHOLE

DESIGN INITIATIVES
WITHIN AN OVERARCHING

STRATEGY

CARRY OUT
CORE

FUNCTIONS

... AS A RESOURCE
TO THE PROFESSIONAL

COMMUNITY

TO ACHIEVE
LONG-TERM GOAL

(Broadening the Science
Learner Pool)

FIGURE 2-1 ELEMENTS OF STRATEGIC INVESTMENT
IN K-12 SCIENCE EDUCATION

A Way of Thinking About Initiatives

We think of initiatives as hypotheses--that is, an informed guess about the way
the Foundation's actions (a solicitation, the award of funds, etc.) will influence
the scieuce education community and, in so doing, affect the quality of instruction
and learning in science. As it is implemented over time, an initiative sets in
motion a chain of causes and effects that represent a "test" of the original
hypothesis.

These initiatives are described by the area of opportunity to which they relate, in Volume 1 -
Problems and Opportunities. A summary listing of initiatives, organized by tAvo overarching
strateees, appears in Appendix A of this volume.
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In these terms, "initiative" is not synonymous with "program," at least as the
concept is used in SEE today, although there is clearly overlap. In most cases,
SEE's programs are less focused than our definition of an initiative would imply, but
one may still discern a hypothesis of sorts within each program. The Instructional
Materials Development (IMD) program thus embodies a hypothesis that might be stated
as follows:

By biviting the science education community to propose projects aimed at
develophig innovative curricula across the full range of grades and subjects
(mathematics, biology, earth science, etc.), SEE will be able to klcrease the
array of creative curricular improvements from which educators and others
publishers) select their materials. This process, in time, will etthance the
curricula to wlich students are exposed.

Within the IMD program, the "targeted solicitation" aimed at elementary science
materials development (initiated in 1986 and still under way) embodies a more complex
and focused funding hypothesis. It could be stated as follows:

By providing long-term (e.g., 4 to 5 years) funding to large-scale collaborative
projects--combining the talents of developers, publishers (as intellectual and
financial partners), and a school system (as a laboratory for testing and
refming developed materials)--SEE can generate a smal number of creative and
commercially viable alternatives to current elementary science programs. The
terms of SEE's solicitation and awards will (1) focus development on science
programs that work well for the "average" elementary school and student, and
(2) encourage publishers' commitment to widespread dissemination of the
materials when they are produced. Ultimately, these materials will reach a
substantial proportion of the student population (assuming success in previous
steps).

Whether either hypothesis will be borne out by the events of the next 5 years or
more is a matter for speculation at present and is not the point of the discussion
here.* The examples are meant instead to illustrate some of the components and
variables involved in initiative design:

Targets, which can be either broad (curriculum improvement in mathematics
or science at any K-12 level ) or narrow rmovative elementary science
programs).

Funding mechaniqns, which includes the funding vehicles grants, contracts,
purchase orders, etc.), size and duration of awards, the specificity of the
proposal solicitation mechanism, and the nature of requirements for project
completion.

* Our assessment of current investments undertaken with regard to either hypothesis appears in
Volume 1 in Opportunities 1, 2a, and 7.
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O Intended type(s) of grantee, which may be relatively unspecified (as in the
IMD grants program) or rendered fairly specific (as in the case of
developer-publisher-school system collaborative teams).

O A philosophy of or approach to, change in educational systems, for
example, emphasizing short-term incremental improvement or longer-term
fundamental change.

O Hypothesized relationships between (1) NSF's actions and the grantees'
response, and (2) grantees' activities (supported or stimulated by NSF) and
effects on the target.

Design Considerations

Designing a suitable initiative to address the opportunities described in other
volumes of this report parallels the process of ide citifying the opportunities them-
selves (see Volume 1), only at a more practical arid operational level. The cen-
tral design considerations are: (1) Within the area of opportunity, what interven-
tion targets are most critical and most closely related to the long-term goal of
broadening the science learner pool? (2) What approaches to the problem are
appropriate to NSF as a federal science funding agency, draw on NSF's unique capa-
bilities, and are likely to maximize the direct and indirect impact of its dollars?
(3) What approaches to the problem are most timely, given the activities of others,
conditions in the field, the state of knowledge about the problem, etc.? Two other
considerationsone philosophical, the other practical--also enter into the process
of designing initiatives. First, what philosophy or "theory" of change is most appro-
priate to the opportunity (and most consistent with overall strategic objectives
within the Directorate)? Second, what approaches are most feasible, in terms of both
administrative requirements and political exigencies? Responsiveness to key
constituenciesin Congress, the scientific establishment including the NSF hier-
archy outside SEE), and the science education commum (or segments within it)--
is an extremely important consideration in this regard.

Assuming the initiative takes these considerations into account, it must meet
the ultimate criterion: does the hypothesized relationship hold? Does the activity
set in motion by NSF funding, leadership, communication with the field, etc., con-
tribute to improved conditions for teaching and learning science?

SEE's Current Array of K-12 Initiatives

In the past few years, SEE has demonstrated an increasing ability to design
sophisticated initiatives that take into consideration all these factors. A good
example is the targeted solicitation, issued 2 years ago (with awards made in 1986),
supporting the development of elementary mathematics programs that feature the
calculator and the computer. It addressed a central conceptual and programmatic
problem in K-6 mathematics (the organization of mathematics to reflect the impact of
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two key technologies) approached the problem in a way that was particularly appro-
priate to NSF (by inviting collaborative projects drawing on the mathematics educa-
tion and mathematical sciences communities), and called for proposals at an opportune
time (following a spate of reports calling for the reform of mathematics education,
at a time when the two technologies were becon-ilng widely dispersed in schools). Fur-
thermore, the initiative was eminently practical; the implied philosophy of change--
aimed at long-term rethinking of the K-6 curricular base--was appropriate to the
state of knowledge and general progress toward reform goals.

Not all of SEM recent initiatives are as well conceived. A recently announced
"private sector partnerships" initiative provides a case in point. It calls for
"activities by partnerships between business/industry, school systems, and other
educational institutionsmto demonstrate ways in which community concerns can be
translated into positive action to improve the quality of science, mathematics, and
technology education" (Federal Register, March 17, 1987). Although the initia-
tive is generally responsive to political constituencies and to the apparent interest
of many private-sector firms to broaden their support for improving science educa-
tion, the initiative is likely to spawn a diverse series of demonstrations that may
contribute little toward the goal of broadening the science learner pool or to any
other strategic goal. The initiative is reactive, not strategic, and is more
properly thought of as a mechanism that could be used to address any specific
progranunatic goal (in fact, the initiative invites proposals that relate to any of
the existing K-12 programs).

Other recent initiatives launched by SEE fall on the continuum suggested by
these two examples, from carefully conceived, complex solicitations to those with a
less sophisticated hypothesis about educational improvement. The elementary science
materials development initiative described earlier and a solicitation for projects to
develop comprehensive teacher preparation programs for the middle school level
(issued in 1986) fall at the more sophisticated end of the continuum. Others,
including several less formally declared initiatives, such as investments in intelli-
gent tutors (part of the Applications of Advanced Technology program) or children's
science and mathematics television broadcasts (part of the Informal Science Education
program) fall in between. The hypotheses represented by these investments are simpler
(although no less carefully thought out). Still others--including ones currently
under considerationrepresent less careful thinking and a still simpler hypothesis
about NSF's effects on the field.

The Process of Initiative Design

The current array of initiatives supported by NSF (SEE), and future ones that it
may put forward, emerge from a process of initiative design that is often fairly ad
hoc and dependent on an individual's grantsmaldng skill, although there are clear
exceptions such as the elementary science materials development solicitation, which
evolved over a period of time with a good deal of consultation among publishers and
others in the science education community. More typically, however, the process
happens as described by a SEE staff member:
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"I'll tell you how it happens most of the time. I will get word from upstairs
that we ought to have an initiative for such a: I such a reason and that we need
it soon, and so I sit down and write it--in an afternoon, pretty much out of my
own head. Do I have good inlormation on which to base my judgments about the
focus, grant size, stipend level, or whatever? No, I don't; I just go with my
intuitions. Then the thing will probablygo through several drafts with some of
my colleagues commenting and that's it."

It is possible, of course, to develop sound initiatives this way. SEE's staff
are capable individuals, and those who have been around the Foundation for a while
have a great deal of grantsmaking expertise to draw on. However several character-
istics of this process limit its potential to yield strategically potent initiatives.
First, the process is heavily driven by political exigencies. The wishes of Congress
and of the NSF hierarchy will always be critical factors in anything SEE plans to do,
but that doesn't mean that they should be the sole driving force. Strategic planning
can anticipate political factors at the same time that it considers the various ingre-
dients for an opportunity described elsewhere in this report (important national
needs, appropriateness to NSF's unique capabilities, and timeliness). Second, the
time line for initiative development is often very short; some SEE staff describe the
process as operating in a "crisis" mode. Understandably, there is little time for
refining or revising initial ideas for initiatives. Third, the process allows for
little input from the professional community with regard to either the larger
question--is this the right target for an NSF initiative?or the more specific
questions about the details of the initiative itself.

Contrast this process with standard operating procedure at a major private
foundation engaged in science education improvement, among other investments
addressing domestic social issues. Program officers in this foundation develop
irgtiatives over a long period of timehalf a year to a year, for example. During
that time they put together what amounts to a proposal for an initiative--with a
fairly detailed rationale, estimates of costs and likely effects, etc. This proposal
is often developed with the help of outsiders, through brief (1-day) initiative
design meetings and other forms of consultation. At the end of the year, the
proposal is presented to the foundation board; if it accepts the proposal (and
assuming money is available), the irutiative is launched and given a substantial
period of time (e.g., 7 years) to prove itself.

There are important and inescapable differences between private foundations
and NSF. Private foundations do not have to answer to the public and its political
representatives, for one thing, and have far greater discretion over their funds.
Nonetheless, there is no reason in principle why the kind of careful initiative
design process described above, or a variation on this theme, could not become
standard operating procedure for NSF in matters of educational investment. All
initiatives could be developed through a process that included:

Scan 'zing. A careful review of salient issues in the field, conducted on a
regular basis through commissioned papers prepared by experts in the field
(this is now being done by ihe Office of Studies and Program Assessment in
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its planning for the future and by other devices (agenda-setting meetings,
surveys, policy studies, etc.).

Selecting. A process of prioritizing targets for potential initiatives that
is referenced to overall strategic objectives of the Education Directorate
(and Foundation ) and selecting among them a set for more detailed planning
and review.

m Formulating. Sketching the design of the initiative with diverse input from
both SEE staff and outside experts; this should be done iteratively, result-
ing in an equivalent of the private-foundation initiative proposal described
above. The formulating process (and the initial process of scanning) should
be done with sufficient outside input to generate awareness of, and interest
in, the initiative within the science education commum

The go/no-go decision. The initiative proposal should be reviewed and
scrutinized carefully by an appropriate group within SEE (possibly including
NSF staff from outside the Directorate)--for example, one that oversees long-
range planning for SEE; this group then would recommend action to the
Assistant Director of SEE.

Experienced SEE staff would no doubt point out that this kind of process is both
time consuming and difficult to fit into staff job assigrunents as currently conceived,
and they are right. But when one considers the consequences of most of SEE's
initiative design decisions, which commit millions of dollars in public funds to
improvement activities over a long period of time, there is ample justification for
taking this activity very seriously. To do so may well involve significant changes
in staffing and staff assigmnents (see discussion below of "strategic capacity").

Implementation of Initiatives

Although the point may seem obvious, the ultimate success of any initiative
rests as much with the way it is implemented as with its design. The initial design,
often reflected in a program announcement, is only one step toward strategic invest-
ment. For the initiative to be effective, SEE staff must implement it proactively,
through such activities as: actively communicating with relevant professional
audiences, encouraging proposals from highly qualified individuals and groups,
"shaping" proposals, monitoring projects once they are under way, evaluating their
contribution to strategic objectives, etc.

SEE program staff do much of this routinely, but the limitations on their time
preclude active monitoring and evaluation. Mid-course adjustments in project plans
are generally left to the project directors' discretion entirely. As is the tradi-
tion with most scientific research grants, SEE grants funds to presumably capable
individuals and trusts them to accomplish the task they set out to do. That model is
probably more 4pplicable to scientific research than to the "social engineering" task
that many SEE-funded projects undertake. Accordingly, there is a greater need for
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attention by NSF (SEE) to the projects it has already funded for several reasons.
First, project directors engaged in complex projects are likely to need support,
encouragement, technical assistance, and critical feedback. Second, as pointed out
in the discussion of documentation and evaluation earlier in this volume, each
project is an opportunity for the science education community as a whole to lea n
about science teaching and learning, as well as interventions in the educational
system. Strategic investment implies that the Foundation will do what it can to
inaximize this sort of support and learning.

Developing Overarching Strateffies

An overarching strategy for SEE, as we define it, is an organizing rationale
guiding diverse investments in K-12 science education. A strateg has the following
components:

s An overall long-term goal, along with 5- to 10-year objectives that represent
steps toward the goal.

IN A coherent set of initiatives--aimed at improving (1) content and approach,
(2) professional capacity, and (3) system functioning--that seem likely to
achieve the strategic objectives.

A clear philosophy of educational change and NSF's relationship to it.

A coherent, clearly articulated strategy to guide NSF's investments in 1C42
science education would accomplish several things at once. First, it would increase
the likelihood that NSF's (SEE's) initiatives would achieve mutually reiniorcing
effects on the long-range goal. Given the complexity of the goal we have suggested
(broadening the pool of competent and interested science learners up to the age of
18) or, for that matter, almost any educational improvement goal one could imagine,
t is important that NSFs limited resources be deployed to achieve maximum effect.

An overarching strategy assures some concentration of effort. Second, the existenceof the strategy provides a reference point for NSF's (SEE's) own planning. The
choice of the next initiative, decisions about which proposals to fund, and communi-cation with the professional community, among other tasks, are all easier given a
clear sense of the Directorate's guiding strategy. Third, the existence of a guiding
strategy sends clear signals to the professional community about the larger purposes
around which talent and energy can mobilize. SEE will always be dealing with a
diverse professional community, but if it can energize those elements of the com-
munity that have the most to offer to a particular strategy, rather than supporting
professional efforts that are moving in all directions at once, it can build momentum
toward difficult-to-achieve ends. Finally, NSF (SEE) is in a much better position to
explain and justify to Congress and other political bodies its need for, and use of,
funds if it can articulate a clear sense of direction to its investments.

In the last few years, a strategy has begun to emerge as the predominant direc-
tion for SEM K-12 funding. On balance, most of SEE's funds are awarded to projects
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aimed at achieving incremental improvements in the short term, more than at funda-
mental reconceptualization or restructuring over the long term. Emphasis is shifting
to the elementary and middle school levels; the bulk of funding is devoted to
improving curriculum and teacher education.

In its present form, SEE's overall strategy is not as well articulated or as
coherent as it could be at the Directorate level. Each of the nine current K-12 pro-
grams embodies a strategy of its own (and even within some programs the predominant
strategy has not been clarified); collectively, the programs are designed to address
the major components of the science education system. But because the strategies of
different SEE programs diverge considerably and do not relate obviously to one
another or to a long-term goal, external audiences are unlikely to know what NSF is
trying to accomplish. Within SEE (and NSF as a whole), a statement of K-12 strategy
has yet to be articulated clearly enough to aid in the design of new initiatives or
other procedural adjustments.

Currently, SEE and the Foundation leadership are taking steps toward developing
a clearer mission and strategy for the K-12 level, as part of an approach to science
education at all levels. The Foundation has recently submitted to Congress the first
ammal update of its 5-year strategic plan for science education improvement, part of
which deals with plans for K-12 investments. A Foundation-wide Task Group on
Education and Human Resources is currently at work on a report that will establish a
planning framework to guide NSF's educational investments at all levels over the next
few years. But the results of these efforts so far fall short of the clarity or
direction that is needed.

We discuss below the basis for developing a clearer and sounder strategy.

Bags for an Overarching Strategy

In the Summary Report we sketch two alternative strategy scenarios, which
one can discern at work within and across SEE programs but which have yet to be
articulated above the level of individual programs. Each presents a fundamentally
different philosophy of educational change and NSF's role in the change process*:

Incremental improvement strategy. This strategy emphasizes upgrading
current formal and informal educational systems, primarily through invest-
ments that achieve widespread impacts in the short term. For example,
support for collaborative ventures with publishers to improve science course
materials, inservice teacher education, and national children's broadcasts in
science and mathematics reflect this strategic approach.

* These scenarios and the kinds of investments they imply are described more fully in the Summary
Report. A summary listing of initiatives related to each and our estimate of resources necessary to
implement them appears in Appendbc A.
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a Fundamental change strategy This strategy aims at exploring the possibili-
ties, extending the state of the art, and searching for new approaches that
can radically improve education over the long term. Research on science
learndng environments, exploration of technological innovations, and long-
term leadership development illustrate this strategic approach.

We summarize the two strategies schematically in Figures 2-2 and 2-3.

The two strategies have historically contended to be the guiding principle
behind the Foundation's educational investments, and an unstated tension between the
two continues at present. Programs such as Applications of Advanced Technology and,
to some extent, Research on Teaching and Learning aim at long-term change in under-
standing and technical capability. Others, such as Teacher Enhancement or Presiden-
tial Awards for Excellence in Science and Mathematics Teaching, emphasize shorter-term intervention in the current system. Still other programs fall uneasily in
between. As noted above, current SEE investments in K-12 science education reflect
an emerging emphasis on incremental improvement rather than fundamental change,
although the Directorate has not declared this intention in so many words.

The feature that distinguishes these two strategies is the philosophy of change
(and NSF's role in the change process) they embody. This is not the only basis on
which a strategy could be built. One could, for example, take a particular educa-
tional level as tilt- cornerstone for strategic investment by declaring that the
biggest need in science education lies at the lowest levels, and therefore invest-
ments aimed at the elementaiy school level would receive the greatest prior'
(Some have argued, along similar lines, that the biggest need exists at the middle
school/junior high school level.)

In fact, SEE has made a significant gesture in this direction--both by declaring
that the elementary level would receive special consideration and by directing at
least two iMtiatives at this level (elementary science and mathematics materials
development solicitations). The emphasis on elementaiy school curriculum improve-
ment, in fact, has been a prominent feature of SEE press releases in the past year,
which indicate a long-term NSF commitment to improving curriculum at each level
of schooling, starting with the lowest. This strategic thrust is sound, as far as it
goes. But there is a conspicuous lack of fit between the curricular thni,t, which
emphasizes elementary-level activities, and the various teacher support activities,
which concentrate on the middle and high school levels, especially the latter. Even
the targeted solicitation aimed at middle school teacher preparation is a noticeable
departure from the tradition of funding secondary school teacher education activi-
ties, serving high school teachers primarily and more often in the sciences than in
mathematics (see discussion of Opportunities 4 and 5 in Volume 1). If an elementary-level science improvement emphasis were to become the basic building block of SEE
strategy, then coordinating investments in curricular improvement and professional
capacity building would seem essential, difficult as it might be to do so. Research
investments, as well, could be made with greater emphasis on the elementary level.
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In considering alternative grounds for a clear overarching strategy, we settled
on the philosophy of change, rather than educational level (or other strategic
focus), primarily because we were stmck over and over again, in interviews with NSF
(SEE) staff and outsiders, by the pervasiveness of these two philosophies of change
and the clear differences in investment approach they represented. These overarching
theories of change present NSF (SEE) with a fundamental choice in the basic direction
of its investments.

There are other reasons, as well, why making improvement at the elementary level
the cornerstone of the Foundation's 1(42 science education investment may not be the
wisest course. First, a primary focus on this level would minimize the Foundation's
attention at least for a few years) to large segments of the science education com-
munity, the bulk of whom relate to the middle and high school levels. Second, the
arguments for concentrating on this level emphasize the intensity of the need more
than the fit with NSF's unique capabilities. It is not obvious that the Foundation
is well qualified to mount a comprehermive strategic thrust aimed at all facets of
elementary science and mathematics education, even though there are particular oppor-
turLities for it to make a contribution here--for example, by rethinking elementary
mathematics and science education (see Opportunities 1 and 2a in Volume I), training
district leadership for change in elementary science (Opportunity 4), and enhancing
informal science learning resources, many of which are aimed at young children
(Opportunity 10).

Identifying a Primary Stra e

Because NSF (SEE) currently maintains programs that exhibit one or the other of
the two strategies (incremental improvement or fundamental change), the challenge
before the Directorate is to declare one or the other (or a suitable alternative) as
the primary (although not exclusive) direction for NSF (SEE) investments. The choice
of a primary focus is not easy. Each of the two strategies represents a different
combination of elements, all of which are important to solving the problems facing
science education nationwide and all of which are appropriate to NSF in some fashion
or other. The trade-offs among them, discussed in the Summary Report, reflect
the fact that each strategy maximizes different things that are important to the
effectiveness of the Foundation.

We sununatize here some considerations for choosing among strategies and review
the differences between the two we described. To be effective, NSF's strategy for
investments in K-12 science education must:

Promise signi cant payoff in Improving the state of education in the sciences
for children and youth, in three areas simultaneously: (1) improving the
content of, and approach to learning and teaching science and mathematics;
(2) strengihening the professional community concerned with education in the
sciences at the K-12 level; (3) building good science content into the "infra-
structure." If improvement in these areas can be effected by NSF (SEE)
programs, then the Foundation stands the best chance of making systemic
changes.

2-11



NSF

(SEE) FUND

(next 5 to

10 years)

SEARCH FOR

APPROPRIATE CONTENT

AND APPROACH

New course/curriculum

development

Promoting exemplar)/

approaches for under-

represented groups

PROFESSIONAL

RESOURCES

Teacher suppart cadre

development (and

associated inseMce
training)

Alternative teacher

preparation programs

,.+ Minor emphases

Hilo' Major emphases

SYSTEMS UPGRADING

Content-related support

to state education

agencies, testing

agencies, publishers

Diversification and

expansion of Informal

science education

resolirces

it'll

<00#111111

RELATED CORE

FUNCTION INVESTMENTS

Network development

and Information

exchange mechanisms

Research and evaluation

closely tied to

development (and other)

projects

PRIMARY STRATEGIC OBJECTIVES

1 A wider array of challenging now

curricular alternatives, appropriate

to broad pool of leeiners aid levels

2. Extensive support networks lor

teachers cuffently in fiCier4 Or

newly eniedng the profession

Expanded informal science

education programs aimed el

diverse student needs at all levels

4. Mobilization of Infrastructure

institutions (publishers, testing

firms, etc.) in support of incremental

improvement goals

FIGURE 2-2 INCREMENTAL IMPROVEMENT STRATEGY

LONG.TERM GOAL

(Broadened pool of

science learners)



0

NSF

(SEE) FUNDS

(next 5 to

10 years)

SgARCI41-1 FOR

APPROPRIATtrE COWENT
AND AriticROACH

Recasting 14.1 112

mathematics a curricula
Rethinking (fihzulddle and

high school 6w4lence;
experlmenUft g with

elementary semchool science

Research oP

underrepreOarilnlation

PROFEONSIONAL
RESOOFt1RCES

Leadership daldevelopment

at all kw*
RestructurinZrg teacher
preparadori karind

continuing ettoducatIon

"11111

\- Miner emphases

91111fr Major emphases

SYSTEMS UPCGRADING

Conscieusrfttes.ralsing
among key Inginfrestmchre
InstitutIons

oEfxresntiding7puiziaarlisbihilnitglo.s

etc.

4 IOW I iik11411iiiiii iiiii

REA-TO .-ORE

FUNCTION INVEZIESTMENTS

CallaberatiVe ; arenas
for aducatat'S and
scientists

Extensive resemarch on
learning, leoratimIng

environments, ,;, new
technologies, etc.

id

PRIMARY STRATEGIC OBJECTIVES

New conceptIons of 1(-12 science and

mathematics content and approaches:

consensus on new purposes

2. New generation of leaders at all levels

In the scienoe education community

3. Proven models of teacher preparation

and continuing education (rotated to

new conceptions)

4. Prototypes and demonstrations of new

content end approaches in a variety

of educadonal settings

INCORPORATION

OF NEW CONCEPTIONS

INTO EDUCATIONAL

PRACTICE

FIGURE 2-3 FUNIZIDAMENTAL CHANGE STRATEGY

90

LONG-TERM 00AL

(Broadened pool el

science learners)



Balance short.term and long-term investments Because science education is
under heavy scrutiny, it is essential that sorn improvements be made that are
evident in the short run; short-term results also help NSF (SEE) modify
its future initiatives on the basis of lessons le .z.arned. Influencing improve-
ments in science education indirectly by extending the state of the art and
knowledge is intrinsically more long term, butmt equally important, at least in
some degree. This too must be understood and explained by NSF (SEE) to its
audiences.

Be feasible, both for NSF (SEE) and its grant. ees (as implementors of the
strategy) and in terms of the "market readinaz-se of practicing educators in
and outside of schools (Jie ultimate irnplemntors of education in the
sciences

a Appeal to important constituencies of the Foutmdation, in particular; (1)
the members of the scientific and engineerin establishment (including its
representatives in the disciplinary directorata.: -s of NSF); (2) the public and
its representatives (i.e., in Congress); (3) the -7q3rofessional community for
education in the sciences (which includes not only practicing educators but
also educational researchers, developers, and others).

We summarize in Table 2-1 the way our proposed strategies compare on these
dimensions. In so doing, we should point out that tlue strategies are very similar in
other respects. Each, in its own way, addresses the central national problem of
broadening the pool of interested and competent scince learners, although the nature
of NSF's contribution to achieving that goal differs htween them. Each features
highly leveraged investments, both in the sen-se that l's,SF's dollars elicit other
resources toward the same ends and in the sense that NSF's investments have the
potential for significant impact extending beyond the = immediate recipient of funding
or target audience. Each strategy features a balance ,rnong the types of activities
supported, the degree of risk incurred across investrnnts, and the size of projects.
Finally, each strategy assumes that NSF will adopt a hLsigh-profile stance in pursuit
of the ultimate goal.

We do not believe that either of these strategies iLls clearly superior nor do we
assert that these are the only two that could be imaginLied). It is also not a ques-
tion of choosing one strategy to guide all of NSF's edtx _cational investments; there
will always be a need for a mixture of investments, sormne aimed at incremental involve-
ment, others at fundamental changes. The important imiquestion is one of emphasis,
given limited resources. There are not enough resoures under any believable sce-
nario for the Foundation to fully implement both stratt.egies (see Appendix A forestimates of the resources required). Declaring one st-Jrategy to be the primary direc-tion for the Foundation's educational investments dm= concentrates resources in one
direction, but it does not preclude investments guided Tby the other philosophies.
Having a primary strategy provides guidance about th way a marginal increase in fund-
ing should be spent, as well as a basis for adjusting curamrent programs where their
emphases and contribution to strategic objectives are wriclear. It also helps to
explain and justify current and projected budget allocx-rtions for these investments.
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Table 2-1

COMPARISOMNI BETWEEN TWO STRATEGIES
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Scientific
establishont
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In summary, the best strategy will be one that SEE leaders feel comfortable with
and can convince othe: NSF leaders to support and articulate within and outside the
Foundation.

Building Strategic Capaci

To implement strategies of the sort just described requires several things: (1)
SEE leaders, in conjunction with SEE staff and NSF leadership, must articulate--
within NSF and externallythe strategy that they feel most comfortable with; (2) NSF
must request (and be granted) sufficient resources to cam/ out such a strategy;
(3) SEE staff must design and implement appropriate initiatives, along with necessary
adjustments in staffing, programs, and procedures; (4) SEF staff, with the support of
NSF as a whole, must assume a proactive posture in pursuit of strategic objectives.

These steps require that SEE and the Foundation as a whole build and maintain a
"strategic capacity" for investing in educational improvement over the long term.
This capacityan institutional capability to invest funds strategically--includes:
a centralized home base within the Foundation, the right staff expertise, continuity
of resources, procedures and policies that enable SEE staff to be proactive, and
support from the Foundation's top leadership.

Evolution of NSF's Capacity for Educational Investment

In the 1960s and 1970s, the Foundation maintained and developed a significant
capacity for investing at science education at the K42 level. A large staff, many
of them with long-term grantsmaking expertise, assembled over the years in the
Science Education Directorate; by the late 1970s, this group represented a signifi-
cant repository of experience and was the hub of many networks within the science
education community, which had been built in part as a result of NSF funding. All
this capacity for educational grantsmaking was abruptly eliminated in 1981 when
Congress abolished the Science Education Directorate and eliminated all of its pro--
grams (except graduate fellowships).

The reinstatement of the Education Directorate in 1983 presented NSF with the
challenge of rebuilding its capacity for investing in education. That capacity has
developed rapidly in the 4 years from then to the present. After an initial period
of start-up difficulties, SEE moved quickly to reestablish its program structure,
rebuild its staff, and process the flood of proposals that came its way. (Its ini-
tial lack of efficiency or direction--a major motivating factor in Congress' call for
studies like this one--is entirely understandable, given the circumstances.) SEE's
progress to date is remarkable, considering the extent of the disruptionin terms of
discontinued relationships, departed staff, and lost records.

Most important, SEE has increasingly assumed a strategic posture in K-12 science
education. The movement toward a more strategic approach to investment in science
education manifests itself in several ways:
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a Use of targeted solicitations. SEE has used more "targeted solicitations"
within several of the programs and has more clearly defined priorities in
others. Four such initiatives have been formalized in separate solicitation
announcements; a comparable number are currently on the drawing boards.
The result is a clear willingness to adopt more sophisticated funding
hypotheses (as described earlier in this part of the report), which appear
better matched to the complex task of "engineering" change in science
education systems.

A more proactive posture. Accompanying the movement toward focused invest-
ment, SEE has become increasingly proactive, in both overt and subtle ways.
Many program officers routinely encourage appropriate proposers. Staff have
made overtures to a number of the important groups in the professional com-
munity to explore possibilities for mutual collaboration (for example, a
recent meeting of foundations and scientific societies involved in supporting
professional networks).

la Collaborative planning activities. Some program and divisional staff
involve a wide range of professionals in planning and have hosted initiative
design conferences to help chart future directions for investment. One unit
within SEE is currently engaged in an elaborate strategic planning exercise,
drawing on commissioned papers from experts and on internal staff projec-
tions. These practices represent an excellent beginning in the direction of
strategic investment.

Further Development in Strate* Capacity

But SEE's strategic capacity must develop further in this direction. The evolu-
tion to date and the need for further improvement are briefly sularnarized below with
respect to each aspect of capacity.

Organizational home baseSEE provides a suitable home base within NSF for
staff with K-12 educational expertise. The centralization of such staff in a single
directorate is a prerequisite for coordinated strategic investments and should con-
tinue. Although this point may seem obvious, the matter has been debated over the
years and remains an issue, especially in light of the Foundation's plans to disperse
budgetary control over undergraduate-level educational investments among all research
directorates.

Specifically, the Foundation's plans for FY 1988--which represent a quantum
increase in overall NSF funding for education--feature several new programs that will
be dispersed throughout the Foundation, although SEE will act in a coordinating
role. A career access program (aimed at colleges and universities with high percen-
tages of minorities and other underrepresented groups), undergraduate-level curricu-
lum development, and an expanded program of research experience opportunities for
talented undergraduates have been proposed. To date, K-12 education programs appear
unaffected, although during the debate, sentiment within some research directorates
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favored various kinds of precollege invetments organized along similar lines espe-
cially for talented high school students iArho seem most likely to enter the scientific
"pipeline").

Anunspoken tension over control czyf educational investments is likely to exist
in the Foundation for a long time, refleting deep-seated ambivalence in some quar-
ters within NSF (and in the larger natio.Lial policy community) over the value and effi-
cacy of educational investments, their er=fects on funding for scientific research,
and thek legitimacy as a central part of =he Foundation's mandate. The gradually
declining percentage of Foundation rescarurces allocated to education from the mid-
1960s until recently (before the FY 1988= budget subrission) is one indication of the
power of this ambivalence. It is likely triLat this ambivalence will continue to
express itself periodically in calls for the absorption of SEE functions into other
parts of the Foundation.

Staff expertiseSEE has assembled diverse professional staff with many of
the competencies necessary for dealing ffectively with K-12 science education
system At present, the Directorate's stif includes nearly 40 professionals
devoting most or all of their time to K-1 science education investment. The staff

cludes individuals with backgrounds in most major disciplinary traditions in the
sciences (including mathematics, althou=h this disciplinary area is not represented
in proportion to its importance in the strTzlicture of K-12 education), familiarity with
educational systems (elementary, seconciary, and informal education institutions),
some grounding in key infrastructure insiMitutions (teacher education institutions,
state education agencies, and publishing)), and some expertise in research related to
science education social science measur.ement, educational research, evaluation).

forreasons that are understandabl (the loss of permanent staff in the early
19805, the need to gear up quickly, the dificulty of luring good people away from
their current employment), SEE has yet to attract a sufficient cadre of pernlanent
staff vkhgrantmaking expertise, good sabstantive backgrounds, and familiarity with
educational systems: approximately two--thirds of SEE's professional staff who deal
with Ic12 issues are rotators, which contxasts sharply with the 1-in-3 average across
other directorates in the Foundation. Rcuptators bring enthusiasm and recent connec-
tions vith the field, but they lack grantnking expertise; their rapid turnover also
makes it more difficult to ensure continuEty over time. In one division, 5 new
rotating staff (out of 11 professional staffp will be assunLing their duties this
fall; the division is about to receive sever----11 permanent staff appointments for the
first tirm There are good reasons for thi.L. kind of staffing pattern, and it will
take time to identify and secure the right 3cind of permanent staff (mistakes in
according staff permanent status are extrmely costly). But until the right mix of
staff is inplace, this division will find it ctificult (although not impossible) to
develop and maintain a consistent strateg_ic ,hrust along the lines discussed ea her.

If SEE is to undertake and maintain. .a more strategic presence in K-12 science
education, further adjustments and additiwons to the staff will have to be made.
Under either the incremental iroprovemet or the fundamental change strategy, for
example, additional staff members with ri..athematics ech.cation expertise would be
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cruired to address opportunities such as revamping the K 12 matherriatics curricula
and to match the heavy erriphasis on mathematics educatioaa at the elrnentary and
sec4rDndary school levels.

In many respects, additions or changes in SEE staffing depend on the kinds of
opportunities that it chooss to address. Staffing in the foll.owing area.s is
currently thin, and this fact would be a detriment if SEE wre to undertake ambit ous
initiatives related to each area of expertise:

Elenlentary science .education both science and ma hematics)--rieeded to
undertake extensiv investments in rethinking math.ematics and science content
and approaches at the e/ementary level (see Opporunities 1 arid 2a in
Volume 1), the improvement of support systems ancL preparatbn programs
for elementary teachers (see Opportunities 4 and 5) and more extensive
investments in informal science learning resources aimed at yo-iing children
(see Opportunity 10).

Educational and soial science researchnecessary fa.r more extnsive
investments in care functions as described earlier in this volunt (see
discussion of buidirig the base of information and kntowledge ir science
education).

Science and matbeirzatics testingnecessary for initiatives aimed.. at improving
science and mathematics testing and assessment (Opportunity 8).

State educational pa olicyrnakingnecessary for mittati,ves aimed a_t support
for state science and mathematics education reform (Opporturr_ity 9).

Underrepresented gramps of learners in science edueatic2n, especiatly minorities--
necessary for a rhor effective strategic approach to serving underrepresented
groups (see OpportLinity 3). Staff would need to bav-e great farr-_iliarity with
these issues, intimate contact with the networks of science educ...tors most
involved-with these issues; staff from underrepresented groups themselves
would be preferred.

-The number of new statff required depends in part on thte amount c3f funds to
be disbursed, but it is also possible that SEE has too few staff (even at --urrent
funding levels) for the proactive activity implied by either strategy. Evir with no
change in current SEE prog;rams to address opportunities we have described, any
signicant increase in SEE', 2unding implies a need for more staff to process the
additional proposals that wi7luld result, as well as to undertalce the proative invest-
ment activities we have described.

C'ontinuily of resources--The success of any overarching s.trategy in EC-12
science education depends, in part, on the amount of resources allotted to it. For
stratgic investment to succeed, NSF will need to maintain a level of furiding over a
periocl of years (e.g., 5 to 10) that corresponds with plans anct objectives. for K-12
eduction improvement. 'Pais is adrrgttedly a difficult thing No manage Lri an era of
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concern over budget deficits; however, vehicles for securing long-term funding do
exist (such as the Foundation's current request for a 5-year appropriation) and
should be vigorously pursued.

The amount and continuity of funding for K-12 science education reflects the
relative priority placed on support for different levels of education. Because this
report deals only with investments at the 1(42 level, it has little to say about
relative priorities between this and higher levels of education. However, it should
be pointed out that the pattern of budget requests for K-12 activities from the
Foundation since 1983 suggests a reluctance on the Foundation's part to increase its
investments in this level (even the current budget request, which reflects sizable
increases for scientific research and for education as a wholemostly undergraduate
activities to be lodged outside SEE--has little real increase for K-12 activities

Procedures and policies affecting proactivi --Both within SEE and in the
Foundation as a whole, procedures and policies that bear on the proactivity of staff
(and the Foundation as a whole) deseive careful examination, in recognition of the
differences between support for education and support for scientific or engineering
research (there are some parallels between education and engineering that should be
examined). Although this study concentrated on an analysis of opportunities, alterna-
tive initiatives, and strategies, it became obvious that there were important opera-
tional implications of the alternatives under consideration. In particular:

(1) Merit review procedures. The application of merit review procedures in
various areas of educational investment may be different from those used by
other parts of the Foundation. The problem becomes especially difficult
for reviewing educational investments because many, if not most, proposals
to SEE are thoroughly interdisciplinary, and the relevant "disciplines" are
as diverse as elementary education, cognitive psychology, and molecular
biology.

Alternative arrangements (such as standing review panels, which can provide
not only expert external review but some continuity of vision in project
funding decisions over time) should be actively considered and applied
wherever they make sense. The thinking represented in the Foundation's
receilt Advisory Conmuttee on Merit Review (which completed a report in
September 1986)--for example, involving the use of multistage review pro-
cesses for large and complex proposalsshould be applied to SEE review pro-
cesses wherever feasible. Small planning grants issued to larger numbers
of potential bidders on large-scale multiyear projects (for which only a
few awards can be made) have important advantages as a way to assess more
accurately the capabilities of a prospective project team, in addition to
allowing the team to assemble and refine its thinlcing.

(2) Staffing policies set by the Foundation. Policies governing staff ceilings,
which are set by NSF outside of SEE, should be carefully reviewed to deter-
mine whether they permit SEE enough staffto engage in the kinds of proac-
tive outreach that are implied by the initiathes and strategies we have

2-20

97



been discussing. For example, total stafartg ceilings include those staff
paid out of NSF's administrative line item as well as staff brought on for
temporary assignments (e.g., uader IPA xnobility assignments) paid for out
of program funds.

It may well make sense to allow SEE th flexibility to augment its staff
for critical strategic purposes above the formal staff ceiling levels,
through more extensive use of program funds for staffing (adding a few
staff in this way would not seriously redaire funds available for projects).

Expectations for the use of staff time withirz SEE. The balance of time
devoted to paperwork and proposal review--as opposed to monitoring ongoing
projects, desigting new initiatives, cultiva.fing potential collaborators,
etc.--needs to be adjusted if K-12 educational investments are to become
more strategic. This is not to ignore the x-eal time pressures placed on
SEE staff by the large numbers and complexity of proposals they receive.
ht addition, the numbers of staff curently available may preclude or
inhibit strategic investment activities to some extent, as suggested above.

But there are ways to streamline theproposal review process (e.g., through
more vigorous use of preliminary proposls and even by forms of "batch"

processing of proposals in areas where th.e projects to be funded conform to
a uniform mold) and to augment staff capacity (e.g., by use of third
parties for project monitoring and initiative design activities). New
rotating staff can be brought in with a clearer set of expectations about
other responsibilities besides proposal reNriew. SEE should experiment more
actively with these kinds of activities. These expectations might be for-
malized in divisional budgets, for example, by allocating a certain per-
centage of staff time to plarming activities or designating staff with
major assignments for strategic planning o.ctivities.

Support from Foundation leadership--Alttough they are coordinated and imple-
mented by SEE, strategic investments in 1<-12scielace education are more likely to
succeed if they receive the active support of the Forundation as a whole, especially
its leadership. Clearly articulated support for educational investments or certain
strategic directions in educational improvement ccmning from the Foundation's leaders
or the National Science Board carry great weight writhin national policy circles and
the scientific community, not to mention the inkluerice such pronouncements may have
on the private sector or public perceptions. Onthe other hand, silence by these
leaders conveys an opposite message: K-12 science education is unimportant, at least
in relation to the other priorities of the Foundation..

During the first half of the 1980s, NSF's top ledership paid relatively little
attention to science education. This attitude may have reflected the hostile
political climate at the national level (in which sustained effort by the new
administration to downgrade and even eliminate the federal role in education was
under way), as much as the preferences of the Fountdation's leaders. Nonetheless,
with the exception of the activities of the National Science Board's ComirOssion on
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Precollege Education in Mathematics, Science and Technology, there was little public
support for an effective presence in 1K-12 science education of any kind, 1 _Lhe
catalyst for a rebirth of NSFs educational programs at this level came fronam outside
the Foundation (the Congress ) rather than from within.

NSF's leadership has recently taken more interest in educational mat ers, espe-
cially those related to undergraduate and doctoral or postgraduate study ,_.`-Simultan-
eously, the political climate has grown more supportive, both of educationl activi-
ties undertaken by NSF and of NSF's scientific and e4neeringresearch ftaanctions. A
Foundation-wide task force on education and human resources (a theme w-within the
Foundation's FY 1988 budget request, as well) is currently at work attemptting to
clarify the Foundation's role in all areas of science education; NSF has isstimed
discussion papers on the development of human resources in relation to theme nation's
drive to improve its economic competitiveness. Also, strategic planning exezrcises
related to education have been conducted within SEE and other parts of thtrie
Foundation.

But despite these signs of renewed interest in its educationalmandate,. the
Foundation as a whole is senclizeg mixed signals regarding K-12 science eduwcation. If
NSF's top leadership is connnitted to developing an effective strategic capacity in
1(42 science education, it should move quickly, in conjunction with SEE, tao develop
more effective and consistent statements of mission and strategi and to buiEld them
into Foundation-wide policy on educational investments. The following indElications
can be constmed as 'nixed signals regarding K-12 science education:

Virtually all of the significant increases in funding for science educm-tion
proposed by the Foundation for FY 1988 are at the undergraduate lo_evel and
above. This fact has a reasonable explanation: the virtual absence ozsof
Foundation support for this level of education in the 1980s is considwered by
many to be the most serious flaw in NSF's approach to education, s(m) that
higher education deserves the lion's share of new science education : monies.
Nonetheless, the fact that most K-12 activities appear in the Founda_stion's
budget without increases, even minimal ones, sends a message to th outside
world, and in particular to the political bodies that scmtinize the
Foundation's budget requests, that K-12 education is not important.

At present, the statements of educational mission developed inside is_nd
outside of SEE do not agree; updated 5-year plans recently forwardd to
Congress have lacked a clear statement of strategic approach along tithe lines
described earlier in this report. The lack of agreement may be, in paart, an
artifact of the dynamic situation that exists at the time this report is
being completed: discussions are still under way, and attempts are b.4eing
made to evolve a more coherent framework for educational plannin. But
our interviews with individuals inside and outside SEE suggest that
resolution of the disagreements is not a foregone conclusion and mayy
require more vigorous intervention by the Foundation's leaders.
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Within the strategic plan most recently submitted to Congress, the Foundation
is most specific about graduate-level educational activities (target numbers
of fellowships are mentioned, for example); by contrast, K-12 educational
activities ale described in much more general terms. If the plan were
equally specific about, say, the target numbers of elementary school science
teachers to be served as the number of graduate fellowships to be granted,
then the plan would appear to address science education at the K-12 level
with a comparable degree of care.

NSF's top leadership and the National Science Board (NSB) have a role in helping
to articulate the strategy for K-12 science education, and they should exercise that
role more vigorously. The absence of public commentary by the NSB on K-12 science
education issues since its report Educating Americans for the 21st Century (1983)
is notable. By helping to enunciate the Foundation's strategies to political and
professional groups, as well as to the public, these bodies may obviate congressional
pressures on the one hand; on the other, they may help to mobilize the relevant
professional communities behind the Foundation's educational mission.

NSF as a whole, not SEE alone, will need to exercise leadership in the scien-
tific community on behalf of 1(42 science education if it wishes to establish a more
effective strategic presence in titis area. Many of the Foundation's primary consti-
tuencies (in the scientific community) do not necessarily recognize the importance of
science education investments, least of all at the K-12 level. The reasons for this
state of affairs go deep into the history and tradition of the Foundation, and deeper
still into the society at large. Assuming the Foundation wants to contribute to
broadening the pool of young science learners, it will require the concerted effort
of committed individuals at all levels in the Foundation to educate the scientific
corrimunity to accord K-12 science education the prominence it deserves.
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FOREWORD

The following tables show the duration and level of funding of the

various programs of the Science and Engineering Education Directorate (SEE)
.

of the National Science Foundation from 1952 to the present. Programs are

organized by level as follows.: precollege, informal (all levels), college,

and graduate/postgraduate. Within levels, they are generally broken down by

type, such as teacher/faculty development, materials/curricular development,

research, equipment, etc.

Information used in formulating this table through 1983 is from the

National Science Board, "Discussion Issues, 1983: Precollege Mathematics and

Science Education," NSB 83=128, June 1983. Information for more recent years

is being provided by SEE.

Cross checks of the data derived from the NSB publication with data

contained in NSF Annual Reports has revealed some discrepancies in program

durations and levels of funding.
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66. Research on Cognitive Processes

RCPSK end the Structure of

Knowledge (1970-79)

XX. Studies and Program

SPA Aasessment (1904-ptesent)

* The program appears in this list in More than one category

because the program Myers more than one level.
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XX: Reaearch in Teaching and

RTL Learning (1984-preaent)

D. Other

*72, Program Development and

POE Evaluation (1958-61)

12. Student Science Training

SST (1959-81)

*73. International Science

ISA Activator+ (1962)

36. Specialized ActiVitlea

SA (1962-65)

Women in S41100

NIS (1974-760 197941)

*69. Minorities, Women and the

HWE Handicapped (1977-78)

48. Information Dissemination for

IIISE Science Education (1971-81)

50. Resource Ceetern for Science

RCSE and Engineering (1978-61)

Phyaically Handicapped

FRS in Science (1919-80)

16. Reaearch Apprenticeships for

RAMHSS Minority High School

Students (1980=82)

XX. Advanced Technologic+)

AAT (1984-present)

II. INFORMAL EDUCATION (all levels)

51, Public Underntanding of

PUOS Science (1960-661 1961-73,

1974-82)

N rt
111 lit In

chascrim
I-1 r4 t-1

COCI1Orl
01AW71,411:1
(hO10101C0

* The program appears in thin list in more than one category

became the program covers more than one level.
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74,
Ethics alul Values In Selena

EV1ST Ind Technology (1976-19)

15, Science for Citizens

SVC (1117-19)

XX.
Informs1 Science Educati n

ISE
(1984-present)

111. COLLEGE

a. Le_41111!211.0

30.
Eduction in the Sciences

EIS (115245)

12.
College Teacher Workshops and

CTW
Seminars 4956-19

SIM

isimmsamo

Science Faculty Fellowehips

SFPO (1957-71) and Professional

Developaent Grants (191441)

Research Participation for

RPM College Teachers (1959=704 1914-76,

1919-01)

34. Chautouqui NSF Type Short

COSV
Courses (1910-82)

B. hamlets and Cortleulus knit) se4

39, Science Curriculum Improvement
SC1P (1958-12)

53,
Special Pro]ecta In

ilndergraduate
SHE Education (196648)

40.
College Science improvement

COSIP (1967-11)

41.
College Science Improvement

COS114 Program - Part 0 (191213)

The program sppears in this list in more than one category

because the program
covers more than one level.
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571 Science 4nd Engineering

SETE Teehnician Education (1912=76)

59. Undergraduate Materiale 4nd

UMID Instructional Development (1972-76)

*60. Computing Activities in

CIE Education (1972-73)

*61. Technological Innovation in

TIE Edueation (1974-76)

42, Reatructuring the Undergraduate

RULE Leerning Environment (1974-75)

63. Minority InItitutions Science

HISIP Improvement (1974-79)

45. Comptehensive Assistence to

CAUSE Undergraduate Science Education

(1976-81)

46. Lona COuree Improvement

LOCI (1976-81)

C4 Research

52. Special Projecte in Science

SPISE Education (1957-59)

*62. Problem Asseosment and

PUP Experimental Projects (1974-76)

-64. Research in Science

RISE Education (1977-d2)

65. Two-Year College Aaseseeent

MUSE Program (1978)

D. Students Rareer TErsining1

130 Science Education for Under-

SEU$ graduate Students (1960-65)

14. Undergraduate Research

URP Participation (1970-81)

* The program appears in thie list in more than one category

because the program covers mere than one level.
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15. Student-Originated Studies

SOS (1972-80)

Et EilliMent/Inotrumentetion

35. Instructional Scientific

ISSP Equipment (1961-70. 1912-81)

XX. College Science Instrumentation

CSIP Program (1985-present)

F. Other

*72.
Program Development Ind

PDE Evaluation (195841)

*73. International Science

ISA Attivities (1962)

*68. WOOtA in Science

WIS (1914-16 1979-81)

69. Ninoritieo, Women and

NW the Handicapped (1977-78)

IV, GRADUATE AR POST-IRADU TE

I. Graduate Fellowships'

arp (1952-present)

2. Postdoctoral Fellowships

POST (1956-11)

3. Senior Postdoctoral Fellowships

SPORT (1956-68. 1970-71)

*31, Science Faculty Fellowships

(1951-11), later Professional

Development Gronts 0974=80
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4. COOptrittite Grthote

4 CO Fellowships (1959-66)

* The program appears in this list in more than one category

because the program covere more than ofl4 level.
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5, Summer Fellowehlpe for Graduate

SEGTA Teaching Aeliotants (1959-66)

38. Senior Foreign Scientiat

SFS? Fellowahipa (1963=71)

6. Urednote Traineeahipa

GTE (1964-73)

1. Summer Trainesships for Graduate

SIGTA Teaching Asaiatenta (1967-71)

8. Minority Inetitution Graduate

MIGT Treineeehipe (1974-79)

9., National Needs Graduate

111101 Traineeships (1914-71)

10. National Heeds Postdoctoral

NNPF Fellowships (1915-78)

441 Senior Foreign Energy

SEES Scholert (1975)

11. Minority Graduate Fellowehipa

MEP (1978-820

8. Research and Resources

SCUM Manpower Studien

SHS (19571 1959-61)

17. Advanced Science Seminate

ASS (1959-67)

37. Advanced Science Education

ASE (1962-12)

58. Continuing NSF Educetion

CNESE for Scientiate end Engineera

(1972-76)

47. Reaearch Initiation end

RIAS Support (1971=18)

49. Minority Centers for

MCGE Graduate Education (1917)

*50. Resource Centers for Science

Rag and Engineering (1918-81)

* The program wore fn this lint in more than one category

because the program cove° more than one level.
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SOURCES:

Data for 1952 to 1969 and 1971 are from "The National
Science Foundation and Precollege Science Education: 1950-1975,"
Report Prepared for the Subcommittee on Science, Research and
Technology of the Committee on Science and Technology, U.S. House
of Representatives, (Washington, DC: U.S. Government'Printing
Office), January 1976.

Data for 1970 and
_ _he National Science

Data for 1974 and
Engineering Education
Foundation.

1972 to 1982 are from the Annual Reports
Foundation, various years.

1975 were provided by the Science and
Directorate of the National Science

All figures are in Thousands Dollars.



1. A.

YEARS

--------
1952

1953

1954

1955

TEACHER TRAINING - PRECOLLEGE

S1SST AYISSI ISISSI 5IE51

-----

11A2

NA2

151E51 APHST1 SST-SF CCSS
-

RPW PSTEP CSTC P111 PCID LRTO SHEN LA/HO
-----

PA

.5-.
TPE

1956 6153 505

1957 4.9398 4,251 162

1958 0,399 4,907 621

1559 19.418 8,800 1.061 470 81 NA 1,475

- -- --------------------- -------------- ---- - ------

1960 19,405 9,015 2,068 514 71 KA 1,268

1561 18.553 9.118 2.571 642 192 MA BOO WA°
1962 21.019 100361 3.327 695 196 NA 010 521

1963 23.080 10,504 3,193 1,045 291 KA 861 751

1964 23,093 10,482 3,108 1,240 451 NA 855 721

1965 22,950 10,596 3,218 1,251 439 MA 026 040

1966 22.498 10,019 2,917 743 450 1,602 1,957

1967 21,316 9,184 2.954 1,218 2,213 MA7
1968 22,122 0,449 3,654 1,235 3.397 MA7 370
1969 19,200 8,301 3,279 4,824 MA7 679

1970 23,300 _ 0 421 5.215 4,654 107 144

1971 23, 26 41730 1,703 2,835 1,956
1972 1E43305 4.355 1,359 1,511 6,0375
1973 12,4555 2,020 822 367 1,8498
1974 1,570 2,463 14,679
1975 1,450 958 12,311
1976 1,4358

8

TO
2858

8

1977 1,100 280 4,840
1978

6,760
1979 "so

1980
NA15

1981
NAIP

1982
NA

1993

1984
1,790 99 7,370 635 31990

1985
10,266 1,341 5.285 919 7,2049- ---- pi

TOTALS 270,106 177,523 38,147 6,600 2,182 4,051 6,895 30,981 3,804 11,409 13,543 26,990 11,600 12,056 1,430 12,655 1,554 11,194

1 Includes 'Supplemental Projects.' Rushers shomn are for precollege teschers.only. For other vears, data are not Available
separately, but instead included as part of the total for 'Research Participation for College Teachers.'

2 Not available separately, included in total for 'Education in the ScienCes."

3 Include% 'College Teacher Institutes' in this year only.

4 Precollege level only for 1957 and subsequent years.

5 Separate breakdown not available; Ruder fur 'Institutes' (precollege only) as a whole; also includes °Leadership Specialist
Projects.'

6 Not available separately; included in 'Science Education for Sunday School Students.'
7 Seems to be included in totals for °Course Content Isprovelent.'

8 Comprehensive Systems/Teachers Centers included in total for Pre-service Science Education.

Includes 'Comprehensive Iniervice Teacher Education' and 'State and Urban Systess.' #'

10 included io total for 'Faculty Improveeent Proorams,' ohich consists of Precollege Teacher Development Chatauqua-NSF,

Science Faculty/Professional Development Fellowships, and Research Participation for College Teacher.

TOTALS

0

0

0

1,120

9,352

112:91(i;

32.335

31,377

38,929

39,727

39,950

40.128

6iiii309

36,28'

41.590

34,052

31.592

17,513

18,711

14,727

1.435

285

6,270

6,760

0

0

0

Q

13.874

25,015

642.803



I. B.

Years

1952

1953

1954

1955

1956

Materials Development

CCI PMID CIE TIE DISE

NSF-

NIE MD IND TOTALS

0

0

0

0

0

1957 6301_
___2

630

1958 779 779

1959 5,819 5,819

--------

1960 4,522 4,522

1961 5,082 5,082

1962 7,721 7,721

1963 9,623 9,623

191,4 12,071 12.071

1965 9,271 9,271

1966 9,917 9,917

1967 11,690 11,690

1968 13,307 13,307

1969 7,711 7,711

1970 6,507 6,507

1971 4,357 4,359

1972 3,469 8,372 11,841

1973 3,312 6,216 99528

1974 8,261 7,432 15,693

1975 7,380 5,997 13,377

1976 4,294 2,926 7,219

TA- 1,328 684 2,012

1977 8,720 8,720

1978 5,550 5,550

1979 BOBO NA 8,180

1900 8,110 NA 8,110

1981 6,160 NA 6,160

1982 NA 0

1983

1984 14,032 14,032

1985 5,530 5,530

---
TOTALS 109,009 28,044 14,589 17,038 36,720 0 19,562 224,961

1 Figure for 1957 includes undergraduate level as well as precollege.

2 Figures for 1958-1971 ars for precollege level only; 'Supplementary

Teaching Aids are included.
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Years

1952

Resea -h

PAEP

NSF-

RISE N1E R

--------

SPA

----------------

RTL TOTALS

1953 0

1954 0

1955 0

1956 0

1957 0

1958 0

1959 0

--
1960 0

1961 0

1962 0

1963 0

1964

1965 0

1766 0

1967 0

1960 0

1969 0

-----
1970 0

1971 0

1972 0

1973 0

1974 1,464 1,464

1975 1,240 f,240

1976 716 716

TO 256 256

1977 2,350 2,350

1778 2,350 500 2,850

1979 3,830 NA 3,830
---- - ----_______---- -- ----

1980 5,680 5,680

1981 4,710 4,710

1982 NA 0

1983 0

1984 1,809 1,2271 3,036

1985 1,748 2,908 4,656

-------------

TOTALS 3,677 18,920 500 3,557 4,135 30,789

1 Does not include approximately $3 N for Research in T

Program administered by the Directorate for Biologica

Sciences but appropriated to SEE.

1 2



1. D.

YEARS

1952

1953

1954

1955

1956

1957

OTHER

POE 5STP ISA SA WIS MWH/PHIS IOSE RCSE RAMHSS AAT

SPEC PRE-5

PROJ COLLESE TOTALS
__..........

0

0

0

0

0

0

1958 985 389 1,374
1959 2,285 6,5351 8,821

_ -

1960 2,274 4,4582 6,731
1961 2,364 3,0502 5,413
1962 1,8103 343 1,088 3,241
1963 2,181 751 2,932
1964 2,305 893 3,198
1965 2,131 424 2,555
1966 1,973 1,973
1967 2,070 591 2,661

1968 2,067 433 2,500
1969 1,873 311 2,184

1970 1,931 1,931

1971 2,051 2,051
1972 1,938 1,938
1973 1,955 1,955
1974 1,375 605 1,980
1975 1,747 392 2,139
1976 1,945 1,003 2,948
TO 6 1 7

1977 1,930 2,000 390 4,320
1978 2,200 2,310 720 2,790 8,020
1979 NO 2,360 1,030 2,740 6,130

1980 NA
4

2,230 1,270 2,750 6,250
1981

NA 4
3,480 1,220 2,770 7,470

1982 4,150
5

4,150
1983 5

1910- 1,110
1984 1,210 1,210
1985 6,485 6,485

TOTALS 7,907 47,529 343 3,156 2,002 12,380 4,630 11,050 0 7,695 1,725 5,260 103,676

1 1959 figure includes undergraduate as well as precollege.

2 Referred to as 'Science Education +Or Secondary Students.'

3 In 1961 and subsequent years, broken out separately as *Summer Programs for High School Students* or IS uden
Science Training.°

4 Included in total for 'Student Oriented Programs,' which consists of 'Undergraduate Research Participation,' *Stu
Oriented Studies,' and 'Student Science Training Program.°

5 This Precollege category includes all SEE awards for 1981-02 other 6an fellowships and traineeships;



11. INFORMAL EDUCATION

YEARS PUOS EVST SFC
- -------- s- --------------
1952

ISE TOTALS

1953 0

1954 0

1955 0

1956 0

1957 0

1958 0

1959 25 25

1960 317 317

1961 327 327

1962 294 294

1963 369 369

1964 396 396

1965 NA 0

1966 HA 0

1967 (472) 0

1968 (295) 0

1969 11851 0
------------------------ ---------
1970 NA

1971 14361 0

1972 (794) 0

1975 (805) 0

1974 2,212 2,212

1975 1,689 1,689

1976 1,671 671 2,342

TO 28 172 200

1977 1,970 1,210 910 4,090

1978 2,400 1,290 1,670 5,360

1979 3,440 1,260 1,590 6,290
----- ----- ----

1980 3,910 1,290 2,050 7,250

1981 4,300 3,070 7,370

1982 NA 0

1983 0

1984 1,952 1,952

1985 7,168 7,168

TOTALS 23,348 8,963 6,220 9,120 47,651

1 Data for 1967 to 1973 are from the texts of th

NSF Annual Reports. This program was not part

of SEE during the 1967 to 1973 period, and

accordingly these figures are not included in

either the program total or the total funding

for SEE as a whole.
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III.

YEARS
=------

1952

1953

1954

1955

A. FANLTv DEVELOPMENT

E S SFPD
--------------, ------- -------

7

41

161

316

CTW
--------

CII

----------------
11PCT3

-------

CHF
-----

COL.TEACH

PROGRAMS

--------

FAC.IMPRO

PROGRAMS5
------

TOTALS

5- -----

7

41

161

316
1956 314 NA

314
1957 675 NA 278

5
1958 1,580 NA 285

1,98635

1959 2,328 260 2,159
1

2,380 7,127

1960 2,259 265 2,2171 2,413 7,153
1961 2,323 342 2,105 2,647 7,618
1962 3,086 428 2,050 2,375 0,738
1963 3,799 640 3,049 2,559 10,047
1964 3,839 628 4,245 3,715 12,427
1965 4,098 NA 4,094 4,004 12,195
1966 4,160 NA 3,896 1,381 9,437
1967 3,330 NA 4,475 1,519 9,324
1968 2,865 NA 4,103 1,613 8,581
1969 2,510 NA 3,171 797 6,477

1970 3,034 NA NA2 NA2 NA2 4,1612 7,195
1971 3,000 NA NA NA NA 3,000
1972 NA -2

NA NA2
ii 2A 3,1822

1973 NA NA2 NA2 NA2 3,8232

ii1974 1,484 HA4
919 1,3084

1975 1,556 NA4 972 1,1944 3,722
1976 1,300 1,263 095 3,457
TO 0 0 0

1977 2,220 980 3,200
1978 2,320 1,060 3,380
1979 NA5 NA5 NA5 10,0305 40,030

_- - ------ _-- _.-- __-

1980 NA S NA5 NA 5 11,7905 11,790
1981 NA 5 NA5 NA5 10,1805 10,180
1982 NA 0
1983

0
1984

1985

TOTALS 839 51,764 2,563 37,126 20,556 5,436 11,166 32,000 169,450

1 Also includes 'Technical Teachers Ins itutes.'

2 'College Teacher Program category includes College Teacher Institutes, Research Participation for
College Teachers, and Chatauqua-NSF Short Courses.

3 Data for 1959 to 1965 inClude 'Research Participation for High School Teachers' as well as college teachers.
4 Data on Chatauqua-NSF Short Courses for 1974 and 1975 include College Teacher Workshops.
5 The category 'Faculty Improvement Programs' include Chatauqua-NSF. Research participation fat

College Teachers, Precollege Teacher Development, and Science Faculty Professional Development.

NOTE: Data for College Teacher Workshops for 1965 through 1973 say he included with data on
Advanced Science Seminars.
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III.

YEARS

1952

1953

1954

1955

1956

1957

B. MATERIALS AND CURRICULUM DEVELOP ENT

SCIP SPUE COSIP COSIP-D SETE
------- ----.-----------------

RULE UMID MISIP CAUSE

-----------------------------------

UNDERSRAD

LOCI INSTRUCT TOTALS

0

0

0

. 0

0

0

1953 56 56

1959 211 211

1960 1,897 1,897

1961 1,329 1,329

1962 1,269 1,269

1963 3,010 3,010

1964 1,904 1,904

1965 5,281 5,281

1966 5,647 1,406 7,054

1967 6,666 686 2,464 9,816

1968 6,045 906 9,624 16,574

1969 5,004 716 8,764 14,484

1970 9,806 6,829 16,635

1971 5,166 3,675 77 8,918

1972 4,618 3,027 5,047 1,251 13,943

1973 848 4,281 144 1,955 7,228

1974 1 002 2,471 6,564 6,002 16,039

1975 1,989 2,091 4,882 4,958 13,921

1976 289 2,487 4,743 10,112 1,033 18,662

TO 0 333 2 34 0 369

1977 5,140 10,880 2,210 18,230

1978 4,690 13,470 2,520 20,600

1979 4,910 13,520 NA' 6,4001 24,830

_ _-----_"---- _

1980 BO 13,280 NAl 5,680719,040

1981 8,890 NA1 6,1701 15,060

1982 0

1963 0

1984 0

1985 0

------------------- ---------_-_-_-_-_-____------- ------ -_-_-_-_____--------
TOTALS 57,909 3,714 35,231 9,328 4,752 4,562 16,221 30,525 70,186 5,763 18,250 256,439

1 'Undergraduate Instructional Isprovement' cnnsists of 'Local Caurse Improvement' and

'Instructional Scientific Equipment' together. No separate breakdowns are available

for these prograas far 1979 to 1981.



I I I . C. RESEARCH

YEARS SPISE TYCLASE TOTALS

1952

1953

1954

1955

1956

1957

1759

1959

1960

1961

1962

1963

1964

1965

1966

1967

1968

1969

1970

1971

1972

1973

1974

1975

1976

TO

1977

1978

1979

1980

1981

1982

1983

1984

1985

---------------------
TOTALS

688

166

854

460

460

0

0

0

0

0

688

166

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

460

0

0

0

0

0

0

0

1,314



Ill.

YEARS

D. STUDENTS

SEUS URP

STUDENT

SOS ORIENT. TOTALS

1952

1953

1954

1955

1956

1957

1958

1959

1960 2,872 2,872

1961 3,388 3,388

1962 4,373 4,373

1963 5,878 5,878

1964 6,052 6,052

1965 5,479 5,479

1966 6,583 6,583

1967 4,734 4,734

1968 4,142 4,142

1969 3,716 3,716

1970 3,817 3,817

1971 3,926 1,491 5,417

1972 3,861 1,896 5,757

1973 2 133 1,095 3,229

1974 2,022 1,733 3,755

1975 2,874 1,150 4,024

1976 2,544 982 3,526

TO 0 0 0

1977 2,650 960 3,610

1978 1,980 920 2,900

1979 NA1 NA1
-1

5,420- 5,420

1980 NAl NA1 5,1101 5,110

1981 NA1 5,6801 5,680

1982 0

1983 0

1994 0

1995 0

TOTALS 43,499 29,523 10,228 16,210 99,461

1 Data on 'Student Oriented Programs' for 1979 through 1981

consists of 'Undergraduate Research Participation', 'Student-

Originated Studies', and 'Student Science Training Program.'

Separate breakdowns for these three programs for these

years are not available.
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Ill.

YEARS

E. EQUIPMENT

ISEP CSIP TOTALS

1952 0

1953 0

1954 0

1955 0

1956 0

1957 0

1958 0

1959 0

1960 0

1961 NA 0

1962 NA 0

1963 NA 0

1964 NA 0

1965 8,205 8,205

1966 7,736 7,736

1967 4,906 4,906

1968 4,336 4,336

1969 4,615 4,615

1970 0

1971 5,230 5,230

1972 2,881 2,881

1973 1,578 1,578
1974 3,141 30141

1975 4,458 4,458

1976 2,994 2,994

TO 0 0

1977 2,970 2,970

1978 3,740 3,740

1979 NA/ 0

1980 NA 1 0

1981 NA 1 0

1982 0

1983 0

1984 0

1985 4,838 4,838
_

TOTALS 56,788 4,838 61,626

1 Data on 'Ins ructional Scientific Equipment' for 1979

through 1981 are included in 'Undergraduate Instructional

Improvement', which includes 'Local Course Improvement'

as well. No separate breakdowns are available for

these years.
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IV. A.

YEARS

1952

1953

1954

1955

FELLOWSHIPS

GFP POST

1,533

1,366

1,727

1,784

SPOST CGF SFGTA SFSF GTP ST6TA MGT NNGT NNPF SFES HOF

FEL.SHP

TRAIN. TOTALS

1,533

1,366

1,727

1,784

1956 1,579 348 150 2,077

1957 1,867 424 388 2,679

1958 2,602 725 696 4,022

1959 3,186 1,116 768 3,685 514 9,268

1960 3,386 1,061 738 4,121 560 9,865

1961 4,111 1,095 706 3,485 599 9,996

1962 5,533 1,404 945 4,177 846 12,905

1963 7,600 1,471 964 5,356 950 677 17,018

1964 9,036 1,632 1,029 6,135 961 619 6,000 25,411

1965 9,617 1,626 1,061 6,296 979 661 15,061 35,300

1966 12,181 1,580 1,083 1,471 990 673 22,348 40,325

1967 11,895 1,204 774 644 26,971 1,060 42,547

1968 9,912 664 538 786 30,229 1,063 43,193

1969 9,155 702 729 25,905 811 37,302

------- -- ------------

1970 10,375 1,000 686 780 26,240 1,029 40,110

1971 9,418 1,300 687 914 18,046 1,041 31,409

1972 9,897 10,443 20,340

1973 10,483 4,826 15,309

:.1974 9,776 .NA 3,222 12,999

1975 9,502 NA 1,296 2,400 428 13,627

1976 11,373 NA 2,164 1,414 14,951

TQ 528 NA 0 0 528

1977 10,800 1,000 2,160 1,370 15,330

1978 11,040 1,360 1,760 NA 14,160

1979 NA1 NA NA1 15,2601 15,260

1980 NA1 NA1 13,9601 13,960

1981 NA1 NA1 14,0301 14,030

1902 16,750 16,750

1983 14,980 14,980

1984 20,322 20,322

1985 27,298 27,298

TOTALS 270,611 17,351 11,213 34,727 6,399 6,482 106,069 5,004 2,360 8,842 6,744 428 NA 43,250 599,679

1 aduate fellowships and Graduate traineeships are not reported separa ely

for 1979 through 1981.

130



IV. B.

YEARS

1752

1953

1954

1955

1956

RESEARCH AND RESOURCES

SHS ASS ASE CHEM RIAS HUE TOTALS

0

0

0

0

0
1957 397 397
1958

0
1959 780 780

1960 891 321 1,212
1961 1,019 777 1,795
1962 1,000 112 1,112
1963 1,502 802 2,384
1964 1,172 1,172
1965 649 1,353 2,002
1966 1,088 1,088
1967 1,153 2,112 3,265
1968 1,138 1,470 2,608
1969 2,468 2,468

1970 2,393 2,393
1971 3,574 3,574
1972 2,255 2,255
1973 2 072 2,072
1974 1,004 1,004
1975 1,109 1,109
1976 221 4,009 4,230
TO 0 0 0
1977 4,430 790 5,220
1978

0
1979

0

1980

1981

1982

1983

1984

1985

TOTALS 3,087 7,627 17,791 4,406 8,439 790 42,140



BRAND TOTALS

YEARS IA 18 IC 10 II 111A 1118 II1C 111D 111E 1VA 10 TOTALS

1952 0 0 0 0 0 7 0 0 0 0 1,533 0 1,540
1953 0 0 0 0 0 41 0 0 0 0 1,366 0 1,407
1954 0 0 0 0 0 161 0 0 0 0 1,727 0 1,808
1955 0 0 0 0 0 316 0 0 0 0 1,784 0 2,100
1956 1,120 0 0 0 0 314 0 0 0 0 2,077 0 3,511
1957 9,352 630 0 0 0 953 0 688 0 0 2,679 397 14,698
1958 11,927 779 0 1,374 0 1,865 56 166 0 0 4,022 0 20,190
1959 37,305 5,019 0 8,821 25 7,127 211 0 0 0 9,266 780 64,355

1960 32,339 4,522 0 6,731 317 7,153 1,897 0 2,672 0 9,865 1,212 66,908
1961 31,877 5,082 0 5,413 377 7,618 1,329 0 3,388 0 9,996 1,795 66,874
1962 38,929 7,721 0 3,241 294 8,738 1,269 0 4,373 0 12,905 1,112 70,581
1963 39,727 9,623 0 2,932 369 10,047 3,010 0 5,878 0 17,018 2,384 90,987
1964 39,950 12,071 0 3,198 396 12,427 1,904 0 6,052 0 25,411 1,172 1021580
1965 40,128 . 9,271 0 2,555 0 12,145 5,201 0 5,479 8,205 35,300 2,002 120,415
1966 40,193 9,917 0 1,973 0 9,437 7,054 0 6,583 7,736 40,325 1,088 124,305
1967 36,805 11,690 0 2,60 0 9,324 9,816 0 4,734 4,906 42,547 3,265 125,828
1969 39,217 13,307 0 2,500 0 8,581 16,574 0 4,142 4,336 43,193 2,608 134,456
1969 36,281 7,711 0 2,184 0 6,477 14,484 0 3,716 4,615 37,302 2,468 115,236

----- --
1970 41,590 6,507 0 1,931 0 7,195 16,635 0 3,817 0 40,110 2,313 120,177
1971 34,852 4,359 0 2,051 0 3,000 8,918 0 5,417 5,230 31,409 3,574 98,810
1972 31,592 11,641 0 1,938 0 3,102 13,943 0 5,757 2,681 20,340 2,255 93,721
1973 17,513 9,528 0 1,955 0 3,823 7,228 0 3,229 1,578 15,309 2,072 62,734
1974 18,711 15,693 1,464 1,900 2,212 3,712 16,039 . 0 3,755 3,141 12,999 1,004 80,709
1975 14,727 13,377 1,240 2,139 1,689 3,722 13,921 0 4,024 4,458 13,627 1,109 74,033
1976 1,435 7,219 716 2,948 2,342 3,457 18,662 0 3,526 2,994 14,951 4,230 62,481
TO 285 2,012 256 7 200 369 0 0 528 0 3,657
1977 6,220 8,720 2,350 4,320 4,090 3,200 18,230 0 3,610 2,970 15,330 5,220 74,260
1978 6,760 5,550 2,850 8,020 5,360 3,380 20,680 460 2,900 3,740 14,160 0 73,860
1979 0 8,180 3,830 6,130 6,290 10,030 24,830 0 5,420 0 15,260 0 79,970
.

_ ------------- ------
1980 0 8,110 5,680 6,250 7,250 11,790 19,040 0 5,110 0 13,960 0 77,190
1961 0 6,160 4,710 7,470 7,370 10,180 15,060 0 5,660 0 14,030 0 70,660
1982 0 0 0 4,150 0 0 0 0 0 0 16,750 0 20,900
1983 0 0 0 1,110 0 0 0 0 0 0 14,980 0 16,090
1964 13,874 14,032 3,036 1,210 1,952 0 0 0 0 0 20,322 0 54,4261
1985 25,015 5,530 4,656 6,485 7,1613 0 0 0 0 4,838 27,298 0 00,990

2

TOTALS 642,803 224,961 30,769 103,06 47,651 169,450 256,439 1,314 99,461 61,626 599,679 42,140 7,279,989

1 Does not include approximately 33 N for Research in Teaching and Learning

Program administered by the Directorate for Biological and Behavioral

Sciences but appropriated to SEE.

2 This figure is approximately $I 11 less than the total SEE FY 65

expenditures shown in other sources.



NSF EDUCATION OBLIGATIONS
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National Science Foundation Education Obligations by Level of Education
(in millions of dollars)

Total Total
Fiscal NSF SEE
Year Dollars Dollars

Percant
SEE of
Total

LEVEL

Precollege Undergraduate

$

Graduate Informal

1952 3.47 1.54 44.4 0 0
1953 4.42 1.41 31.9 0.7 0.01
1954 7.96 1.89 23.7 2 0.04
1955 12.49 2.10 16.8 6 0.13
1956 15.99 3.52 22.0 24 0.85
1957 38.63 14.30 37.0 71 10.15
1958 49.97 19.20 38.4 66 12.67
1959 132.94 61.29 46.1 67 41.06
1960 158.60 . 63,74 40.2 65 41.43
1961 174.99 63.44 36.3 61 30.70
1967 260.82 83.60 32.1 63 52.67
1963 320 75 98.72 30.8 57 56.27
1964 354.58 111.23 31.4 54 60.06
1965 415.97 120.41 28.9 44 52.98
1966 466.43 124.30 26.7 42 52.21
1967 465.10 125.82 27.1 40 50.33
1968 495.00 134.46 27.2 40 53.78
1969 400.00 115.30 28.8 39 44.97
1970 ' 440.00 120.18 27.3 42 50.48
1971 513.00 98.131 19.3 37 36.56
1972 622.00 86.10 13.8 41 35.30
1973 846,74 62.23 9.6 39 24.29
1974 645.67 80.71 12.5 38 30.67
1975 693.20 74.03 10.7 38 28.13
1976 724.40 62.50 8.6 12 7.50
1977 791,77 74.30 9.4 13 9.69
1978 857.25 73.96 8.6 19 14.05
1979 926 93 80.00 8.6 20 16.00
1980 975.13 77.19 7.9 22 16.93
1981 1,041.78 70.66 6.8 37 26.00
1982 999.14 20 90 2.1 18 3.82
1933 1.085.79 30.00 2.8 43 12.81
1984 1,306.91 75.00 5.7 70 52.50
1985 1.502.89 81.96. 5.5 52 42.46
1905** 1.555.35 137.00' 5.6 53 46.0----

13

17

18

22
19

23

21

26
26

24

26

26

23

22
32
28

36

29

56

58

48

46
42

37

0.3 .005
2 .03
5 .09
9 .19

,56
1.14

2.50
10.42
11,47
13,96
15.80
22.71
23.36
31.31
32.32
30.20
34.96
20.93
27.64
21.74
27.55
17.42
29.06
21.47
35.00
43.10
35.50
36.80
32.30
76.00

0

6 5.00
6 5.50

99.7 1.54 0 0
97 1.37 0 0
93 1.76 0 0
05 1.79 0 0
59 2.08 0 0
21 3.00 0 0
22 4.22 0 0
16 9.81 0.03 0.02
16 10.20 0.5 0.32
17 10.78 0.5 0.32
17 14.21 0,4 0.33
19 18.76 0.4 0.39
24 26.70 0,4 0.44
30 36.12 0.3 0.36
32 39.78 0.1 0.12
36 45.30 0.3 0.38
33 44.37 0.2 0.27
35 40.36 0.2 0.23
35 42.06 0.2 0.24
40 39.52 0.4 0.39
27 23.25 0.8 0.69
31 19.29 1.0 0.62
24 19.37 3 2.42
30 22.21 2 1.48

28 17.50 4 2.50
24 17.83 5 3.72
25 18.49 7 5.18
26 20.80 8 6,40
26 20.33 9 7.62
21 14.83 5 3.75
72 15.00 10 2.08
50 15.00 7 2.19
27 20.30 3 2.20
33 27.30 9 7.20
31 27.30 9 8.20

;Our= National Scionca Foundation
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FOREWORD

This section includes descriptions of formal and inftrmal science educa-

tion programs, primarily aimed at the K-12 level, that have been supported by

the National Science Foundation since 1952. Most of these descriptions were

taken from the annual'reports of the Foundation. The year of the report is

shown just below the program title. If the description did not come from an

annual report, the source is shown on the individual program page.

Although most programs extended over several years, we selected the

description, regardless of year, that seemed to best represent the objectives

and activities of the program. The reader should remember, however, that the

character and activities of programs tended to change over time. To get a

complete picture of any program, it would be necessary to review the annual

reports for all years of program operation.

The program descriptions appear in the same categories and order as the

Program Funding fli.sterv. 1952r1986.



Program
No.

TABLE OF CONTENTS

Pro ram Tltle *
Page

No.

TEACHER TRAINI_NO_

18 Summer Institutes for Secondary School Teachers (SISST) 1

19 Academic Year Institutes for Secondary School Teachers
(AYISST) 2

20 In-Service Insti utes for Secondary School Teachers
(ISISST_ 3

21 Summer Institutes for Elementary School Teachers (SIEST) 4

22 In-Service Institutes for Elementary School Teachers
(ISIEST) . . . . . . . . . . . . . . . . . . . . . . . 5

23 Secondary School Teacher Summer Fellowships (SSTSF). . 6

24 Cooperative College - .School Science (CCSS). 8

25 Research Participation for High School Teachers (RPHST). 10

26 Resource Personnel Workshops (RPW) 11

27 Pre-Service Teacher Education (PSTEP). . . . 4 0 0 4 12

56. Comprehensive Systems Teacher Centers (CSTC) . . 13

28 Precollege Instructional Improvement and Implementation
(PIII) . . . . . . ...... . . . . . . . . 15

29 Precollege Teacher Development in Science (PCTD ) 16

Teacher Enhancement and Preparation TEP)

Leadership Activities for Precollege Teachers 17

Local and Regional Teacher Development . . . . . . 19

Presidential Awards for Excellence in Science and
Mathematics Teaching - _.- 22

Science and Mathematics Education Networks . . . 0 0 23

Materials and Methods for Teacher Preparation . . . . 24

* Arranged in time-line order, within group.
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18. SUMMER INSTITUTES FOR SECONDARY SCHOOL TEACHERS (SISST)

1959

1. Summer Institutes for Secondary School and College Teachers.
The summer institutes for high school and college teachers have increased
from 2 in 1953 to 348 during the summer of 1959. They are designed
to improve the competence of the participating teachers by providing
courses that are specially aimed at overcoming deficiencies in thcir knowl-
edge of the subject matter of science and mathematics. Most of the
participants have completed their formal counework a number of years
ago, and others must teach courses in science and mathematics for which
they have not had adequate academic preparation.

The institutes vary in length from 4 to 12 weeks. The average in
1959 was 7 weeks. The number of pariicipants in each institute in 1959
varied from 10 to 150.

Of the 348 summer institutes in 1959, 30 were for college teachers
only; 19 were for both secondary school and college teachers; and the
remaining 299 were for secondary school teachers only.

Adequate balance in geographic distribution was maintained; for
example, 57 percent of the institutes were held cast of the Mississippi
and 43 percent were held west of the Mississippi. There were 51 sum-
mer institutes in New England and New York, 86 in the other Eastern
States and the District of Columbia, 53 in the Southeastern States, 52 in
the Midwest, 61 in the Southwmt and Hawaii, 41 in the Rocky Moun-
tain and Northwest region (including Alaska), and 4 in the Common-
wealth of Puerto Rico.

The National Science Foundation grants provided funds for partici-
pant support. The maximum amount awarded a participant was set
by the Foundation at $75 per week for stipend, plus allowance for
dependents and travel. While most institutes followed this schedule
and granted the maximum allowable amounts to each awardce, a few
distributed their available funds in smaller amounts to more partici-
pants. Many of the institutes accepted a few registrants beyond those
who received stipends.

The National Science Foundation in addition awarded each host
institution sufficient funds to pay necessary tuition and fees for the
stipend holders. The Foundation &rant also covered direct costs oc-
casioned by the institute to the extent that they exceeded the amount
already allowed for tuition and fees.

One of the essential features of this program is that the institutes
are managed so that the participants are treated as a special group and
their identity maintained. They are usually housed together, and often
spend scheduled out-of-clss time together in company with their
instructors.
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19. ACADEMIC YEAR INSTITUTES FOR SECONDARY SCHOOL TEACHERS (AYISST)

1959

Academie Year Institutes

Academic year institutes are full-time, year-long programs of study
in science and mathematics designed especially for secondary school
teachers in these fields. Financial support for the teacher and for the
host institution is provided by a grant from the Foundation. The
courses of study are planned by the colleges and universities width
sponsor them; each institution supplies the facilities and administers its
own program.

For the 1959-60 Academic Year Institute program, 32 colleges and
universities received awards. The 32 institutes represent 32 different
institutions in 29 States. Seven of these institutes are in the field of
mathematics only, while the other 25 give training in the principal
sciences, as well as in mathematics. Twenty-two of the institutes will
continue though the summer of 1960; 10 are for the academic year
only. Supplementary experunental grants were made to three kistitutes
for support of eight college teachers"teachers of sciencein each
institute. It is estimatet1 that the 1959-60 program will give support
to over 1,500 teachers from all 50 States.

During this year, supplementary grants were also made to 19 of the
1958-59 institutes to enable them to extend their programs through
the summer of 1959 for about 450 teachers.

Foundation grants to sponsoring institutions provide a maximum
stipend of $3,000 per academic year, plus additional allowances for
dependents, travel, and books. Institutiorm receive support for the opera-
tional costs, so that teachers do not have to pay tuition or fees.

2
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20. IN-SERVICE INSTITUTES FOR SECONDARY SCHOOL TEACHERS ( SISST)

1961

IN-SErVICE INSTITUTES

In-Service Institutes far Secondary School Teachers
In-Service Institutes offer instruction for teachers of science and

mathematics during the academic year at times so chosen that the
participants may attend while still teaching full timee.g., late after-
noons, evenings, or Saturdays. These institutes provide an excellent
opportunity for the sponsoring colleges and universities to help secondary
school teachers who live within commuting distance.

During academic year 1960-61 a total of 191 In-Service Institutes
for Secondary School Teachers, offering instruction for approximately
8,900 participants, received support from the Foundation. In the
1961-62 school year, approximately 11,500 secondary school teachers
will participate in 253 In-Service Institutes. ThLs expanded program
provides support for promising new projects as well as substantial support
for the continuation of institutes which have already established working
relationships with the teachers and schools in their areas. The program
reaches many teachers who are not able, for various reasons, to attend
summer or academic year institutes.

Approximately half of the course work offered in these institutes
during the past year was in the field of mathematics, while the remainder
covered the range of the biological, physicM, and earth sciences.

In the 1961-62 In-Service Institutes program, about one-fourth of
the grants arc for sequential-type programs. Noteworthy among these
sequential irotitutes are four located in large metropolitan areas which
offer teachers the opportunity to complete, on a part-time basis, master's
degree programs essentially equivalent to those developed in academic
year and summer institutes.

About two-fifths of the institutes are directed toward subject matter
wluch closely relates to new course content developments in the fields
of mathematics, biology, chemistry, and physics. Three institutes in
radiation biology will receive joint support from the Atomic Energy
Commimion and the National Science Foundation.



21. SUMMER INSTITUTES FOR ELEMENTARY SCHOOL TEACHERS (SIEST)

1964

Elementary School Personnel

A major consideration in providing supplementary training in science
and mathematics for elementary school teachers is the fact that vety
few of the approximately 1,100,000 elementary school teachers in the
United States (kindergarten through grade 6) have any appreciable
training in these subjects and are qualified to teach them. Conse-
quently, the Foundation has chosen necessarily to concentrate on train-
ing leaders who may, in turn, influence and instruct their colleagues.
This training is conducted in summer institutes for which participants
are selected on a national scale and in the more numerous in-service
institutes, which arc oriented to local needs.

The institutes for elementary school teachers are directed toward
improving the subject-matter background in science and mathematics
of those individuals holding key positions in (1) introducing the teach-
ing of science and (2) improving the teaching of mathematics in the
elementary grades. This group of individuals include specialist teach-
ers, subject-matter supervisors, principals, and regular classroom teachers
who are leaders in science instruction in their schools. Most of these
individuals have had minimal training in either science or mathematics,
yet they arc being called upon to lead their schools la adjusting to
new curricular ideas which introduce science, the scientific method, and
an understanding of fundamental mathematical concepts. As a result
nf grants made in fiscal year 1964, about 3,350 elementary school per-
sonnel in the categories mentioned will receive training next year. This
represents a 37 percent increase in the number of individuals as compared
with last year's participants.

Although funds for institutes for elementary school personnel were
increased this year, the Foundation continues to receive many more
meritorious proposals for these institutes than it can support and, at
the same time, the number of applications received by the grantee in-
stitutions is about fifteen times the number of places available. The
Foundation is considering means of asnisting more teacher& One .plan
is to encourage local instructional programs supervised by university
scientist-educators, but staffed by local secondary or elementary school
teachers who have received special training for the purpose. This ar-
rangement should materially reduce the operating costs as well as the
manpower demand on colleges and univertaties.



22. IN-SERVICE INSTITUTES FOR ELEMENTARY SCHOOL TEACHERS BIM)

1961

In-Service Institutes for Elementary School Personnel

In-Service Institutes for Ekmcntary School Supervisors and Teachers
provide part-time study in the sciences and mathematics during the
academic year. Courses offered have been especially designed by col-
leges and universities to meet the need for informed instruction and
supervision in the sciences and mathematics at the elementary school
level.

In academic year 1960-61 the Foundation supported 13 institutes
of this type, with approximately 400 teachers, supervisors, and principals
participating. The 1961-62 program has been increased to 35 institutes,
with training opportunities for approximately 1,030 elementary school
personnel. Need for expanding this program was more than adequately
demonstrated by the many local studies cited in the proposals received
and by the lack of formal science instruction in the 'raining of the
majority of elementary school teachers.

Because of the very small number of participants who receive training
as compared with the number of elementary teachers who need it, the
institutes usually emphasize work with "key" teachers, specialists, or
supervisors who may in turn help other teachers. Many institutes also
serve as ective centers for developing new materials and lesson plans
for elementary rchools. Several institute programs correlate thek in-
struction with newly developed curriculum materials in mathematics.



23. SECONDARY SCHOOL TEACHER SUMMER FELLOWSHIPS (SSTSF)

1959

Summer Fellowships for Secondary School Teachers of Science and
Mathematics

New us fiscal year 1959, the program of Summer Fellowships for
Secondary School Teachers of Science and Mathematics permits second-
ary school teachers of high ability to undertake individually planned
programs of summer study to improve their subject matter competence,
and thus enhance their effectivenem as teachers.

Tenures from one summer of 6 weeks to three full summers are
available. Stipends total $75 for each week of tenure. In addition, the
Foundation awards cover the cost of tuition, plus limited travel and
dependency allowances. The selection of 628 awardces was made from
1,578 applicants during 1959, the first year of the program, at a cast
of approximately $15 million.

Supplemental Training for Teachers

While many factors combine in the "effective" science teacher, the

fundamental one is knowledge of his field. For a number of yean, an
increasing amount of support has been provided for programs which

supplement the subject-matter knowledge of teachersparticularly at
the secondary school level. This support, in the past, has been concen-
trated largely in the now well-known summer institutes. Growing

programs of Academic Year and In-Service Institutes have extended the
opportunities of secondary school teachers to obtain supplemental sub-

ject-matter training. That the same problem exists at the college and
university levels has been recognized and 6 being dealt with through
Summe.r Institutes and Summer Conferences for College Teachers and

Science Faculty Fellowships.
A number of new programs in the area of supplemen al teacher

training inaugurated in 1959 have been designed to bolster weak spots in

the arta of teacher qualifications; these programs now span the endre

spectrum from the elementary, and jurdor high schools through the

graduate levels.
Secondar/ school teachers of science and mathematics dilTer widely

in the extent and quaty of their subject-matter training. Many are
trying to provide adequate instruction to their students when they them-

selves have had little or no formal training in the subjects which they
are teaching. Others are bona fide graduate students who need the

opportunity to progress in their fields of specialization. In the past,
efforts have been made to reach both groupsand those between the

extremesthrough the institutes programs. Many summer institutes



have been designed to reach teachers at particular levels within th
range.

These institutes have not been adequate, ho ever, to serve the meek(
of the best qualified of the secondary school teachers of science and
mathematicsthose whose primary need in to pursue graduate study
toward advanced degreea in their fields of specialization. For thia rea-
son, the new program of Summer Fellowships for Secondag School
Teachers was designed and introduced during fiscal year 1959. The

.
mechanum of this program is very similar to that used in the Graduate
Fellowship program, and in the summer of 1959 the first awardees
selected by the Foundation through a national competition and studying
in their individually designed programs of study at the institutions of
their choicebegan receiving atipends far duratiorm of one to three
summem.

The Research Participation for Teacher Trairilng Program provided
another method of improvLng the professional competence of the best
qualified science and mathematics teachers in secondary schools and
colleges. This program made it possible for teachers with an adequate
subject-matter background to participate in ongoing research program
at institutions with established research traditions. This experience
provided the participating teacher an insight into science not gained by
course work.

Three important new activities designed for groups of science
teachers not previously included or to meet other special needs were
launched within the institutes framework. These programs were di-
rected toward groups of teachers of science, mathematics, and engineer-
ing whose needs had not been met through other programs.

Growing recognition of the importance of science education a a part
of the general education program at the elementary school level led to
the first tentative and experimental approach by the Foundation in this
areato help determine the responsibilities of the Foundation and ways
in which it might best meet these responsibilities. A small program of
12 Summer Institutes for Elementary School Teachers and Supervisors
was supported.

7
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24. COOPERATIVE COLLEGE-SCHOOL SCIENCE CCSS)

1966

Cooperation in School System Improvement

Curricular reform must ultimately be carried out in the classroom.
Vastly improved materials, whether supported by NSF or other sources,
are of vital importance. How well they are used, however, depends pri-
marily on the local school system. Responsibility for the education of
students rests with local school boards and school supaintendents, and
their understanding of the requirements imposed by improved curricula
and the competence of their teachers governs the successful adoption of
the new materials.

The Cooperative College-School Science Program provides a means
for NSF assistance in the complex task faced by a school system when
adopting improved materials and in other ways improving its instruc-
tional nrogram. This activity encourages collaborative efforts between
school systems and neighboring colleges or universities, including con-
sultation with experts who are well-versed in modern course content in
science and mathematics.

Grants are made only to the cooperating colleges or universities, but
the active participation of the school system is required for such activities
as designating the schools and teachers who will be using such materials,
sharing some of the costs, and arranging for teachers to undertake
necessary retraining.

Each project supported under this program can be individually tailored
to the needs of the school system benefiting from the activky. Thus, &-
talk.] planning may culminate in intensive training sessions for teachers,
followed by a flexible arrangement for additional help in adapting the
new materials after the teacher returns to the classroom.

Until 1966 the program had been directed primarily toward the sec-
ondary school level but it has now been expanded to include some de-
mentary school science and mathematics. A total of 2,016 secondary
school teachers, 2,465 elementary school teachers, and 1,544 secondary
school students participated in 57 projects at 50 institutions. Program
expenditures in 1966 were approximately $2 million.

Concentration on the needs of a particular school system permits a
high degree of involvement by that system and ultimately should satisfy
the training needs within that system for a reasonable period of time.
Many schoob should then bc able to undertake their own teacher im-
provement programs, using the models and contacts already established
by the Cooperative College-School Science Program grant. Some ex-
amples of programs supported in this area will illustrate the possibilities.

8



Physic; Teaching in the Stale oj Missouri Several physicists from
college faculties in Missouri, with the cooperation of the Missouri State
Department of Education, surveyed the academic qualifications of the
State's physks teachers, and found very few teachers who could be con-
sidered qualified according to minimal standards of course preparation.
Four institutions, therefore, collaborated in proposing to the National
Science Foundation a massive upgrading of the physics teachers through-
out the State.

The program began with a series of spring meetings and visits to
schools, designed to interest the teachers in the program of self-improve-
ment. Then, during the summer of 1966, approximately 25 teachers
attended each of the 4 institutions. Those who had the lowest level of
academic preparation were given introductory background course work,
while those at the highest level renewed their familiarity with mathe-
matics and advanced concepts of physics.

The summer smsions were followed by periodic meetings concerned
with the introduction of better physics mansials and experiments into the
classroom, with the State department of education retaining a strong
interest in this aspect.

The program LS expected to continue for 1 or 2 more years, involv-
ing additional teachera and giving more advanced training in physics to
the teachers at the lower levels in 1966.

This coordinated approach toward upgrading the teachers in a single
discipline within a limited geographical area hm already stimulated in-
terest on the part of other disciplines and other States.

Elementary School Mathematics in Large Urban School Systems--
The Madison Project, now based at Webster College, Webster Groves,
Mo., has developed a coordinated set of materials designed to enrich the
elementary mathematics program rather than to supplant it. As a result
of this experience several large cities have decided to start their elemen-
tary mathematics reform by introducing .Madison Project materials. A
grant was made to Webster College, which conducted intensive famil-
iarization sessions during the summer in Chicago, New York City, and
San Diego, followed by frequent contact during the 1966-67 academic
year.

At least 1,800 teachers were involved in these sessions. They form a
nucleus of resource teachers in their own schools. Leaders from among
them will conduct training for their own school systems with a minimum
of guidance from the Webster College staff. At that stage thc project
will become self-supporting, with the school systems assuming full respon-
sibility for introduction of the program and training of teachers.
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25. RESEARCH PARTICIPATION FOR HIGH SCHOOL TEACHERS (RPHST)

1961

nosoarch Participation for High School Toachors
This program provides opportunities for high school and junior

college teachers of science and mathematics to obtain research experience
with outstanding research scientists at colleges, universities, and non-
profit research organizations. Teachers participate in research by actu-
ally working on an individual basis in the laboratory or in the field. This
experience should improve the teacher's understanding of science and
of the scientific method and thus contribute to raising the level of his
classroom instruction. The closer relationships between colleges and
high schools resulting from this program should lead to better prepara-
tion of high school students for college.

In general, a teacher applying for this program is required to have
a master's degree in the scientific subject matter, or an academic back-
ground including sufficient advanced science courses to qualify him for
admission to candidacy for such a degree, although actual candidacy
for the degree is not a requirement. "Graduates" of institute programs
are a prime target group. As in the college-level program, some par-
ticipants will continue in the academic year.

The 51 grants made in this program in 1961 provide support for
367 summer participants and 102 academic-year participants in a variety
of disciplines in the mathematical, biological, physical, and engineering
sciences, and in psychology.



26. RESOURCE PERSONNEL WORKSHOPS (RPW)

1972

Resource Personnel
Workshops and

Conferences
Resource personnel projects are de-,

signed to inform pre-college supervi-
sory and teaching personnel about
prospective new curricula. Supervisor
Projects include short courses which
provide the information necessary for
educational decision-makers prin-
cipals, directors of education, and
other school administrators to eon-
dude whether or not to adopt specific
curricula changes for their school sys-
tem% They also give these supervisors
the necessary background to support
their teachers should these new cur-
ricula be knplemented. Other pre-
college resource personnel projects in-
clude a course of 3 to 4 weeks' dura-
tion, with some follow-up in the
Academic Year Institutes Program
discussed later. A major focus of
these projects is to provide leadership
training for implementing new curri-
cull. Such projects typically bring to-
gether a team consisting of a science
educator, a Ichool administrator, and
a teacher to take the course, after
which they assist their home school
district in adopting the curriculum
improvements.

11

In addition to funding the distribu-
tion of information about newly de-
veloped courses and curriculum Mate-
rials and providing courses on them,
NSF supports conferences directed
toward planning the cooperative de-
velopment of new courses. At these
conferences, scientists, educators, and
educational technology experts plan
concise materials and curriculft that
can be fully developed in appropriate
teacher-training institutions. Students
in pre-service teacher education pro-
grams at these institutions help with
the design, development, and testing
of these materials. Together, the 20
grants for these administrators' con-
ferences and the 26 grants for the
resource personnel projects provide
various degrees of background or
training for nearly 2,700 participants
in fiscal year 1972.
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27. PRE-SERVICE TEACHER EDUCATION (PSTEP)

1969

PRE-SERVICE TEACHER EDUCATION

The Pre-service Teacher Education
program, established in fiscal year
1969, aims at improving the prepara-
tion of prospective teathers of pre-
college science. It encourages univer-
sities and 4-year colleges to develop a
closer working relationship between
their science departments and educa-
tion departments in providing train-
ing that will offer undergraduate stu-
dents both increased knowledge of
subject matter in science and mathe-
matics and greater skill in organizing
and presenting course materials. The
Foundation believes that such an ap-
proach to pre.service education
should help to alleviate the need for
early supplementary or remedial
training of new teachers.

The program does not prescribe
the curricula through which univer-
sities and colleges %ill achieve these
goals, but emphasizes certain curri-
cular elements or characteristics that
the Foundation views as highly
desirable.

Prior to the formal announcement
of this new program kt March 1969,
the Foundation had supported sev-
eral pilot projects to experiment with
approaches to improving the pre-serv-
ive education of science teachers.
Among these were efforts conducted
by the University of Georgia and five
other units of the State of Georgia
system, the Illinois State University,
the State University of New York
College at Plattsburg, and the Ne-
braska Board of Education of State
Normal Schools.

12
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The six grants, totaling $678,600,
made in this program in fiscal year
1969 provide funds for the continua-
tion of some of the earlier efforts and
for three new projects (a summer
project concerned vrith practical
methods in science teachingEast
Carolina University; a 3-year project
for preservice teachers with double
majors in any two of the following:
physics, chemistry, mathematics
UniversIty of Pittsburgh, Pennsyl-
vania; and a 4-year physics project
that includes opportunities for under-
graduate participants to construct
and test their own instructional
unitsAustin Peay State University,
Tennessee).

Emphasis in the early years of the
Pre-seMce Teacher Education Pro-
cream will be on the education of
prospective secondary school teach-
ers, but some attention will also be
directed to projects for improving the
preparation of elementary school
teachers.



56. COMPREHENSIVE SYSTEMS TEACHER CENTERS (CSTC)

1971

NIAV PATTERNs IN
TLACHL It EDUCATION

The two top layers of the figure
on p. 74 represent new ways to organ-
ize teacher education, both initiated
in fiscal year 1971. Activities include
both pre-service and in-service teach-
er education components and place
strong emphasis on interaction with
schools in the region of the host in-
stitution to help meet their needs.
Five Comprehensive Grants were
awarded in fiscal year 1971 to the
University of Mississippi, University
of Notre Dame, San Jose State Col-
lege. the University of South Da-
kota, and the University of Wyom-
ing.

The Comprehensive Project at the
University of Wyoming is a good ex-
ample of this new program. The
University of Wyoming has been
continuously engaged in teacher ed-
ucation activities since 1954. These
activities have increased the univer-
sity's interest in the education of sec-
ondary school teachers of science
and developed a close working rela-
tionship between the university and
the high schools of the State.
Through the Comprehensive Proj-
ect, a system of "portal schools- will
be developed throughout the State
to serve as centers where teachers
will be trained in the use of newly
developed curricula and materials.
Conducting these in-service pro-
gams will be teachers who will have
been trained in summer and aca-
demic year programs at the univer-
sity. The -portal schools- will also
provide prospective science teachers
with the opportunity to work under
the guidance of a master teacher. An
associated intern progTam for post-
baccalaureate certificated teachers

13

will permit both the interns and the
experienced teachers whom they will
in part replace to acquire appropri-
ate advanced training. Also part of
the program are a distinguished pro-
fessional chair in science education,
extension of activities to neighbor-
ing States, and a science teaching
center to serve as library, research
center, and coordinator of project
activities.

The systems approach, repre-
sented at the top of the tetrahedron
on page 74 , attempts to focus the
now more or less indcpendent edu-
cational efforts of Federal, State, and
local government, and of private
agencies on regional science educa-
tion needs. In this context, a system
is defined as an integrated group of
interacting agencies, designed to
carry out a predetermined function.
The agencies in question may in-
clude institutions involved in the
education of science teachers; a State
department of education. other
State and Federal agencies; cooper-
ating school districts; private foun-
dations, and industrial and business
organizations. The function to be
performed is to be expressed in
terms of objectives and related to the
overall plans for science education
in the region.

The first experimental grant for
this approach was awarded in fiscal
year 1971 for the Del Mod System, a
State-wide coordinated project in
Delaware planned cooperatively by
the University of Delaware, Dela-
ware State College. Delaware Tech-
nical and Community College, the
Delaware State Department of Pub-
lic Instruction, the school systems of
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Delaware, the DuPont Compan
and the National Science Founda-
tion. 1 t is organized around two con-
cepts: Science Resource Centers and
Science Education Field Agents. The
four Science Resource Centers will
serve as focus for various aspects of
in-service and pre-service teacher
education, as sources of materials.
and as bases of operation for Science
Education Field Agents. The Sci-
ence Education Field Agents will
provide liaison between the institu-
tions of higher education and the
school systems in roles somewhat
similar to County Agricultural
Agents. having major responsibility
for in-service education and for im-
plementation in the schools. Around
these key concepts will be built a
comprehensive mix of activities for
in-service and pre-service teacher
education, including the develop-
ment of curricular materials in ma-
rine science and population studies.
with related curricular changes and
new teaching strategies in the class-
rooms of the schools in the State.
The implementation phase has been
planned in close consultation with
the 26 school systems in Delaware
whose cooperative involvement will
increase as the project develops. At-
tention will also be devoted to tech-
nical education, initiallv through
the development of a science educa-
tion technician program at Dela-

14
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ware Technical and Community
College. In the first phase of the
project, the major thrust will be sci-
ence in the middle schools, with ex-
pansion to include the role of math-
ematics in science (a pilot mathema-
tics project is included in the first
year) , and eventually science and
mathematics, kindergarten through
12th grade. A continuing and sub-
stantive program of testing and eval-
uation, starting with the collection
of base-line data and designed to
measure changes in both achieve-
ment and attitude, will be an in-
tegral part of the project.



28. PRECOLLEGE INSTRUCTIONAL IMPROVEMENT AND IMPLEMENTATION (PIII)

1974

Instructional Improvement
Implementotton

A major restructurina of
implementation activities at the pre-
college level was accomplished in
fiscal year 1974, Attention is now
focused principally on bringing inno-
vative curriculum materials into the
classroom and orienting the educa-
tional staff of schools and school
districts in the appropriate use nf the
materials they have chosen.
Implementation grants are cate-
gorized as: (1) orientation of Morn-
tional leadersinvolving teams from
selected regions to become thor-
oughly familiar with one or two of the
major curriculum projects sup-
ported by NSF so that local training
can be handled by members of these
teams, and familiarizing education
system decisionmakers with new
curriculum developments to in-
crease their understanding of their
options for improvement of instruc-
tion in the sciences and in mathe-
matics: (2) school system-centered
profectsfor school systems com-
mitted to full implementation of one
of the new curricula in their class-_
rooms. in collaboration with local
colleges to strengthen the quality of
teacher training: and (3) teacher-cen-
tered projectsto permit individual
teachers who have leadership roles in
their own schools or school systems
to gain thorotIgh background in one
or two curricula so that they may try
out the materials in their local situa-
tions prior to a commitment for wide-
spread adoption.

This year grants were awarded
costing $5.9 million for elementary
school _implementation activities. A
total of 17,587 teachers. supervisors.
and other resource personnel in
science and mathi...alics partici-
pated in 157 projects.



29. PRECOLLEGE TEACHER DEVELOPMENT IN SCIENCE (PCTD)

1979

Pre-College Teacher

Development in Science

In its third year of operation, this pro-
gram continues to stress the improve-
ment of the teacher's knowledge of the
subject matter of science and to improve
communication and cooperation between
elementary or secondary school teachers
and college or university scientists. Proj-
ects are designed either for summer or
for academic-year activities. Of the 13,000
participants in the 1979 program, 18 per-
cent were teachers from elementary
school, 50 percent from middle and junior
high school, and 32 percent from senior
high.

In one academic-year project at San
Francisco State University 70 middle and
high school teachers used earthquake
awareness to develop insights into fun-
damental principles of science and as a
theme around which to teach science.
The seminar drew on the expertise of
research scientists in the Bay area.

In another project the University of
Arizona conducted a four-credit, four-
week summer course, -Mineral Resource
Technology and the Environment," for
middle and high school physical science
teachers. The course demonstrated the
role of the physcial sciences in mineral
resource technology and in the mineral
resource engineering disciplines and
provided a comprehensive overview of
the social, environmental, and econnmic
impacts on Arizona of mineral resource
development.

16



LEADERSHIP ACTIVITIES FOR PRECOLLEGE TEACHERS

LEADERSHIP ACTIVITIES FOR PRECOLLEGE TEACHERS

Objectives of the Program

Identify a cadre of well-trained and highly skilled ele-
mentary and secondary school master teachers.

Provide teachers experience with up-to-date content,
developments in educational technology, teaching
methods, and research in teaching and learning they
can use to enrkh and improve instruction=

Provide effective opponunities for in-service, peer teach-
ing supported and encouraged by school administra-
tions and community resources in the region from which
the teachers arc drawn.

Provide the teaching community with people trained
to implement improved education.in mathematics,
science, and technology effectively and widely.

Recognize and honor precollege teaching profession-
als and provide role models, including women, minority,
and physically-handicapped master teachers.

Provide an incentive to establish cooperative and col-
laborative regional partnerships among schools, col-
leges and universities, the private sector, and others
that will continue to use the human resources devel-
oped and that will build upon projects initially funded
in part by the NSF.

e Develop leadership programs that serve as a magnet
for attracting the most talented individuals into educa-
tion.

Scope of the Program

Appropriate project activities may include, but are not
limited to, seminars, conferences, research participation
opportunities, and workshops designed to expand the scientific
and/or m'athematical knowledge base of teachers who have
a solid foundation in these areas. Projects should provide
the training for participant teachers to take leadership roles
in in-service training of their peers in their home schools
and communities.

17
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Projects should be designed to engage teachers, school
administrations, and the community as meaningful collabora-
tors with a commitment to extend the impact of the master
teachers when they return to their home schools. It is expected
that support and encouragement will be forthcoming from
the home school and project staff and be part of the project

. plan as the master teachers conduct training sessions for
their colleagues.

Characteristics of Leadership Activities

Effective project planning and development will usually
involve precollege teachers with appropriate expertise and
background to help guide program design.

Projects should provide for intensive, hands-on sessions
for teachers to learn in depth about one or morc recent
developments in their fields of specialization. including the
results of research on teaching and learning that might
have an impact on their instruction. Teaehers should have
the opportunity to work with the best instructional materials,
educational technology, and teaching methods related to
the content of the knowledge-intensive sessions and time to
adapt these materials and methods for use both in their
own classrooms and laboratories and for the instruction of
their peers Adequate time should be scheduled to allow
teachers to interact in a meaningful way, professionally,
with the other teacher participants and project staff. Sev-
eral weeks of sustained effort will probably be required to
provide adequate time for these activities.

The outcomes of these projects should include:

teachers or science and mathematics who are confident
of their- grasp of the new knowledge and methods
obtained;

teachers prepared to carry what they have learned back
into their own teaching and to conduct staff develop-
ment and in-service continuing education for their
colleagues. Such cadres of master teachers, as they arc
developed, should play significant roles in local and
regional teacher development projects; and

improved materials and methods, collected and adapted
by the participants, for use in their classes and in presenta-
tions in thcir home schools.

Source; NSF/SEE, Proram Announcement Teacher Enhancement and lnforma
Science_.Education, NSF 85-9, April 1985.
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LOCAL AND REGIONAL TEACHER DEVELOPMENT

LOCAL AND REGIONAL TEACHER DEVELOPMENT

Objectives of the Program

Assist local and regional communities in their efforts
to provide appropriate continuing education and profes-
sional development opportunities for elementary and
secondary teachers who lack mathematics and science
background for the courses they teach.

Assist in identifying and developing creative approaches,
including telecommunication and computer networks,
to improve the science and mathematics knowledge
base of elementary school teachers and non-certified
secondary school teachers.

Provide teachers experience with developments in edu-
cational technology, teaching methods, and research
in teaching and learning they can use to enrich and
improve instruction.

Provide an incentive to establish cooperative and col-
laborative partnerships among schools, colleges and
universities, the private sector, and others that will
continue and build upon the projects initially supported
in part by the NSF.

Provid: an incentive to examine the roles that women,
minorities, and the physically-handicapped are playing
in the local and regional educational setting and to
develop ways to increase their access to activities and
careers in mathematics, science, and technology.

Scope of the Program
Appropriate project activities include, but are not lim-

ited to, part-time and full-time courses, seminars, and work-
shops dealing with:

content in mathematics, science, and technology;

application of education technology, such as comput-
ers and telecommunications, to the teaching and learn-
ing process;

new or improved instructional activities, delivery systems,
or teaching practices in mathematics and science; and

procedures to increase teacher effectiveness with vari-
ous groups of students, including women, minorities,
and the physically-handicapped.

19
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In addition to classroom-oriented approach., activities
might include, for example, delivery via electrczanic media,
using museums and science centers,or research .xperiences
in a college, university, industrial, ornational laAaoratory in
carefully designed programs to provide cffectiv.= education
and professional development.

Characteristics et Local and
Regional Teacher Development

Effective project planning and development will usually
involve precollege teachers with appropriate e7c_pertise and
background to help guide program design.

Projects should be designed to address local at.nd regional
problems or needs, and evidence for such. necorl should be
included. The proposal should explain why ttLis project is
particularly appropriate to these needs. Propos.=d solutions
should draw upon the best available approactx4=s, adapted
to local circumstances, and all available resouw-Ices, includ-
ing local and regional cadres of roaster teachcs, as appro-
priate. Projects designed to increaseleachers' kalowledge of
content and/or methods new to Ihem shold provide
intensive, hands-on practice.

Activ;tics may vary in length according to their scope
and the type of participants. They may be cortducted dur-
ing the academic year, the surnrner,or both. "..t least sev-
eral weeks of sustained effort will probably b=. required at
some point to provide adequate depth for lating profes-
sional development. There should bra plan fo the instruc-
tional staff and/or local master teachers to suport, encour-
age, and advise the teachers as they begin to ta_e their new
knowledge in the classroom and laboratory. Methods for
assessing how well the developmentand teachi wag improve-
ment goals of a project are met should be an i ntegral part
of the project plan.

Activities may take place at a college or kiniversity, a
local or state educational facility, an academic gepr industrial
laboratory, a museum or nature caller, or in 4=vther appro-
priate settings. Academic credit, ortheequivalent. for teacher
participation is encouraged, whereappropriat_ The activi-
ties in which the teachers participate should b= designed to
be appropriate for their needs. Whereslandard tar-adergraduate
or graduate courses are part of a project, thir inclusion
should be justified on the basis of the assessed needs of the
target audience and the local problem(s) to be atadressed.
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In some ca-es the projects may run over two orrnore
years, perhap even continuing indefinitely. In all eases,
local and regmonal support from partnerships of colleges
and universiti.cs, local and State education agencies, busi.
ness and indtatry, cultural institutions, and others is expected
to be combineig=I with NSF support for the projects. Far longer
term projects, proposals should contain an explicitplan for
decreasing I\1F support and increasing local and regional
supporttoverd the goal of full and sustaining local and
regional supp.ort.

Source: NSF/SEE: P
_

Science Educattoil, NSF 85-9, April 1985.
nou- cemen Teacher_E- _a ce-



PRESIDENTIAL AWARDS FOR EXCELLENCE IN cCIENCE AND MATHEMATICS TEACHING

PRESIDENTIAL AWARDS FOR EXCELLENCE IN
SCIENCE AND MATHEMATICS TEACHING*

This is a Presidential initiafive to provide national recog-
nition for distinguished secondary school teachers of sci-
ence and mathematics. Teachers whose primary responsibility
is classroom teaching of science or mathematics at grades 7
through 12 in an accredited school in any of the fifty states,
Puerto Rico, or the District of Columbia are eligible for
this award. In addition, a minimum of five years' teaching
experience in science or mathematics is required. Awdrdecs
receive national recognition and their schools receive 55000
to be used under the awardees directions for instructional
purposes in their school districts.

This description is provided for information purposes only. No applica-
tions or proposals &re sough for Proidential awards yia this itnnouneenient,

ource: NSF/SEE, Proram Announcement Teacher Enhancement and In o
ienoe Education, NSF 5-9, April. 1985.
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SCIENCE AND MATHEMATICS EDUCATION NETWORKS

SCIENCE AND MATHEMATICS EPLICATIO14 NETWORKS

Objectives of the Program

Encourage the development of substantial local and
regional resource-sharing networks and collaborations
that may include. among others, teachers, schools, local
and state education agencies, colleges and universities,
business and industry, and cultural snd prollusional
organizations, designed to accomplish the objectives
of this activity. Collaborations that uke advantage of
available curricula and materials, methods, and human
resources and expertise and, as necessary. appropriate
communications technology for dissemination are
encouraged, and an information brokering role is
assumed by the NSF in helping them develop.

Provide opponuniti= for teachers, school administrators,
educational derision-makers, and local and state educa-
tional agencies to learn about new and alternative instruc-
tional materials. classroom teaching techniques, and
ceexat research findings that may have meaningful class.
MOM applications for teaching mathematics and sci-
ence at the precollege level.

Provide professional support to local mathematics and
seience teachers by introducing them to new materials
and teaching techniquesand by providing a continu-
ing source of information and advice on how these
innovations may be put to practical classroom use.

Build bridges between educational product developers
and distributors and users, including teachers and local
and state education agencies responsible for product
selection, to help producers better meet the needs for
effective mathematics and science instructional materials.

Establish mechanisms for disseminating information
about resource materials for efficient and effective class-
MOM instruction.

Initiate collaborative, coherent, and constructive pro-
grams to help trachers, school administrators, and school
board members translate the results of research on
teaching and learning into classroom practice.

Develop resource-sharing networks augmented by effec-
tive and appropriate use of telecommunications and
computer networks, that will serve the scientific and
instructional needs of local school districts and will
continue after NSF support has terminated.

Char cteristics of the Program

Rmource-sharing networks for dissemination of informa-
tion on the successful curricula, methods, materials, and
human resources available in well-defined geographical

regions of the co m.try arc encouraged. The planning,
eaccution,ed suppcswet of these networking activities will
involve colgoration and cooperation among many people
precollatind ecillge teachers, administrators, parents,

latisinessptrions, gel. and institutions (local and state edu-
cation Vides, colnieges and universities, business and
industry,pressioaaaml societies, and cultural institutions).
Ceoparitii efforu will be based on sharing and using
identilieltIngths isei;ound in the region to meet needs and
irnprOva olhemaiii==5 and science education throughout
the region, tletworkKang projects developed in this way are
likely tocorsist or a --e_substantial number of individual, cor-
related lollndepeniallent activities that, together, meet the
overall otrdt of A pziwarticular region. Discrete projects that
fottis iiroionarroivI sf on a particular need and consist of
relativelyfiwactiviti.sa-cs are also supported by this program.

Whollnrin discrec-=c projects or as part of a collaborative
attworOs progra s rn encourages sharply focused individ-
ual Projul activitie designed to engage the participants
actively wAthe in fotzz-rnation presented. The individual activi-
tits in informati con project will often be of reiatively
short &ion, a fce_w days to a week or so, and concen-
trated en specific t-...-Opic to insure depth of coverage can be
ateornplikd in a shm=ort period of time. Projects might embody
a collercilcollectior=1 of such activities that provides broad
awcrago of a topic. but extended over a longer period of
time, for aample, a series of weekend workshops each
foeusinionodifferet problem solving technique. The timing,
Merit oftoveragc of topic, and rate.of engagement of
participas should be a function of the project's stated
needs.

Othocharacteeis ties of networking projects include, but
are rid kited to:

hcIng to defir7-,-1e and respond to the educational needs
of optcific georaphie regions:

providing a com tinuing source of information and advice
tolhacachers_ principals, and others as training is put
intoprneuce irm-1 the classroom:

onthoging inf77ormation about demonstrated collabo7
rnlivorfrorts a rnong teachers, schools, local and State
edualion agcrra=cies, professional societies, colleges and
unixrsities. bu 7__-siness and industry, cultural institutions,
:sod others in aithe planning, execution and support of
tic project:

htlping educat___-Lors and planners develop long and short
temprioritics- _ for gaining and using information; and

dtroonstratin = g alternative solutions, increasing the
plicipants" 1'mawareness to possible alternatives, and
hdping then, tc=1 develop their strategics for choice among
thrrn,

Source: NSF/SEE, Pro ram Announcement: Teacherlhrtement a d Informal
Science Education, NSF 85-91 April 1985.
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MATERIALS AND METHODS FOR TEACHER PREPARATION

MATERIALS AND METHODS FOR TEACHER.PREPARATION

Objective of the Program

This program supports:

the development of creative ncw mater.als and model
programs that are designed to improve the preparation
of undergraduate students to become elementary or
secondary school teachers of mathematics, science, and
technology:

the development of creative new materials and model
programs that are designed to provide effective con-
tinuing education to teachers of mathematics. science,
and technology throughout their carers;

the development of creative acw mater:Os And model
programs that are designed to enable individuals o:
high ability in mathematics, science, and engineering
to enter teaching at the precollege level.

Scope of the Program

Appropriate project acti ities include, but are
not limited to, the following:

the development of specialized materials, courses and
software designed for current or future teachers to
provide them with the basic knowledge in science, mathe-
matics and technology necessary to become and re-
main effective precollege teachers;

the development of materials or model programs to
acquaint current or future teachers with thc results of
research in the cognitive sciences on effective methods
for teaching and learning mathematics, science and
technology;

the development of materials or programs that demon-
strate effective science teaching strategies for reaching
students with special needs such as those who are gifted
and talented, women, minorities, and/or physically
handicapped.

the develOpment of materials or model programs to
strengthen the mathematics, science, and technology
knowledge of teachers who are currently not certified
to teach in these subject areas, Or to strengthen the
teaching skills of scientists, mathematicians or engineers
who wish to become precollege teachers.

the development of model programs that test, demon-
strate, and evaluate innovative approaches to the under-
graduate preparation and continuingeducation of pre-
college teachers of science and mathematics. The de-
sign of prototypes suitable for widespread adoption and
use by local education agencies is especially encouraged.
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Characteristics et the Program
in addition to the general characteristics described above

for all materials development and research programs, thefollowing points are pertinent.
The anticipated outcomes from projects funded under

this program are materials and model programs that arelikely to:

provide teachen entering the profession with a strong
grounding in mathematics, science, and technology;
assure that teachers are cognizant of techniques that
are effective for the teaching of science, mathematics,
and technology, as well as techniques appropriate to
different learning styles and student needs;

provide teacher 4 with appropriate mechaniims and ma-
terials to assure that their teaching skills and expertise
arc maintained throughout their careers.

Proposals should address not only therationale and spec-
ific plan for developing materials and model programs, but
also the methods that will be used for evaluation and dis-
semination of the products.

Note: For other NSF programs that relate to teacher
development, consult the Program Announcement for
Teacher Enhancement and Informal Science Education
(NSF 85-9).

Source: NSF/SEE, frogrem _Announcement
Materials Develo ment and
Research, NSF 85-10, April
1985.



54. COURSE CONTENT IMPROVEMENT (CCI)

1960

Curriculum Improvement

A second major Foundation policy move in the field of science educa-
tion came with the inauguration of projects designed specifically to
improve science curricula within the Nation's schools. It was recognized
early in the Foundation's history that, too often, science courses were
being taught on the basis of outmoded textbooks and obsolete theories.
Although teachers and school admintrations had tried to keep up with
rapidly evolving scientific disciplines, there existed no systematic channels
through which they could learn of these changes in a manner designed to
enable them to incorporate the knowledge into their classroom situations.

The Foundation also recognized that it was in the national interest to
involve broadly hued groups in action programs to remedy this problem.
The problem had been identified; further discussion would not contribute
to a solution unless the groups concerned were committed to produce
specific materials useful to the classrooms at various levels.

Similarly, the NSF has scrupulously maintained the principle that,
although classroom materials might be produced with the aid of the
Federal Government, the Government has no control whatsoever over
the content of these materials nor over their distribution. This remains
in the hands of the scientists. The Government has no mechanism to
"sell" thc materials produced; the aim is merely to make available
classroom materials that, if they are indeed better, will sell themselves
to the schools needing them.

Cours Content Improvement Programs

Modernizing the content of science and mathematics curricula and
courses, as well as all types of aids to learning and teaching, is essential
to upgrading education for today's age of science. Content, adapted to
the learner's level, must continuously reflect science as on-going inquiry
and science at the level of understanding achieved by current knowledge.
The purpose of the Foundation's Course Ciantent Improvement Pro-
-Trams is to provide support for projects which engage the Nation's

est talent in the difficult and urgent task of achieving these goals.
These programs have evolved steadily since 1954. The complexity
problems in this domain, together with their far-reaching implications,

led to an initially cautious approach through relatively small grants for
a variety of exploratory studies. Support was increased considerably in

scal yea's 1957 and 1956, when the first major effort was launched
the development of a new high school physics course. The results and
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success of pilot projects, along with growing realization among first-
rank scientists that such efforts merit high priority among their responsi-
bilities, justified a further substantial increase to about $6 million
annually in focal years 1959 and 1960.

First priority has thus far been given to new course id materials
for secondary schools, nearly 85% of program funds 6,4.1g allocated
to this educational level during the period 1954-1960. In addition to
continuing substantial support for high school projects, major effort must
be focused upon the improvement of college and university programs,
both through undertakings involving nationwide teams of scientLsts,
mathematicians, and engineers and through modernization of cunicula
and courses within the great diversity of higher educational institutions
and scientific and engineering fields. Also, recognition of the vital
importance of elementary and junior high school experience in devdop-
ing proper attitudes and laying the groundwork for subsequent schooling
makes imperative a thorough study of science and mathematics cur-

.
riculum improvement at this level.

Evaluation of projects supported by these programs points up two
important wpects of course content improvement: fint, assurance of
excellence in content, for which perhaps the best guarantee is develop-
ment and constant improvement of materials by top-level scientists,
working with outstanding teachers and other experts; second, determin-
ing pedagogical feasibility through school trial, careful study of results,
and revision of materials based thereonan integral clement in most
projects. The widespread interest in course content developments is re-
flected in the great number of requests for information received by the
projects, the Foundation, and other organizations. Substantial interest
is also emerging in Europe, Asia, South America, and other parts of the
world.

Cours Content Studies and Development

Elomeniary-Junior High School

Foundation support for course content studies and development for
elementary and junior high schools continued to be quite limited in
fiscal year 1960 because further study of the problems involved and
clarification of the Foundation's responsibilities arc still required. These
studies are now underway. .

Another hnportant need is an effort by scientists to identify significant
Lontent and to experiment with materials for pupils and teachers. The
University of California received a grant to continue its interdisciplinary
project on science for the first six grades; the University of Illinois, a
grant for experimental work on instruction in principles of physical
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science focused on astronomy. The basic importance of mathematics
content throughout the elementary and secondary curriculum is con-
ceded by all; the School Mathematics Study Group is continuing its
highly promising work on sample courses for grades 7 and 8, and begin-
ning the preparation of material for grades 4 through 6.

High School
Educational Services Incorporated received a grant to complete the

first phaseof work on a new high school course prepared by the Physical
Science Study Committee. As the result of a 4-year effort by some of
the Nation's most notable physicists, most materials for this course are
now available to all interested schools. Some 30,000 students in 650
schools have already takers the course.

The School Mathematics Study Group received further support
through Yale University for revision of sample textbooks and teacher's
commentaries for grades 7 through 12, materials for teacher education,
special materials for gifted students, and further evaluative studies.
The American Institute of Biological Sciences was granted additional
funds for efforts by the Biological Sciences Curriculum Study to devise
and ttmt textbooks, laboratory and field studies, teacher education mate-
rials, and other aids for high school biology. In chemistry support was
given to two projects. Grants were made to Earlham College for the
Chemical Bond Approach Project to pr:epare a second version of a
text and laboratory guide for trial in some 50 schools during 1960-61.
followed by a definitive edition to be published for general use. The
University of California received funds for the Chemical Education
Materiab Study, which is beginning to devise and test text, laboratory,
film, monograph and other materials for another type of high school
chemistry course.

A related and difficult problem is that of helping teachers and school
administrators learn more about new curriculum developments sponsored
by various foundations and organizations. One approach will be tried
by the National Council of Teachers of Mathematics through a grant for
a series of eight regional conferences of mathematics supervisors.

College and University
Projects at colleges and universities follow three general patterns.

One pattern involves a conference, series of conferences, or committee
study to examine a field and define broad guidelines for curriculum re-
form. Support was provided for such studies on: introductory physics
courses; chemistry for non-majors; and the undergraduate curriculum
for chemistry, civil engineering, chemical engineering, sanitary engineer-
ing, experimental mechanical engineering, and anthropology.
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A second type of activity, which may evolve from a project of the
first sort, is the formation of a continuing body to conduct basic studies,
provide liaison among specific course-content projects, supply informa-
tion about developments, and stimulate efforts on the part of individual
institutions or groups of colleges. The Mathematical Association of
America received a grant to enable ita Committee on the Undergraduate
Program in Mathematics to assume this responsibility for that field, and
comparable conunissions concerned with college physics and experi-
mental mechanical engineering have been recommended by the con-
ferences in those fields.

The third kind of undertaking in the college and university studies
category is the development of a specific new course which promises to be
of wide interest and which includes elements of a truly novel nature.
In this area grants were made to Harvard University for a new intro-
ductory biology course, to Ohio State University for work on a new
laboratory program in organic chemistry, to Lehigh University and
North Carolina State College for coordinated projects in experimental
mechanical engineering, and to the Massachusetts Institute of Tech-
nology for a laboratory course on the principles of instrumentation.

Supplamantory Teaching Alds

The objective of the Supplementary Teaching Aids program is to
siipport the development of such aicis to learning as new laboratory
apparatus, motion pictures, and television presentations which have been
designed to extend the range and scope of science, mathematics and
engineering courses insignificant ways.

For the design and development of prototypes of new laboratory
equipment, 32 grants were made in 1960. Projects include an educa-
tional wind tunnel using smoke to visualize air flow, a small hypersonic
wind tunnel, stereophotomicrography for submacroscopic anatomy,
demonstrations for use with overhead projectors, equipment for in-
strumental chemical analysis, design of inexpensive computers, and a low-
cost mass spectrophotometer.

Two educational television projects were granted support. A series of
eight half-hour programs produced under a gant to the University of
California at Berkeley will enable Nobel Laureate Wendell M. Stanley
and his colleagues in the Virus Laboratory to bring the story of modern
virus research and its implications for basic biology to large audiences.
The use of television in providing teachers of mathematics with back-
ground knowledge and a detailed undemanding of new curricula is the
subject of a project sponsored by the Minnesota Academy of Science.

28

4 a,



Educational film projects in a variety of fields were supported. An-
thropology films, sensitively edited, can give the student an undu'land-
ing of unfamiliar cultures; with this purpose in mind, a grant was made
to Harvard University for the completion of a series of documentary
films on IKung Bushmen of South Africa. Under grants to the State
University of Iowa and the University of Minnesota, films on principles
of fluid mechanics will bc produced. Iowa also received a grant for
films on the biology of slime molds and the use of these organisms in
teaching. Yeshiva University was awarded support to begin a series of
films for high school and college biology courses which endeavor to put
the viewer in the posiflon of an original observer of plants and animals
as an attempt is madc to uncover fundamental principles through close
observation of organism in their natural environments. Yale Uni-
versity has received support for a series of short films for advanced high
school and college courses in chemistry. A grant to the University of
Illinois provides for experimentation with the use of films in presenting
demonstration classes on new approaches to the teaching of elementary
school mathematics.

29



60. COMPUTING ACTIVITIES IN EDUCATION

1969

In fiscal year 1969, the second year
of its existence, the Office of Com-
puting Activities administered a va-
riety of programs and studio in
support of the computing require-
ments of education and research, and
continued to coordinate other pro-
grams of support for computing ac-
tivities throughout the Foundation.

During the year ending June 30,
1969, the Office of Computing Activi-
ties considered 489 proposals request-
ing a. total of $105,453,138. In
response, the Foundation made 194
awards obligating $17 milliun for an
award-to-request ratio of approxi-
mately 1 to 6. For those proposals
resulting in awards, the amount
awarded averaged approximately N
percent of funds requested.

Awards were made to 153 institu-
dons in 39 States and the District of
Columbia. Fifteen awards were made
to support studies or conferences con-
cerning the use of computers in edu-
cation and research. Seventeen were
made for projects involving precol-
lege education. Of the $17 million
granted 96 percent was awarded to
educational institutions or consorfa,
and 4 `percent was awarded to non-
academic institutions.

Prior to the establishment of the
office, the Foundation had provided
support to university computing fa-
cilities and to research projects in
computer science for over 10 years.

COMPUTING
SERVICES

Perhaps the most striking feature
of computing activities at acadenc
institutions today is the growth of de-
mand for sophisticated computing
services in instruction. This phenom-
enon appears in the utilization sta-
tistics reported by university and
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college computing centers. It is
fleeted in changes of course offerings,
and frequently in requirements for a
programing course in the freshman
or sophomore year of college. It also
appears in the increased investment
institutions have made from their own
funds to provide academic computing
services.

Institutional Computing Services
The Foundation institutional com-

puting services program is the only
Federal program offering institu-
tional support, as distinct from indi-
vidual project support, for the cost
of academic computing services. In
fiscal year 1969, $6.5 million was
awarded to 23 institutions to assist
with necessary expansion or initial
installation of computing services.
The grants ranged in size from
$14,000 to $1.2 million.

An example of the importance of
the institutional computing services
program can he noted t Michigan
State University, an institution with
approximately 31,000 undergradu-
ates and 8,000 graduate students. The
university operated a computing cen-
ter which contained a large second-
generation computer at an annual
operating cost of about $1 million per
year, as well as nine smaller special-
purpose computers with annual costs
ranging from $11,000 to $250,000
each. However, the demand for com-
puting services for undergraduate in-
struction and for members of the
university community who had not
previously used computers was grow-
ing explosively. In 1 month in 1967
68, the computer center was used by
77 departments and institutes to
process nearly 30,000 tasks, almost 60
percent of them for students in con-
nection with course work. Also, finan-
cial support for computing from State
appropriations, tuition, and income
from sponsored research lagged be-
hind the expenditures required.
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To overcnme these problems the
university proposed to purchase a
large third-generation computer and
sought a grant from the Foundation
to help provide financial stability
while it developed other sources of
support. A grant of $1.2 million for
3 years was made in fiscal year 1969.
The figure below shows the history
of support for computing at Michigan
State,

The Catholic University illustrates
a different situationone in which
the existing machine had never been
able to service more than a lhnited
subset of campus requirements. Al-
though there had been a computing
center for several years, the primary
equipment lacked the capability to
handle major research problems, so
faculty members had employed vari-
ous expedients to secure service
from Federal laboratories and other
universities. Motivated by desires
to eliminate this inconvenience to
faculty and to expand computer use
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in undergraduate instruction, the uni-
versity requested partial support for
the purchase of a medium-scale mod-
em computer. Final action on this
proposal was a grant of $275,000 in
partial support of a 3-year program.

Regional Computing Activities
Another interesting development in

institutional support for computers
is the formation of cooperatives, con-
sortia, and other regional arrange-
ments to help provide computing
services for educational institutions.
The Foundation, through its re-
gional compudng pilot projects, has
been exploring the merits of these
arrangements.

In fiscal year 1968, a major effort
involved the inauguration of 10 re-
gional computing activities. Typi-
cally, each was centered about a
major university which provided
computer service; to a cluster of
nearby colleges. These projects were
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designed to snake effective use of the
experience and equipment at uni-
versities to help colleges and a few
secondary schools introduce educa-
tional computing to their students
and faculty.

In fiscal year 1969, five additional
regional experiments were estab-
lished, to enlarge the range of models
available for study and evaluation,
with total awards of slightly over ;2.1
million. Altogether, the regional cen-
ters now include 12 major universi-
ties, 116 participating colleges, and
27 secondary schools located in 21
States. The figure illustrates a proj-
ect centered about the Illinois Insti-
tute of Technology ( IIT), which
serves nine participating institutions
in Illinois and Wisconsin, and also
shows the location of all of these
Foundation-supported regional ac-
tivities. In each of these activities
there is a good deal of concern
with faculty training, cooperation in
the use of instructional materials, and
sharing the results of experience with
educational use of a computer.

EDUCATION AND
TRAINING ACTIVITIES

Curriculum Development
The full impact of computers on

education will not be felt until the
modes of thought characteristic of
computing are incorporated into cur-
ricula. Concepts such as the logic of
programming procedures, the use of
models, the interrelationship of com-
plex events. and the 'Lies of data are
emphasized in computing and must
inevitably affect the educational
process.

A systematic approach to an ex-
ploration of the benefits of the com-
puter in undergraduate study in
chemistry has led to the support of a
carefully selected set of projects. Don-
ald Secrest of the University of Illi-
nois is developing a number of ex .
periments for an undergraduate phys-
ical chemistry laboratory in which a
time-shared computer is an integral
part. Samuel Perone of Purdue Uni-
versity, who has directed two SUM-
mer faculty workshops in the use of
computers linked to instruments for
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chemical measurements, is also con-
cerned with uses in undergraduate
chemistry laboratories. Since the
computer is essential to the solution
of theoretical as well as experimental
problems, David P. Shoemaker of
MIT is exploring ways to give the
student access to computational serv-
ices which include capabilities that
result from applied numerical
analysis.

A project designer/ " mlore fun-
damental curricului, ,r at the
elementary school le. .. directed by
Wallace Feurzeig of Bolt, Beranek &
Newman in Cambridge, Mass. The

is to demonstrnte through class-
room presentations that the teaching
of the set of concepts related to pro-
graming can be used to provide a nat-
ural foundation for the teaching of
mathematics, and indeed for logical
thinking in general. A new program-
ing language permits the expression
o f mathematically rich algorithms,
both numerical and nonnumerical,
but is so simple that it can be taught
to second graders. Although it is pre-
mature to evaluate the significance
of this experiment, initial results are
encouraeng.

Train ng
The intimate relationship between

curriculum development and training
activities in many computer projects
is well illustrated by the followMg ex-
ample in statistics.

A grant to the University of North
Carolina in fiscal year 1968 supported
the cooperative efforts of the depart-
ments of statistics, psychology, and
biostatistics in the development of
data sets, collections of problems, and
programs for use in teaching elemen-
tary statistics.

Programs were developed for sev-
erar typo of computing services in-
cluding commercial time-sharing, a

large university computing center,
and a small stand-alone computer. In
the summer of 1969, the university
organized a workshop for 32 teachers
from colleges and universities to ex-
plain and demonstrate the results of
the project. Foundation support will
enable these teachers to use the ma-
terials developed at the university to
integrate computer use in the teach-
ing of statistics at their home institu-
tions. This group of teachers will
reassemble at the University of North
Carolina in the summer of 1970 to
evaluate their experience.

A different type of training project
was conducted in the summer of
1969 in the Los Angeles area. Richard
Bellman of the University of South-
ern California directed an experi-
mental program in computing for
underprivileged secondary school stu-
dents that had an enrollment of 80
for a 4-week course. The curriculum
included a mathematics class, a pro-
graming class, a programing labora-
tory, and instruction in the use of
equipment. Another phase of the
project involved 20 additional stu-
dents, with nonscientific backgrounds,
who received an 8-week course in
data processing applications typical
of hospitab and medical centers.

Computer Sdence Education
Many universities and colleges are

initiating academic programs in com-
puter scienze, a trend which first
started in the last half of the 1950's
and which has been gaining momen-
tum rapidly. In some instances these
take the form of formal depariments,
in some they constitute areas of con-
centradon within existing depart-
ments, and in other cases they may
be interdisciplinary programs focused
on the use of computers. In fiscal year
1969, grants were made to six Mstitu-
tions, the University of California at



Berkeley, Purdue University, Univer-
sity of Southern California, Washing-
ton University, University of Rhode
Island, and State University of New
York at Stony Brook, all primarily
for graduate education. These grants
ranged in size from $80,000 to $344,-
oao and totaled $1,028,600. Four of
these awards will help initiate grad-
uate programs in computer science
and two will help strengthen pro-
grams that have existed for a few
years.

RESEARCH ACTIVITIES
The Foundation supports research

in three major areas, computer
science, computer-based instructional
technology, and computer applica-
tions.

Computer Science
The emergence of com put e r

science as an academic discipline has
been given impetus by the increasing
complexity of computer systems. Al-
though early workers in this field
were trained in other areas, the
growth of information about compu-
ters has been so great that the defini-
tion of computer science as a
discipline and research area has been
a natural consequence.

Today reseuch workers in com-
puter science are concerned with the
basic understanding of the potential
and limitations of computers; with
improved design and more versatile
componentsin both hardware and
software; and with the discovery of
better ways of utilizing equipment.
Among the research projects being
supported are investigations of the
properties of algorithms, languages
for expressing these algorithms, com-
puting systems for processing them,
and techniques for improving means
of communication between man and
machine. One area of research that
is vital to long-range development of
this field is that of the theoretical
foundafions of computer science.
Support has been provided to groups
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at Cornell, Purdue, and the Univer-
sity of California at Berkeley to con-
duct basic research in this area. Using
abstract mathematical 'models of
computational processes, these groups
are studying the characteristics of
classes of problems which cumot be
solved algorithmically. On the other
hand, for classes of problems which,
theoretically, can be solved, it is ex-
tremely kiteresting to obtain lower
bounds for computational time and
for storage requirements, and such
bounds are being investigated.

Electronics technology appears to
be approaching a point where the
speed of computers of conventional
design is limited by the speed of light.
Thus, significant increases in comput-
ing power are likely to depend upon
new highly complex machine archi-
tecture. Jacob T. Schwartz, at the
Courant Institute of Mathematical
Sciences, New York University, is
studying highly parallel machine
structures, where several tasks of a
large computation are perforrned si-
multaneously. He is learning how the
parallel units must communicate with
each other and coordinate their ac-
tions. He is also measuring how much
inherent parallelism there is in vari-
ous computations and thus how much
computational power is added by this
type of design.

Instructional Technology
A popular impression of the com-

puter's primary use in education is
as a teaching machine. Experiments
in the use of the computer to present
flexibly controlled instructional ma-
terialoften referred to as computer-
assisted instruction (CAI) or to
provide the teacher with more direct
information about student progress
have shown exciting promise in cer-
tain applications. However, these ex-
perirnents have also pointed to
inadequacies in the current state of
technology and to more fundamental
inadequacies in our understanding of
basic areas of learning.



An understanding of both the bene-
fits and the limitations of CAI will
depend on its being tested at different
educational levels in a variety of cir-
cumstances. As part of a limited pro-
gram of testing and evaluation, grants
were made to Patrick Suppes of Stan-
ford University in fiscal years 1968
and 1969 to study the effect of CAI
on teaching programing and data
processing concepts to 80 innercity
secondary school students. This proj-
ect will serve both to test the effective-
ness of this technique in a difficult
learning situation, and to collect data
about the learning patterns of these
students.

In this case, the students are
located in San Francisco, Calif., and
the instructional material is stored
in a computer at Stanford University
in Palo Alto, Calif. The choice of re-
mote terminals was dictated by trans-
mission costs: less expensive tele-
typewriters were used, although
visual display terminals might have
been superior from an educational
viewpoint.

Careful evaluation of the obstacles
inhibiting developments in this field
led the Foundation to tiy a different
approach in addition to specific proj-
ect activities. This approach is to
strengthen a few major centers to
promote longer range basic research
in instructional technology. The three
centers supported in fiscal year 1969
are located at the University of Pitts-
burgh, Stanford University, and the
University of Texas. Altogether six
grants in computer-based instruc-
tional technology were made in fiscal
year 1969 with total support exceed-
ing $1.2 million.
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Computer Applications
Although computers were first de-

veloped to assist with complex nu-
merical calculations, it was soon
realized that nonnumerical informa-
tion could be coded and stored in the
computer memory equally well and
subsequently analyzed or altered by
programed procedures. During fiscal
year 1969, the Foundation made sev-
eral grants for study of computer
techniques for handling nonnurneri-
cal information. A grant will enable
William H. Huggins of Johns Hop-
kins University to conduct research in
computer graphic symbols. Another
to John L. Clough of Oberlin College
will support work on the synthesis of
sound by computer. Still another to
David L. Bonsteel of the University
of Washington will aid the develop-
inent of techniques for simulating
visual experience in architectural
space using computer graphics.
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55. PRECOLLEGE MATERIALS AND INSTRUCTIONAL DEVELOPMENT _MID)

1973

Curriculum and Instruction
Development

During the year the Curriculum
and Instruction Development Pro-
gram of the Division of Pre-College
Education in Science was trans-
formed into the Materials and
Instructional Development Section.
This change reflects the fact that for
some years support has been given
not just for the development of com-
plete curricula but for the prepa-
ration of specific units of modules.
which may fit into existing courses.
and for instructional aids which may
be addressed to teacher preparation,
to special types of students, or to
specific learning situations.

Among the grants of special inter-
est was one to Florida State Univer-
sity for the initiation of a major cur-
riculum development. the Individ-
ualized Science Instructional Sys-
tem, which will be based on roughly
125 modules in various areas of
science addressed to students in
grades 10 through 12. Conferences on
curriculum development supported
by NSF included: the Social Science
Education Consortium conference
concidering the process of dissemi-
nation as related to curriculum
developments; the Education
Development Center's conference on
unified mathematics and science at
the secondary school level: a series of
three study sessions held by the
University of Indiana, the Univer-
sity of Maine at Orono, and Newton
College of the Sacred Heart to con-
sider the optimal characteristics of
mathematics curricula in the K-12
range: and one by the Education
Development Center for a summer
study of new mathematics materials
in the third to fifth grade range.
These last four grants may well
establish the main parameters of
major developments over a period of
the next several years in pre-college
mathematics education.
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61. TECHNOLOGICAL INNOVATION IN EDUCATIOr (TIE)

1973

TECHNOLOGICAL
INNOVATION

IN EDUCATION

The U.S. system of education is
placing ever increasing demands on
the Nation's resources. The fraction
of the GNP devoted to all educa-
tional expenditures (public and pri-
vate, from kindergarten through
graduate school) has risen steadily
since the end of World War IIfrom
about 3 percent to about 8 percent in
1971-72. Nonetheless, the educe-
tional needs of certain elements of
our population continue to go unmet,
and the quality of instruction
throughout the system is very
uneven. Technological Innovation in
Education has as its goals improving
the quality of instruction (with
special emphasis on science educa-
tion), improving the efficiency of
instruction, and improving access to
specialized educational _ needs
through the application of modern
computer and communication
technologies. In fiscal year 1973.
approximately $6.3 million Was
awarded toward these ends to
academic and other nonprofit organi-
zations.

Development of the PLATO IV sys-
tem of computer-assisted instruc-
tion (CAI) continued in preparation
for a 2-year. large-scale field test and
evaluation. This system is designed
to provide highly appealing CAI
simultaneously to thousands of
widely scattered students, using a
single large computer system and
graphic terminals invented and per-
fected at the University of Illinois.
The first 250 (plasma panel) termi-
nals have been delivered and in-
stalled at locations throughout the
country.
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Concurrently, the Foundation is
sponsoring the development and
field testing of the TICCIT (Time-
Shared Interactive Computer Con-
trolled Information Television)
system of CAI developed and
designed by the MITRE Corporation
and Brigham Young University to
provide highly efficient instruction
in community colleges for such intro-
ductory courses as English and
mathematics. Efficiency will be
obtained by exploiting mini-
computer and television technology
(to serve over 100 student TV
terminals simultaneously), and
through learner-controlled course-

e which simplifies system
design. courseware authoring, and
student/computer interaction.

Development and field test of the
PLANIT (Programming Language for
Interactive Teaching) machine-
independent system of CAI was
completed during fiscal year 1973.
The design objectivesto produce a
sophisticated system capable of
being installed and operated
effectively on a very wide variety of
existing computing equipmenthas
been achieved, based upon pre-
liminary results from a field test
conducted at Purdue University. A
conference will be held early in fiscal
year 1974 during which the system
will be explained, demonstrated, and
distributed.

Research and development
continued into computer-based tech-
niques for optimizing student per-
formance. Investigators at Stanford
University believe that they can not
only improve student performance
(by 50 to 100 percent) for elementary
reading and mathematics, but also
predict such improvements for each
student on the basis of the student's
performance without CAI during the
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previous year and his performance
after testing with only an hour or two
using CAI. A modest experiment was
begun to provide CAI of this sort to
American Indians at a pueblo in New
Mexico. Data are incomplete, but
results indicate significant improve-
ments in student performance and
attitude, and thus have generated
considerable enthusiasm for the
project from officials of the school
and the community who are taking
steps to continue it at local expense
after fiscal year 1974. The project
could serve as a valuable model for
other widely scattered communities
of Indians.

All major universities and many
colleges now provide computing
services for faculty and students.
While major computer-based
curriculum efforts are only just
beginning, one major obstacle in
sharing instructional programs is the
complexity of the new technology.
Since universities use different
machines and computer language
and operate their services in a variety
of formats (batch versus interactive),
it Is difficult to directly exchange
instructional programs. Further, the
variety of the disciplinary content
creates numerous documentation
problems. In order to increase the
potential for widespread use of
materials and at the same time reduce
the time and costs related to program
exchange, several universities have
initiated a major cooperative effort to
study and overcome this problem.

CONDUIT (computers at Oregon
State University, North Carolina
Educational Computing Service.
Dartmouth College. and the Uni-
versities of Iowa and Texas at
Austin) is a consortium of five
regional networks involving 100

colleges and universities with an
enrollment of approximately 300,000
students, and is organized to study
and evaluate the transportr.bility and
dissemination of comp er-related
curricular materials for use in under-
graduate instruction. The goals and
procedures of CONDUIT are deter-
mined by a Policy Board, which
consists of the director of each
regional computer network.
CONDUIT Central, located at Duke
University, coordinates network
activities and maintains the
CONDUIT library. It also creates and
distributes videotaped seminars and
self-instructional computer-related
materials.

In fiscal year 1973. 12 grants were
awarded to establish a regional
educational computer network for
colleges in Central Mississippi under
the leadership of Jackson State
Cullege. Five of the participating
institutions are private 4-year
institutions; three are State-
supported senior institutions; and
four are 2-year colleges. The Regional
Cooperative Computing Activities
Program under which the above
awards were made was phased out in
this fiscal year. An analysis of the
impact and cost of regional computer
networks on undergraduate
instruction is contained in a report
published by the University of Iowa
entitled "A Study of Regional
Computer Networks."

Other supported studies included
the examination of various
communication technologies such as
broadband two-way cable systems.
specialized common carriers,
stationary satellite, and optical
communication links, with a view to
assessing their potential for various
noncanventional educational tele-
communication services.



63. DEVELOPMENT IN SCIENCE EDUCATION (DISE)

1979

Development in Science
Education

The development in science education
(DISE) program supports the design, field
esting, and dissemination of innovative

teaching and learning models and mate-
rials for science instruction at any level
of education. In addition to continued
support of several major projects, the
DISE program emphasized five special
areas: science for the early adolescent;
improving access to careers in science:
science technology and society; new
knowledge and new skillseducation for
productivity; and technology as applied
to learning. This last area included a
special solicitation for proposals and
support of two projects to design, build,
and demonstrate an interactive computer-
controlled videodisc system for science
education. Following are brief descrip-
tions of these areas and examples of proj-
ects supported.

It is disturbing to note that most U.S.
citizens receive very little formal science
instruction af ter their junior high school
or early adolescent years. Because this is
a time often ignored in terms of special
emphasis in science instruction. NSF
supports projects dealing with pre-service
and in-service education of teachers of
middle and junior high science. Projects
designed to provide junior high school
students with information about various
fields within science and the related careers
are also supported.

By way of illustration, a project at Cen-
tral Mk .t..igan University is designed to
produce, evaluate, and disseminate a set
of audio-tutorial units in science for the
inaer city student. Another project, at
the National Wildlife Federation, involves
preparing high-quality environmental
science curriculum materials for middle
and junior high schools to develop knowl-
edge of relationships in the natural en-
vironment. Also included among the
awards this year are efforts in outdoor/
info: mal education such as the Lawrence
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Hall of Science project on physical sci-
ence activities in out-of-school settings
for early adolescents and their families.

Eight projects in improving access to
careers in science were aimed at students
ranging from middle school to college.
The projects encompass a variety of edu-
rational activities for both in-school and
ou t-of-school settings. Two projects are
addressed to the special needs of women,
three to the special needs of minorities,
and three to the needs of both groups.
These projects focus on such themes as
relating science and mathematics subject
matter to scientific careers, providing ap-
propriate role models, and developing
general problem-solving and reasoning
skills. Three projects will develop material
for in-service training of junior high and
high school teachers.

In one project aimed at increasing ac-
cess to careers, Lillian C. McDermott at
the University of Washington, working
to increase the ability of minorities to
participate in mainstream college science
courses, hes developed a set of instruc-
tional materials for lower division under-
graduates. These materials, useful in
physics, chemistry, and the physical sci-
ences, emphasize both concept forma-
tion and reasoning development. They
are designed to provide flexibility in
length, choice of subject matter, and op-
tions for sequencing in courses in which
they are used.

The connections between science and
society are seldom emphasized in educa-
tion at any level. For the most part, the
education of scientists and engineers fails
to deal in any depth with the humanistic
aspect of their work or to raise the diffi-
cult issue of the social respor.sibilities of
science. Conversely, education in the non-
scientific professions is deficient in its
neglect of science, and the general educa-
tion of most citizens prepares them poorly
to deal with the science-related social is-
sues and the value problems of the day.



Barry Hyman, working through the
American Society for Engineering Edu-
cation, is using a case study strategy to
convey an understanding of public policy
to undergraduate engineering students.
For four summers, engineering students
chosen through a nationwide competi-
tion will participate in a public policy in-
ternship program in Washington, D.C.
Based on their work, case studies will be
developed and disseminated widely for
use in undergraduate engineering cur-
ricula. By the fourth summer, support of
the program will be taken over by engi-
neering societies and industry.

In another award, older people, who
are rarely exposed to science courses, will
participate in a special education pro-
gram in science and society. The pro-
gram, at the University of Colorado at
Colorado Springs and Colorado Colkge,
has the long-term goal of developing a
model to encourage older people to at-
tend regular college science courses for
credit. This project extends and comple-
ments the informal education project
supported at the same institution by N5F's
public understanding of science program.

The N5F focus, new knowledge and
new skiLseducation for productivity,
supports the revision of curricula so that
scientifically trained personnel can better
contribute to appropriate technological
development and, through increased
productivity, to the country's economic
strength and quality of life. The curricula
may be for undergraduate, graduate, and

continuing education; the projects, usually
based in universities or professional
groups, are encouraged to collaborate
strongly with industry and with non-
academic laboratories.

A project with David M. Hirnmelblau
at the University of Texas at AL -tin is
producing modules for 2,000 topics which
give explanations, references to best
practice, or study guides that will be
formulated for electronic transmission
and retrieval by computer. The system
of materials will be structured so that
specialists can contribu te short pieces for

teaching new developments without hav-
ing to rewrite the equivalent of a whole
text. Fulfillment of these objectives will
be tested in about a dozen industrial and
university programs.

The increased use of computers, par-
ticularly microcomputers, has increased
the demand for people trained in digital
systems engineering, which is a combi-
nation of electrical engineering and com-
puter science and engineering. Thomas A.
Brubaker at Colorado State University is
studying ten leading research institutions,
both industrial and academic, to identify
and develop prototypes of useful mate-
rials for teaching digital systems engi-
neering. The goal of the project is to
reformulate and combine traditional prin-
ciples around several thousand general-
ized engineering techniques which can
be retrieved and learned for specific ap-
plications.

Projects concerned with the use and
technology for science education include
the exploration of innovative applica-
tions of technology for instruction, the
development of materials on using tech-
nology as a tool of science, or the devel-
opment of materials to study the tech-
nology itself. Most projects are based on
the use of computers, sometimes in con-
junction with other devices. For example,
several projects supported incorporate
the use of graphics to improve instruc-
tion. To explore the education potential
of the new videodisc technology, Robert
Fuller and his colleagues at the Univesity
of Nebraska at Lincoln are developing a
low-cost approach for the videodisc in
physics instruction.

Techniques used by meteorologists in
analyzing and reporting the weather are
based on the computer analysis and
graphical display of weather data col-
lected by satellite. Atmospheric sciences
education will begin to incorporate some
of these methods as a result of work by
Donald Johnson at the University of
Wisconsin supported jointly by NSF's
atmospheric sciences program and DISE
program. Because similar needs exist in
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other environmental sciences, these sys-
tems should be useful beyond depart-
ments of meteorology.

A number of projects are concerned
with continuing education for nonaca-
demically employed scientists and engi-
neers. An example is a project conducted
by the Utah State Board of Regents,
through which industries and universi-
ties cooperatively develop science-related
training programs for industry. Entitled
-Restructuring Science Education for
Flexibility, Occupational Preparedness,
and Industrial Alignment,- the project
is now completing its period of NSF f,up-
port; it has obtained $200,000 in local
contracts in 1979. In addition to provid
ing technical updating for industriall)
employed scientists and engineers. tilt
project is notable for its impact on in-
creasing university-industrial cooperation
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67. MATERIALS DEVELOPMENT IN PRECOLLEGE MATHEMATICS USING COMPUTERS (MDPMUC)

1980

Technology for Science
Education

In view of the need to improve
mathematics education for school
children and to take advantage of the
rapidly increasing rate at which low-
cost microcomputers are becoming
available in schools, NSF began a
special effort in 1980 to support de-
velopment of prototypes of quality
educational software and courseware
for teaching and learning mathemat-
ics. This activity is jointly funded
with the National Institute of Edu-
cation and emphasizes both research
and development aspects of the
problem.

The projects supported address
mathematics education in all the pre-
college grades, and several involve
adults who are studying precalculus
mathematics. Topics include the im-
provement of spatial skills (empha-
sizing the needs of women), prob-
lem solving, and mathematical mod-
eling. A number of projects take ad-
vantage of the graphics capabilities
of computers to ipvolve the student
in dynamic interactions as a means
of visualizing a variety of algebraic
and geometric concepts. Several
projects call for participation of local
cchools, teachers, students, and par-
ents. The students are the target
population of most projects; in one,
however, the primary focus is on
teachers.

Examples of projects are:

Investigators at Wittenberg Uni-
versity in Springfield, Ohio, will
develop 10 to 15 computer games
to supplement mathematics in-
struction in grades one to four.
The games will provide practice
in basic math skillsincluding
problem solving, estimation and
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approximation, computation
skills, and measurementand
will introduce students to prob-
lem-solving techniques. Color
graphics and animation should
increase student motivation and
involvement. The project will in-
volve elementary teachers in de-
velopment of materials and will
test the programs in public
schools.

A project at the University of
Pittsburgh will do research and
related development on the dif-
ficulties that children in the pri-
mary grades have in learning
addition and subtraction of
whole numbers. Important
mathematical principles, espe-
cially place value, will be dem-
onstrated using both physical
materials and computer graph-
ics, Student responses will be
analyzed by the computer and
by teachers to identify system-
atic errors in student computa-
tion processes. The computer
will then provide meaningful in-
struction designed to increase
student understanding of the
underlying mathematical prin-
ciples. The project intends to
provide practical instruction,
usable in classrooms at a reason-
able cost, ,as well as an oppor-
tunity to test the validity of a
developing theory of the origin
of arithmetic errors and ways of
preventing these errors through
instruction.
A team at Rensselaer Polytech-
nic Institute will develop and
test materials to train students'
skills in spatial visualization and
orientation. The project uses the
dynamic, responsive medium of



computer graphics as a tool in
spatial visualLzation and orien-
tation training. The software will
enable teachers to design new
training experiences without
special knowledge of comput-
ing. Since sex differences in spa-
tial abilities have been widely
reported, the project's research
component will compare the
changes in spatial skills shown
by males and females. If the
materials developed by this
project are successful, they can
be expected to improve mathe-
matical performance among
women and thus increase their
access to careers in science and
mathematics.
A team of mathematicians,
mathematics educators, and
computer scientists at Drexel
University will design, develop,
and field-test a laboratory course
in mathematics to accompany
and be an integral part of a high
school course on elementary
functions. This laboratory com-
ponent will consist of a series of
."mathematical experiments"
that use a microcomputer with
graphics capabilities. The exper-
iments are a carefully con-
structed sequence of tasks de-
signed to probe the essence of
a mathematical concept, for-
mula, algorithm, or theorem.
The project is a cooperative one
involving the School District of
Philadelphia.
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Many projects are supported that
address the use of computing in
higher education. John Ham-
blen of the University of Mis-
souri, Rolla, has just completed
The Fourth Inventonj of Computers
in Higher Education 1976-77. He
reports that the expenditures for
academic computing in higher
education have more than dou-
bled over the past decade. This
year institutions of higher edu-
cation will spend approximately
$1 billion on academic comput-
ing; 2,163 institutions with an
enrollment of 9.9 million stu-
dents will provide students with
access to computing. In addition
to the inventory, an interpretive
report examines and evaluates
trends in administrative, in-
structional, and research uses of
computing, as well as analyzes
the uses of computing in minor-
ity institutions over a ten-year
period.
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INSTRUCTIONAL MATERIALS DEVELOPMENT

INSTRUCTIONAL MATERIALS DEVELOPMENT

Objective of the Program

This program provides support for the development ofnew
or improved instructional materials in science, mathemat-
ics and technology for elementary, middle, and/or second-
ary level students and their teachers. The program encour-
ages the development of materials that fill content gaps in
previously developed curricula. present new approaches to
the study of traditional subjects, introduce recent discoveries,
or demonstrate applications of scientific and mathematical
concepts. An important goal is to involve the most capable
scientists and science educators in the Nation in the process
of upgrading the quality of the science and mathematics
materials used in precollege classrooms.

Scope of the Program

Appropriate project activities include, but are not lim-
ited to, the following:

materials that more effectively present single topics or
collections of topics in science, mathematics or tech-
nology, including those that exhibit relationships between
disciplines;

materials that introduce new subjects or that present
new applications of science, mathematics or technology;

materials that support neW or revised curricula, espe-
cially curricula designed to raise the level of achieve-
ment of the Nation's youth in science, mathematics
and technology;

materials tailored to the special needs of particular
groups of students, such as women, minorities, physi-
cally handicapped students, college bound students,
those entering the work force immediately following
high school graduation and the gifted and talented;

Source: NSF/SEE, Pro ram Announcement:

NSF 85-10, April 1985.
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materials that use alternative methods of delivering
instruction, such as computer software, computer
simulation, television, film, videocassette and videodisc,
including those that integrate technology into a partic-
ular science curriculum;

materials that take into account findings of recent
research on how students learn science and mathematics.

Characteristics of the Program

In addition to the general characteristics described above
for materials development and research programs, the fol-
lowing points are pertinent.

Projects may include the development of entirely new
materials, the updating or revision of existing materials of
high quality, and the testing and evaluation of the materi-
als developed In all eases, projects should lead to instruc-
tional materials that arc bias-free, scientifically and educa-
tionally sound, and suitable for widespread distribution,
preferably through the private sector.

In the development of new materials, consideration should
be given to the implications for use by teachers, such as the
necessity for teacher training or the development of coordi-
nated teacher materials. The materials proposed for devel-
opment should be suitable for use in many locales through-
out thc country.

The products developed may be printed materials, com-
puter software, films, videotapes, videodiscs, or laboratory
equipment.

All principal investigators should direct their attention
to sharing the re.sults of their proposed projects. The involve-
ment of publishers or other relevant organizations early in the
process of materials development is encouraged so as to facil-
itate distribution of the materials and their consideration for
adoption. Consultation and negotiation with publishers or
distributors may take place prior to proposal submission.
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52. SPECIAL PROJECTS IN SCIENCE EDUCATIO SPISE)

1958

Special Projects in Science Education Program

Complementing the Institutes Program of the Foundation, this pro-
gram is concerned principally with the experimental testing and develop-
ment of promising new ideas for the finprovement of science instruc-
tion, and with new and more effective methods of increasing the under-
standing of science on the part of our young people. Approximately
$1.5 million was obligated in fiscal year 1958 to carry out this program.
Projects fall readily into the three following types: (a) Student Par-
tidpation Projects, (b) Teacher Training Projects, and (c) Course Con-
tent Improvement Studies.

Student Participation Profocts

These projects arc planned to enlist the interest in and understanding
of science, mathematics, and engineering by students at all educational
levels. Activities in this area that have been supported by the National
Science Foundatinn inchnie the follnwing:

I. The Traveling High School Science Library Program.In many
areas of the United States high school students with an interest in science

have little or no access to books about science and mathematics other
than their textbooks. The primary purpose of this program is to fur-
nish to secondary.schools, on a loan basis, a carefully selected library of
general-interest books chosen to cover a broad spectrum of science and

mathematics. A secondary but important result is the stimulation of

book purchwes by school and other libraries in response to student

demand.
The program is conducted for the Foundation by the American

Association for the Advancement of Science. It was started on an experi-

mental basis in fiscal year 1956, and has been expanded each year since

then. In &cal year 1958, 54 sets of 200 books each were circulated

among 216 high schools. Each school receives 50 books at a time.
Through periodic exchange, all 200 books are made available to each

se:tool served during the academic year. In the summer, the libraries
are made available to Foundation-sponsored Summer Institutes.

A list of the books in the Traveling Science Libraries is published

separately and is given wide distribution. It is being used in many
communities as a guide to the purchase of books for libraries. A larger

and mom comprehensive list of science and mathematics books for sec-

ondari school and community libraries is being prepared, and a :pecial
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list of science and mathematics books available in inexpensive paper-
bound editions is abo issued to encourage students who wish to buy
them for their own use.

An evaluation study of the program has been conducted applicable to
the 1956-57 program which served 104 schools. This developed con-
siderable information regarding the reading habits of high school stu-
dents. Outstanding among the conclusions were the following:

a. In schools served by the Traveling Science Libraries, 39 percent of
the students read at least one of the books, Half of these read more
than three of the library books.

b. Small high schooLs make more intensive use of the library books
than large schools.

c. At schools where there is a strong teacher interest m science, as
determined by the number of library books checked out by the teacher,
student interest in the books is more intense.

d. A majority of the schools served by the libraries subsequently added
some science books to their own libraries. Lack of funds is the prin-
cipal reason for not buying more books.

The Foundation plans to continue this program in the future, and
to expand it as funds permit. There are over 13,000 high schoob in
the United States with a student body of less than 200 students.

2. The Traveling Science Demonstration Lecture Program.Sup-
ported jointly with the Atomic Energy Commission and administered
by the Oak Ridge Institute of Nuclear Studies, this program provides
opportunities for secondary school students and teachers to see and hear
science lecture demonstrations strewing the scientific principles involved
in such subjects as solar radiation, atomic structure, nuclear reactions,
space travel, and other subjects of scientific interest. Selected high
school teachers are trained at Oak Ridge during a Summer Institute
session and then during the academic year travel widely over the country
providing lecture-demonstrations in selected high schools.

The training program for 1957-58 wm much like that for the first
year. Seven teachers were carefully selected for participation in the
program and underwent a period of preparation and special training
at Oak Ridge during the summer. The summer training period in-
cluded courses and lectures on fundamentals of physical sciences, radio-.
isotope techniques, science experiments, and techniques in science
teaching.

Six weeks of the three-month summer session consisted of lectures
and demonstrations in chemistry, physics, biology, and mathematics
given by prominent scientists and teachers. Concurrently with the
lecture-demonstration training, the traveling teachers dmigned and built
many pieces of apparatus for use in their subsequent visiting lectures.
Many or these inexpensive "home-made assemblies were used as models
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which later were duplicated by high school teachers working with their
students. During the 1957-58 school year the traveling teachers made
visits of 1-week duration to 260 high schools throughout the country.
They gave, on the average, one lecture-demonstration per day in the
schools and were usually invited to provide many added lectures to
parent and civic clubs. In addition to the schools visited, other neigh-
boring schools were often reached while the teacher was in the com-
munity, so that a total of 892 schools (including some elementary
schools) received at least one demonstration-lecture. More than 226,000
high school students and some 5,700 high school teachem were reached
by this program.

The activities and previsits of the traveling teachers were coopera-
tively planned by the high school principals and the science departments
of the various high schools. This cooperation aided the high school
teachers to anticipate what would be covered by the visiting lecture-
demorarator and permitted them to arrange their work in the science
courses to fit into the material covered by the visitor.

From reports of school principals, leachers, and parents, there is
abundant evidence that the high school traveling lecture-demonstration
program has had increasing success. By May 1, 1958, the number of
vbits requested for the year 1958-59 had exceeded 3,200.

The 1958-59 program will make use of a group of 19 traveling
teachers-7 completely supported by National Science Foundation and
Atomic Energy Commission funds and at lewt 12 supported during the
9 months of the school year by State departments of education, with
National Science Foundation funds covering the teachers' stipends during
the summer months and Atomic Energy Commission funds providing
the demonztration equipment.

The fact that educational systems in individual States are willing
and able to include the Traveling Science Demonstration Lecture Pro-
gram in their "normal" educational pattern is an indication of the
validity of the program. It is a good indication that this program will
probably function smoothly when it is expanded during the coming
year to provide a more widespread coverage of schools.

3. The Visiting Scientists Program.This is a program which enables
distinguished scientists to visit small colleges and universities for periods
of several days to give lectures, to conduct classes and seminars, and to
meet students and faculty members on a formal as well as informal basis
in order to stimulate interest in science.

The Visiting Scientists Program was initiated in the 1954-55 school
year when the National Science Foundation made a grant to the Mathe-
matical Association of America for a series of visits to various small
colleges and universities. Sitice that time the program has been ex-
panded to include similar programs in chemistry, physics, biology, and
astronomy.
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In the past year, grants have been made to the following organiza-
tions to support Visiting Scientists Programs: American Chemical So-
ciety, American Institute of Physics, American Institute of Biological
Sciences, American Astronomical Society, and the Mathematical Associ-
ation of America. About 500 visits to colleges and a few high schools
will have been made during the academic year, reaching an audience
of over 60,000 students. The visiting scientists and the administrators
of the institutions visited, as' well as the faculties and students, have
expressed enthusiasm for the value of the program.

The present programs in mathematics, chemistry, biology, physics,
and astronomy have proved so successful in arousing interest in the
subject matter presented that in 1959 they will be expanded to make
more contacts possible. In addition, new scientific disciplines will be
included, such as the earth sciences and engineering.

In view of the importance of interesting high school students in scien-
tific careers, an active program, administered by appropriate scientific
groups, will be developed in the next fiscal year, so that able scientists
can visit high schools, lend their stimulus to science education at that
important level, and provide a better appreciation of career opportunities.

4. Science Clubs and Student Prajects.This program stimulates
interest in science and in scientific and engineering careers among stu-
dents below the college level by supporting extracurricular science proj-
ects under the guidance of national youth organizations.

Since 1952, the National Science Foundation has been providing a
limited amount of support to Science ("ubs of America, administered
by Science Service, Inc., a nonprofit organization with other sources of
income. Approximately 19,500 local Science Clubs, composed pre-
dominantly of students of senior .and junior high schools, arc affiliated
with Science Clubs of America. Each has an adult adviser, usually a
science teacher.

Many club members carry out individual projects which frequently
culminate in exhibits displayed at a school science fair. The most
worthy of these are selected for showing at a city, regional, or State
science fair, and each of these in turn usually selects two finalists who
are sent, with their exhibits, to the annual National Science Fair.

At the National Science Fair held May 9-11, 1958, exhibits were
shown by 281 finalists from 146 areas. The supporting fairs showed a
more impressive growth rate. On the basis of reports from 98 of the
146 affiliated fairs, it is estimated that the 281 exhibits at the national
fair were selected from a total of more than 468,000 exhibits at local
fairs, an increase of 60 percent over the preceding year.

Public attendance at science fairs is encouraged. In 1958 attend-
ance at the national fair was over 30,000, and an estimated 4 million
persons saw the exhibits at the supporting fairs.
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Geographic coverage of this rogram Ls extensive but not intensive.
There arc only three States wlire there are no science fairs, but few
of the remaining States have anwthing approaching complete coverage.
Of about 16 million students cd3E1 the 7th through 12th grades, about
4 million would probably be ia vterested in this kind of activity if the
opportunity were available. Tar tal membership in the 19,500 Science
Clubs is estimated at about 500,1=300 students.

A recent study of National Scrth-ence Fair finalists from 1950 to 1957
reveals a very high degree of iswiterest in higher education. Of 589

indhiduals on whom data were received, 156 were still in high school
and 23 were in military service_ Of the remaining 410, 95 percent
were taking college courses or hd received a college degree.

In view of the results obtainc. a from this program, the Foundation
plans to continue its support of cience Clubs of America and also to
explore the possibilities of science.c programs in cooperation with other
national youth organizations s lerah as the 4-H Clubs, Future Fanners
of America, the Boy Scouts, and the Girl Scouts.

5. Summer Training Program= far Secondary School Students.A
primary purpose of this program is to encourage the scientific interests
of high-ability secondary-school st=ndents by providing them with oppor-
tunities to participate in study arm:id research programs set up especially
for such students by interested colgicge groups.

Pilot programs supported for =he summer of 1958 include those of
two State university short summit _ter institutes for high school students
and one research foundation's sue-=nmer-long research participation pro-
gram. In the two university instisztutes"science camps"two or three
weeks were devoted to lectures, laboratory experience, visits to other
laboratories or museums, and fiel..-41 trips, together with orientation lec-
tures in the various branches of f.cience and mathematics. Their aim
was to acquaint the students witl-am the many facets of scientific activity
so as to provide a better comprc-=hension of thc sciences and a better
basis for a choice of future career. In the Waldemar Research Foun-
dation summer program, high s=hool students participated in super-
vised research which not only corrtmplemented their wintertime classroom
instruction, but also offered therm the stimulation and intellectual dis.
ciprme of experimental scientific r4s=search.

Both types of programs utilized high school science teachers as coun.
sellor-participants, to the ultimate= benefit of their future classes. In

these 3 pilot projects, 145 stuclemIts and 8 high school teachers par-
ticipated.

High school students also took= part as members of demonstration
classes in mathematics and scieric which were part of the program
of some of the Summer Institutes ftor high school teachers.
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A number of other proposals for the summer of 1 958 to aid in de-
veloping the scientific interests of high school studmnts were received,
but the Foundation was unable tosupport them all. :However, for 1959,
the Foundation expects to supports many as 80 st-th projects.

6. Other Student ParticipationProjects.Includcd under this head-
ing are projects such as support of the preparation nd distribution of
pamphlets and brochures describing career opportunities in the various
science disciplines and designed to awaken student ii-itercst; a program
to bring to science teachers and their students, by rr-seans of poster ex-
hibits, a balanced and comprehensive understanding of the IGY and
a constructive realization of the interdependence of the scientific dis-
ciplines involved; studies of ways in which the Fo-undation can best
provide assistance to State Academies of Science irs furthering their
interests in science education; production of pilot films relating to
science to be made available to American schools, nt=it strictly as teach-
ing aids but directed to achieving a broader understanding of science
by all students; support of a 4-week summer workshop at the University
of Chicago to introduce qualified college students to the field of meteor-
ology as a subject for graduate study and as a profmssion, and partial
support to the American Institute lor Research to cc=wduct a planning
study for research on thc identilication, developmer-st, and utilization
of human talents.
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62. PROOL_EM ASSESSMENT AND EXPERIMENTAL PROJECTS (PAEP)

1974

PROILIBLEM ASSESSMENT AND EXPERIMENTAL PROJECTS

The Problem Assessment and
Experimental Projects program was
begun in fiscal year 1974 to initiate
studies and experimental projects on
specifically identified problems in
science education. The pt'ogram's
aims are: to gain knowle6ge about
possible solutions to specific prob-
lems and to explore and develop tech-
niques to alleviate those problems; to
formalize an analytical and quantita-
tive approach to program and proj-
ect evaluation and planning, and to
synthesize the results of problem
assessment studi4s and experi-
mental projects to provide guide-
lines for the creation of program
alternatives responsive to projected
as well as current needs of t he science
education community.

Problem areas in which staff-
identified studies were initiated in
fiscal year 1974 included:

Current stale and effectiveness
of continuing educition in the United
St ies for nonacademic scientists
and engineers,

Barriers to the movement of
women and ethnic minority group
members into science and tech-
nology careers.

Barriers to implementation of
newly developed teaching materials
and modes of instruction. and

Effective means of moving new
,knowledge from the research com-
munity into undergraduate class-
rooms.

The staff-identified experimental
projects areas included:

Developing techniques to in-
crease the number of ethnic minority
group members and .vomen in
science, and
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Increasing availability of high
school student project activity as an
integral part of high school science
programs.

In addition to the staff-identified
study and experimental project
activities, the program handled a
variety of proposer-identified proj-
ects and studies. In the course of the
year, the group co" lered 285 pre-
liminary proposa 7d 95 formal
proposals. and rct,....,mended sup-
port of 69 activities. Among these
was a major study of graduate educa-
tion being carried out by the Council
of Graduate Schools in the United
States that will develop reliable
instruments and procedures that can
be used for evaluation and improve-
ment of doctoral educat ion. In
another study, the American Insti-
tutes for Research will look at career
guidance factors that af fect the
development of high school stu-
dents' scientific potential to deter-
mine what high school students
know about careers and what they
need to know,

At the University of North Dakota.
in a project partly funded by the
Bureau of Reclamation, students
proficient as pilots will be trained in
the technical and scientific back-
ground needed for weather modifica-
tion research. Brigham Young
University will carry out a project in
association with the Entomological
Society of America to investigate
barriers to teaching of new materials
and modes of instruction in ento-
mology.

The NSF Chautauqua-type short.
courses for college teachers received
continued support in fiscal year 1974
through grants to 12 field '7:enters for
operating costs, and one additional
grant was made to the American
Association for the Advancement of
Science for intercenter coordination.

1 1



64. RESEARCH IN SCIENCE EDUCATION (RISE)

1979

Research in Science
Education

Scientific knowledge changes, as do
the contexts in which it is taught. These
changes have implications for public is-
sues, technology, and individual decision-
making. The processes by which people
may be helped to acquire what they need
to know are not well understood. The
research in science education (RISE) pro-
gram assists in creating and olganizing a
body of fundamental knowledge that
can be used to improve the quality and
effectiveness of science education for a
wide spectrum of individual needs. RISE
supports both research evaluation and
synthesis, and empirical research. Within
these two categories, projects were sup-
ported in 1979 on science education for
the early adolescent, science for women
and minorities, technology in science edu-
cation, and science literacy. In addition,
the program, jointly with the National
Institute of Education, sponsored research
on cognitive processes and the structure
of knowledge.

Of the RISE awards this year, 20 are
directed to research in science or mathe-
matics education for the early adolescent.
Some 13 of the new RISE awards focus
on understanding the underrepresenta-
tion of minorities and womeh in science
and science-related careers, while three
RISE projects are concerned with the
continuing education of scientists and
engineers. The RISE awards continue to
show an increase in collaboration of in-
vestigators from a variety of scientific
disciplines with research workers in sci-
ence and mathematics education research.
Examples of RISE projects supported in
1979 follow.

Experts on early adolescence cite the
need for the collection and organization
of extensive demographic information
on the early adolescent. A newly sup-
ported project directed by Herbert Wal-
berg at the University of Illinois at Chicago
Circle will attempt to demonstroie the
feasibility of using data from the National

Assessment of Educational Progress
(NAEP) for secondary analysis plows.
Over the past 10 years NAEPhtsgath-
ered and reported information on the
knowledge, skills, and attitudes oiArneri-
can 9-, 13- and 17-year olds. The Uni-
versity of Illinois group will collaborate
with research teams at Northetilllinois
University, the University of Minnesota,
and key NAEP staff. Anotherproject,
"School, Family, and Individual Influ-
ences on Cormnitment to and [tuning
of Science Among Adolescent Slucienls,'"
directed by Ronald 5impsona al North
Carolina State University, is (lying to
determine how interest arid competence
in science develops in the earlyadoles-
cent student.

A research team led by Ah-t-olantz at
the Denver Research Institutehas been
interested in the pervasive lbelld that
mathematics acts as a selectivebder to
science careers for women and that early
decisions made to opt out of mathematics
courses foreclose opportunities. In a
comparative study of junior highschool
level males and females, these watchers
are studying influences on studenichoices
in taking (or not taking) thefirstoptional
courses in mathematics.

Widespread concerns have been ex-
pressed about potentially detrieentalef-
fects of the use of calculators on rhil-
dren's mathematics abilities. Alum of
investigators led by Graysort Wheatley
at Purdue University has beensludying
,the initial impact of ealculatooln ele-
mentary school mathematics 140,500
students (gr.:des 2-6) in 50 ciassoomo ir
Indiana, Iowa, Michigan, Missouri, and
Ohio. Their year-long study, Whkhleited
students in basic facts of adcuaksub-
traction, multiplication, and division, in
mathematics concepts and attiludes, in-
dicates: (1) (hat no measurable deirimental
effects can be ascribed to calcubior use:
(2) that children have A high positive
attitude towards calculator use: andi3)that
children learn to use calculatorsquickly
and perform computations melt more
successfully than their counterparts with
no calculators.
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What do mature adults (ages 50-70)
learn of science policy issues from televi-
sionspecifically, from viewing selected
NOVA programs on public television?
Robert Gagne and his coworkers at Florida
State University are seeking answers to
such questions in a study that is expected
to shed light on how specialized instruc-
tion can help to increase scientific literacy
in adult Americans.

At the Massachusetts Institute of Tech-
nology, a group of investigators from the
fields of psychology and the philosophy
of science, led by Susan Carey, is inves-
tigating the parallels between conceptual
development during childhood and con-
ceptual change in the history of science.
They will analyze the development of the
child's concepts of weight, volume, and
density, in comparison with the differen-
tiation of these concepts in the history of
science, and will study the historical de-
velopment of the concepts of heat and
temperature in order to pursue the com-
parison further.
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66. RESEARCH ON COGNITI-1VE PROCESSES AUTHE STRUCTURE OF KNOWLEDGE (RCPSK)

1980

Cognitive Prziocesses and
the Struoicture of

Knowl.liedge

Research into trtem-ntai processes and
the structure of kno-mwledge in science
and mathematics I has received in-
creasing emphasis by NSF for each
of the past three ymr-ears. Project sup-
port has grown frornim about $0.5 mil-
lion in 1978 to more than $1.5 million
in 1980. This refiectzt=ts several factors,
including the fact tHithat NSF was vir-
tually the sole sourearce of support for
research of this kirtirtd in 1980 owing
to reductions in funor-rds available from
the National Instituxetate of Education,
with whom NSF haza-ad shared the re-
sponsibility for pro7oject support in
prior years. The incrwrrease in NSF sup-
port in 1980 reflect=ts other realities
(Jo, however, incluczisding the increase
in interest in this tyrrpe of research by
scientists and rnalHzhernaticians and
the improvement irlin the quality of
proposals being rectweived.

But this grawth is primarily a re-
flection of the greatotter degree of un-
derstanding and colnfilaboration across
disciplinary bouxrd4Llades. Physical,
mathematical, biolom-gical, behavioral,
and computer sclentsatists are increas-
ingly familiar with 1±1 one another's
work. Some are pre-aepared to collab-
orate, even to the pw=soint of willingly
employing psychocsologists within
physics departments and vice versa
(which occurred at tlithe University of
Cali(ornia, Berkeley, and at Carne-
gie-Mellon Universit71-ty, for example).

The purpose of suoctch research is to
discover the mental hal processes and
structures that underierlie competence,
skill, or "understaiNviding" in some
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important area of science or mathe-
matics. The general approach is to
study intensively the knowledge and
behavior of individuals at different
levels of expertise, then identify con-
sistent differences in knowledge and
skills that might account for differ-
ences in competence.

This is usually preceded by a de-
tailed logical analysis of the knowl-
edge and skills that seem to be re-
quired. It is increasingly common for
researchers to write computer pro-
grams that simulate understanding
of the science or rnathematicsusing
only the specific knowledge and
processes inferred from the study
of individuals. Because computers
are extremely simple-minded and
unforgiving, this forces one to make
explicit every little bit- of knowl-
edge required in the process.

Research of this kind differs in im-
portant ways from most of the edu-
cational research that was under-
taken in the past, particularly that
which compared the effectiveness of
different instructional programs on
student achievement or attitudes.
The ultimate objectiveto increase
the effectiveness of learningis un-
changed, but the more immediate
goal is to explain, in considerable
detail, what consfitutes learning Or
knowledge. This necessarily requires
a different method of research,
namely intensive observation (and
subsequent simulation) of individu-
als, rather than the aggregation of
statistical data.



Several imateresting findings emerge
from recent research of this sort, par-
ticularly ira projects studying com-
petence in .olving problems in phys-
ics or mati=iernatics. One_ finding is
that expert, when confronted with
a problem tto solve, consider it qual-
itatively be ifore they begin a quanti-
tative soloM-ion. That is, the expert
engages in mrnuch more planning than
the novice and is aided by a great
deal of specocific knowledge about the
problem cift.omain. This planning is
triggered b= features of the problem,
which iderentify it as an instance of a
particular lr_ind of problem for which
the expert possesses a rich network
of infornifion and strategies. The
novice may well -know" many of the
specific farts and conditions in iso-
lation, but seems not to have inte-
grated into a richly interrelated
structure. -"As a result, the novice at-
tends to e more obvious (surface)
featu-es oF1 the problem, retrieves
from rnerna=ry one or more equations
thought to apply to such problems,
and procee.-ds algebraically.

Major at=hievements of this re-
search havezio been the discovery that
botl expet_ Ls and novices proceed
consiscentlwe when working on prob-
lems and tlie finding that there are
clear differwences in knowledge and
strategies associated with differences

problerm-solving ability. Specific
knowledge - of these differences per-
mits us temp design instruction that
should "clwse the gaps." Work by Jill
Larkin anct151 Herbert Simon at Car-
negie-Mellm University has contrib-
uted consderably to such under-
standing. It--red Reif, a physicist from
the Univer=sity of California, Berke-
ley, is engiged in what he calls "hu-
man cogri=itive engineering," de-
signed to close the gaps through
particular instruction and practice.
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STUDIES AND PROGRAM ASSESSMENT

STUDIES AND PROGRAM ASSESSMENT

Description of Activities

The Studies and Analysis Program was established in
this office to help determine the status and condition of
elementary and secondary education in science. mathematics,
and technology in the U.S. The objective is to provide data
to help with policy formulation and to support leadership
efforts of the Foundation in science and engineering
education_

Among the responsibilities of this office are to:

Support the collection, analysis, evaluation, and dis-
semination of information on the status and condition
of education in mathematics, science, and technology
in the U. S. by means of a program of external grants
and contracts and internal analysis and publications
of major indicators;

Establish and maintain data systems designed to
monitor the status and proeress of education in the
U. S.;

Determine through the cicsien and iMplemcntation of

systematic program evaluation the impact and out-
comes of past and present NSF support for science
and engineering education.

Conduct a study to respond to Pul law 98-371
which provides that "2.000,000 shati 'crude avail-
able for a contract to develop a science education
plan and management structure for the Foundation...*

Studies and Analysis projects were first fundcdin FY 84_
During FY 84-85. 28 awards totaling $3.7 alien were
made to support these objectives, exclusive of thecongress-
ionally-rnandated study.

For More Information

All types of organizations, both nonprofil and profit
. making, are eligible to submit proposak at anytime. Con-

tact Zhe Studies and Analysis Program by writing the
Directorate for Science and Engineering Education, Office
of Studies and Program Assessment, National Science
Foundation, Washington, D.C. 20550.

Souxce: NSF, DirectoEy of AwArds, Oc_tober 1, 19_83-Sep ..embAr 30,_1985,

Directorate for Science and Engineering Education, February 1986.
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RESEARCH IN TEACHING AND LEARNING

RESEARCH IN TEAC-:-

Objective of the Program

This program supports basic and applied research on
sipilicant factors that underlie rfroztive teaching and learning
of precollege science, mathemaL , and technology. Antici-
pated outcomes include khow;tdge of how students learn
complex concepts in sciimce and mathematics, of how they
learn to apply these concepts effectively in real problem-
solving situations, and of those factors that arc most influ-
ential in governing their participation and performance in
school science and mathematics courses.

Scope of the Program

Appropriate project activities include, but are not lim-
ited to, the following:

research on teaching and learning in specific disciplinary
and knowledge domains (chemistry, physics, mathema-
tics, biology, computer science, etc.);

research on the early development of cognitive corn-
petenm and on the processes by which students learn to
solve problems in logic, mathematics, and science;

research on thc acquisition of knowledge and its rep-
mentation in specific areas of science and mathematics;

research on information processing models as they re-
late to science teaching and learning, on the effects
of incorporating information processing technology into
the traditional school setting, and on the distribution
and adoption of new technologies;

research on factors that influence the quality and ef-
fectiveness or instruction in science and mathematics
and the participation and achievement of students at
various ages;

research on factors that are influential in the develop-
ment and maintaining of interest, including early develop-
ment of motivation and talent, in science, mathematics,
and technology.

ARNING

eanples are illustrative only and research proposals
-"vies dealing with teaching and learning are also

-,..rtourf..sed, This area is being pursued in collaboration
with Ns Directorate for Biological, Behavioral and Social

iolices and is also described in a separate announcement,
(NSF 84-74).

Characteristics of the Program

In addition to the general characteristics described above
for all materials development and research programs, the
following points are relevant.

Projects should focus on critical questions related to
teaching, learning and cognitive processes. Research results
should add to the cumulative body of knowledge; conse-
quently, proposals should be based upon a sound theoreti-
cal foundation and demonstrate an understanding of the
relevant literature.

In its support of research in the subject matter domains,
the program encourages involvement by scientists, mathe-
maticians and enginecrs,_and wishei to encourage their col-
laboration with researchers from the behavioral and social
sciences and education.

The program especially encourages proposals that com-
bine research with the development of instructional materi-
als and model teacher education programs, as well as the
application or new technologies.

Source: NSF/SEE, FrommLAnnouncemenr:
NSF 85-10, April 1985.
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12. STUDENT SCIENCE TRAINING (SST)

1978

Student Setence Training

In this program, university research
scientists are involved directly with
groups of talented high school stu-
dents Of the 150 projects for 11th and
12th grade secondary school students
supported in 1998, 83 were designed
for the educational development of
high ability students with excellent
training and 69 were designed for stu-
dents with demonstrated high poten-
tial but limited educational opportuni-
ties These latter projects focused on
students with inadequate facilities or
instruction who were located in the
inner cities or in isolated rural areas
and who belonged to educationally
disadvantaged populations. Projects
ranged from intensive programs in a
single science di4cipline to multidisci-
plinary activities in oceanog:aphy, op-
erations research, textile engineering,
urban geography, and environmental
assessment. Two projects were de-
signed and operated specifically for the
physically handicapped. The following
are examples of projects funded.

An academic year project at Portland
State University involved 25 high
school students who traveled through-
out Oregon observing and talking with
groups representing Indian, European,
and Oriental settlers in the area. The
students also carried out in-depth re-
search projects on topics related to
Oregon's heritage, and many of these
are being placed in the Portland State
University library as part of the social
science holdings. As a direct result of
the project a new undergraduate
course, an in-service course for
teachers, a course for students ages
11-15, and a course for adult members
of local cultural/ethnic organizations
are being initiated in the region.
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A Wayne State University project
focused on the engineering challenges
to the automotive industry. The proj-
ect involved 32 participants and util-
ized lectures, laboratories, field trips,
and individual research. Student re-
search projects included the effects of
driver-controlled variables on the fuel
economy of a car and the effectc of
various seat belt designs on the safety
of a car's occupant in an accident. The
faculty involved in the project are en-
couraging and hdping the students to
prepare presentations for their own
high schools on their study and re-
search.

Thirty high school students with
limited educational opportunities, and
primarily from minority groups, wcre
given an opportunity at Louisiana
State University to understand the
analytical thought process and activi-
ties of engineering and to participate in
engineering design projects. Many of
the students, though the best in their
classes in their rural schools, had never
been challenged and were not aware of
real-world technological problems.
Places visited included NASA's John-
son Space Center, Texas Instruments,
and the Louisiana Power and Light
Company. Faculty and guest lecturers
presented talks on careers in the
various fields of engineering, job
prospects, and requisite preparation,
and students participated in project-
design work in engineering fields of
their choice.



Women jn SdenceStudies
and Experinanial Projects

In order la find ways to increase
the number of women in scientific
and techrakal careers. an activity
comparab Ielalhe one for members of
ethnic Initially groups was con-
tinued into the second year. Of the
eight new activities in 1975, four
were studio and four were ex-
perirnental projects. Two studies are
directed to the attrition of wornert
students of science and engineering
during their college years; one is
concerned with the relationship
between mathematics learning and
intellectoal and cultural factors for
female and male students in grades 6
to e: and another is a longitudinal
study of tho science career crises
experienced by approximately 2.600
high-ability, young women who
participated In NSF-funded Student
Science 7-raging programs during
1974 and IllS. The experimental
projects include a woJcshop for
career guidance personnel, the
evaluatiori ol a film on women in
engineerin g the large-scale distribu,
tion of cattelelated materials to
girls in the 91band 12th grades, and a
cooperative venture by four liberal
arts co llegeno evaluate the relative
effects of rale models, improved
counseling, and internships. These
eight awards bring the totals for
fiscal years 1974 and 1975 to 17
studies and ilexperimental projects.
A contract ha been awarded to the
Denver Sesurch Institute to do an
impact analpls of the projects.
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69. MINORITIES, WOMEN AND THE HANDICAPPED (MWH)

1978

Minorities, Women,
and the Physically

Handicapped in Science

These programs develop and test
methods to attract, encourage, and
motivate the participation in science by
minorities, women, and the physically
handicapped. Activities include stud-
ies, workshops, and special training
opportunities beyond those available
in existing formal science education
programs.

Minorities
Using the proven models of the stu-

dent science training and undergradu-
ate research participation programs,
the Foundation supported projects to
motivate and train more minority stu-
dents and provide them with the op-
portunity to study and do research in a
variety of scientific disciplines. For
example, at Texas Tech University ten
participants are working with research
faculty on projects in energy-related
research, including: the development
of computer-generated masks for use
in optical data processors, which would
reduce costs in information retrieval;
the development of an electrostatic
energy analyzer; and a study related to
contrasts and clutter in aerial photog-
raphy, Through these activities the
participants will be better informed
about the nature of scientific research
and will be able to make more realistic
career decisions.

Women In Science
Twenty-five workshops involving

approximately 5,000 women students
in colleges and universities we,..e car-
ried out in 19 States to provide in-depth
information on careers in science and
engineering. Considerable interest has
been generated by the visiting women
scientists project. This draws on the
work experience of career women
scientists, who also serve as role mod-
els to motivate girls in secondary

school to continue studying science so
they don't cut themselves off from a
possible career in science. Over 600
women applied to serve as visiting
scientists; 40 were selected to visit 110
high schools.

Six projects were to assist women
with science &gees who are currently
not employed in science or are under-
employed in terms of their potential.
On completion of special training to
update their science backgrounds,
these participants are prepared for
entrance into graduate school or for
direct employment in science.

Physically Handicapped In
Science

Fiscal year 1978 was the second yea,
of operation for the physically handi-
capped in science program. Six of the
projects directly involved handicapped
students of scien-ce. Typical was an
environmental research activity in-
volving 20 high school students who
participa ted during the summer at Mo-
nist College in Poughkeepsie, N.Y.
They attended lectures, did laboratory
experiments in water testing, per-
formed parasitology studies on fish,
and learned ecological sampling tech-
niques. Another project modified a
college general biology course for the
visually impaired so as to use other
senses, such as touch and sound, to
augment or replace sight. Two confer-
ences assessed the current state of
science education for the handicapped
and looked at ways to eliminate barri-
ers in postsecondary education, and
four workshops dealt with the genera-
tion of career information for the
handicapped. All projects were de-
signed to help facilitate the entrance of
handicapped students into careers in
science and science education.
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I.& INFORMATION DISSEMINATION FOR SCIENCE EDUCATION (IDSE)

1979

Information DisserninErtion

for Science Education

Now in its third year of operation, this
small grants program helps school ad-
ministrators, subject-matter specialists.
teachar-leaders, school board members,
and other decisionmakers in State and
local school systems to obtain informa-
tion about instructional materials and
practices prior to selection.

Thirty-six awards in fiscal year 1979
for conferences and workshops enabled
such' school decisionmakers to become
familiar with the large variety of science
instructional materials, practices, and
technologies currently available for use
in elementary and secondary schools. In
some projects information on current re-
search results in pre-college science and
mathematics education was presented to
participants along with potential class-
room applications.

It is interesting to note the increase
in the number of awards addressing two
of NSF's special emphasis areas: science
for the early adolescent and science for
handicapped students. All but one of the
36 awards are targeted in whole or in part
at the early adolescent educational level.
Six awards and approximately 11 per-
cent of program activities are aimed at
the special problems of science for handi-
capped students. As in previous years
there continues to be considerable in-
terest in the dissemination of information
about alternative curricular materials
and information on computers and hand-
held calculators.

This year's projects include six regional
conferences held in Ohio for junior and
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senior high school mathematics educa-
tors under a grant awarded to Ohio Uni-
versity. These conferences provide di-
rection on problem solving, alternative
curricular materials, and the use of hand-
held calculators in the secondary echool
classroom. East Carolina University is
conducting four workshops to inform
educators throughout North Carolina
about the goals and organization of sev-
eral science programs designed specifi-
cally For mentally and physically handi-
capped students. The Wisconsin Academy
of Science. Arts, and Letters is working
with State science supervisors and uni-
versity personnel to conduct regional
conferences in Iowa, Minnesota, and
Wisconsin on new ideas of intellectual
development and their implications for
helping students to develop reasoning
ability while learning science. The Uni-
versity of California, Berkeley, is arranging
conferences on calculator-assisted math-
ematics materials, teaching ideas, and
strategies including calculator hardware
and commercially available instructional
ma terials.
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50 . RESOURCE CENTERS FOR SCIENCE AND ENGINEERING (RCSE)

1979

Resource Centers for
Science and Engineering

This program, a successor to the earlier
minority centers for graduate education
in science and engineering program, in-
creases participation in science and engi-
neering by minorities and persons from
low-income families. As in fiscal year
1978, the Foundation was authorized to
establish a single resourc2 center in 1979.
Criteria for selection were that it: 0.) be
geographically located near one or more
population centers of minority groups or
low-income families; (2) support basic
research; (3) serve as a regional resource
in science and engMeerMg; and (4) develop
joint educational programs with nearby
pre-college and undergraduate institu-
tions enrolling substantial numbers of
minority students or students from low.
income families.

Atlanta University received the first
award as a result of the first competition.
The next two ranking proposals from
that competition were invited to submit a
joint proposal for 1979. These two in-
stitutions, the University of New Mexico
and New Mexico State University, sub-
sequently received support in the amount
of $2,742,000 for a Southwest Resource
Center.

The Southwest Resource Center is ad-
dressing itself to graduate and under-
graduate education, 2-year colleges, public
school education, and community affairs
as they relate to increased science aware-
ness and to the development of young
scientists and engineers. The University
of New Mexico and New Mexico State
University will be joined by at least 15
educational institutions and two scien-
tific laboratories in their efforts to in-
crease both science awareness and the
number of scientists and engineers among

9 n
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the Mexican-American and American-
Indian communities in New Mexico.
western Texas, Arizona, and Colorado.

Activities within this center will be
conducted primarily through two major
components. Among the activities pro-
posed for the pre-co Ilege and community
programs are teacher/counselor work-
shops, science fairs and exhibits, visits
to scien tific laboratories, developmen t
and dissemination of career guidance
materials oriented to Mexican-Americans
and American Indians, educational tele-
vision programs, regional conferences
focusing on minority issues in science,
and a visiting scientists program. The
academic and research programs will
support faculty and student research proj-
ects, provide a limited number of post-
doctoral fellowships and faculty-student
research internships, assist participating
institutions in their minority science fac-
ulty and student recruitment efforts, and
provide counseling and tutoring services
for minority science students.



70. PHYSICALLY HANDICAPPED IN SCIENCE (PHIS)

1979

Physically Handicapped in
Science

This program supported 16 projects in
(1) student science training; (2) develop-
ment of career information; and (3) field
testing and evaluaticn of sciznce courses
adapted for the physically liandicapped.
For example, under one of those awards
the American Chemical Society (ACS)
is reviewing introductory college chem-
istry courses to assess the need for modi-
fications in lectures and laboratory
activities and equipment for handicapped
students. The ACS will produce and
distribute a manual to aid college personnel
in teaching general chemistry to physic-
ally handicapped college students.
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16. RESEARCH APPRENTICESHIPS FOR MINORITY HIGH SCHOOL STUDENTS (RAMHSS)

1980

Attracting and Supporting
Minorities in Science

NSF continually monitors its level
of effort in supporting minorities un-
derrepresented in science through all
of its science personnel improvement
programs. Overall, in 1980, $5.7 mil-
lion, or 18 percent, of the program
funds were used in direct or indirect
support of minorities. Of that
amount, $2.7 million was in support
cf specrically targeted progranis,
while $3.0 million involved minority
scientists or potential scientists in the
absence of any special minority tar-
geting.

The research apprenticeships for
minority high school students have
the youngest minority target pool.
Interest in the program this year was
so intense that only one out of ten
applicants could be supported. Pro-
gram operations are basically iden-
tical with the student science training
program, except that the apprentice-
ships include stipend support. In-
deed, 97 percent of the apprentice-
ships project cfirectors have had
student science training experience
at some point. This dual experience
should benefit the operations of both
programs in the future. The research
apprenticeship program also allows
project directors to experiment with
recruiting techniques and to test the
effectiveness of retention mecha-
nisms. One of the projects, at the Il-
linois Institute of Technology, will be
making links to industry throughout
the coming year.
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APPLICATIONS OF ADVANCED TECHNOLOGIES

APPLICATIONS OF ADVANCED TECHNOLOGIES

Objective of the Program

This program supports research and development on the
application of advanced technologiesparticularly the
computerto science and mathematics education. Support
is provided for the exploradon, development, and proof-of-
concept demonstration of advanced computer and telecom-
munication technologies utilization in education. Projects
may focus on technology as a tool, a medium, or an object
of study. Among the anticipated products are innovative
educational systems, authoring languages, problem solving
:ools, courseware, microworlds, tutors, and expert systems
that increase the efficiency and effectiveness of instruction
at all levels.

Scope of the Program

Appropriate project activities include, but are not lim-
ited to, the following:

development, testing, and evaluation of advanced
computer-based systems for precollege mathematics,
science, and technology education that augment human
intelligence, intuition and problem solvingfor ex-
ample, intelligent videodisc;

development of innovative computer applications that
offer exceptional promise of educational effectiveness
and efficiency;
development of mechanisms to facilitate the widespread
use of these products and conceptsfor example, net-
works and authoring systems.

Characteristics of the Program

In addition to the general characteristics described above
for all materials development and research programs, the
following points arc pertinent.

This program is concerned only with issues at the fore-
front of technology applications to science and mathemat-
ics education. For example, 'although the computer has
been demonstrated to bc effective for drill and practice, ean
it i)c used to fokter deeper cognitive development? Can
knowledge-based expert tutorial systems be designed to diag-
nose and address student conceptual and reasoning difficulties
in science and mathematia? Can interactive computer pro-
grams be developed to help students acquire the ability to
solve problems in different technical contexts?

Projects are particularly encouraged that seek to aug-
ment human learning, thinking, and problem solving through
application of the most advanced technologies.

Source: NSF/SEE, Esamm Announce nt: Hateri1s Develo-ment and Research:,
NSF 85-10, April 1985.
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51. PUBLIC UNDERSTANDING OF SCIENCE (PUOS)

1975

Public Understanding of Science

Program

Since World War II, science and
technology have enriched our lives
and made them more complex.
Because of the rapid pace of scientific
development, it is no longer possible
even for scientists themselves to
remain completely abreast of current
discoveries. The layman's task is far
more difficult, and yet some level of
scientific comprehension'is essential
if the public is to make sound
judgments on those many public
policy issues heavily permeated with
scientific and technical elements.
Recognizing this need. the National
Science Foundation established the
Public Understanding of Science
Program in 1959 to provide modest
support for projects across the coun-
try directed at hnproving public
knowledge of the potential and
limitations of science.

During fiscal year 1975, the
program, continuing the trend of
recent years, concentrated much of
this support on the interrelationships
of science with public policy issues.
nxperience has shown that science
becomes less mysterious and more
personal when it is related to
problems facing the individual,
either personally or through his
family, community, or nation.
Therefore, many public understand-
ing of science projects dealt with the
scientific and technical elements of
such major questions as energy
resources, growth and the environ-
ment, food, and similar subjects.

As in previous years. projects were
supported at a variety of institutions
and utilized a wide range of com-
munication channels, including print
and broadcast ma.ss media, museums
and other community-based
educational institutions, and public

forums and workshops at the
regional. State, and local level. A
strong research component was built
into the program this year to comple-
ment and support ongoing projects.

In television, this was a banner
year as the NOVA science series
(supported by NSF, the Carnegie
Corporation. Polaroid. and The Cor-
poration for Public Broadcasting)
continued its excellent coverage of
many areas of basic and ispplied
science. In all. 23 programs were
produced, and the year culminated in
receipt of the prestigious Peabody
Award by NOVA producers. A major
research study was completed by
Educational Expeditions, Inc.. in
Boston during fiscal year 1975 for the
development of a television series on
Indian migration and "oistory. "The
Peopling of the New World." The
series, to consist of nine programs,
has involved many archaeologists.
anthropologists, and historians in
the preliminary research and script
drafting. Finally, a promising
statewide program was initiated
with the Montana Academy of
Science, which will produce a series
of television programs highlighting
areas of science of direct interest to
citizens of that State. This project. if
successful, could be a prototype for
other statewide programs' ii the
future.

Museums received support in
fiscal year 1975 for both cooperative
science exhibition programs and for
the development of special traveling
exhibits on science-related subjects.
The Field Museum of Natural
History is completing work on a
traveling exhibit. "Man and His

ironment." The University of
Colorado. Denver, is now entering
the fabrication stage of a traveling
exhibition on the potential of solar



energy. This exhibit will be com-
pleted by the spring of 1976.
Michigan Technical University, with
support from the Foundation and
private industry, inaugurated a
traveling science and technology
program which brought special ex-
hibits and demonstrations on energy,
space, and the environment to com-
munities throughout rural upstate
Michigan. A major bicentennial-
rela t ed museum program has
premiered at the Boston Museum of
Science with a large exhibition.
"Yankee Ingenuity." which focuses
on the inventive propensity of
Americans throughout our first 200
years. The first of four environment-
related traveling exhibits has been
completed by the Smithsonian In-
stitution's Traveling Exhibition Ser-
vice. This first exhibit deals with the
problem of population and is current-
ly booked in museums around the
country for the next 2 years.

In addition to the mass media
programs, a large number of
"dialogue" projects were supported,
including workshops1 seminars, and
public forums. These included a
series of lectures on the basic
sciences sponsored by the University
of Florida, and a series of citizen
workshops on energy and on food
developed and sponsored by the
American Association for the Ad-
vancement of Science in various
cities across the countty. An attempt
to reach the blue collar audience was
inaugurated by faculty at Tulane
University in New Orleans, with the
cooperation of State and local AFL-
CIO. The Tulane group organized and
conducted a series of special
workshops for union officials on the
impact of technology on the work
forceboth today and as forecast
into the future.These workshops will
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be continued next year and may form
the basis for similar programs with
other union groups across the coun-
try.

Much attention was paid this year
to the development of a research
focus for the program. A major
national survey on public
understanding of science and public
attitude: towards science is under
development at the Center for Policy
Research in New York. Preliminar-
planning meetings have been hel
and a series of open ended oral
interviews have been conducted with
citizens in the New York area. The
survey itself will be concluded by the
summer of 1976. Gerald Holton at
Harvard University has continued
his analysis of the intellectual
challenges to science literacy, and
this year, with .support from the
program, has undertaken an analysis
of the interrelationships between the
public understanding of science and
concern about the ethical uses and
implications of science. A series of
simile. research projects was Ln-
itiated during fiscal year 1975 to
analyze the effectiveness of various
ways of communicating science to
the general public. An evaluation of
the impact of television on science
communications was conducted in
San Diego, and other experiments are
planned for next year.
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74. ETHICS AND VALUES IN SCIENCE AND TECHNOLOGY (HIST)

1978

Ethics and Values in
Science and Technology

The ethics and values in science and
technology (EVIST) program is di-
rected toward identifying, analyzing,
and resolving the ethical and social
dilemmas that arise in the work of
scientists and engineers and in their
interactions with citizens affected by
their work.

An International Symposium on So-
cial Values and Technology Choice,
organized under the auspices of the
U.S. Pugwash Committee and the
American Academy of Arts and Scien-
ces, was held in Racine, Wisconsin, in
June 1978. The symposium brought

ether 35 scientists, scholars, am'
Government officials from the United
States, Latin America, Western and
Eastern Europe, Asia, and Africa.
Issues included: What potential exists
for the control of technology and its
direction toward the attainment of
social goals? Can "appropriate technol-
ogy" in its varied definitions serve as a
guide to the technological choices that
must be made in the industrialized and
developing nations? Is there a possibil-
ity for an international convergence of
appropriate technologies? Edited pro-
ceedings of the conference will be pub-
lished in book form during the spring
of 1979.

. A series of workshops and a final
summary conference on ethics and
values in agricultural research were
held during the spring and summer of
1978 by a group at the Social Science
Division of the University of Califor-
nia, Santa Cruz. These meetings
brought together avicultural re-
searchers, consumers, labor union of-
ficials, harvest workers, growers, and
State agricultural agency and legisla-
tive personnel to explore varying value
assumptions about agricultural re-
search and to identify the most impor-
tant ethical issues that are implicit and
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explicit in setting priorities for that
research. The results of the project will
be published as a monograph.

A group at Purdue University com-
pleted a 2-year, in-depth study of the
case of the three engineers who were
discharged by the Bay Area Rapid
Transit (BART) system in June 1972,
after they had taken their concerns
about the safety of the system to the
public through the mass media. During
the course of their research, the
Purdue group assembled and studied a
large number of documents and inter-
viewed the engineers, their colleagues,
the BART Board of Directors and man-
agement, and members of the Califor-
nia Society of Professional Engineers
in an effort to assess various perspec-
tives on the ethical problems asso-
ciated with the case. The results, being
published as a monograph, will be an
important contribution to the debate
on the increasingly compelling issue of
dissent within technology-based or-
ganizations whose activities have di-
rect bearing on the public interest.

A group at the Institute of Society,
Ethics, and the Life Sciences in
Hastings-on-Hudson, New York, has
completed the first year of a 2-year
study of ethical problems associated
with scientific research on aggression.
The study is focusing on the details of
three cases in which research projects
dealing with aggressive behavior were
aborted due to external social and pol-
itical pressures. These case studies are
providing the basis for a broader analy-
sis of the ethical issues associated with
research in areas on the frontiers of
science, where there may be major
differences of professional and public
opinion about the legitimacy and mor-
ality of conducting and applying re-
search.

A group at Montefiore Hospital znd
Medical Center in New York City is
engaged in a project on ethical issues in
the delivery of health care within de-
tention and correctional institutions.



Its objectives are twofold: (1) to pro-
vide health care professionals, stu-
dents, and trainees with the skills re-
quired to identify, articulate, and
analyze the relevant ethical and legal
issues; and (2) to develop teaching
methodologies and materials that can
be used at other institutions. The proj-
ect is being carried out at the Riker's
island Correctional Complex and is
being overseen by an advisory commit-
tee of physicians and former inmates at
the complex.

A grant from the EVIST program
permitted the American Association
for the Advancement of Science to
complete and publish, in fiscal year
1975, a resource directory of programs
and courses at U.S. colleges and uni-
versities related to ethics and values in
science and technology. The survey
revealed that nearly 120 programs and
over 900 courses in over 500 iitu-
tions are directly concerned with these
issues. The directory outlines current
academic efforts in the area, thus serv-
ing as a useful resource to institutions
that are afready offering courses and
programs on ethics and values in
science and technology, as well as to
those that are contemplating such ac-
tivities.
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75. SCIENCE FOR CITIZENS (SFC)

1978

Science tor Citizens

The overall goals of the science for
citizens (SFC) program are twofold: (1)
to make scientific and technical infor-
mation and expertise available to citi-
zens at the times and in the ways most
useful to them; and (2) to increase the
knowledgeable participation of scien-
tists and citizens in reso:ving major
issues of public policy that involve
science and society.

In fiscal year 1978, its second year,
the public service science residencies
and internships program awarded 25
residencies to scientists and engineers
and 9 internships to science and engi-
neering students. These awards allow
them to undertake up to a year's activi-
ties with citizen groups and other or-
ganizations in need of their expertise.
Examplts of the projects being under-
taken by fiscal year 1978 residents and
interns include a resident, working
with the Navaho Nation and Colorado
State University, who is studying the
nutritional status of native Americans
and conducting training sessions on
health and nutrition policy for native
American decislonmakers. Another
resident is producing and moderating
bilingual radio programs focused on
scientific issues in proposed State leg-
islation for the Association of Califor-
nia Public Radio Stations. An intern is
working with the Center for Local
Self-Reliance and the Minnesota State
Legislature to evaluate urban energy
conservation programs and to encour-
age citizen participation in developing
energy policies.

Some preliminary results from the
fiscal year 1977 science for citizens
forums, conferences, and workshops
indicate that those projects were able
to bring scientists and citizens to-
gether to shed light on and help resolve
issues of public policy that involve
science and technology. A number of
publications are currently available
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from these first projects. The Citizen
Involvement Network (Washington,
D.C.), for example, has published Retro-
fit '78, the proceedings of a New Eng-
land conference on community-
focused home insulation and energy
conservation programs. Another pub-
lication, Thr Community Communications
Workbook of the Knoxville (Tennessee)
Communications Cooperative, is in-
tended to assist persons interested in
understanding or undertaking com-
munity-based cable radio or TV ser-
vices.

In 1978 the SFC forums, confer-
ences, and workshops program sup-
por ed 16 new projects, among which
are a workshop, with radio coverage,
held by the Turtle Mountain Com-
munity College on the forest ecosys-
tem, so that tribal members can partici-
pate in the formulation of timber
cutting policy on the Turtle Mountain
Indian Reservation in North Dakota.
The Public Resource Center (Wash-
ington, D.C.) is conducting a series of
Appalachian community forums to
look at the changing environmental
and occupational health needs result-
ing from industrial expansion in the
area. Northeast Louisiana University
is establishing a Regional Utilities In-
formation Center to hold workshops
on energy-related issues, which will
involve fuel suppliers, utility compan-
ies, regulatory authorities, and consu-
mers.

As a new initiative in fiscal year
1978, the science for citizens program
also awarded 17 planning studies
grants to community groups, public
interest science organizations, and ed-
ucational institutions and service or-
ganizations. These grants are intended
to help them develop stable organiza-
tional structures and processes (such
as public service science centers or



networks) that can provide timely and
intelligible scientific and technical as-
sistance to their communities. Exam-
ples of the fiscal year 2998 planning
studies grants include a project where
the Metrocen ter Y.M.C.A, in collabo-
ration with the City of Seattle, the
People Power Coalition, and the Uni-
versity of Washington, is planning a
Seattle Metropolitan Technology As-
sessment and Transfer Center to link
area scientific and technical resources
with citizen groups. In another, the
Georgia Community Action Associa-
tion will evaluate methods for provid-
ing technical advice on science- and
technology-related policy issues to dis-
advantaged citizens in urban and rural
areas, and will prepare guidelines for
the establishment of a Citizens Tech-
nical Advisory Center. The Southwest
Research and information Center is
producing a model for a network of
New Mexico organizations that can
deliver scientific information to citi-
zens to help them work with scientists
in identifying and resolving public pol-
icy issues involving science and tech-
nology.
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INFORMAL SCIENCE EDUCATION

INFORMAL SCIENCE EDUCATION

Ob ectives of the Program

Provide greater and mutually reinforcing opportuni-
ties for the public to make use of the rich resources for
scientific, mathematical, and technological kanting which
exist outside the formal educational systems.

Allow for increased interactions between the formal
educational systems and the resources and staff of
museums, zoos, and other institutions responsible for
the preservation and exhibition of scientific phenom-
ena and specimens.

Encourage communications media to take a more intense
and greater interest in imparting knowledge about
sckntific, mathematical, and technological concepts to
both the public at large and selected groups.

Encourage private supporters of the media to focus
efforts on increasing the scientific and technological
literacy of the American public.

Encourage local-membership groups to provide mathe-
matics- and science-based activities for their members or
groups served by them, in order to increase the amount
of active engagement in out-of-school mathematics and
science.

Provide an ircentive to examine the roles of women.
minorities, and the physically-handicapped in mathe-
matics, science, and technology and to develop ways
to encourage their full participation.

Scope of the Program

This program supports projects that help to provide a
rich and stimulating environment for informal learning, for
a wide variety of audiences, in a cost-effective manner.

A principal characteristic of informal learning is its highly
personal and internalized acquisition. Each person visiting
a museum, watching a television program, or pursuing a
science hobby develops different insights and understanding
and the pattern of understanding that develops is the result
of many overlapping impressions and experiences.

For this reason, the program supports activities in a vari-
ety of mediabroadcasting, museums, clubs, and other
sources of direct science experience. A principal goal of the

Source: NSF/SEE F o
Science Educ

Announcemen

program is to encourage projects that arc both cost-effec-
tive and mutually reinforcing. At the same time the overall
pattern must serve the needs of v full spectrum or ags and
interest.

Representative projects include museum, zoo, and other
activities that encourage personal interactive learning about
science, mathematim, and technology. In addition to exhibits
and special programs these include outreach activities . such as
training teachers to use museum and zoo rmources effectively.
offering special out-of-school programs for students and
parents, or designing innovative ways tc take the museum
to the schools and the public rather thal the reverse.

Other projects, in print and broadcast mass-media, are
able to reach extremely large and varied audiences, provid-
ing an intriguing overview of the scope and excitement of
scienceon a scale that cannot be matched by any other
means. NSF is particularly interested in encouraging a well
balanced array of such large-scale communication activities.
This includes science series for both children and adults .
via both radio and television. The NSF is also interested in
periodic serks on major areas of science and technology,
especially when these promise to have lasting value.

A parallel development of interest in science activities
within local-membership clubs (for example, Girl and Boy
Scouts, the -Y", amateur science societies, and service clubs) is
necessary to encourage early and continued learning out-
side- of school. Not only students, but parents, teachers,
and all citizens, need to have opportunities to experience
the joy and enthusiasm of exploration and discovery for
themselves.

In all cases, projects should lead to programs or print
materials that are bias-free, scientifically and educationally
sound, and cost-effective in terms of their ultimate audi-
ence and impact. Synergistic projects among the institu-
tions involved in informal science education are particu-
larly welcomeprojects that will encourage furthcr personal
involvement in reading and hands4m activitiescooperative
activities between broadcasting and rnuseums as a center of
community interest in science.

T- cher Enhancement -:d
on NSF 85-9, April 1985.
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Each area of activity has complementary s rengths and
purposes-

& Broadcasting reaches uniquely large audiences, providing
an initial stimulus and overview that is unmatched by
any other means.

Museums provide a direct personal experience with
the phenomena and principles of science and technology.

Personal activities develop a depth of insight and involve-
ment that cannot be matched by any less involving
presentation.

The strategy of the Informal Eclucation Program is to
encourage all three, especially in modes where they compk-
ment and reinforce each other.

Characteristics of the Program

Because the range of possible out-of-school learning experi-
ences in mathematics, science. and technology is so large.
the Division has chosen to focus its selection of projects on
the following strategic considerations:

A balance of key projects: The program is a pragmatic
effort to improve the environment and opportunities
for out-of-school learning. A balance is maintained
between support for major activities that have national
impact and significance and support of more limited
projects that serve to explore special needs and oppor-
tunities.

Linking and strengthening the media of informal educa-
tion: Projects that will strengthen the institutions of
informal education by recognizing their strengths and
weaknesses, and by encouraging cooperative and com-
plementary activities are emphasized.

Significance and urgency: Projects that have a signifi-
cant effect on the overall pattern and quality of infor-
mal education, as well as the strength of its institutions
and their relation to formal learning are emphasized.

Contribution to the pattern of general education: Informal
learning as an integral component of general educa-
tion is encouraged. Informal education should provide
stimulus, awareness, and background before school,
support and reinforcement during formal education,
and an opportunity to continue learning and aware-
ness whe.. formal study ends. Lifelong learning should
be a habit of all persons fegardless of age or role.
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In its support of television and radio projects, the Foun-
dation is committed to the development of high quality
programming made widely available to all children, youth,
and adults Under normal circumstances, the Foundation
requires that:

NSF retain the right to use the programs for govern-
ment purposes in perpetuity;

off-the-air recording rights by educational agencies or
institutions shall bc guaranteed for a minimum of three
years;

all television programs must have closed captions
encoded on the master broadcast tape and all pro-
grams must be broadcast with closed captions;

all broadcasts, exhibits, and other materials must include
a clear indication of the source(s) of support (both
NSF and any other oantributions), and should include
the NSF logo;

a copy of all materials, e.g., videotapes of programs
and copy of teacher's guide, be provided to the NSF;
and

a quarterly letter-report on the activities of the project
be submitted.
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NSF INITIATIVES.--A MINORITY VIE

NOTE: The following observations are those of the author and more

than 20 individuals around the country who are active in their

concerns for minority precollege math and science education. Phone

interviews ware conducted with practitioners at several levels of

involvement: those who help shape science education policy at the

national level, those with extensive experience with precollege
science and math programs funded by NSF and others, superintendents of
school systems with heavy minority enrollment, principals of schools

with high minority enrollment who have implemented special math and

ence efforts in the last few years, directors of math and science

programs in school systems with high minority enrollment, university
and college deans, and former NSF/SEE staff who worked closely with

minority programs while there. The objective of this report is to

reflect those needs and concerns of minority prec011ega education

which could be affected by National attention and leadership by NSF

and to suggest activities and mechanisms which could be employed by

NSF/SEE to respond to those concerns.

INTRODUCTION

The Report of the NSB Teak Committee on Undergraduate
Science and Engineering Education to the Netional Science Board,
points out that though the number of women and minorities
entering the study of science and engineering has increased
significantly during the past ten years, even if those numbers
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" between now and 1995.

The decline in absolute numbers of students available wil
perhaps be accompanied by a downturn, recently identified, in the
proportion of college freshmen who opt for majors in engineering
and the sciences (cited in the "Chronicle of Higher Education:"
January 15, 1986.) Of the total number of 18-19 year olds,
minorities will make up an increasing proportion due to
differential birthrates, reaching 40x by about the end of the
century. That statistic is important because at the precollege
level, the rate of advanced math and science coursetaking among
minorities is only 50-75% (from data published by NSF in "Women E.
Minorities in Science S. EngineerimgP 1986) of the rate at which



nonminori ties take the same cou Algebra XI, Trigonometry,
Calculus, Chemistry and Physics) and minorities elect science
manors in college 20% less often and engineering manors 38% less
often than non-minorities (1980 data).

The 18-year-olds of 1995 are now in elementary school .

just a few years they will begin to make choices which will
govern the rest of their academic careers. A few will conclude
early, by the sixth, seventh or eighth grade, that they want tt
pursue study and a career in science or engineering. Most will
be undecided as they select programs and courses in Junior high
school and high school. All too frequently, they will be left to
make Important academic selections by themselves with Information
that is Ansufficient to make those choices wisely. They wi_
pursue short term rather than long term goals and they will
naturally tend toward paths of leant resistance. Before they can
understand and feel the impact of the consequences, many atudents
drop Algebra for General Mathematics and opt for a commercial
course over Biology or Chemistry. By making such choices, large
numbers e3f able students abruptly and prematurely close the door
on a wide array of potential careers in science end engineering.

Unless there is significant change in the rate students, and
particularly minority students, choose science and-engineering
careers, "both the quality and number of newly-educated
professionals in these important fields will fall well below the
nation's needs - with predictable harm to its economy and
sedurity." (NSB Task Committee on Undergraduate Science and
Engineering Education.)

That such change can take place has been amply demonstrated.
A group of manor U. S. corporations, recognizing the demographic
truths, has provided a dozen years of funding and encouragement
for a number of broad-scale precollege minority engineering
efforts with excellent results at locations across the country.
These programs, all members of the National Association of
Precollege Directors (NAPD), reach more than 40,000 mostly
minority precollege students eVery year, though that is only a
tiny fraction of the potential eligible minority student
population. The NAPD experience, and the experience of a variety
of other programs, are a clear demonstration that inexpensive
intervention techniques can improve the flow of minority students
into technical careers dramatically.

THE PROGRAMS
OF THE NAPD

The nineteen programs which make up the membership of NAPD
are mature efforts which have been in operation for years. They
assist hundreds of high schools, Junior high schools and middle
schools located around the country and function across a wide
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range of school demographica and community environments. Each
program operates using a variety of strategies, but all have the
same basic mission:

--To increase student academic achievement in all subject
areas, especially mathematics, science and language
arts.

--To heighten student awareness of careers in
engineering, science and technology.

Though independently organized and operated in response to
local needs, the NAPO programs have many elements in common.

--Each is a collaboration among the school aystem, local
business and the university which brings expertise and
resourcea to the school td aupplement what is already
available. Through this collaboration, they help
students and teachers see how the study of mathematics
and science is related to the practices of engineering
and technology.

--With all programs, interaction with students begins
early (usually at eighth or ninth grade, but often
before) and continues throughout the student's
secondary schooling. Once a student becomes involved,
contact usually continues up to college entrance.

--All are sustained, open-ended efforts, not special
projects which exist for only a limited grant iliriod.
Teachers and students can count on these programs
continuing and know that anticipated future support
will, indeed, be theirs.

--Program costa are low. The programs make maximim use
of volUnteers and work within the existing school
administrative structure rather than adding more
organizational layers. Virtually all of the work done
with the students is done willingly by their teachers
on their own time because they can see that their
inputs are making a significant difference. The result
is a set of extensive programs which have yearly per-
student costs which are well within the easy reach of
most school systems.

The programs work closely with the students to ensure their
enrollment and achievement in the subject areas prerequisite to
college study of engineering and other math-based fields. They
supplement the mathematics and acience curricula with technical
applications, they provide guidance and tutorial services, they
introduce the students to the university and industry through
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class visits and visits to the class, they provide many role
models, and they keep the detailed records which allow continual
monitoring of student academic performance.

The programs have been operating successfully in all kinds
of schools from those which are strongly academic to those which
are in "bad" neighborhoods and from which college attendance was
minimal for years before the NAPO program began and which is now
much improved. At most of the schools, expanded student interest
and achievement has resulted in larger mathematics and science
classes and more upper-level courses being offered. SAT
performance has improved and high schools report higher rates of
college acceptance among their graduates with much larger
proportions headed toward engineering and other math-based
courses of study.

Over the years and across the nineteen programs, about
25,000 NAPO participants have graduated from high school. More
than BOX have gone on to a four-year college and of that group,
nearly half have studied engineering with an additional 25%
opting for other math-based fields.

Though the efforts of the NAPO programs have been directed
towards engineering and most of the students who benefit are
underrepresented minorities, there is nothing inherent in the
model which limits it to either minorities or engineering. On
the contrary, the obJective of NAPO programs has always been to
make sure that each student builds a strong academic foundation
as well as a sense of confidence and determination which can be
utilized to pursue college study successfully. What NAPO is
doing for students, and the way it is being accomplished, Is
consistent with c national need to draw more students into the
science and technology fields and also with the National Science
Board recommendations for meeting that need.-

THE NSF ROLE AS AN
AGENT FOR CHANGE

The Science and Engineering Education (SEE) Directorate of
the National Science Foundation has been concerned with minority
equity questions for some years and has provided several programs
aimed specifically at minority participants. The Resource
Centers for Science and Engineering (RCSE) and the Minority
Institutions Science Improvement Program (MISIP) were models of
their type and brought about significant change during the few
years of their activity. (ROSE made one maJor grant each year
from 1978 to 1981; MISIP began in 1974 and was transferred to the
Department of Education in 1980.) However, SEE emphasis on
minority concerns has been mitigated by brief program durations
and modest program budgets, compared with other SEE programs.
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Other than through set-aside funding p_ ticipation of
minorities in SEE programs has been modest. With a few recent
exceptions, notably through the Teacher Enhancement and the
Education Networks programs, granta have been made only rarely to
minority institutions or in situations where the chief
beneficiaries are minority students or teachers. Moreover, based
on partial information, it appears that only a sprinkling of
minorities participate in SEE grants involving non-minority
institutions and project directors. The net result of both set-
aside and non set-aside funding over the last several years has
been that minority students, teachers and institutions have had
relatively little benefit. This is not an indictment of SEE's
interest or good faith: rather, it describes a situation in which
one another a purposes and concerns are incompletely understood.

The ne d to bring much larger proportions of minority
scholars to technical pursuits is apparent. NSF/SEE can provide
important national leadership for that effort, but before that
can happen minority students and the institutions they attend
must have true access to the full benefits of SEE programming.

SOME CONTEXT FOR THE CONSIDERATION OF
MINORITY PRECOLLEGE EDUCATION ISSUES

Throughout minority communities, economics is a pervasive
modifying factor. Where income levels are low, elementary and
secondary schools have meagre resources and tend to produce
graduates with flawed skills. Families have less education and

_ able to provide less, educationally, for their children. The
students' world view is narrow and the lack of stimulation
results in modest career expectations. The traditional minority
post-secondary institutions also have resources strained by the
lack of large endowments and the relatively poorer skills of the
students arriving from secondary school which require a great
deal of faculty attention to correct.

At the family level, single parents are common and earning
enough income is a constant pressure. Thus, though parenta are
interested, they are less likely than more comfortable families
to be involved with the school or with school-sponsored programs.
Students often must work afternoons or on weekends to supplement
the family income or to be at home to watch younger siblings, so
after-school involvement with science clubs or special projects
can be difficult to arrange. Many times, minority students
cannot afford the extra busfare or the lunch in order to
participate in special after-school activities. (One respondent
in this inquiry is a principal in Mobile, Alabama whose school is
70X minority and where 1100 of the 1300 students are on the
Federal free lunch program. This is not unusual.)

-5-
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At the secondary_school level, most minority students lack
the resources in their home environment which allow them to make
life-long education choices based on the council of family and
friends. Though education is a goal in most families, few of
today's students are the children of college educated parents and
there are very few engineers or scientists available in the

mmunity as role modela. While e large proportion of college-
bound non-minority students come to a decision about career
choice at about the time they enter high school (and thus can
plan their program with particular objectives in mind), minority
students more often decide at a later point, and frequently not
until after they have passed by algebra or a science critical to
pursuit of a science or engineering career.

This is not just a matter of better guidance. Studies of
how students choose careers show that by far the most influential
factors ere family and teachers, not the career or guidance
counsellor. The less affluent communities cannot easily attract
the math and science teachers who are in such short supply, so
high schools tend to have many uncertified teachers assigned to
secondary math and science courses. Of course, this is a concern
for both minorities and non-minorities, but the minority
student's support network is more fragile and supplies little
outside encouragement, so a non-minority student is far more
likely to emerge with science interests intact from a year of
uninspired teaching. For reasons such as these, there are many
general issues of national concern to precollege educators are of
special concern to minority educatora.

At the minority colleges, they must deal with students who,
though smart, are not well prepared for college level work. Much
time is spent on remediation and, in general, the faculty is much
more heavily oriented toward teaching than toward research.
Teaching loads of 18 to 21 contact hours a week are common, so
there is little time for individual research or the pursuit of an
extra outside project. Proposal writing for the purpose of
acquiring research funds for science departments is not a
prominent part of the reward system, so few faculty develop the
skills. When SEE announces a program, minority faculty feel
themselves at a competitive disadvantage. They expect that moat
program awards will go to the "in-group" of formerly successful
proposers at large institutions which will result very tough
competition for the few remaining dollars.

The above few paragraphs are not meant to summarize a
complex social situation, but to alert decision makers to some of
the more prominent factors in the context of precollege minority
science and mathematics education. The following issues and
suggestions are derived from a series of interviews with people
who have a past, current or potential association with SEE, and
who are deeply involved with the precollege education of minority



scientists and engineers. Effective response to several of the
issues will require SEE to adopt n somewhat more proactive stance
than has been traditional in the past. It will need to initiate
data gathering and information dissemination and it will need to
work more closely with representitives of the minority
constituencies so that effective problem-solving can proceed.

NSF/SEE ADMINISTRATIVE ISSUES

--Minority concerns are felt most compellingly by
minorities and can be articulated most clearly by them.
Though many non-minority staff have worked hard for
minority concerns, and empathize with the problems,
they are very unlikely to develop the same network of
practitioners and advisors a that a minority staff
member would bring to the job. There is currently no
real minority presence on the SEE staff, nor is there
any longer a minority advisory board. Without a senior
level minority staff member or two whose opinion
counts, there tends to be a mechanistic response to
minority problems in terms of dollars spent or people
involved rather than a real concern with movement
toward solving problems.

RECOMMENDATION_ Minority concerns are often
different from non-minority concerns and SEE
policies and practices should show sensitivity to
that fact. In addition to an emphasis on hiring
senior level minority staff, SEE should constitute
a minority policy board which can be freely
consulted about minority issues and which can
alert SEE management to problems and concerns
relating to specific programs or important grant
decisions. In contrast to the former Minority
Advisory Committee, this board should be a working
organization connected to the day-to-day
operations of the Directorate. The model is that
of ombudsman, but a single individual would not
be likely to have the breadth of information and
contacts needed among all four of the under-
represented minority groups.

--Many minority practitioners feel that SEE has not
internalized the need to work with minorities and
therefore deal superficially with minority issues. The
very positive statement, now regularly found in SEE
program announcements, that "ProJects involving women,
minorities, and/or physically-handicapped persons as
part of the staff or as target audience are especially
encouraged..." is seen as merely rhetoric which is
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never followed up by SEE to see if something productive
is really taking place. If SEE wanted to convey a
concern about minority involvement, it could require
feedback from each Program Director.

RECOMMENDATION SEE--or NSF more broadlyshould
contract for, or otherwise produce. a Guide to the
recruiting of minority participants which would be
sent to proposers along with program solicitations
or would be otherwise distributed. The Guide
would offer concrete advice and alert the reader
to any impact the actions may have on a project's
budget. For example, most minorities respond more
readily to personal solicitation (face-to-face)
than to impersonal (mailed) solicitation and that
may require travel funds not otherwise considered.

--SEE should be more clear about their goals and
objectives with respect to minorities and should be
proactive in its support of those goals. There are a
number of ways in which a series of "SEE Studies" could
be beneficial to the minority precollege effort and to
the better understanding of the magftaa of science and
math education, generally. Currently, there is no
national focus on the need to understand the problems
of minority students, nor any national initiative or
leader. Practitioners have to deal with symptoms
without really knowing what the problems are.
Available minority data collection at the precollege
level often does not distinguish between Blacks and
Hispanics and only rarely between Puerto Rican and
Chicano. Not all the education problems of the under-
represented minority groups are the same, nor for any
one group are they the same in the rural areas and in
the urban areas. It is difficult to address a problem
unless its dimensions are known. This ia not a
suggestion that NSF try to solve these problems, but
they could provide the national leadership needed in
the attempt to DEFINE them.

RECOMMENDATION Good information about precollege
science and mathematics course-taking does not
exist for either minorities or non-minorities and
therefore it is very difficult for practitioners
to focus on problems and discontinuities. NSF
should initiate a regular data collection effort
which takes advantage of the resources of the
National Center for Educational Statistics, the
various national ethnic organi2ations, and others
to piece together the clearest picture possible.



RECOMMENDATION NSF should provide national
leadership for minority math cnd science efforts
by providing clearinghouse activities through
competitive bid on the same model as the ERIC
centers. One clearinghouse could provide detailed
descriptions of exemplary precollege models.
Though obviously applicable to all, a large
proportion of the exemplary models listed in
Educating, Amsrlcens. for the_aLat_gantgEt, were
developed for minorities. A second clearinghouse
could establish a national register of
corporations willing to.interact with school
systems with organizatienal advice, personnel time
for visits, donations of obsolete eauipment, er
cash. In a poll of businesses published in A_
Nation_At Risk, more than half responded that they
would be interested in becoming more directly
involved with local education. The minority
precollege programs of NAPD have.involved indu try
for a decade and have ample expertise about how'to
do it.

--Cleer the years, NSF has paid scant attention to
disseminating the results of the inquiries it has
E unded. NSF has provided millions of dollars over the

mears to fund pilot efforts and projects of potential
ILAtility to the nation, but little of that knowledge has
ca.ver found its way into the hands of the next cohort of
N ractitioners. Both the Information Dissemination for
E 3cience Education program (1977-8l) and the current
't5lcience and Mathematics Education Networks program have
.upported (in quite different ways) information-
.rsharing, but they are reactive rather than proaotive
.Efforts which stimulate information flow within an area
cD,:r locality, but not between NSF and its constituents.
EEspecially at the precollege level, there is an urgency
.:._bat the outcomes of operational projects reach others
cauickly and in a way which gets the information
directly to the practitioner. The classroom teacher at
tztle local level needs to have access to information
&mbout good programs and a way to learn about successful
rmndels. LEAVING DISSEMINATION UP TO THE PROJECT OR TO
-THE ACADEMIC NETWORK IS NOT EFFECTIVE.

RECOMMENDATION NSF/SEE needs to consider an array
of methods to capitalize on its research and
development investments. Only if those
investments lead to broader, more successful
activities can they really be called "leveraged."
Probably beat done through direct contract, SEE
needs to devote a portion of its budget to
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reporting resu-ts and summarizing techniques,
funding of duplicative efforts in new contexta and
producing "how to" books and m terials.

Obviously, dissemination As not just a minority issue,but it is an important minority concern, perhap
because they feel an urgency to move forward as quicklyas possible.

BOUNDARY ISSUES BETWEEN NSF/SEE
AND ITS MINORITY CONSTITUENCY

There are a number of issues which are related to NSFpolicies and structure which Interfere with the relationship
between itself and potential and actual grantees. They arerecorded here as a way of making NSF aware of them, but there areno specific recommendations because few of these issues can beresolved by changing regulations or initiating new programs.

--The removal of the Minority Institutions Science
Improvement Program (MISIP) to the Department of
Education, coupled with what is aeen as on-again, off-
again funding of other minority programs, has created
an aura, clearly perceptable to many minority
researchers, that NSF commitment to minority needs isvague and uncertain. For many, NSF is not seen as areliable resource.

--The mechanism of dealing with precollege programs
through a university, though encouraging collaboratIon,
causes problems in two ways:

Many minority schools do not have easy or positive
contact with the local college or university
because of distance or differences in interest.
Therefore, requiring the post-secondary link
forecloses program opportunities for many schools.

Minority programs which have been successful at
gaining NSF support under the umbrella of a
college or university sometimes find that the
grantee (the university) taxes the grant in ways
unforseen by the Project Director with the result
that the project effort has to be curtailed in
important and occasionally crippling ways.

--The timeliness of grants continues to be an issue with
SEE, as it has for many years. Directors of large
projects and small complain that the extreme length oftime it takes a proposal to move through the
consideration and funding proccas--recently, up to nine
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monthsmakes it very difficult to plan for new
staffing, for interconnection with other institutions,
for joint funding of a project effort, for coordinating
separately funded efforts, and for keeping staff
interested and available. Minority institutions are
particularly affected because they have few funds to
put toward keeping staff together or spending money up
front to get a project going to meet external time
constraints such as those imposed by the academic
school year.

--Minority proposers have a fru_ ration with SEE'e,
apparent inability to consider proposals with an
understanding of the context in_which they are written.
Proposals must have merit, but Merit is not
unidimenaional. A minority project may not be at the
"cutting edge" educationally, but that is mostly a
function of the target population, the resources

. available to it, and the procedures necessary to deal
with it rather than a lack of sophistication on the
part of the proposer. For example, a project dealing
with rural Indian schools has to deal with the fact
that teaching is done very traditionaIlyscienc.A is
"hard stuff in a book"--and the introduction of new
text material or teacher skill enhancement muat be done
gently. A reviewer unsophiaticated in minority issues
might well dismiss such a project as "oId stuff," but
someone who is sensitive may see an opportunity to make
a positive impact on a segment of the population which
is educationally very needy. This is a very subtle and
complex issue which is directly related to the need for
adequate minority representation on SEE!s. staff.

--Rightly or wrongly, minority program directors and
ether practitioners see NSF as the "funder of last
resort" for science education. For example, teachers
and students cf acience at the fringes of standard
education are defeated by the lack of texts which
relevant to the isolated farm community, the
reservation Indian's practical understanding of nature
and the environment, or the Alaskan native's world
without much technology. They would like to have the
chance to deal with a science which fits with the
things they know, but text book publishera find them a
"thin" market.

SUGGESTION An NSF initiative to provide funds for
special projects in precollege science could help
with the development, inexpensive production,
distribution and training in the use of unique
materials in cases like those above. A special
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Proje ts in Science Education (SPISE) program did,
exist at NSF for a few years in the late 50's and
could perhaps be used as a model.

MINORITY PRECOLLEGE
MATH AND SCIENCE ISSUES

--Expectations of rejection are hard to overcome when
there are generations of experience to refer to, so
minority students volunteer for very little which is
controlled and supervised by non-minorities. When
programs are announced at the local level, minority
students don't think that they are included. Such
programa are also forbidding when there are no minority
staff members who can act as bridges to the content.
An old (1977) analysis of minority participation in the
precollege Student Science Training (SST) program based
on a 20% sample of the 133 non-minority projects
operating that year, found that less than 25% of the
projects had more than 2 minority participants and less
than 20% had any minority staff. Minority
representation was slightly worse for the college level
Undergraduate Research Participation (URP) grants which
were also studied. That was nearly ten years ago, but
by all recent accounts, not'Aing has changed
significantly.

1,ECOMMENDATION NSF needs to put teeth into its
stated desire to have minorities included in all
srant projects. The Guide- for recruiting
minority participants, suggested elsewhere in this
paper, is one step which should be taken, but
other measures are also needed to make minority
participation something which "counts1.4 toward the
quality of the project and obtaining the next
grant.

--Math and science teacher preparation at both the
elementary and secondary levels needs to be improved
through inservice training. Poor preparation of
teachers hits minority students especially hard because
they hl.ve few other influences in their lives helping
them toward those goals. Among other things, teachers
need to be able to help students, particularly minority
students who suffer from a lack of an experiential base
and role models, think about the decisions necessary
to planning their education.

RECO MENDATION NSF/SEE should continue its
teacher training efforts, but it needs to make
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sure that the training is carried into the
classroom and that there is impact feedback to
NSF. SEE also should consider assistance to
elementary and middle school teacher retraining
programs, on a school system by school system
basis, with feedback on ways and means to NSF and
prompt dissemination of that information. Some
systems are doing this on their own, others need
help. NSF can spearhead some efforts and provide
important guidance to many more. The Mobile,
Alabama City School System is in the process of
refurbishing all of its science programs and
retraining many of its teachers. Perhaps its
experience can be a model for others.

--Economics is a major factor in whe her minority
students opt for science and techn cal careers. Many
minority students who get into college, can't stay
because of finances. Others, very capable but
believing that finances are not going to be available
for college, opt out of the college track early in
order to concentrate on building skills (usually shop
skills) which they can use immediately upon graduation
from high school.

RECOMMENDATION There is clearly a need to
identify bright, but poor, students early and make
sure that they will have the money to get to
college. Several of our competitor countries and
our own military service promise free or low-cost
college training to capable students identified
early as long as they continue to qualify through
their performance. NSF should establish and
administer a scholarship program modeled on its
Graduate Fellowship Program which would make
scholarship grants to precollege students at about
the tenth grade level. It would not have to fund
these scholarships itself, but could take the lead
to bring other contributors (including the college
which enrolls the "NSF Scholar") together in the
way a financial aid package is constructed for
college students by ETS. Awards would be
conditional on superior performance during high
school and college acceptance for study in a math-
based field.

--For reasons already discussed, minority project
directors tend not to view NSF/SEE as a ready source of
funding. They see SEE initiatives as requiring very
sophisticated proposals and feel that their network is
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less well-connected with the "cutting ed - of
education research. Thus, during the first year or two
of a new program, grants are rarely minority connected.
Ultimately, after some successful models have been
described and good examples have been identified,
minority proposals will be submitted.

SUGGESTION Project D rectors etings are
excellent way for the less experienced to rub
shoulders with the more experienced people and to
develop a broader resource network. A special SEE
effort to bring minority Pro3ect Directors and
otentil P o ect Directors to these meetings will
rengthen their ability to compete and should

lead to a greater volume of proposals.

RECOMMENDATION_ The "Proposal Development
Workshops" which were conducted for about a year
under the MISIP program should be re-instituted.
Reports from the field suggest that the workshops
were welcome and useful and that several
successfully-funded proposals were written as a
result.

--Because of heavy teaching loads and a reluctance to
devote time and energy to an effort which is seen as
having a low probability of success, minority
researchers often do not write proposals even when they
have good, workable ideas. SEE has recently made it a
requirement in some programs that a pre-proposal be
submitted and reviewed before time is spent oh
elaboration. That requirement could be the first
toward the generation of many new proposals from
minority sources.

step

RECOMMENDATION NSF should make technical
assistance available to the authors of pre-
proposal ideas where that is needed in ordert to
produe a fully articulated proposal for NSF's
consideration. The mechanism for technical
assistance would be through a list of consultants
who qualify for the work through experience,
knowledge and success at proposal writing and
pro3ect management. Where proposal development
fairly well advanced, the consultant might work
via phone or mail at low cost, but where the
proposal idea seems to be fruitful but in rough
form, it might.be necessary for the consultant to
make a brief uite visit of one or two days for
working meetings. The National Institutes for
Mental Health has had such a program In operation.
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They arranged a pool of consultants with a variety
of expertise and-assigned them to proposals which
fell into areas of targeted priority. The
consultants were available to both minority and
non-minority proposers' but special efforts were
made to advertise their availability through
minority newsletters and professional
organizations. NIMH reported that they saw an
improvement in the quality of funded programs as a
result of this iniative.

If significant change in the number of students preparing
for math-based careers is to take place on a country-wide basis,
NSF/SEE is probably the only institution which can lead the
effort to bring it about. It is the only national organization
with responsibilities for science and engineering education
across disciplines and across levels from precollege through
graduate training. Much of great importance has been
accomplished over the years by NSF's grant programs and its
impact will certainly continue to be felt in the future, but
grant programs are only one way to bring about change. With a
relatively modest investment Of dollars and personnel, but a
necessarily long-term commitment to change. NSF can provide a
national focus on the issues by convening leadership conferences,
underwriting action committees, commissioning data collection,
and serving as the clearinghouse for information and guidance
about new and successful local programs, whether supported by NSF
or other sources.
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INTERVIEWEES

In order to write this paper, the issues of National Science
Foundation involvement with minority precollege math and science
education were discussed with a number of people, all of whom
have long experience as practitioners in the area. Some have worked
with the Science and Engineering Education Directorate of NSF,
some work with school systems which have heavy minority
enrollment, and some are involved with special program6 designed to
encourage minority students to consider careera in science and
engineering. A few individuals who are notionally recognized
spokespersons were unavailable during the relatively brief period
of this inquiry, but the varied backgrounds of the people who did
respond makes it unlikely that the observations and
recommendations would have been much different.
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ABSTRACT

This paper provides background information and discusses

current issues in mathematics education. The objective of this

analysis and discussion is to provide a context for developing

future policies for the National Science Foundation's Directorate

for Science and Engineering Education (SEE). Recent trends and

directions in the emerging discipline of mathematics education

are explored. A primary focus is the changing role of

mathematicians in mathematics education, as the emphasis in SEE

programs has shifted from curriculum to teacher preparation and

research. The implications of recent renewed attention to

curriculum and teacher preparation are examined, especially as

they relate to"the professional interests of mathematicians. The

paper concludes with recommendations for policies and initiatives

for SEE programs in materials development, research, and teacher

preparation.
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MATHEMATICS EDUCATION

Gerald Kulm, Associate Program Director
AAAS Office of Science and Technology Education

Historical Context

Beginning in the 1950s, the National Science Foundation'
through projects funded by its education offices (now known as
the Directorate for Science and Engineering Education), has had a
significant impact on precollege mathematics education. While
the success or effectiveness of some programs may be difficult to
assess, they produced important and self-evident effects on
practice. In retrospect, some of the programs have defined or
changed the way we think about mathematics education.

NSF programs in mathematics and science education have
generally been divided into three broad categories: Materials,
Teaching, and Research. At various times over the past 30 years,
the emphasis has shifted among these three areas. In many cases,
it is difficult to say whether NSF funding generated increased
interest or emphasis in one or the other of the categories by
math_and science educators or whether interest produced pressure
for funding. There is always a complex interplay between the
availability of federal funding and the intensity of perceived
need for research or development work in education.
Historically, major crises in education seem to have been the
primary source of pressure for increased funds for mathematics
and science educatibn which' in turn, have generated activity in
one or more of the three major categories.

While this paper will not trace the history of NSF funding
in mathematics.education, some historical context will be helpful
in exploring the roles of mathematicians and scientists in
educational programs. In the remainder of this section of the
paper, some major efforts by NSF in each of the three categories
will be explored. The intent is to discuss the roles_in and the
influenced on these programs_by mathematicians and scientists,
rather than to assess the effectiveness or impact of the programs
themselves. By its nature' such a discussion can only be
descriptive and cannot avoid subjective opinion.

Materials Development_Projects
The curriculum projects of the 1950s and 1960s were by far

the most ambitious and far-reaching effort in the history of NSF
precollege mathematics and science education programs. Some
attention to an improved mathematics curriculum had already begun
in the early 1950s but the launching of Sputnik in 1957 provided
the impetus for a phenomenal amount_of federal funding for more
than 20 precollege mathematics curriculum projects from the late
1950s to the early 1960s.

Many of the curriculum projects involved writing teams of
mathematicians, teachers' psychologists' and educators who
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produced the text materials. Some writers_have noted the
uniqueness of this team approach, which had not been typical of
textbook or material development previously. On the other handl
it is clear that the conceptualization and leadership of the
major projects was provided by mathematicians and scientists.
Among the large and influential projects were Begle's School
Mathematics Study Group (SMSG) at Stanford, Beberman's University
of.illinois Committee on School Mathematics (UICSM) at the
University of Illinois, and Davis' Madison Project at Syracuse.
Like these three, most of the projects were located at centers
within major universities, producing both an implicit and
explicit impression of the locus of influence on the directions
and emphases to be taken.

What were the primary roles of mathematicians in these
projects and how successful were they in them? The purpose of.
the projects' especially in the early years of development' was
to prepare students for university work in mathematics and the
sciences. Clearly, the mathematicians at the university were
seen as the most qualified people to make judgements about the
content that should be.required for success in college. Advances
in mathematics, science and technology after World War II
produced_an incredible gap between the mathematics and science
studied in high school and the-prerequisites for university work,
especially at the graduate level.

The leaders of the curriculum projects proposed that by
focusing on modern mathematical structure, concepts, and language
the gap would not only be narrowed_but students could learn more
mathematics_more easily. They were convincing in their arguments
that the old skill-based, topically-organized curriculum made
little sense te students' was inefficient, and produced no
satisfaction in experiencing the beauty of mathematics or
motivation to explore and discover new concepts. In these
arguments for modern mathematics, the mathematicians provided
both a vision for the nature of precollege mathematics and'a
strategy for for attaining that vision. The school_mathematics
that they proposed would be not only better but easier to learn
than the current material.

In the execution and production of materials that reflected
the spirit and substance of their vision, the mathematicians were
extremely successful. We may never again see_such a prodigious
effort as some of the summer writing teams which produced the
first experimental versions of .the textbooks. Not only was the
mathematical-content new and innovative' but many of the
examples, activities and exercises were creative, interesting'
and motivating. These activities probably reflect the best of
what is possible in a cooperative effort between mathematicians
and educators.

Mathematics and mathematicians also had influences on the
psychologists of the era. Jerome Bruner's structuralist approach
in which discovery was an important component developed a
symbiotic relationship with some of the projects._ Bruner's
hypothesis that "any subject can be taught effectively in some
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intellectually honest form to any child at any_stage of
development" was pushed to the limit by some of the elementary
and junior high curriculum projects. Anecdotes have been passed
along that some mathematicians on summer writing teams tried out
content on their own children (with a fair amount of coaching),
affirming Bruner's hypothesisr.and thus including some highly
abstract and difficult topics in the experimental texts.

Later commercial versions of the texts tended to follow the
behaviorist approach of Robert Gagne, thus losing much of the
discovery and creative flavor of the original experimental
versions. In a real sense, it can be argued that the materials
that the mathematicians envisioned and helped to produce were
considerably different from the versions that later became
commercially successful. One important reason for this was that
teachers and publishers were more comfortable with the
behaviorist approach of breaking content into bite-size chunks.
The behaviorist influence on education, coinciding with the
commercial implementation efforts of_the modern math materials,
probably was a major factor_in the distortion of what the
projects originally intended. The second significant limiting
factor was the attempt to extend the approach to students in the
lower quartiles of ability, for whom an emphasis on structure and
discovery_was a less appropriate approach. Too much was asked of
the materials for too many different students.

The notion that college entrance-should be the goal for
studying mathematics and science at the precollege level was an
innovation of.these projects. In fact, the term "precollege"
seems to have entered our vocabularies at about that time.
Previously, elementary and high school work was primarily a
terminal program aimeelat students who would enter the workforce.
These projects, and the subsequent_pressures to make them
applicable to youngsters with a wider range of ages and
abilities, have changed our thinking about the purpose of
precollege.mathematics. _We now expect both conceptual
understanding and skill development. The swings in emphasis and
success between these two goals have precipitated many of the
"crises" that continue to plague us.

Teacher_Education Projects
On the heels Of the curriculum development projects of the

1960s, a major NSF effort in teacher education took place. Most
of this work was aimed at retraining classroom teachers so that
they would be able to handle the modern mathematics being
introduced. =While there were variations, the primary focus of
these programs was to upgrade and update the_mathematics content
knowledge of inservice teachers. The inservice work was offered
in three types of prorams: Academic Year Institutes, Summer
Institutes, and Inservice Courses in the evenings for full-time
teachers. Of these, the Summer Institutes were the most
ubiquitous, providing the greatest contact between mathematicians
and teachers.
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Table 1. Percentages of Mathematics Teachers Sureeyed in 1977 Who
Had Participated in One or More NSF Institutes or Courses

K-3 teachers 4-6 teachers 7-9 teachers 10-12 teachers
5.4 % 5.5 % 27.2 %

Source: _pnce an_ E nierie E uca
ation, 1982.National Solende Foun

38.2 %

on: Da a and In o a on,

While the teacher education projects may not have had a
vision as well-defined as the curriculum projects, their goal was
fairly simple and straight-forward. Teachers were to study
modern mathematics so they could be effective purveyors of that
same content to their students. In the minds of the
mathematicians who designed and directed the Institutes and
courdes, there was little doubt that providing teachers with more
and better mathematics was the pathway to effective
implementation of the new materials.

Special mathematics courses were often designed with titles
such as "Analysis for Teachers." in some cases, new textbooks'
were written for the courses, since the usual graduate texts and
courses could not be used. Many mathematics departments added a
special new.degree, the Masters of Arts in Teaching' for teachers
who completed 30 or so credits of these special courses.

Unfortunately, the books and courses for teachers did not
always have the spirit of discovery and activity that many of the
experimental student.texts_had. Certainly the material was new
and many teachers were excited about topics such as sets,
axiomatic approaches to algebra, and coordinate gecmetry. On the
other hand, the teaching approaches used by the mathematics
professors were often the traditional lecture presentations which
did not.provide teachers with models or_ideas about presenting
these difficult topics to their own students.

While the mathematical content_of the institute courses
provided an underpinning for the modern curricular materials,
little effort was made to align or relate the courses to the
materials.that the teachers might actually be using. There was
little contact between the Institutes and the schools in which
teachers worked. Often,.teachers_would travel to another state
or region of the country to attend an institute. The Institute
directors and mathematics professors had little sense of
accountability for the-success of their programs or courses in
helping teachers to do a-better job. In some cases, there was
such a lag rh schools' implementing the new materials that
teachers participating in an Institute would go back to teach in
the tall eager to apply what he or she had learned but found no
new materials. Sometimes, teachers would try to develop their
own new course from Institute notes but usually they simply
returned to teaching the "old math." This phenomenon was common,
leading the NACOME report to conclude that modern math never
really had a chance to succeed.

In these teacher education projects, mathematicians
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succeeded best in their roles as developers of new courses and
degree programs for teaChers. These courses and degrees provided
teachers with status and a recognition of their intellectual
worth. The degree programs defined a new type of graduate
education for teachers that emphasized mathematics knowledge and,
at the same time' recognized that teachers in graduate programs
had needs for special mathematics courses.

Research Pro*eets
In the laid 1970's, research in mathematics and science

education received a significant boost through the Research in
Science Education (RISE) program at NSF. While results and
impacts of research are not always evident immediately, it seems
clear by now that several important areas of research that were
funded by RISE have begun to bear fruit both in implications for
practice and in paving the_way for current applied, classroom-
based research. While it is not possible here to review the
areas of impact in any detail, the topics of problem solving,
early_number operations, rational numbers, and algebra can be
identified as those in which important advances in research have
been made. In a fairly.brief period of timer we have learned a
great deal about how children learn mathematics and solve
problems.

_The_reasons_for the success of the RISE program are a
combination of circumstances, along with some reasonable
leadership in_the form of mathematics educators as rotators at
NSF who valued and supported research. Jim Wilson, Tom Cooney,
Dick Leek/ and Doug McLeod provided consistent and continual
contact with mathematics education researchers over a three- or
four7year period. The.permanent staff at NSF managed to secure
sufficient funding for an emphasis on research over a reasonably
sustained period of time.

The circumstances that prepared the way for the success of
the RISE_program were due primacily to the readiness of
mathematics education researchers to attack the important
learning issues. This readiness consisted of two parts: the
developmeht of a cadre of professionals who had been trained as
mathematics education researchers, and some groundwork having
been done to identifyrthe critical areas and research problems
that needed to be addressed. During the late 1960s and early
1970s, doctoral programs were developed which began to produce
people trained in the new profession of mathematics education.
(More discussion of this emerging specialty will be provided in
the next seCtion.) By the mid 1970s several leaders in
mathematics education had emerged at a few large universities.

In 1975, NSF funded the Georgia Center for the Study of
Teaching and Learning Mathematics at the University of Georgia.
Through this very modest funding effort, a series.of research
planning workshops were held' producing an effective and
productive network of leaders and colleagial groups eager to
pursue research programs in some clearly identified areas. These
groups carried out some early pilot studies using university
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funds, then published several monographs reporting early results
and agendas for further Ivseaa'ch. When the RISE program was
initiated, the mathematics education researchers were ready to
begin a productive program of work, having already completed much
of the necessary pilot work.

11. The Emergence of Mathematics Education

The discipline of mathematics education is relatively young.
This section will characterize the field and describe its brief
history over the past 20 years. -_The discussion will focus on the
gradual shift of leaders in the field from mathematicians with
special interests in_education to a new professional with
training in mathematics, education, and psychology. Special
attention will also be given to the roles of teacher education
and research in the_professional lives of mathematics educators.

The emerging field of mathematics education as a discipline
in its own right can be_characterized in a number of ways: the
types of people involved, the professional activities of_its
members' the content and issues addressed, the organizational and
publishing outlets' and the interactions with other disciplines.
While there are many obvious_overiaps among these
characterizations' they provide an interesting and useful context
for examining the emergence of mathematics education as well as
the shifting emphases in directions as the field has begun to
mature.

The mathematics.curriculum projects of the 1960s provided
the impetus for training and developing the first mathematics
educators. Mathematics teachers came to these projects to work
on writing tearils, to help with implementation and teacher
training efforts, or to work on studies to assess the impact of
the materials.. Some of these mathematics teachers became closely
involved with the work of the projects and stayed on at the
universities to earn their PhDs. Other mathematics teachers who
attended summer or academic year institutes were also motivated
by the challenge of graduate work and decided to remain at the
university and continue their work_toward_a PhD.

Because many of the projects included psychologists on their
teams, and since many of the implementation and assessment
projects involved teaching and learning issues/ it was natural
that these new mathematics education doctoral students sought out
courses and developed dissertations that focused on instructional
and .learning-themes. The_balance of the coursework consisted of
graduate work in mathematics' so the PhD program in mathematics
education produced a person well-grounded both in mathematics and
in the psychology and research methods of instruction and
learning.

So a new type of professional mathematics educator came into
being. They were influenced significantly by their visionary
mathematician mentors who directed the curriculum projects: e.g.
Begiel Bebermanl Mayor, Pehr, Goldbloom and by other
mathematicians such as Klein, Polyar Birkhoffl Moise, Kline, and
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Dieudonne. One the other hand, they_drew from psycholgists such
as Bruner, Gagne, Dieneb, Rogers, and Piaget. Their interests
began with mathematics content and curriculum, but unlike their
predecessors, they_soon became concerned with the problems of
teaching and learning mathematics. Since most of them had spent
time as high school or junior high school teachers, they had a
very practical orientation, looking for materials, approaches and
theories that could be applied in the classroom.

Most of the people who became_the first mathematics
educators have now adyanced to positions as full professors.
They have developed undergraduate and graduate degree_programs at
their universities, and participate in a wide range of
professional activities involving teaching, research, and service
to the educational comwslity. The next-section outlines the many
roles that a "typical" mathematics educator fulfills.

III. Roles of Mathematicians and Mathematics Educators

The challenge of being a mathematics educator carries with
it an automatic requirement for a "split personality." At most
universities, mathematics educators are not mathematicians. They
may be members of a mathematics department and they may teach
mathematics courses, but their areas of interest are very
different from their mathematician oolleagues. More often,
mathematics educators are members of an education department'
along with science, english, and social science educators. This
arrangement often eatranges them even further from their
colleagues in mathematics, compu er science, statistics and
science departments

Table 2. Estimated Numbers of Mathematicians and Mathematics
Educators.in Colleges and Universities

Mathematicians
Mathematics Educators

Active in R&D Total
8000 25,000
400 2000*

*Since 1960 there have been about 5000_6octoral dissertations in
mathematics education. This estimate is a very rough guess as to
the number of those persons who are now at colleges or
universities.
Sources: Renewing_U.S.. Mathematics, National Academy of Science,
1984. MeMEetShi001-rectorY: SPeOlal interest. Group for Research
in Mathemativs_Education, 1986.- SUYdam, M. & Oaboene
Status of-Precollege-Sbience,_Mathematics; and Social Science-
Educaticin: 195519-75, Volume II Matt:din-Afros EaUcation, Ohid State
tiniVeraity, 1411.

Teachin , Research, Service
At the university, the demands to attend to teaching,

research, and service produce different tensions for
mathematicians and mathematics educators. The pressure to
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"publish or perish" is very_much a fact of life at many
universities. For mathematicians,_ the situation is_best
characterized by a statement made by a_mathematics department
chairman about tenure and promotions: "No matter how good a
teacher he might be, if a mathematician does not do good
research, he will not succeed. On the other hand, no matter how
poor a teacher he might be, an excellect researcher cannot fail
(to be promoted)."_ For a mathematics_educator, the requirement
to excell in teaching and the obligation to provide inservice
education for teachers produce demands that are sometimes counter
to survival in the competition for tenure_and promotion. The low
status of teaching and service at many universities has produced
some noticable effects on the types of scholarly pursuits of
mathematics educators.

As a "new kid on the block" in the world of tenure,
promotions and allocation of resources at the university,
mathematics education has worked hard to earn its place as a
legitimate field of scholarly endeavor. A few "oldtimers" in the
1960s were able to earn promotions through work on curriculum
projects and the subsequent publication of precollege mathematics
textbooks and occasional articles in teacher magazines dealing
with better teaching approaches. However, in the 1970s with
universities in financial trouble and faculty turnover almost
nil, the requirements for tenure and promotion stiffened. Hard
data-based research and publications in refereed journals were
demanded. Promotion committees were suspicious of publications
about teaching, even in respected, refereed educational journals.
Textbooks for_precollege students and "how-to" articles did not
count at all in one's resume._ Since they were not prepared or
interested in doing research in mathematics, most mathematics
educators turned to the other part of their graduate training and
emulated the research methodology and issues of educational
psychology.

Research in Mathematics Education
MuCh of-the early research in mathematics education

consisted.of "methods comparisons" studies. At first, the
methods consisted of different content approaches that
investigated factors such as the sequencer context, format, or
structure of the material. For example, is one axiomatic system
better than another in teaching geometry? Mathematicians were
often interested co-investigators or consultants in these kinds
of studies...Next came a flurry of interest in "teaching
comparisonsu-studies. Various teaching approaches such as
discovery, inductive, laboratory, and individualized methods were
compared with the traditional lecture method. Since these
studieS often dealt with the preparation of materials, texts.and
curricula for presenting mathematics, there was still some
interest and involvement in them by some mathematicians.

In the mid 1970s, research attention began to be
increasingly directed at the learner. The influence of Piaget
was especially influential in compelling mathematics educators to
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consider developmental factors and to question whether content
and teaching approaches could be successful without knowing how
the child's mind works. This emphasis also shifted attention
from upper grades in which mathematical_content_seemed most
important to earlier grades where learning and instruction were
uppermost. As a consequence, many mathematicians seemed to be
left out of the picture. First of all, child psychology was not
something they were trained in and, secondly, elementary school
arithmetic was not very interesting as a curricular topic. While
the Piagetian influence has waned somewhat, mathematics educators
continue to rely heavily on psychological theories as the basis
for their research and scholarly efforts. This development has
maintained if not widened the gap between the professional
interests of mathematicians and mathematics educators.

Table 3. Number of Research Reports in Mathematics Education

Summaries Journal Articles Dissertations Total
1955 4 20 26 50
1965 7 67 92 166
1975 3 99 266 368
1985 20 203 342 565

Source: Suy am, M_
Science/ lathematics
Volume

Os orne, A. The Status o Pfecollege
and Social saiiie Education:_19551975,

bn, Ohio State University; 1977.Iaeaics E
The emphasis of research on mathematics learning and

cognitive development.over the past ten years has produced some
notable results and advances in our knowledge. There is reason
for optimism that the research approaches and theories that have
been developed.for young children's learning of addition and
subtraction, for example, can show the way for similar and more
rapid advances in our understanding of other areas of
mathematics, extended to other age levels. These advances have
come, however, at some cost to_the other two areas: materials
developmerit and teacher education. Part of the reason for the
decline in work in these areas can be attributed to lack of
funding. Curriculum development and teacher education projects
are expensive and funding from NSF and other agencies has not
been available until fairly recently. On the other hand, the low
status associated with.teacher education and the decreasing
involvement of mathematicians who might be interested in
curriculum orevelopment have contributed to the problem.

Teacher Preparation
-.- The development of mathematics education as a separate

discipline has affected the field's relationship with
mathematicians in other ways. In the area of teacher
preparation, many mathematicians seem to believe that if a
teacher knows mathematics, little else is required. If
mathematice is presented logically with proper attention to
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develop ng a mastery of the prerequisite knowledge and skills,
students will learn. Beyond making sure that the chalkboard is
used correctly and that students do homework, there is little
else to be said about instructional or learning issues. Many
mathematicians are not aware of the content of teaching methods
courses and some are curious how an entire course can be devoted
to such matters.

At many universities, the mathematics department offers the
content preparation and the school or department of education
offers the "professional" courses. The education faculty also
has the major responsibility for designing the overall program
for teacher certification. While a mathematics educator will
sometimes teach mathematics courses, especially those for
elementary teachers, it is rare for a mathematician to teach a
methods course. This built-in schism between the two parts of a
teacher preparation program often produces varying degrees of
misunderstanding, animosity, or simple apathy between
mathematicians and mathematics educators.

Table 4. Bachelor's Degraes in Mathematics Specialties, 1979-80

Area NUrver
Mathematic.- 10,160
Statistics 467
Actuarial Science 146
Applied Mathematics 801
Secondary Teaching 1,752
Other 580

Source: Fey' J. & triahg, W. Un ergra uate Mathematical
Sciences in Universities, Four-Yea-t Colleges,- an Two.,-Year
C011eges, 1980781, Confeence Board On-Mathematical-Sail:76es,
1981.

. Mathematics educators select from courses offered by the
mathematics department in developing a mathematics education
major for.their students. However, they seldom have much direct
influence on the content of these courses, especially those for
secondary teaching majors. There are often too few secondary
teaching majors for a mathematics department to offer special
courses for them. At best, a mathematics faculty member with a
special interest in education will teach a special section
dasignated for teaching majors. Most often, courses are chosen
from those offered for other mathematics or engineering majors.
Many teaching majors see these_courses as irrelevant to their
needs, being far too abstract in relation to the school
curriculum. The lecture approach to instruction used by most
mathematicians becomes the only model for teaching mathematics
that most education majors experience for four years.

The mathematics courses for elementary teachers are usually
special courses taken only by elementary education majors. These
courses are very low in prestige and are avoided as much as
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possible by mathematics faculty. Often, these courses are taught
by graduate assistants or are assigned on a rotating_basis to
faculty. Since mathematics departments are not particularly
interested in_these courses' they are sometimes taught by
mathematics educators or their graduate students. In some
universities, the mathematics content courses for elementary
teachers are offered by the school of education rather than by
the mathematics department.

_In spite of the fairly large,number of education courses
required for certification, only one course deals with the
methods of teaching mathematics. In this course, the mathematics
education faculty must present effective teaching strategies,
introduce approaches to planning and managing classroom lessons,
present theories and examples of how children learn, and review
the precollege mathematics curriculum. Most students come to
these courses with one idekabout how to teach and learn
mathematics, drawn from their own high school experience and
their recent college courses. The secondary teachers often have
completed college-preparatory programs in high school and have
little notion of how to deal with students who have difficulty
learning mathematics through lectures and memorization. The
elementary teachers have avoided mathematics in high school and
their recent college coursework has probably been somewhat
traumatic.

In the face_of these odds, methods courses are usually
fairly successful. The students are highly motivated, happy at
last to be dealing directly_with their chosen major. They are
eager for new ideas, recognizing that the way they have been
taught has not always been the most effective approach. Research
studies have shown large positive gains in attitudes toward and
expectations of success in teaching after completing mathematics
methods courses. Unfortunately, these gains and attitudes are
difficult to maintain once the beginning teacher confronts the
reality of the classroom. The necessarily brief introduction to
new methods, the lack of continual support during early teaching
experiences, and the absence of role models in the schools
contribute to many beginning teachers falling back to the
familiar lecture-memorization mode of instruction. This vicious
cycle of gaps between mathematics, mathematics education, and the
schools works against the best efforts of each of the three
groups.

Graduate and-Inservice Education
Virtually all States require that_teachers complete

approximately 30 credits beyond the undergraduate degree to
obtain permanent teacher certification. In addition, many state
and local school districts_require varying amounts of inservice
training for the purpose of keeping_teachers up-to-date with
recent content, teaching methods and_curriculum developments.
These requirements present a continuing need and opportunity for
mathematicians'and mathematics educators.

The content and structure of university-based graduate and
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other post-baccalaureate programs for teachers often turns out,
in practicer to be a patchwork of courses spread over a period o_
several years. The coordination between mathematicians and
educators in planning and developing the courses and programs is
sometimes even more haphazard than for undergraduate programs.
The situation is due somewhat to the same circumstances that
exist in undergraduate programs, but is exacerbated by the
changing needs of teachers and the limited availability of
suitable courses over the extended and variable time periods that
teachers are able to devote to graduate work.

Except for universities in metropolitan areas, mathematics
departments find it difficult to offer graduate courses after
school or during the evening for teachers. Consequently, most
teachers take the required mathematics courses, often one at a
time, over several summers. Furthermore, in many states, of the
30 total credits, as few as 6 credits (two courses) must be in
the content major (mathematics in this case). Most teachers opt
to take only this minimum, filling out their program with
education courses. This situation makes it very difficult to
develop or sustain significant progress toward improving or
extending the mathematical knowledge of teachers. These factors
have significantly reduced the role of mathematicians in graduate
teacher education over the past 10 years. The M.A.T. programs
developed in many mathematics departments in the late 1960s have
all but disappeared, replaced by master degree programs in
education. Some universities have recently revived the M.A.T.
program as a special degree for people from other careers who are
retraining as mathematics or science teaching.

Non-credit inservice education for teachers is administered
by state and local edtcation agencies. Much of the inservice
work is accomplished through relatively short workshops lasting afew hours; however, semester7long courses are sometimes offered.
In some states' a limited rftimber of non-credit course hours can
be used to satisfy the 30 credit requirement for obtaining or
renewing permanent certification. There are extreme variations
in the content, quality, and source of inservice work. Large
school districts often employ a staff to do much of their own
inservice work, only consulting university mathematics educators
or mathematicians occasionally. Other districts contract with
private firms which offer professionally marketed and packaged
programs for teachers. Textbook companies often offer extensive
inservice work, especially for elementary teachers, as part of
their marketing and sales efforts. Museums, community agencies
and government programs are other sources for mathematics and
science workshops for teachers.

Because university mathematics educators and mathematicians
are often assigned full-time to teaching, research, and
university service obligations, they find it difficult to respond
to requests for inservice education workshops when they are asked
to provide them. Furthermore, the university reward system does
little to recognize efforts in inservice teacher education. Even
when they find time to present workshops, university faculty are
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often frustrated by the lack of opportunity to plan_and_develop a
program that meets the needs of teachers. School administrators
often simply request a workshop in "math" or "computers" without
prior planning with the potential participants or presenters.At
best, the workshop may meet the needs of a few teachers; at
worst, the teachers are unmotivated participants in a one-shot
presentation by a mathematician or mathematics educator who is
unfamiliar with the districts mathematics program.

Only a fraction of the necessary money and effort is devoted
to inservice education. The result of this situation is
reflected in the previous paragraphs. Schools have turned to a
number of sources in attempting to provide inservice work for
mathematics and science teachers. While.recent federal programs
such as the Education for Economic Security Act have provided
some help, they are the proverbial "drop in the bucket."
Economic and a variety of other factors have substantially
reduced the role of university mathematics educators and
mathematicians in_inservice education programs. While there are
many competent and knowledgeable_mathematics educators outside
the university' the effect of this recent trend in inservice
education has often been_a reduction of emphasis on mathematics
content in favor of faddish programs or workshops designed by
people with somewhat short-term goals.

IV. Current and Future Directions in Mathematics Education

Mathematics education has become increasingly complex. In
addition to the traditional problems of curricular emphasis,
instruction, and student achievement and the cyclical concerns of
teacher training, shortages and qualifications, there are new
issues associated with technology, computers and changing student
populations.

Perhaps the most ubiquitous recent influence on all areas of
mathematics education is the increased attention to learning with
understanding and to improving higher order thinking abilities.
Thic trend began with pleas from leaders in mathematics education
for renewed emphasis on problem solving, and has been fueled by
results from the Second and Third National Assessments of
Educational Progress. Many mathematics educators recognized and
predicted the effects of the "Back to Basics" and "Minimal
Competency" movements on student achievement long before the 1983
national furor over a crisis in education (see, for example, the
recommendations of the NACOME report, 1975; and the NCTM's Agenda
for Actionr-1980). The recent national reports seem to have
begun to convince administrators, teachers, and the public that
the focus on computation of the past decade has had serious
consequences. Mathematics education is faced with the difficult
task of reconstructing school mathematics, working with teachers
and students who believe that mathematics consists entirely of a
set of rules and algorithms for,finding answers to textbook
exercises. At the same time, we must deal with teacher shortages
and with difficult choices in modernizing an outdated curriculum.
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In this section, some of the most pressing concerns and the
current approaches to them will be discussed. In order to relate
these issues to NSF themes' they will be considered within the
traditional categories: research, teacher preparation, and
materials development.

Trends in Mathematics Education Resea ch
The "Eack to Basics" concerns of the late 1970s, and the

federal funding that supported associated research programs had
at least one positive outcome. In an attempt to learn how
children developed computational_skills and in order to explain
why they made errors in computational algorithms, breakthroughs
were made in understanding early mathematical thinking in
-children. Working.somewhat independently at first, mathematics
educators and cognitive psychologists came to some similar
conclusions about children's abilities to invent and apply their
own algorithms in solving problems that were sometimes beyond
their expected capabilities. Perhaps equally important as the
findings from this work was the development of a new research
methodology based on careful, first-hand observations,
interviews, and teaching experiments to determine how children
think. This approach is very different from earlier mass-testing
or controlled comparison methods for determining the extent and
nature of mathematical learning or achievement. This methodology
is now being used to investigate other areas of mathematics
learning.

One consequence.of recent research methodologies is a focus
on the development and thinking of individual students and an
appreciation for the complexity of mathematical knowledge
development. It has become clear that children learn gradually,
building more and more elaborate and accurate mental models knd
networks of mathematical concepts and skills. This view i Vch
different from earlier notions children master one concept
skill after the other, like stacking building blocks or filling
file drawers. Similarly, teachers' knowledge of mathematics is
structured and linked in unique ways that determine how
effectively that knowledge is communicated. This view of
learning and teaching has significant implications for
instructional materials and teacher training. It seems clear,
for example/ that most textbooks are not written with this new
view of learning in mind. 'Curriculum development and teacher
education programs of_the future must be more closely aligned
with ideas of how students learn than they have been in the past.

At aboUt the same time_that some researchers_were studying
how students learn computational concepts, other_"diehards"
continued to study problem solving, even though it was not very
popular in the schools or among textbook publishers. The
research methodology involved asking students to "think aloud"
while solving problems, in order to determine what strategies
they could use and which ones they might learn through careful
teaching experiments. Also, "expert" problem solvers were
studied in order to understand what they did that might be
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different from "novices" who were younger or less able in problem
solving. This work revealed a complex relationship among
mathematical knowledge and problem solving ability. While a few
general strategies can be taught, a great deal of well-
integrated mathematical knowledge is neaded in problem solving.
Also, good problem solvers monitor their own progress, making
decisions about proceeding or changing directions. This ability
is developed through long practice in solving a variety of
mathematical and applied problems. Again, this view is quite
different from the usual approach of learning bits of
mathematical content' then solving a few story "problems" at the
end of the chapter.

Research aimed at understanding how children learn rational
numbers' algebra, and geometry has applied similar methodologies.
Generally, this work has found that students learn much
differently from what many teachers expect. Mathematical
knowledge, while it is in the early stages of being learned, is
fragile and rule-bound, not effectively applied to problem
situations. It is important that strong, concrete links be built
that connect conceptual understanding with procedures and rules.
Little of this type of teaching and learning occurs in the
schools.

Much of the recent research in mathematics education,
especially that which has developed a new view of the way
children learn and apply mathematical knowledge, reflects strong
influences by cognitive psychologists. Recently, active
collaborations among mathematics educators and cognitive
psychologists have produced powerful alliances which are
effective in obtaining funding and in influencing directions in
mathematics education.. In facto a few cognitive psychologists
have become so well-identified with work in mathematics learning
that they have_become the leading spokespersons on policy and
direction in mathematics education research.

One criticism that has been aimed at cognitive psychologists
is that they tend to study the learning of existing school
mathematics topics. The current school curriculum is
computationally oriented and that is the area in which recent
advances have been made. There is some question whether similiar
theories or approaches will extend to more advanced or
conceptually rich mathematical content. Lacking a background in
mathematics, some cognitive psychologists may not have a broad
enough perspective to identify and study these concepts in the
proper mathematical context.
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Table 5. Number of SEE Research and Advanced
Technology Awards for 1985

Research in

Mathematics Total

Teaching & Learning 10 15 66.7

Applications-of
Advanced Technologies 8 21 38.1

Totals 18 36* 50.0

-Inclu es 7Müiti.sciIinary awards.
Source: Unpublished NSF/SEE summary of 1985 awards.

It seems critical that mathematicians become invoY/ed more
closely in learning research. Recent_work has underlined the
importance of mathematical knowledge in higher order thinking.
Also, the way mathematical knowledge is structured as.it develops
is critical for learning. As research moves beyond simple
arithmetic and algebraic concepts, mathematicians can help_to
extend these ideas to advanced topics. Equally important is the
need for teachers' mathematical knowledge to be developed fully.
Mathematicians who are invo1ved in university courses for
teachers must be aware of the results and implications of
learning research. A partnership among mathematics educators'
mathematicians, and.cognitive psychologists is necessary for
making progress in the.future.

Trends_in Teacher_Education
Very frali has changed in the past 30 years in the way

teachers are trained. Recent emergency certification and teacher
retraining programs, many of which have mathematics teachers as a
primary focus, have actually done little more than speed up or
shorten the traditional process of providing some combination of
mathematics_content and pedogogy, interspersed with or followed
by a supervised practice teaching experience. The.reforms in
many states deal primarily with testing and assessing fairly low-
level teacher knowledge and do little to affect teacher education
programs. Even the recommendations of the Carnegie Forum and the
Holmes Committee would change mainly the sequence of teacher
education programs rather than their structure, content, or
approach. For example' students would learn mathematics as
undergraduates and pedagogy as graduate students. This approach
completely separates teachers' mathematics learning from
pedagogical concerns.

Relatively little research effort has been expended on
mathematics teacher education. .The major funding efforts by the
Education Department in supporting R&D Centers for teacher
education have studied generic teaching tasks such as effective
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question ng and classroom management. While some useful results
about effective teaching have come from this work' only recently
have the researchers begun to recognize that content is central
to the teaching process._

Recent work has used case studies, interviews, and
observational approaches to study mathematics_teachers and
teaching. This research has found a complex interplay between a
teacher's mathematical knowledge and the choices that are made in
selecting examples, in developing explanations, and in providing
learning activities for students on a particular mathematics
topic. In addition, a teacher's attitudes and beliefs about the
nature of mathematics has a significant influence on classroom
performance. This research is in an exploratory stage, making
attempts to identify and catalog the relationships between
teacher knowledge arnd attitudes, and their impact on
instructional effectiveness and student learning.

Table 6. Number of SEE Teacher Preparation and
Enhancement Awards for 1985

Teacher
mathematics Tota % Math

Preparation 5 27 18.5

Local & Regional
Teacher Development 7 73 9.6

Leadership Activities
for Precollege Teachers 2 40 5.0

Science and Mathematics
Education Networks . 1 9 11.1

Totals 15 149* 10.0

*Inclüdes 68 Multidisciplinary awards.
Source: Unpublished NSF/SEE summary of 1985 awards.

Even though mcre research must be done, it seems clear that
the present approaches to teacher preparation are inappropriate.
Mathematics coursess are taught with little thought about how they
might effectively sstructure a future teacher's knowledge. A
calculus course for an engineer or even for a future PhD
mathematician many not be the most effective one for a future
teacher high sctiool mathematics teacher. Few secondary
mathematics teachers emerge from a major in mathematics with a
clear idea of the essential concepts and how they relate to one
another. They haves an even poorer idea of how these essential
concepts are reflected in the K-12 mathematics and science
curriculum. The small amount of mathematics that elementary
teachers study is mecessarily little more than a review of K-8
arithmetic. This marrow view of mathematics does not include
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applications of even the simplest arithmetic concepts to the
natural and social sciences. Very few elementary teachers have
been introduced to more_advanced or fundamental notions of the
mathematics that most of_their students will eventually study.
The mathematics preparation of teachers is perhaps the most
overlooked and critical factor in ail_of mathematics education.
The problem continues to exist primarily due to the gap between
the mathematics and education communities.

Trends in Curriculum Development
After A-dedadi-of inactivity, mathematics curriculum

development is_once again coming to life. Much of this effort
appears to be in response_to the pressures to modernize the
curriculum in the.light of computers and other technology. While
none of the work is on the same scale as the projects of the
1960s, two major privately7funded groups (WICAT and University of
Chicago/Amoco) are multi-million dollar efforts which are sure to
have significant impact. Recent NSF materials development
programs have included special calls for proposals which would
develop prototype elementary school mathematics materials.

In addition to the emphasis on computers, these projects
include_attention to higher order thinking and problem solving,
to applications in mathematics' and to_unew" topics such as
probability and statistics. Some special attention is also being
directed to processes, topics, and_skilis seen as.being important
in the future. Examples of these include estimation, mental
computation, graphing, and measurement. Finally, some of the
projects integrate the implications from recent learning research
into the materials.. Attempts are made to build more carefully on
students' intuitive knowledge and to tie understanding and
procedural knowledge together more effectively.

At least two major projects have significant input.or
leadership from mathematicians. One of these is the University
of Chicago School Mathematics Project which is directed by a
mathematician and has AS its principal_writers mathematics
educators who were trained as mathematicians. Another major
project dealing with curriculum in mathematics and science is the
AAAS Project 2061. This long-term effort aimed at defining'
developing, and implementing curriculum guidelines for the 21st
century involves panels of mathematicians, scientists, andd
engineers in its first phase. Mathematicians are working to
answer the question_"What are the important ideas of mathematics
that everyone should know and understand by the age of 187" In
the second and third phases, .educators and administrators will
work on teacher education and curriculum efforts to implement
these ideas in the schools. This project,has purposefully
identified specific, and more or_less separate roles_for
mathematicians and mathematics educators in the curriculum
development and implementation process,
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Table 7. Number of SEE Materials and Informal
Science Education Awards for 1985

Materials
mathematics Total Math --ards

Development 12 33 36.4
Informal Science
Education 15 6 7

Totals 3 48* 27.1_

Inclu es 17 Multisclplinary awa
Source: Unpublished NSF/SEE summary of1985 awards.

The recent NSF calls for.proposals in materials deve1opment
have not attracted mathematicians, buthave received resg,onses
from_people_involved in a variety_of areas including locaL1
curriculum development, teacher education, computer workr
research, and a few "oldtimers" who did curriculum work in the
1960s. Partly due to the focus on research over the past decade,
and partly because there has been little attention to cur.riculum
during that timel.there are only a hakMul of mathematicim
educators with interest, training, amdexperience in camr-lculum
work. The people attracted to this pmgram seem more interested
and capable in developing materials for innovative segmerats and
mathematics topics at specific grade levels than in work:Ling on
broad, comprehensive curricula. It is interesting to nc*-te that
mathematicians.are Most heavily involved in major, broadranging
projects, just_as theywere in the 1960s. The smaller, prototype
development efforts with an emphasis on innovation and
experimentation seem less attractive tomathematicians.

In the near future, multi-milliandollar funding fro.xn
federal agencies for curriculum projects does not appear Ito be
realistic. Some efforts have been explored by NSF to develop
cooperative projects with textbook pUblishers in order toP extend
the leverige of available funds. Direct involvement by
mathematicians and scientists in this and other smaller sczale
curriculum efforts should be explore!d. It is also import-sant to
consider the role and training of mathematics educators ir
curriculum development. Since instrw:-tional materials are the
most direct and significant influence on both_teachers art45
students, this area requires thoughtful and effective policy.

V. Conclusions and Recommendations

The programs of the NSF Directorate for Science and
Engineering Education have had a significant impact on
mathematics education. Regular funding in support of a v.sariety
of programs produces "ripple effects" fem_beyond the actu4a1
results of the projects themselves. People are energized to
write proposals' rethink approaches' adopt new materials .sand
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methods, and respond to research findings. All of this_activity
keeps the field alive and responsive to changing needs in
mathematics teaching and learning.

In order for its programs to be maximally effective, the
Directorate must not only recognize the current and future needs
in mathematics and science education, but also recognize how the
programs relate to the professional lives of the mathematicians
and mathematics educators who will develop and direct them. The
most successful programs that have come from SEE have been those
which responded to both of these requirements at once. Some past
successes seem to have been a result of propitious timing.
However, future policies must be come from careful planning based
upon a clear and accurate assessment of goals and who can
accomplish them. In the following section, some recommendations
are made for SEE policy and action. The first set of
recommendations deal with general concerns. The others are
summarized according to the major program areas of materials
development, research, and teacher preparation.

eneral Policies
Attentlon to mathematics education at SEE has varied.

Competing for limited funds, mathematics must attempt to hold its
own with the other sciences and engineering. Even the name of
the Directorate does not reflect the place and importance of
mathematics. Coincident with the variations in emphasis on
mathematics has been the composition of the rotational staff at
SEE. Over the years, there has often been at most one
mathematics education rotator. Sometimes, that role has been
filled by a mathematician with little experience or contact with
precollege education or research. The first year for such a
person is often spent learning who the leaders in mathematics
education are and acquiring a familiarity with what is going on
in the field. Proper balance in programs for mathematics
education and an awareness of developments in the field can be
improved by adopting or strengthening the following policies and
practices:

o The name of the Directorate should be changed to the
Directorate for Science' Mathematics, and Engineering
Education.
o The Assistant Director for the Directorate should be a
leading mathematics or science educator with a strong
background in mathematics or science or a mathematician or
scientist with a strong background and substantial
experidnce in precollege education.
o The Directorate should publish an annual plan for future
program development and emphasis. The plan would assess
needs and opportunities in the coming two or three years and
invite comments from the field.
o At least one mathematics educator should be a member of
the SEE Advisory Committee.
o Both mathematids educators and mathematicians should be
agressively recruited as rotators. A balance should be
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maintained in the numbers of these two groups. Appropriate
NCTM committees and other leaders in mathematics education
should be consulted about qualifications. Research
mathematicians are less likely to be abie to judge the
reputation or abilities of mathematics educators.
o Within SEE Divisions, a mathematics educator or
mathematician should be assigned as Director or Deputy
Director of one of the two major divisions: Materials
Development, Research and Informal Science Education or
Teacher Preparation and Enhancement. They should be
assigned as Program Directors or Associate Program Directors
for each of the programs within both of these divisions.
o A mathematics classvoom teacher should be appointed to a
yearly rotator assignment as Special Advisor to the
Assistant Director.

Materials Development Initiatives
There are several important needs and opportunities in the

area of materials development. Materials are needed which
integrate current research knowledge about mathematics learning.
Materials are needed which integrate new technologies. In
addition, a clear idea or plan is needed on how materials
development can be coordinated and integrated with the
mathematics curriculum' since it seems unlikely and perhaps
inappropriate that NSF fund comprehensive curriculum projects.
Mathematicians and mathematics educators must be encouraged and
supported in materials development efforts through projects which
are consistent with their professional goals. These issues can
be addressed through the following recommendations:

o Materials development projects should have a research
component to determine their effectiveness in producing
student learning.. This research would be more detailed and
comprehensive than the -usual evaluation of materials for
their success in producing achievement and their ease of
implementation by teachers.
o Planning projects should be supported which produce
outlines and_directions for innovative content development.
Interdisciplinary_teams of mathematicians, mathematics
educators, scientiats and technologists should study the
essential mathematics for inclusion in the curriculum.
o Special incentive programs should be developed for schools
which adopt or integrate new materials, through providing
teacher-workshops_and consultant support by mathematicians
and mathematics educators.
o In addition to regular funding, a separate Fund for
Materials Development should be established. Incentives
would be provided for publishers to contribute to the Fund,
and matching funds would come from NSF. The Fund would be
administered by SEE with an advisory board_of
mathematicians, scientists, publishers, and educators.
o The Applications of Advanced Technologies program should
be broadened and coordinated with other materials
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development programs. Projects to apply and integrate
current technology'should be focused on projects that
involve mathematics educators as well as computer
technologists.
o Projects should be funded which explore successful
strategies to_implement and integrate new materials and
technologies into the-mathematics and science curricula.

Research_Znitiatives
Research in Mathematics education has made some_significant

advances in the relatively short time that it has existed as a
discipline. As with other disciplines, mathematics education
research is most dependent upon funding from federal and other
agencies. The NSF has been the main source of funding for
research in mathematics_education, and while other sources are
available' it will continue to bear the major responsibility for
this support. It is critical, therefore' that a continual and
balanced program of research support be a part of SEE policy.
The effect of impulsive starts and stops, rapid changes in
emphasis and direction, and variations in administrative support
of research have extremely negative effects. Since practical
outcomes are expected to take time to develop, research must be
sustained in order to be effective. The following
recommendations are made for maintaining a balanced, sustained
research effort:

o Research in mathematics and science education should be
given Division status in the Directorate, rather than being
a program within a division. An experienced mathematics or
science education researcher should be assigned as Director
or Deputy'Director of the division.
o A balanced program of projects should be supported which
include major centers, small teams, and individual
researchers.
o A balanced program of projects should be supported to
include research on teaching, learning, and materials.
o A balanced program of research focused on single subjects
or topics as well as on interdisciplinary work should be
supported.
o Projects should be supported which encourage colleagial
interchange, group efforts, and apprenticeship of younger
researchers. It is especially important that researchers in
mathematics' science, and social_science education
communicate and cooperate in projects.
o Projetts should focus on manageable, yet important content
areas of teaching and learning. .When possible, several
projects with different perspectives should focus on an
important area.
o Agenda setting and synthesis activities and 7:onferences
should be a regular program effort. These efforts should
include researchers' mathematicians, scientists, teachers'
and publishers.
o Workshops should be supported in which mathematicians,
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teachers, and school administrators study.recent results and
methods of mathematics and science education research.

Teacher Pre aration Initiatives
The preparatlon, cert" "cation, and assessment of teachers

is likely to remain at the center of attention in.education for
the next several years. Policies and recommendations being
developed now by national panels .and study groups will find their
way into requests and proposals for funding by NSF and other
agencies. It is important that SEE anticipate and develop its
own policies and_priorities for science and mathematics teacher
preparation. While SEE will surely want to be in step with
current national directions, there are specific issues that apply
to the preparation of mathematics and science teachers.

As was pointed out earlier in this paper, the content
preparation of mathematics teachers is in need of drastic
reexamination and repair. The best cooperative efforts of
mathematicians and mathematics educators, supported by funding
from NSF and other agencies, must be marshalled in order to solve
this problem. The teacher preparation program at SEE should make
this issue its priority in the next few years. The following
recommendations are_made for putting this program into action, as
well as for continuing appropriate attention to other areas:

o The Teacher Preparation Program within the Division of
Teacher Preparation and Enhancement should be strengthened.
A leading mathematics or science teacher educator should be
assigned-on a long-term basis as Program Director.
o A series of conferences and other activities should be
initiated to ekplore approaches to mathematics content
preparation. These programs should involve mathematicians,
mathematics_educators, and deans and department chairpersons
of mathematics and education.
o Projects.should be supported which examine the alignment
of university mathematics courses with the current school
mathematics curriculum, and with new curriculum projects,
for coverage, emphasis, and philosophy._
o The development of new mathematics and science courses for
teacher preparation should be supported. The emphasis for
these courses should be on mathematical processes and how
they relate to content, structure, and formalism.
o New structures of teacher preparation should be examined
which integrate university work, responsible school-based
practice, and experience with mathematics applications in
science-, industry and business. Rather than separating
mathematics coursework and applications from teaching
practice, it should be further integrated._
o Programs for the involvement of mathematicians and
mathematics educators in inservice work_should be explored.
o States, regional school districts, and professional
associations should be supported in developing standards and
prototypes for inservice mathematics and science courses
that are accessible to teachers throughout the country.
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Sumpary
Although this is a fairly long and somewhat ambitious list

of recommendations, it represents the range of serious issues
that confront mathematics and science education at the present
time. This is a critical time of potential for reform and
meaningful change. It is important that NSF recognize not only
the overall opportunities brought about by the recent pressures
for change, but also the specific problems within mathematics and
science education. NSF has had an historical role as the major
source for supporting programs that had significant impacts on
American science and mathematics education. In responding to the
many current needs, SEE must be strengthened and its policies
directed so that they are closely in tune with the needs of the
field and of the mathematicians and m4thematics educators who
carry out the work. MatbeWics education must be maintained as
a fundamental area of suppoe, in recognition of its importance
as a basic literacy subject,_a foundation for stdy in the
sciences and engineering, and as a rapidly growing discipline of
study.
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1. Introduction: Motivation and Goals
SRI International has been funded to conduct an assessment of the Science and Engineering

Education Directorate (SEE) within the National Science Foundation (NSF). As a part of their

report, we have been asked to write a statement that focuses specifically on computer science at

the precollege level. In this report, then, we attempt to address the following question: what

types of strategies could SEE support in order to most effectively and most beneficially a f feet

the teaching of computer science at the precollege level?

In the past, the science education directorate at NSF has played a major role in getting

computer science into the precollege classrooms. In particular, they were the prime movers

behind BASIC becoming the de facto standard for non-professional computing. One of their basic

motivations, as we read it, is the same now as it was then: to make available to schools the tools

that scientists on the cutting edge of science use in their work. For example, FORTRAN was a

key tool for science research in the 60's, Unfortunately, it was too unwieldy for school children.

Hence, the education directorate at NSF supported the development of BASIC. Similarly, LOGO

development was supported by the education directorate at NSF: LOGO presented another

opportunity for expanding our ideas of computing and mathematics in particular, and for

expanding our ideas of thinking in general. Moreover, LOGO was purposely designed to be

accessible to elementary school children. Currently, NSF/SEE continues to lead in the

development of new ways to teach and learn using computing. In particular, the Advanced

Applications of Technology Program (AAT13) within NSF/SEE supports highly innovative

research in exploring the use of cutting edge technology and science --- the opportunities that are

becoming available --- in precollege education. Thus, we feel that NSF/SEE is doing the right

sorts of activities in the computing area.. Our intent in this report, then, is not to suggest a

redesign of their efforts. Rather, our intent is to provide a focused discussion on (1) the goals of

computer science education at the precollege level, and (.) suggestions for specific issues and

areas that need continued and/or new research support.

The basic. stance taken in this report is this: it is not a question of whether computer science

needs to be included in the precollege curriculum, but rather, it is only a question of what needs

to be included. Quite frankly, this stance echoes that taken in essentially all the reports on

education in this country that have recently been published. For example, the Nation at Risk

Report refers to computing as "a new basic." Children are taking computing courses en masse;
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children are finding it fun to use the computer. Thus, there is an opportunity here for

education: the computer provides a medium that is, by and large, intrinsically motivating to

students and it gives them a most powerful and flexible tool. While there are naysayers with

respect to the use of technology in education, their arguments continue to lack much force:

computing is here to stay, and it has been shown to be educationally useful; we shouldn't look

"1:ackwards to the basics, but rather forward." The story told by the educational reports, and

te_i-rcred in this one, is this: to ignore computer science in precollege education is to risk the

future of our children. They, more almost then we, need to understand and use computers and

computer science.

One final issue before we get into the body of the report: the charter that we were given was to

look at the teaching of computer science per se, as opposed to the more general topic of

incorporating computing into the precollege classroom.1 While in principle that separation

sounds reasonable, the reality is different: one doesn't create a curriculum in a vacuum. Rather,

in order to have a sharp idea of what teaching computer science at the precollege level should be

about, we need to examine where computing is going in general, and how people will be using

computing. Based on this sort of assessment, we are then in a position to identify specific

computer science education issues that address the real needs of computing users. Thus, this

report will deal with computer science education per se, but from the perspective of where

computing appears to be heading.

The organization of this document is as follows: The first question that arises is, what is
computer science? While there is no agreed upon definition of the content area called "computer

science," in Section 2 we outline the broad areas that can come under that heading. Next, in

Section 3, we identify the reasons that have been given for teaching computer science at the

precollege level. Based on our sense of H where computing is goingH and on how non-

professionals will use computers (Section 4), these goals will be re-examined in Section 5.

Finally, in Section 6, for the goals that still should be pursued, we identify (1) the research

questions that need to be explored, and identify (2) the role that NSF/SEE might play in
pursuing those research questions (Section 6).

1This more general topic is treated in great length in the main SRI report.
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2. What is Computer Science?
While it would make things tidy if there were a simple answer to this question, the reality is:

there is nq accepted, well-defined content area called "computer science." A better question to

k, i.e., one for which more agreement can be had, is: what are some core subject areas within

computer science? They are: (1) theoretical issues (e.g., algorithm analysis, computability) (2)

programming languages, (3) operating systems, (4) artificial intelligence, (5) applications (e.g.,

database systems). Within each of these areas, there is a well-developed set of core concepts

that are taught. For example, in theoretical computer science, one learns about complexity and

computability issues: how fast can a subtraction algorithm be? what types of calculations could

take an infinite amount of time to compute?

Computer science topics can be studied in their own right. For example, much 39 a learned

1gth century person needed to understand the basic concepts of geometry, it might be argued

that a learned 20th century person needs to have some appreciation for basic issues in

"computability." This line of argument goes significantly beyond the scope of this report,

however. Rather, we take a more pragmatic view of what computer science education should be

about: as we argue below, at the precollege level, computer science education needs to be in

service of the larger educational need -- making students into effective problem solvers. Should

they decide to become computer professionals, students will have time enough in college to tackle

the corpus of knowledge called computer science. The key, then, is to identify the set of

concepts within that corpus that can most profitably be taught at the precollege level. In

determining this set of concepts, one needs to take into consideration valid, educational goals. It

is precisely these goals that are the subject of the next section.

In today's precollege computer .scince courses, students are, by and large, simply taught a

programming language. Moreover, students tend to have only a minimal amount of hands-on

experience doing programming. For example, students taking an introductory college-level

computer science course spend on the average between 8 and 10 hours per week hands-on, and

end the semester writing a final program of between 5-10 pages of code. In contrast, students in

precollege courses at best spend 1 hour per week hands-on, and end up writing a final program of

at best 2 pages of code. The difference in time and content need not be one of "intellectual

development." High school students, if given the opportunity, would find a typical introductory

college programming course very accessible. Thus, under no stretch of the imagination can what
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is being taught today as computer science at the precollege level really count as computer science

per se, nor can it be viewed as helping students become effective problem solvers. The content is

too weak, and the exposure to minimal. Thus, if we take seriously the notion of teaching

computer science at the precollege level, we need to accept the fact that a more comprehensive

and intensive program of study will need to be developed. This is an important observation in

light of the recommendations made in the national reports on education: we need to redesign

what is being taught in the name of computer science at the precollege level, if we are to provide

students with :he necessary knowledge and tools to keep them functioning in our technologically-

oriented society.

3. Why Teach Computer Science at the Precollege Level?
The students' school day is already jam packed with subjects. If we advocate th t even some

aspects of computer science be taught, we are really saying that some other subject must be cut

short in order to make sufficient time available. While subjects such as geometry, geography,

etc. were considered "untouchable" --- of course they should be taught ---- educators are

beginning to re-evaulate the entire curriculum. In effect, subjects are vying for a place in the

school day.

Is there, then, any special reason why we should teach computer science? Below we identify

several goals that have been put foith to justify the teaching of computer sl:ience at the
precollege level.

GOAL 1: Computer Literacy Provide students with a working understanding of
computers and computing. We need to teach students "computer literacy H because
computers are becoming increasingly more pervasive in our society; a responsible
citizen will need to have some awareness of computers in order to make informed
decisions. This rationale has some merit, though detractors say: why don't we teach
telephone literacy, etc. The point is that computers are playing decision-making
roles, whereas telephones haven't and won't.

GOAL 2: Transfer of Problem Solving Skills Enable students to become better
general problem solvers by teaching them programming. Claims have been made
that by learning to program one really learns general problem solving skills. Much of
the commitment to LOGO was due to this type of claim.

GOAL 3: Computer Science as a Problem Solving Tool Provide students with
the skills to use computers to solve problems. Computer science is like mathematics,
in that mathematics is used to solve problems in many subject areas. That is,
whether someone is learning about physics or geography, the computer will be used
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as a problem-solving tool, and thus students need to learn some basic computer
science notions much as they learn basic mathematical notions.

GOAL 4: Prepare Professional Scientists Expose students _o the world o f
science in general, and computer science in particular, and provide them with some
preliminary training. The science profession needs highly trained --- and motivated

individuals. Providing early, positive experiences with science in general, and
computing in particular, should build a basis from which students can go on to
master more explicitly the technical content of a scientific discipline.

Note that we have here only stated the goals, without any evaluation of their validity. After

discussion of the direction in which computing is heading, these goals will be re-examined in

Section 5: what goals are still worth pursuing? are there any other goals worth pursuing?

4. How Non-professional Computer Scientists Will Use Computers ---
and What They Will Need To Know.

It does not take a crystal ball to see the following major trend in the use of computers by

"non-computing-professionale (i.e., not professional programmers, but rather, experts in a

domain, e.g., accounting, meteorology, medicine, teaching): computers are being used to

mediate actions between a user and the world. For example, in the past pilots flew planes

directly; however, now "fly by wire,H where a computer is an integral part of the flying process,

are becoming more popular. A more down to earth example: managers make decisions based on

limited information; now, with the coming of databases, managers can glean all sorts of key

information from a database in order to make a more informed decision. And one further

example: business spreadsheets are a major form of communication. Now, with spreadsheet

languages such as LOTUS 1-2-3, businessmen, accountants, etc. can conveniently and powerfully

use spreadsheets in their everyday activities. In effect, "special-purpose, domain-specific

programming languages" are being developed;2 these languages are used by domain specialists,

not programming specialists, and enable the domain specialist to solve domain related problems.

We see no reason why this trend will abate; computers can be made into powerful tools that

decision-makers need in their everyday activities.

Given the increasing perv_ eness of computers in every aspect of society, the next question to

2
To point out Just a few domaln-specific languages already on the market: algebraic symbol

manipulation languages for engineers (e.g., muMath), spreadsheet languages (e.g, LOTUS) for

businessmen, graphics packages for artists and designers.
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ask is: how will users interact, with the computers in order to pursue a use oals? There are

two views on this question:

The No Programming View: Packages e.g., word processors, database systems with
a prespecified set of commands can be designed for a user in an area e.g.,
accounting, meteorology). These packages will give the user all the functionality that
is and will be needed. A user gets access to the information s/he needs by simply
selecting from the provided commands.

The Programming View: Users will always be pushing the limits of a given software
package: they will want -- nay, need -- to combine the given primitive operations in
the package in ways that were unpredicted by the software designers and they will
want -- nay, need '-;ng together sequences of these combinations.

If The No Programminc w is correct, then users will not need to know anything deep about

computer science: a pilot flying a 747 doesn't need to know how to program, even though s/he

is flying only a model of the plane. In contrast, if The Programming View is correct, then users

will need to know concepts from computer science: e.g., they will need to know what is and is

not computable given what resources, know how to decompose a problem into a set of executable

subcomponents, know how to represent data, know how to debug their solutions, etc.

Which view is more probable, more realistic? Time and time again in computing's, albeit short,

history, we have seen initially "complete packages" opened up so that users can have new and

different functionality: give users 10 commands, and immediately they want an 11th, or a

different set of 10, or they want to compose sequences of the commands. Thus, history favors the

The Programming View:3 while individuals will not be using BASIC or Pascal, they will still be

programming --- programming in domain-specific, applications-oriented languages.4

3For the sake of contrast and emphasis we are pitting these two positions against each other. Clearly,
however, this is not a black-or-white, this,t,the-exclusion-of-the-other situation: for some applications the
The No Programming View will surely be appropriate. Nonetheless, it is our sense that for most
situations, The Programming View will be the most appropriate.

4There is considerable debate in the computing community as to the design of these applications-
oriented languages, e.g., should the languages be "declarative," enabling the user to specify only what
s/he wants done, or should the languages have a "procedural" component, enabling/requiring the user to
specify how to achieve the desired goals. Or, what is the role of graphics in programming (so-called
"visual programming languages")? Frankly, it is too early to make any definitive statement on these
sorts of issues: much more experience with applications-oriented languages is needed. While these Issues
are debated, the baseline for the debate has acceptance: computing is going in the direction of
applications-oriented languages.
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The position that people will need to program, albeit in applications-oriented, special purpose

languages, impacts directly on the goals of teaching computing at precollege level, and by

implication, what SEE might best do to facilitate those goals. What, then, should be the goals

of teaching computer science at the precollege level? The next section deals with this question.

What Goals Should Be Pursued: A Re-Examination
In light of the above observations, let us return to the educational goals identified earlier and

see if they still should be counted as valid, pursuable goals.5

GOAL 1: Computer Literacy Provide students with a working understanding of
computers and computing. This goal was actively pursued through NSF/SEE
support in the late 70's, early 80's. While hard data is not yet available, anecdotal
evidence from students going on to college suggests that students are acquiring an
understanding of computing during their precollege education. In particular, it is the
sense of many teaching college level introductory computer science courses that lately
students coming into college already know quite a bit about computing. Moreover,
whereas in the early 80's a major portion of those enrolled in introductory college
level computer science courses said, at the start of the course, that they had "a fear
of technology, a dislike of technology --- especially computers" --- students now do
not seem to be nearly as fearful.

Thus, should further resources be pumped into the goal of attaining Hcomputer
literacy" at the precollege level? Given the above observations, a ressonai,le answer
would be: no. Computer literacy programs, sponsored in large measurc by the
education directorate at NSF, are in place, and continue to be put in place; moreover,
they seem to be successful. As SEE is in fact now doing, resources need to be
redeployed in favor of new opportunities in computing.

GO 2: Transfer of Problem Solving Skills Enable students to become better
general problem solvers by teaching them programming. This goal tacitly assumes
that the skills learned in programming do transfer. Empirical studies have been
conducted that seek to assess this claim. As most transfer studies in education turn
out, these studies too typically show no transfer. However, care must be taken in
interpreting the negative results: for example, it is just not clear that students in the
studies even learned programming, so it is not fair to expect non-existent skills to
transfer. Moreover, the transfer studies typically did not focus on any specific
programming/problem solving skill. Thus, definitive results on this goal are just not
available yet.

The importance of this goal will become even more paramount, given our discussion
of where computing is going: if The Programming View is correct, then more and

5Note that here we will restrict ourselves to identifying what goals are worth pursuing: in the next
section (Section we address the question of how they might best be pursued.
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more students will be programming in the context of specific applications, and thus
the potential for benefiting from programming is even more present. Moreover, for
many students programming is a "hook" into learning about problem solving: there

something intrinsically motivating about programming and thus, if the problem
solving skills do transfer from programming, it makes good sense to teach problem
solving in the context of a subject that students find exciting and fun.

Thus, the goal of realizing transfer from programming to problem solving still merits
pursuit. What is needed, though, is more focused research on the underlying claims;
we will describe such a research effort in Section 6.

GOAL 3: Computer Science as a Problem Solving Tool Provide students with
the skills to use computers to solve problems. To our thinking, the biggest payoff
for teaching computer science concepts in the precollege curriculum lies in the area of
"computer science as a tool, in the same way that mathematics is a tool." As we
argued above, the computer will be the tool that allows professionals from all walks
of life to better perform on the job. Note, that we are being pulled in this direction,
anyhow: the development of applications-oriented, problem-specific programming
languages, and the hardware on which to run them, is and will continue to be
developed. Thus, in addition to the importance and validity of this goal, SEE can
piggyback on software and hardware developments that are beginning to take place
now. For example, new, higher-powered personal workstations are daily being
released. In sum, this goal deserves to be pursued --- needs to be pursued.

GOAL 4: Prepare Professional Scientists Expose students to the world o f
science in general, and computer science in particular, and provide them with some
preliminary training. This goal is still an important one; there is a thirst for
scientists and computing professionals that will not diminish in the near term.
Exposure to the excitement and wonder of science in general, and computing ih
particular at the precollege level is unquestionably appropriate.

In addition to the abbve goals, there is another goal that needs to be pursued, which only now

is gaining recognition.

GOAL 5: Experience in Design Provide students with the skills necessary to
synthesize artifacts. Today, the precollege curriculum emphasizes analysis skills:
skills that enable a. student to analyze "what is." However, students and people
--- constantly need to create artifacts to enable them to achieve their goals. Whether
a person is constrirting a plan for getting from point x to point y, or attempting to
put an eyelet hook on a door, one needs synthesis skills in order to create an
effective procedure for action. In effect, we need to teach students how to carry out
design. We are here arguing that all students need to learn at least rudimentary
design skills -- not just those that are going into a specific design discipline (e.g.,
engineering). In order to function effectively in the world, people need to const ntly
create "agents" that facilitate their actions.

By teaching programming, one teaches synthesis skills as well as analysis skills: a
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program is an artifact, albeit a usoftH one, that enables us to achieve the ends we
desire. Moreover, if our reading of the future is accurate -- that computers will be
mediating more and more of our actions -- students will need to learn how to design,
,i.e. program, domain-specific agents in order to be effective problem solvers. Thus,
we add this goal to the list of valuable, pursuable goals: teaching students synthesis
skills by teaching them programming.

The next section provides some specific guidelines on how the above goals should be pursued.

B. How Should These Goals Be Pursued: Iden ifying the Tasks and the
Actors

Given that the goals in the previous section appear to be valid ones to pursue, how might they

be advanced? Below we identify a number of tasks that need to be undertaken in order to

facilitate the realization of the aforementioned goals. In addition, we will identify the institutions

that are in the best position to undertake the tasks we identify.

GOAL 2: Transfer of Problem Solving Skills Enable students to become better
general problem solvers by teaching them programming. In order to most effectively
pursue this goal, research needs to be conducted into (1) identifying the skills that
are being taught in programming, (2) determining whether or not these skills
transfer. In fact, within the Applications of Advanced Technology Program of
SEE/NSF, one of the four areas of concentration is precisely this topic.° This is a
high payoff --- and high risk --- area: if it turns out that specific problem solving
skills learned in programming do transfer, then, since programming does capture the
interest of students (though, of course, not all), then there could be a big win in
teaching programming.

There is a very practical goal that will be achieved if some answers on this topic can
be obtained. A main claim of the proponents of teaching programming is the
transfer claim. There is a lot of emotion surrounding this issue. Moreover, significant
resources are expended by schools and parents in the hope that they too can tap into
this "Rosetta Stone.H Some hard answers on this topic would help to provide
educators and parents with information to make a more informed judgement on this
topic. For example, if it were found that no skills economically transferred from
programming, then the argument to teach programming would be greatly diminished.
In turn, the resources freed up from not teaching programming could then be applied
to some other area of computing. Thus, the topic of skill transfer from programming
raises exciting, important scientific questions, as well as providing key input on the
practical question of the role of programming in precollege curriculum.

Should NSF be the agency to fund this re earch? Reasonably, one could argue that a

6For example, Soloway at Yale [10], Linn at UC Berkeley [6], and Mayer at UC Santa Barbara [7] are
investigating the cognitive consequences of learning to program under AATP support.
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private foundation, such as Sloan, Carnegie, etc. could take on such a funding
initiative. However, these agencies do not typically have the resources to fund a
possibly lengthy research initiative; it will take approximately 5 years before
definitive findings can be had on this topic. Also, this topic would most likely not be
a high priority one for DOD funding agencies (e.g., ARI, ONR); the results from this
research would not have a big impact on their training (az opposed to education)
programs. NSF, with its mandate to focus on public education could do the country a
major service by supporting research that provides results in this key area.

In sum, then, we recommend that AATP/SEE continue their support of research in
this important area.

GOAL 3: Computer Science as a Problem Solving Tool Provide students with
the skills to use computers to solve problems. In what follows we will identify a
number of tasks that need to be undertaken in order to realize this goal. Since we feel
that this goal is a critical one for education, we will go to some length in discussing
how and why the process should proceed. If children in school are going to keep pace
with the tools --- and the learning that goes with the use of those tools --- available
outside the classroom, then a program of the sort outlined below needs to be actively
pursued.

o TASK: Develop exemplars of problem specific programming languages and
integrate them into the curriculum.

In order to explore the effectiveness of problem-specific, applications-orien ed
programming languages, a number need to be built, incorporated into the
school, and evaluated. In fact, several projects of this sort are currently being
funded by AATP.7 Undoubtably, commercial enterprises will continue to
develop such languages (e.g, spreadsheets); however, their motivation will not
be to further education, but rather, their motivation will be an economic one.
Moreover, commercial enterprises will not be concerned with integrating their
tools into a curriculum, and with carrying out a scientifically motivated
evaluation. Thus, NSF, with its mandate to support public education, is the

7 It would not be a distortion to view the following projecta, which are supported by the AATP, as
investigating the development of applications-oriented proLramming languages: Hawkins [4], at Bank
Street College, and Larkin [5] at Carnegie,Mellon University, are developing software environments for
students exploring physics; Swets [12], at BBN, is developing a software environment for students
studying statistics; Roberts [0], at Lesley College, is developing a software environment for students
studying algebra.
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first choice for supporting prototype development with a clear education focus.8

Note, however, that SEE can piggyback on developments in the commercial
sector: commercial ventures may produce software that has utility in the
classroom. For example, the new class of algebraic symbol manipulators (e.g.,
[MuMATH, REDUCED, is a prime example. While the targ.., population for
these systems was not originally pre-college education, but rather practicing
engineers, they might be nonetheless applicable to an educational setting. Thus,
rather than developing such problem-specific, programming languages from
scratch, researchers may be able to use these products as prototypes, and move
directly into the integration and evaluation phases.

In sum, then, SEE needs to continue funding the development, deployment, and
evaluation of exemplars of problem-specific programming environments. As is
typical of technological innovations, the research base upon which to generalize
and more accurately assess the impact of this type of innovation will take
approximately j-7 years to build.

o TASK: Develop tools for building problem specific languages; ultzma ely we
would like a user to be able to interactively construct his/her own problem
specific programming language.

While the cost involved in developing these problem-specific languages will
initially be high, we need to develop techniques for aiding users in constructing
these languages. Again, commercial enterprises will also be working on this
problem. However, the science underlying these tools is still in no way well-
understood. Leverage in funding this research can be gained, however, by
noting that this topic will also be funded by others within NSF, most notably
the Information, Science & Technology Division and the Computer Science
Division. While their charters do not force them into focusing, say, on tools for
a 12-year old in geography, their research will certainly complement that
undertaken by SEE.

In addition to the basic computing issues involved in developing tools of this

5The cost involved in doing this research is high: the medium computers can be costly. We
certainly don't want to limit research to hardware widely available (so-called first generation personal
computers, e.g.. Apple H, Commodore 64). The high-powered personal workstations that are just
beccming available are most suitable for doing research in this area: to provide a supportive user
environment requires considerable computational power (memory and speed) as well as high-quality
graphics. Thus, the issue of cost of this research must be faced squarely: there Is no getting ar.L:_nd the
problem that doing research on computing environments of the future will be costly to conduct now.
Waiting for those environments is dangerous: when they come, we won't know what to do with them.
Frankly, the impact of the development of personal computers (e.g., Apples, Commodores, Radio Shacks),
took the education world by surprise: only in the last few years has even marginally good educational
software appeared. Thus, we neer! to be prepared for high-quality computing environments that will soon
be relatively inexpensive.
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sort, there are many cognitive issues that also need to be explored: what is the
match of language primitives, problem type, and human problem solving
strategies? These issues also play themselves out in problems of designing
interfaces for the tools. Again, research is already being supported by a wide
range of agencies on these topics. Nonetheless, an effort within SEE that
focuses specifically on the needs of students is needed.9

In sum, then, developing tools to assist users in developing their own problem-
specific languages should receive SEE support. However, in comparison to the
above task, we see the funding by SEE for this task to be minimal: a few
projects focused quite clearly on the needs of precollege students.

0 TASK: Re design curriculum to incorporate the new tool problem specific
programming languages.

There is a general consensus in science and mathematics education that one
wants to teach students to do, for example, mathematics as opposed to simply
learning about mathematics. For example, Papert [8] argued that in using
LOGO to teach mathematical concepts, students would be put in a more
active, discovery role. While the problems with actually achieving this goal
have become evident, it is still (1) a valuable goal, and (2) one that
programming in principle can help to achieve. That is, in writing computer
programs, be they be in a spreadsheet language, LOGO, BASIC, or some
problem-specific language, students must actively confront some input, and
carry out some sort of analysis in order to achieve a goal. In effect, we are
seeking to teach the students to be researchers, developers of knowledge, as
opposed to just consumers of facts. Thus, in order to take full advantage of the
potential of this style of instruction, curricula need to be redefined: current
curricula does not foster this interactive style of learning.

For a whole host of good reasons, piecemeal introduction of this sort of
technology into the curriculum may not result in appreciable educational gains.
For example, if students see the technology in only one subject area, they may
well not see the import of the technology, nor may they even learn how to use
it cffedively. In order to become active learners, students will need to adopt a
mind-set different from the one they have now. Correspondingly, teachers need
to view these problem-specific programming languages as integral parts of a
subject matter, and not as an "add-on." Thus, curriculum development -- and
its deployment -- present a serious problem.

SEE has funded curriculum development in the past. Moreover, SEE h

°A project that addresses this area is already being funded by the Advanced Technology Program
NSF/SEE. In particular, Dr. Andrea diSessa [3] has been funded to investigate what the computir
environment for third graders might be in the 1990's. He is developing a programming language, calk
BOXER, which is a extensible language: students can either use the language constructs provided 1

BOXER, or they can create their own.
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supported focused initiatives that seek to integrate technology into an entire
component of the science/math curriculum. Similarly, in developing curriculum
for the technology identified here, we recommend that SEE should set up a
focused initiative which seeks to incorporate this technology into all sub-areas
of math and science in the precollege curriculum.

o TASK: Develop new teaching strategies that capitalize on the power that
students will have in using problem specific programming languages.

A student actively pursuing a problem, alone or in concert with classmates, is
drastically different from the current lecture mode of instruction. How should
the classroom be organized? What is the role of the teacher in this learn-by-
doing situation? Moreover, what are the strengths/weaknesses of "cooperative"
learning --- where students work together on a problem. Computing will
facilitate the interchange of information, and provide a ready environment for
cooperative work. How will this style of learning effect teaching? the
classroom? SEE needs to play a key role in this task also.

o TASK: Identify what concepts from computer science need to be taught in
order for students to effectively use problem specific programming languages.

Clearly, the mainstream student does not need to conquer the computer science
corpus. While some concepts clearly should be mastered, the specific curriculum
is a moving target: until we have a better sense of how computing will be used,
we won't be able to accurately pin down the computing concepts needed by the
mainstream student. Thus, we suggest that more exemplars of problem specific
programming languages be developed and incorporated into the schools, before
this task of identifying computer science concepts be undertaken.

o TASK: How should we teach students about prog a ming in these languages?

As we mentioned earlier, present instruction in programming is painfully
simplistic in its approach: teach syntax and semantics. However, we need to
rethink what counts as programming, and thus what the students need to
know, and how they should be taught. In supporting research on this topic,
NSF/SEE can again benefit from the training courses that commercial ventures
will develop to teach people their proprietary, problem-specific programming
languages. However, commercial companies may not focus on a real issue that
needs to be faced in an ed,,cational setting: students may well need to learn
several problem-specific languages. What are the cost/benefits in this type of
situation?

0 TASK: What do we teach teachers in schools of education to better prepare
them to make use of problem specific programming languages?

Last, but absolutely not least, is the issue of teacher tram ng. Teaching
teachers about problem-specific languages is a micro-example .1* the larger
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teacher training problem: (1) technology moves so fast that the computing
environments on which teachers are trained in schools of education are not the
ones that they will use in the classroom, 5, 10 years after they have finished
school, (2) by and large teachers are not taught to be domain experts that
develop knowledge; thus, it is hard for them to teach students to do research,
to learn-by-doing, when their instruction has not included such learn-bydoing
efforts.

We do not think that a research effort directed at teaching teachers about
problem-specific languages is the right approach. Rather, we need to face head-
on the problems of teacher training with rispect to all of technology, of which
problem-specific languages is but a part. We feel that this topic is a
particularly vexing one, and needs some clear, focused attention by SEE.

Given our sense of the importance of this goal, we have spent considerable time here
identifying issues that need exploring. Clearly, considerable resources will need to be
expended in order to pursue the above identified tasks to some successful closure. If
resources are not forthcoming, we can foresee that education will most likely miss out
on an incredibly powerful, problem-solving tool.

GOAL 4: Prepare Professional Scientists Expose students to the world of
science in general, and computer science in particular, and provide them with some
preliminary training. Besides simply adding new coursesw to the curriculum, how
can this goal be furthered? It is our opinion that not doing anything special for
luring and educating would-be professionals is an appropriate strategy: if even parts
of Goals 3 and 5 are implemented, students will be exposed to a considerable amount
of computing. Thus, those that may eventually go into computing as a profession,
should have sufficient computing in their milieu to whet their appetites. Frankly, it is
not even clear that is a good idea to have students specialize during precollege in
computer science. Thus, we don't advise SEE to put any significant resources into
this achieving this goal.

GOAL 5: Expertence in Design Provide students wzth the skills necessary to
synthesize artifacts. We could be teaching design now, with the current crop of
programming languages; while the next generation of languages (e.g., diSesssa's work
on BOXER) and technology (individual, high-performance workstations) would
facilitate and enhance the activity, we have components in hand now to teach
students how to carry out design. Moreover, it is not the case that we don't have
any good ideas on what should be taught and how: there have recently been a
number of books and papers on precisely this topic (e.g., [1, 111). The issue is the
development of curriculum materials that make this topic more readily available to
teachers, who in turn can make these ideas available to students. Moreover, it is our
sense that a concerted effort at developing those curriculum materials would (1) be a

10Adding new, more specialized courses may not even be an option: a real question facing schools is the
lack of qualified computer scientists willing and able to teach. Increasing course offerings may only
exacerbate an already difficult situation.
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short-term effort (2-3 years), and (2) not require excessive resources (an initiative
comparable to that now being supported by SEE to facilitate the incorporation of
advanced technology into the teaching of basic math skills). The output of such an
initiative should be materials that can be distributed to schools.

We feel that this goal is a moderate risk/high payoff goal: the materials necessary
to achieve this goal should be developable in the near-term, without expenditure of
unreasonable resources; and, most importantly, the skills imparted to the students
are critically important ones, though they are sadly not currently incorporated into
the precollege curriculum in any coherent, systematic fashion.

A task that needs to be undertaken in essentially all the above projects is that of evaluation.

Mentioning H evaluation H last is not meant to relegate it to second-class status. Rather, our view

is that evaluation can provide critically important feedback to the developers and participants of

an educational product: evaluation tells one "what to do next.H Thus, as an integral part of

the tasks outlined above, we strongly suggest that resources be explicitly set aside to carry out

evaluations.

7. Concluding Remarks
The amount of effort and resources needed to pursue the goals identified in Section 6 is

significant. In fact, it may seem out of proportion: afterall Hcomputer science H is but one of the

science and math areas that is vying for a spot in a student's school day. However, computing

and the corresponding notions from computer science) is fast becoming the "queen" of the

sciences --- of problem-solving, in general --- and thus we need to explicitly deal with making it

available to students at the earliest possible moment.

What is the status of research directed towards that goal? SEE, and more particularly the

AATP, has already been funding research directed towards many of the goals identified in

Section 6. Thus, we endorse the efforts of SEE and AATP at providing both direction and

results on the key goals facing the realization of computing's promise in education. They have

both led in creating new research directions, and been responsive to the needs and opportunities

arising from the community. They are to be commended for providing a key rallying point for

workers in the field.

Finally, what might happen if essentially none of the proposals for research identified here are

accepted? What might happen if computing is viewed merely as another subject area, and thus
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relegated to a seat equivalent to say, geometry? The commercial sector will continue its push to

incorporate computing into all possible areas; the marketplace's drive for that economic edge

that comes from being able to know something and do something better than the competition

will naturally result in the intertwining of computing in all phases of the workplace. And where

will education be? Students won't be exposed to the latest, newest thinking and doing; students

will still be learning to do cube roots via pencil-and-paper. E. Bloch, Director of NSF, recently

talked about making sure that America keeps its competitive edge in the marketplace: research

needs to bring out new ideas, some of which will eventually find their way into furthering the

growth of America pl. The marketplace has already decided that computing can provide that

competitive edge. Educational institutions run a great risk by ignoring the explosion of
computing: schools will be the dinosaurs and companies the latest, most adaptive creatures

and who wants to be with the dinosaurs in the face of a changing world?
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PART FWE:

STUDY APPROACH AND PROCEDURES

Introduction

In 1984, Congress included in NSF's appropriations bill (P.L. 98-371) a require-
ment for a contract "to develop a science education plan and management structure for
the Foundation." M part of the response to this mandate, the Directorate for
Science and Engineering Education (SEE) issued a request for proposals (RFP) for a
project to "assess initiatives available to NSF to address the problems and opportuni-
ties in science education.u* SRI submitted a proposal in response to that RFP, was
awarded the contract, and began work in March 1986.

Scope of the Study

NSF did not commission a project "to develop a science education plan and manage-
ment stnicture for the Foundation." Rather, the project was to assess the advantages
and disadvantages of NSF's current initiatives and of alternative initiatives in pre-
college science education; this assessment would help deterndne available options and
guide NSF's own planning. The objectives of the study did not encompass studying or
advising on management structure.

The term "science education" included education in mathematics, the natural
sciences, engineering, and technology (as both a tool and object of study). The
social sciences were not included, to keep the scope within reasonable bounds and
because historically NSF had run into political difficulties in focusing on social
sciences. The study was to focus on the K-12 levels (elementaiy, middle/junior high,
and high schools), although it was not limited to formal education. We defined it to
encompass in-school and out-of-school learning for children and youths from 5 to 18
years of age, whether or not they were going to attend college. The project dealt
with undergraduate and higher levels of formal education only insofar as they influ-
ence education for learners at the K-12 levels. For example, the undergraduate, post-
graduate, and inservice education of teachers of science and mathematics is central
to K-12 science education instruction. Also, the SAT tests and the admission require-
ments for colleges have a significant influence on the high school science and mathe-
matics curriculum.

* SEE had eulier awarded a contract to Research Triangle Institute to assess initiatives related to
science education (excludLng mathematics) at the middle/junior high school level. Subsequently, SEE
convened a series of panels concerning NSF's role in undergraduate-level science, mathematics, and
engimeering education.
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The ictivities specified in the RFP for the project were:

(1) To review the prior experience of NSF in funding science education
l'ograms.

(2) To clarify the objectives of NSF's current and alternative initiatives.

(3) To assess the advantages and disadvantages of current and alternative
initiatives available to NSF to meet its objectives.

(4) To develop evaluation plans for SEE to use, on an ongoing basis, to assess
the quality and impact of its work.

SRI proposed that the first three of these activities be combined and carried out con-
ciirreutly tis Phase I of the project and that activity 4 be the focus of the second
phase. The first study phase was thus aimed at assessing previous, current, and
alternative initiatives for NSF in K-12 science education. This task included clari-
fying the objectivesand assessing the advantages and disadvantages--of initiatives
available to NSF to address problems and opportunities in science education, based
partly on lessons learned from previous NSF-supported initiatives. The findings of
Phase J arc presented in three volumes: Summary Report, Volume 1 - Problems and
OPPoqunitles, and Volume 2 - Groundwork for Strategic Investment (this volume).

rnethOciological discussion describes the approach and procedures for arriving at
these findings.

The p rpose of the second phase is tc develop a plan and procedures for SEE
to use in agessing its own programs on an ongoing basis. In their final form, the
assessment plan and procedures will reflect the results of testing evaluation
proceclure$ that SEE can use in managing its future initiatives. Methods for this
activity will be described as part of a subsequent report.

The Phase I task--assessment of irdtiativesincluded both evaluation and
planning activities and, over time, the emphasis shifted from evaluation of previous
and current programs to identifying available options and promising initiatives. NSF
requested Ati objective appraisal of the effects of previous programs, a determination
of the advantages and disadvantages of SEE's current initiatives (or programs) at the

level, and an examination of the advantages and disadvantages of alternative

C'O'1Sultatjofl with NSF

To carry out the assessment activities in such a way that the results would
actually influence NSF's actions, SRI proposed to work closely with staff of the
Education Pirectorate (where all of NSF's K-12-level science education programs are
housed) to understand program objectives, resources, and constraints, and to obtain
their findings about past and present projects that were pertinent to the design of

5-2
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new initiatives. We solicited feedback on our interim findings and reports to catch
inaccuracies in program descriptions and to improve communication of the findings and
their implications. We interviewed NSF officials outside SEE to understand the
agency's overall role and the context for its science education programs. Thus, in
evaluating SEE's programs to advise on current and alternative initiatives, we in-
formed SEE staff at each stage and became mutually informed as the work progressed.
We relied on many different methods and numerous sources of information and acted in
the mode of a consultant to NSF.

aganization of the Project Team

Our project team comprised several basic organizational and functional compo-
nents. The central organizing group of people, called the core project staff, was
made up primarily of SRI staff members.* This group was responsible for the overall
design and methods of the study, for decisions on the framework and assessment
criteria, and for the final analysis and reporting.

The core staff was extended by a group ofprimary consultants. These consul-
tants helped most in the first 6 months of the project, as members of working groups
that were formed to assess initiatives from five content domains in--or perspectives
on--K-12 science education. (A sixth group devoted itself to preliminary planning
and conceptual work for Phase H.) Table 5-1 lists the membership of the working
groups, including core staff and the primary consultants. The working-group consul-
tants were selected for their particular expertise in the science education (or meth-
odological) issues addressed by this project. Many of the consultants participated
substantially, not only in the gathering and interpretation of information and in
working-group meetings, but also in conceptualizing the study, synthesizing findings,
and drawing conclusions.

In addition, we relied on the assistance of many "resource persons." These were
individuals who provided important information, assistance, and perspectives on
topics relating to their expertise in science education. The resource persons par-
ticipated as authors of commissioned papers, participants in project review meetings,
respondents in interviews with project staff, and providers of written information or
opinions on project topics.

* Wayne Harvey (formerly at SRI, now at Education Development Center), Michael Knapp, Margaret
Needels, Debra Richards, Patrick Shields, Marian Stearns, Dorothy Stewart, Mark St. John
(zonsultant to SRI), Muy Wagner, and Andrew Zucker.
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Table 5-1

WORKING GROUP MEMBERSHIP

School-Based Science Education
Paul Hurd, School of Education, Stanford University
Michael Knapp, SRI*
Mary Budd Rowe, Department of Science Education, Unive
Mark St. John, SRI Consultant

School-Based Mathematics Education
Wayne Harvey, Education Development Center**
Jeremy Kilpatrick, College of Education, University of Georgia
James Wilson, College of Education, University of Georgia
Andrew Zucker, SRI*

of Florida

Informal (Out-of-School) Science Education
Milton Chen, Graduate School of Education, Harvard University
Judy Diamond, San Diego Natural History Museum
Robert Semper, San Francisco Exploratorium
Mark St. John, SRI Consultant*
Andrew Zucker, SRI

Technology in Science and Mathematics Education
Wayne Harvey, Education Development Center*,**
Kristina Hooper, Apple Computer
Glenn Kleiman, Education Development Center
Marian Stearns, SRI
Robert Tinker, Technical Education Research Centers

Development and Support of Science and Mathematics Teachers
Charles Anderson, Department of Education, Michigan State University
Robert Bush, School of Education, Stafford Urdversity
Michael Knapp, SRI
Margaret Needels, SRI*
Barbara Pence, Department of Mathematics and Computer Science,

San Jose State University
Pinchas Tamir, Hebrew University, Jerusalem

Evaluation Design
Marian Stearns, SRI*
Michael Knapp, SRI
Alphonse Buccino, College of Education, University of Georgia
Edward Haertel, School of Education, Stafford Ut&ersity
Milbrey McLaughlin, School of Education, Stanford University
Ingram Olkin, School of Education, Stanford University
Patrick Shields, SRI
Mark St. John, SRI Consultant

Worldng-group leader.
*$ Formerly at SRI.
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Overview of the Study Approach

We had to create a study design, methods, and procedures that were tailored to
the project's (contractual) objectives, that took account of the problems and oppor-
turuties in K-12 science and mathematics education, that maximized input from the
community of potential grantees and other players, and that fit the characteristics
of NSF and the capabilities of SEE. There was no specific assessment-for-planning
methodology or formal precedent that we could adopt; instead, we adapted various
evaluation, policy analysis, research, and planning methods and procedures as needed.

Initiatives as the Unit o Analysis

We started with a definition of the primary unit of analysisthat is, initia-
tives. We thought of initiatives not as individual projects but as corresponding to
the level of programs or parts of programs (a priority target a-aa within a program
That is, SEM Instmctional Materials Development (IMD) gram or a subpart of it
(the targeted elementary curriculum solicitation) could be ck..,idered an irutiative
designed to achieve the objective of improving the science education curriculum. As
described in Part Two, we view initiatives as hypotheses: if SEE announces its
interest in addressing a target problem by means of research, development, training,
or other types of projects, then potential grantees will respond with appropriate
proposals, be awarded grant support, and carry out activities that solve the target
problem as envisioned by SEE. A program announcement with specified objectives and
rationale signals an SEE initiative designed to achieve the objectives. The funding
of a set of projects to address a targeted problem is an investment by NSF in the
improvement of science education.

In ft..: early months of the project, we developed a set of criteria for assessing
initiatives. The criteria for weighing the advantages and disadvantages of various
current and potential future initiatives for NSF are listed in Table 5-2. In addi-
tion to criteria for judging initiatives (or individual investments), we developed a
list of dimensions on which initiatives could be characterized, but which do not
necessarily reflect an advantage or disadvantage outside the context of NSF's whole
portfolio of initiatives. Table 5-3 lists those dimensions that can be used to
characterize the science education investment portfolio. (These criteria and port-
folio dimensions evolved somewhat during the course of the project.)

Two Stages in the Evoluti 1 of the Project

There were two distinct stages in the evolution of Phase I of the study. Each
was associated with a particular perspective on SEE's initiatives and a particular
framework for arraying initiatives for assessment. The first stage can be character-
ized as looking at NSFs iMlatives from the point of view of significant problems
in five different science education domains; in the next stage we looked at promising
opportunities for addressing problems from the point of view of what NSF can best do.
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Table 5-2

CRITERIA FOR ANALYZING SEE'S
ATPROACH AND INITIATINES IN EACH DOMAIN

Signi cant Direct Impact on Target (e.g., learners, teachers, or co

Breadth of impact
Depth of impact
Importance of the proble need addressed

2. Sign ificant Indirect Impact on the Field cf Science Education

Knowledge base
Available repertoire of models
Professional/leadership development
Stimulus to further activi
Participation of new groups, instituiio

3. Nature of External Responses

The field otential grantees available ready)
Others rofessional supporters/adversaries, political constituencies

4. Leveraging Pot entlal

How much an NSF dollar buys impact relative to expenditure
Stimulus to other resources (matching by others in short run and sustained
effort by others after NSF support is withdrawn)

5. Appropriateness to NSF

Federal role
Science education grants aking agency

6. Feasibility

Funding requirements
Other resources and constraints in NSF/SEE
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Table 5-3

DIMENSIONS USED FOR CHARAC1 ERIZING PORTFOLIOS OF INITIATIVES

A. Directorate Mission and Public Posture

1. Service orientation direct service vs. capacity/model building)
2. Intended beneficiaries (mainline, pipeline, target groups)
3. Risk level*
4. Political appeal (to Congress, OMB/White House, NSF hierarchy, science

education communi )

B. Scope and Focus of Initiatives in the Porzfolio

5. Levels of education elementary, middle, high, higher)
6. Activities supported (research, development, training, etc.
7. Disciplinary focus (biological sciences, mathematical sciences
8. Orientation to "pure" science vs applications of science

C. Mechanisms forAchieving Goals of Programs in Portfolio

9. Specificity of programs (open grant, targeted solicitation
10. Grant size range (large vs. small)
11. Time horizon for fundffig (short term vs long term)
12. Orientation toward institutions vs. individuals
13. Types of funding recipients (agents
14. Emphasis on collaboration

D. Portfolio Size and Coherence

15. Number of separate programs in portfolio
16. Levels of funding for programs in portfolio
17. Relationship among programs in portfolio (mutually supportive vs.

discrete)

* The dimension of "risk level _ay sound like a criterion and "ligh risk" might be considered a
disadvantage. However, if high gain or good effects on some aspect of science education can be
achieved mvly thi-ough a high-risk strategy, then a high-risk, high-gakk initiative might just balance
the low- risk, low-gaim initiatives in the portfolio and thus have advantages.
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Our analytic approach evolved in four ways as the two stages progressed:

From retrospective to prospective views. The task evolved from an evalua-
tive assessment of previous and current programs to a plarming-oriented
assessment of promising opportunities, initiatives, and strategic options.
Thus, we did most of the historical review of NSF's programs (before 1981
and since SEE's reestablishment late in 1983) in the first stage, and the
principal results of the first stage were descriptions of SEE's current
approaches and funded projects. We identified the problems and needs of
each domain more clearly in the first stage and identified opportunities to
solve them more during the second stage. The assessment criteria were used
early on to determine how effective certain initiatives had been in the past,
as well as to assess the current SEE programs. In the second stage, we used
the same criteria primarily as a prospective measure. Thus, the "breadth of
impact" criterion, for example, was used to ask: How likely is it that
plaimed initiatives or proposed alternatives will affect a large number of
students, teachers, or other target audiences? On the basis of the answers,
we revised our suggestions for the design of initiatives.

m From the outside in to the inside out. Because we first got the help of experts
from the K-12 science and mathematics education conununity, the point of
view in assessffig initiatives emphasized looking at the Foundation's
initiatives and evaluating them M terms of the needs of the field. As the
project progressed, we did more detailed analyses of NSFs unique role as a
federal scientific agency and better appreciated SEE's capabilities and
needs. Increased familiarity with the Foundation and its Education Direc-
torate changed the emphasis so that we looked at current and potential initia-
tives more fi-om NSF's viewpoint as an agency that had to choose its invest-
ments carefully. Options were narrowed to the kinds of initiatives for which
NSF (SEE) would be the most appropriate supporter given the roles of other
players in science education

From one to two levels of analysis. The sole unit of analysis early in the
project was the initiative. As the project proceeded, we found it necessary
to go beyond the initiative and embed its analysis in a superordinate level
of analysis. To determine the advantages and disadvantages of initiatives,
it was necessary to see their objectives in the context of NSF's (SEE's)
overall goal or mission in science education and their rationale for achiev-
ing objectives in terms of NSFs (SEE's) overall strategy for achieving that
goalthat is, NSF's investment strategy for improving science education at
the K-12 level. We therefore moved from emphasizing the program-level
ithiatives to emphasizing the Directorate-wide strategies.

From assessment by domain to assessment by opportunities. The first assess-
ments of initiatives were done from five different (working-group) perspec-
tives reflecting the areas of activity around which members of the scientific
and science education communities group themselves. At this stage, we
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amined the problems and assessed the previous, current, and alternative
ithtiatives from the viewpoint of each working group.

In the second stage of the assessment process, we integrated the working-
group perspectives and used promising opportunities for NSF across the
domains as the framework. Using much of what we had already found by
examining problems and initiatives from the five different perspectives, we
determined the most promising opportunities for NSF as a grantsmaking
agency in science education. We then reassessed the current programs against
these opportuMties and identified promising initiatives for addressing the
opportunities. Many of the alternative initiatives were originally the
products of workbig-group analyses; others emerged as part of the second-
stage analysis.

Below we describe the procedures in each of the two stages of the study.

First Stage: Worldng-Group Assessment of Initiatives

The working groups represented five different "vantage points" for looking at
the problems in science education and NSFs (SEE's) activities in relation to them.
SEE's programs have traditionally been organi7ed by function (e.g., Research in
Science Education and Research in Teaching and Learning; Summer Institutes for
Science Teachers and Teacher Preparation and Erthancement). We had considered
organizing our analysis of SEM initiatives by type of activity supported (e.g., re-
search, development, training, dissemination, other), but we rejected this approach.
Describing initiatives in terms of their method does not reflect the substantive
problems in science and mathematics education to which NSF might target its initia-
tives. In addition, individuals in science education do not identify themselves or
their work as much by function as by field, discipline, or domain (mathematics
education, cognitive science, physics education, teacher education, etc.). Conse-
quently, we decided to examine the problems and NSF's program/initiatives through
the substantive "lenses" of five science education domains. The domains were defined
as follows:

School-based science education. This group focused on "science education"
narrowly defined to include school-based instruction (K-12) in the natural
sciences (and the social sciences only to a very limited extent--i.e., to
extract lessons from NSF's historical activities in this area), and education
that falls under the rubric of "science, technology, and society" (STS).
"School-based instruction" included activities that happen outside the school
walls (e.g., field trips to laboratories) as long as they were in some way
part of the formal school curriculum. The group concentrated its energies on
research and development activities related to school-based science education
i.e., not focusing on teacher education).
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School-based mathematics education. The view of this group paralleled that
of the science education group closely, only with a focus on mathematics.
The group focused its attention on instruction from grades K through 12 in
mathematics and the mathematical sciences arithmetic, algebra, calculus,
geometry, statistics, computer science, etc.).

a Informal (out-of-school) science education. This working group targeted
its attention on the wide range of SEE activities designed to enlance the
interest in and learning of science, mathematics, and technology in nonschool
settings. The group divided up this domain by medium: television, radio,
print, museums, etc.

Technology in sczence and mathematics education. This group focused its
efforts primarily on the creation of new technologies (future oriented)
rather than on how existing computer software and other media can be used
effectively in today's schools (this latter issue was addressed by the other
working groups concerned with the specific subject areas to which the
technolou is applied). Issues addressed include research and development of
technology applicatioris in the classroom and in informal environments; the
use of technology for testing or school administration; and the evaluation of
the instructional design of computer software or videodisc materials.

Science and mathematics teacher development and mpport. This domain
included any efforts aimed at enitancing the Imowledge and skills of 1(42
science and mathematics teachers, attracting new teachers to these areas of
instruction, and retaining them in the profession. Activities examined
included networks among teacher educators and others to enhance the training
and support of teachers and research in teacher education, as well as teacher
education and teacher recruitment and retention issues.

Early in the first stage, each working group looked across . of SEE's programs
at all activities relating to its domain and asked: What do we know from past
projects about what to do and what not do? What are the significant problems in this
domain today that need to be addressed? Are the projects funded by SEE addressing
these needs? How should current activities be modified to address them and what
alternative ithtiatives are advantages? The working groups examined the impacts of
earlier NSF activities and explored the issues in science education (within the
working group domain) that had bearing on sigruficant problems or ways to address
them.

Assessing Previous and Current Initiatives (by Working-Group Domain)

Activities of the working groups were coordinated so that each group took full
advantage of what others were learwing, and duplicate information-gathering efforts
did not occur. Core staff meetings, shared interview schedules and field notes
facilitated by an electronic mail system), and overlapping membership of SRI staff

on working groups served as important coordination mechanisms.
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Analytically, each group:

Mapped the territory of its science educ:;-7:-. dor' i id d- scribed ways to
improve it ased on the state of the ar tie pro the domain

Described NSF's currently funded pro$ecc: nnder a initi: .dves, fifferred an
overall apProach to its domain, and asiffc the advar ages and disadvantages
of the approach.

Generated alternative approaches fo:

Assessed the advantages and disadvanta
in the domain.

the domain.

iatives for NSF investment

We relied heavily on the knowledge and judgment of the experts from the five
academically distinct domains Ln science educatien. These experts provided findings,
models, or analyses about the sources of sigwificant problems and the ways and means
of addressing the problems. They judged the likely impact of current NSF-sponsored
projects and other activities and helped us detexmine the lessons from prior initia-
tives of NSF's Education Directorate. The information on which the working groups
based their analyses came from many sources. Several of the major sources are
described below.

SEE funding histoiy--Using NSF program summaries, annual reports, previous
historical review documents, and other NSF reports and documents, project staff
created a program fimding chronology of NSF's ,iclucation initiatives from 1952 to 1986
see Part Three of this volume). This document showed the extent (level of funding)

and duration of the Directorate's investments in teacher training, materials develop-
ment, research, and other educational activities. This review was a useful tool for
examining major trends and emphases in NSFs past education efforts.

A more detailed program funding history was compiled to show year-by-year
funding by SEE program and by type of activity. This more detailed review was
difficult. "Programs" were not consistently reported as clearly defined, separable
entities. Sometimes reports aggregated data at the division level, making it diffi-
cult to identify the funding associated with a particular program in the division.
Awards lists and other project documents often did not indicate the program or pro-
grams from which a project came (some projects were funded by more than one program
documents inconsistently reported project funding amounts: some reported the total
award amount, others reported a yearly awarded amount, and others reported an actual
project funding total. Current and former NSF staff helped resolve some of the
discrepancies and missing data. Despite the remaining holes and uncertainties, we
were able to put together a fairly accurate program-by-program, year-by-year funding
history of all SEE programs through 1986. This document appears in Part Three
of this volume.
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We also created a data base of projects funded in SEE in the years since the
Directorate's reinstatement (FY 1984, FY 1985, and the first half of FY 1986) to
analyze NSFs most recent approaches to K-12 science education. The data base
included the following inforriation about each project: award amount, project dura-
tion, type of project (research, teacher training, etc.), primary subject matter,
targeted education level (e.g., elementary, high school), and other information taken
from project abstracts (NSF Furm 9s). The data base allowed working group members
to search for and sort projects according to major categories such as targeted level
of education or primary subject matter focus.

Literature reviewThe working groups made extensive use of literature that
shed light on the particular programs in question, on ideas for alternative initia-
tives, on the assumptions underlying these efforts, on the wider effects of NSF
actions, and on the state of the domain more generally. Different items had greater
importance to some worldng groups than to others, but, in general, the following
categories of literature were considered:

NSF documents ublished reports, congressional hearings, internal oversight
reviews, etc.

Other pertinent federal docume (e.g., history of SEE by the Congressional
Budget Office).

Evaluations of SEE's fimded projects or similar programs.

JUialyses of the state of the field (e.g., through status surveys,
examinations of trends).

Other literature on the needs or activities within the do ains addressed by
the working groups.

InterviewsMuch of the data for the working-group analyses came from inter-
views with a wide variety of professionals who represented differentperspectives on
the domain (irrespective of NSF's activity within it), on NSF and its programs, and
on their effects on science education (within the working group domain). Working
groups aimed at obtaining the widest possible representation of perceptions,
opinions, and backgrounds. The kinds of perspectives they looked for included those
of (1) scientists, mathematicians, and engineers; (2) science and mathematics educa-
tors concerned with elementary, secondary, or informal education; (3) NSF staff at
all levels and from all fields; (4) former or current principal investigators of NSF
projects; (5) proposers on NSF projects who did not obtain NSF funding; (6) staff
from other federal government agencies; (7) professional society representatives;
(8) reviewers of SEE's proposals; (9) developers or distributors of science education
materials; (10) science education practitioners; and (11) others who could offer
views on the state of science education in the domain and NSF's past, current, or
potential role in it.
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Interviewswere conucted in person and by telephone by working-group memberz.
Most interviews were foriwrially arranged; however, informal interactions (e.g., through
professional eenference r=participation) also contributed to worldng-group analyses.
Interviews were open-ented and exploratory and aimed at eliciting the interviewees'
thoughts on the followin= topics:

Perceptions of th field: problems, barriers, and opportum es.

Appraisal of presnt and related past NSF programs.

Ideas for differeamt initiatives or changes in overall NSF strategy in science
education.

Perceptions of NF operations and ways to improve them.

InterAews were guided 5m, a topical guide adapted to the nature of the domain under
investigation. For illustrive purposes, Table 5-4 shows the interview guide used
by the school-lased scierce education working group. Other worldng groups used
similar guides Vilored tc, the issues in their domains. The guide shown here, for
example, includes topics uch as the teKtbook creation bottleneck because of its
particular relevance for st.chool-based education in the natural sciences. Each
working group conducted between 75 and 125 interviews; altogether (including indi-
viduals interviewed by VI= evaluation design worldng group), more than 600 people
were interviewed, Interv-mTrew notes were shared within the working groups and, as
pertinent, with staff of otMer working groups.

Comtnissionedpaper---In a few instances, to supplement information gathered
from existing literature amd interviews, we commissioned papers. One paper, written
by Dr. Elliot Soloway for the technolog in education working group, examined NSF's
potential strategies in ing=noving the teaching of precollege computer science.
Dr. Gerald Kulmprovidd the school-based mathematics education working group with a
paper on the roles of matThematics educators, mathematicians, and NSF in improving
precollege mathematics ducation. A third report, by Dr. Joel Aronson, aided
analyses of all. five workirmg groups by focusing on NSF's current and potential initia-
tives to provideeffective lleadership in addressing the needs of minorities in K-12
science and mathematics education.

Developing Working-Groicw Findings

After several rnont..1 of irdormation gathering and analysis, the worldng groups
assembled their findings :-...ccording to a common outline (see Table 5-5). To obtain
independent reactions to these preliminary findings, we organized working-group
review rneetings(five sep=.rate 1-day meetings), to each of which we invited five to
seven outside experts andi several SEE staff members who were most involved with
progams centered in the domain (three to five SEE staff members were present at each
meeting). The outside eLic7perts were selected to represent different perspectives
within the domain, For e=cample, the informal science education group invited
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Table 5-4

ILLUS-TRATIVE INTERWEW GUIDE

School-Basd Science Education Working Group

Information on _Respondent

Institutional affiliaticm: current and during years associated with NSF

Relationship with NSF over time: roles in NSF? recipient of NSF gran s?
Other (advisory, reviewer, program oversight...)?

Listing of project(s) supported by NSF

Perceptions of the Do ain: F'roblems, Barriers, Opportunities

1. What are the most si,gnificant problems in science education that can be
addressed by a feder-level scientific funding agency like NSF? (NOTE:
Listen to teacher-reted problems but indicate to the respondent that these
issues will be addressed more centrally by another working group.)

2. What new opportunities present themselves for NSF action that did not exist
in the past? Probe the following issues as sources of opportunities (also
challenges, problems

Debate over the =caning of "scientific and technological literacy"
Differences in ned at the elementary, middle, and high school levels

m The textbook creation/adoption bottleneck
ii State-level scierice education reforms and the broader movement to reform

education overall
m Accumulating wisdom on the prerequisites for change
m The challenge from overseas: models of science education from other

countries
The changing proffi le of the student population
The neglect of the gifted and talented

3. In what ways do conditions in the field stand in the way of any effort by NSF
to stimulate needed improvements?

ApPraisal of Current (and Relczted Past) NSFPrograms

NOTE: To jog respondent's mind or memory about what programs we are talking about,
have him/her scan the attachd one-page list of past and current NSF/SEE programs in
the areas addressed by the wcorking group.
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Table 5-4 (Concluded

4. How would you assess NSF's current programs/XYZ Program, both in terms of
their strengths and their weaknesses as investments aimed at improving
science education? (Probe on programs in area of respondent's expertise:
research programs? materials or curriculum development programs? programs
aimed at opportunity enhancement? other...? Don't probe teacher-related
programs, but listen to what people have to say about these.)

Which programs are most/least appropriate to NSF? Feasible? Likely to exert
leverage over resources, ideas, or other actors? Soundly or creatively
conceived? Effective, in terms of achieving objectives and covering the
targeted audience/needs? Important? Likely to enhance the opportunities of
women, minorities, and handicapped individuals?

6. What have been the longer-range impacts of XYZ Program on the field? On what
do you base your judgments of effect? (Probe: secondary effects as well as
the intended primal), effects?)

7. Have there been particular long-term impacts of projects you have done with
NSF funding? What impacts? Evidence for these?

Ideas for Different Initiatives or Changes in Overall NSF Strategy in the Domain

8. Given a constant current level of funding for elementary and secondary
educational programs (approximately $50 million), what alternative
initiatives or programs would you propose that NSF consider in science
education?

9. (For each initiative proposed ) What are the most significant strengths of ABC
initiative? What are its drawbacks?

10. How might NSF effectively alter its overall strategy in science education?
More specifically, in research related to science education? Materials
curriculum development? Other kinds of programs (see probe.list above)?

Perceptions of NSF Operations and Ways to Improve The

11. What are the particular strengths of the Science and Engineering Education
Directorate and the way it implements its programs for improving science
education?

12. Are there ways that its implementation of progams or other aspects of its
operations need to be improved? How can this be done? (Probe for
respondent's basis for perceiving a problem in NSF operations.)
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Table 5-5

WORKING GROUP ANALYSIS OUnDIT

I Introduction

a. Definition of the domain
b. Framework for examining initiatives within the domain
c. Brief explanation of analytic approach

II Framework Way of Thinidng About This Domain and How to Aft

a. Thinking strategically about the field
b. Intervention opportuMties
c. Groups and individuals involved in the improvement of the domain

ill NSF's (SEE's) Presence and Overall Approach in the Domain

a. Overall approach in the domain
b. Patterns of investment

ect It

c. Operating strategies im the domain (as embodied in current and
projected SEE programs/initiatives)

IV Analysis and Critique of Current Strategies

a. Critique of overall set of current strategies
b. Strengths and weaknesses of each strategy

V Opportunities for Strengthening NSF's Strategies in the Domain

a. Overall strategic shifts
b. Ways to strengthen, modify current s ra egies
c. New strategies

VI Concluding Obse ations
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individuals from some of the different media of informal education (television,
radio, prtnt), as wall as from other organizations (foundatioas, museums) involved in
this area. Most of the participants had had some previous involvement with NSF,
althougli their knowledge of NSF activities was not a requirement for participation in
the meetings.

Meeting participants reviewed the working group's assessment of the overall
state of the field and of the relative strengths and weaknesses of NSF's current
individual initiatives in the domain. Participants provided feedback, and our prelim-
inary findings were modified in response to the perceptions of this extended group of
experts in the five domains

The first stage of the study drew to a close when we presented these findings to
the staff of SEE. At this presentation it became clear that, although the working-
group process had elaborated on the needs in science education and drawn lessons from
past successful initiatives, provided the Directorate with perspective on its
approaches to science education problems, showed the advantages and disadvantages of
particular targets and approaches, and thus suggested variations on or alternatives
to the current iihtiatives, it did not fully satisfy the Directorate's needs. Staff
of SEE wanted more specific guidance for their actions.

A list of multiple targets and initiatives addressed to them did provide program
officers, division directors, or the Assistant Director (AD) with a set of priorities
or next steps. In interviews with congressional and OMB audiences, it was clear that
they had been continually dissatisfied with NSF's merely listing the education pro-

ams it was sponsoring. They wanted to know what general objectives SEE was aiming
to achieve and what its overall strategic plan for attaining these objectives was.
Both SEE and its audiences (NSF leaders, Congress) were requesting that we move
toward fulfilling the congressional mandate for a science education plan and manage-
ment structure. So far, we had only inferred from current investments what the
larger strategies might be and suggested variations on them for next initiatives.
Much less evaluation of previous successes and failures, current needs, and potential
initiatives was needed, and more planning within a framework of general options was
needed. Also, a more Directorate-wide or top-down conception was needed.

Second S age: Identifying Opportunities and Strategic Options

The assessment of current initiatives from five working-group perspectives
helped us identify where SEE was currently investing in high- and low-payoff
projects, but it did not prioritize investment options at the level of the individual
programs nor did it suggest overall directions for the divisions or the Directorate
as a whole. The initiatives developed by the working groups addressed problems of
concern to particular segments of the science education community and suggested
funding mecharhsms that were appropriate from the point of view of selected potential
grantees, but did not necessarily represent the perspective of an agency trying to
bring about changes in science education through strategic investment.
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The working-group findings needed to be synthesized across domains and presented
as a coherent set of problems to which NSF might address its initiatives. Also, the
initiatives that NSF could support had to be developed from the point of view of what
was most opportune for the Foundation, given the current trends in science education
and given the other players whose efforts could be leveraged. Finally, because NSF
cannot afford to pursue every opportunity or support all the initiatives for which it
is well suited, careful consideration had to be given to the Foundation's chosen
mission in K-12 science education and to its overall stance or investment approach to
achieving objectives within that mission.

There were four major events in the chronology of the project's second stage:

A presentation of the project's analytic framework and preliminary findings
to the Advisory Committee of the Science and Engineering Education
Directorate.

A meeting with 30 representatives of prof.3ssiona1 science and mathematics
education associations and scientific societies concerned with K-12 science
education.

Writing a draft final repor
elaborate review process.

o volumes) and conducting an extensive and

Rewriting and preparing the final repo including a summaly report and two
backup volumes

We have orgar&ed the remainder of this section around the anal lc steps that
are reflected in the orgarLization of all three report volumes. There were five
distinct analytic steps in the project's second stage:

Establishing a K-12 educational mission for the Foundation.

Identifying problems and opportunities in relation to that mission and poten-
tial initiatives aimed at each opportunity.

Assessing current NSF (SEE) programs and alternative initiatives in
the opporturfities before the Foundation.

Developing overarching strategies for the Foundation's investments in K-12
science education.

Examining the Foundation's strategic capaci
education.

We describe each step in turn.
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Establishing a K-12 Educational Mission for the Foundation

During the first stage of the project, rt rapidly became clear that we, SEE
staff, and others interested in science education could generate a practically
irdinite number of good initiatives and project-level ideas for attacking problems in
science education. The only sensible way to guide NSF toward some investments,
rather than others, was to clarify the superordinate goals toward which the
ithtiatives were, or could be, aimed. Once we could define the goal or rrussion of
NSF in K-12 science education, we could break it into objectives achievable within a
certain time period (i.e., 5 years to correspond with the congressional requirement
for SEE to provide its strategic plan).

Working from the only explicitly stated rivission for NSF in K-12 education, which
appeared in the NSB Commission report on precollege education, Educating Americans
for the 21st Centwy, we launched an effort to frame a mission statement that could
be endorsed across the Foundation and followed by SEE. After reviewing the legal
charter, written plans, and public statements about NSF's role in education at all
levels (graduate, undergraduate, precollege), interviewing additional members of the
scientific establishment (inside and outside NSF), and reanalyzing the information
from the 1C42 science education commuruity (inside and outside SEE), we stated a
mission for NSF's involvement in K-12 education (inside and outside of schools). Our
statement struck a balance between the "pipeliti°" development rationale and the
"mairdine" rationale that are commonly adopted in debate about NSF's mission (see
discussion in the Summary Report and the introduction to Volume 1). The
mission proposed was "to broaden the pool of interested and competent science
learners to the age of 18."

Identifying Problems and Opportunities

Given a statement of the Foundation's mission, it was then possible to focus on
a set of national problems that related to NSFs overall mission, and to frame
opportunities for NSF to address these problems.

Problems in K-12 science education--Accordingly, we organized what we had
learned in working groups about critical national needs in science education in terms
of the "problems that limit the pool of competent and interested science learners."
As discussed in Volume 1 (and briefly in the Summary Report), these problems
were conceptually organized into three categories:

Content and instructional approach.

The quality of teachers and strength of the professional community.

The infrastructure for science education.

In assembling a picture of national problems by these categories, important
differences were apparent by educational level, though more in some working groups
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than others. We clustered problems that emerged from working group analyses by three
educational levels (elementary, middle, high school) to the extent that distinct
issues existed at each level; otherwise, problems were stated globally, pertaining to
all educational levels.

Opportunities and initiatives--The framework of problems generated an organ-
izing rubric for opportunities. As explained in Volume 1, we identified oppor-
turdties within each of the three categories of problems wherever national needs and
the Foundation's unique capabilities converge, in situations when trends or the posi-
tioning of other actors make it timely for NSF to play a role (see Introduction to
Volume 1 for a discussion of NSF's unique capabilities and the indicators of
timeliness).

The opportunities we identified served as a device for clustering and sorting
among the various ideas for initiatives that had emerged from working group
analyses. In the course of doing so, we discarded many initiatives, broadened
others, merged initiatives, and sometimes invented new ones to arrive at a set of
initiatives that met our operational requirements for a strategic initiative (see
discussion of designing initiatives in Part Two of this volume).

Core nctions--In the course of identifying, sorting, and revising our list of
opportunities, a certain subset of SEE investment activities emerged (wIlich we had
originally described as opportunities) that were qualitatively different from the
goal-directed initiatives related to each opportunity. These activities--aimed at
promoting professional interchange, building the base of knowledge and information
about science education, and supporting innovation--represented, ira.tead, ongoing
responsibilities of NSF that were always needed, both by the Foundation and the
science education community. In fact, these "core functions" were an important
underpinning for any strategic effort by the Foundation, as an input to its planning
and as a way of preparing the science education community to respond appropriately
to NSF initiatives. To carry out these core functions, NSF (SEE) could mount
initiatives of a different sort, in addition to continuing current investments of
several kinds (e.g., funding for research in science education). The core functions
are described in detail at the beginning of this volume (see Part One).

Assessing Current NSF (SEE) Pro8rams and Alternatives
in Relation to the Opportunities

The set of 10 opportunities we identified (and 3 core functions) provided a
frame of reference for judging the impact of current NSF (SEE) investments and of
alternative initiatives for the achievement of the lonE -term goal (broadening the
science learner pool). Synthesizing what we had learned from working-group
perspectives about current NSF (SEE) activities, we developed a rough appraisal of
the degree to which each opportunity was likely to be achieved given current (and
projected) NSF (SEE) investment strategies, assuirdng these were carried out over
5 years or more in their current form.
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Our judgments regarding NSF's likely contributions to achieving goals implied by
each opportunity were based on:

Historical precedent: lessons from NSF's past invest ents.

Emerging evidence from recent and current investments.

Logical analysis (e.g., exarrLining the assumptions within the i tiative's
"hypothesis").

Where possible, we sought to corroborate our judgments by checking with NSF (SEE)
staff and diverse members of the science education community, chiefly through the
draft report review process.

Various alternatives to current approaches were considered, and those that held
the greatest promise for improving on current SEE approaches were retained as
"promising initiatives." In many cases, promising initiatives included the continua-
tion or expansion of an existing SEE activity, where this appeared to be making an
effective contribution to particular opportunities (or core functions).

Developing Overarching Strategies

But a higher level of analysis was necessary to provide angaruzing rationale
for NSF's choice among opportunities, and with respect to any risarticular opportunity,
choice among possible irdtiatives. The core team reanalyzed

an
lite ture, interviewt

notes, d working group findings to frame appropri arate overchi * strategies that
would serve the purposes of guiding NSFs (SEM) choice of investTents, explaining
the Foundation's directions to the outside world, and maldmizing the impact of the
Foundation's limited resources. Various candidates for appropriate ,trategy were
considered; these were narrowed to three by the time of the draft report (which took
"powerful ideas," "professional resources," and "diversity of learning alternatives,"
respectively, as alternative primary foci for SEE investments). These were subse .
quently redefined and collapsed into two--the incremental improvement and funda-
mental change strategies--as explained in the Summary Report and Part Two of this
volume.

Examining the Foundation's Capacity for Strategic
Investment in Science Education

Finally, we analyzed some of the basic operational requirements for strategic
investment. Because the focus of our study was on the assessment of opportunities,
initiatives, and strategies, our review of the operational implications for the Educa-
tion Directorate and the Foundation as a whole was somewhat cursory. Nonetheless,
from reviewing interviews with NSF staff and working group analyses, certain themes
recurred regarding NSF's organizational home base for educational investment,
staffing for SEE, continuity of resources, policies and procedures affecting
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proactivity, and the degree of support from NSF's top leadership. These themes
served as a way to organi7e our observations about NSF's current capacity for
strategic investment in K-12 science education and to identify ways this capacity
could be strengthened. (The results of that analysis are described in the Surnmaly
Report and Part Two of this volume.)
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Appendix A

INITIATIVES TO IMPLEMENT OVERARCHING STRATEGIES

The following tables list initiatives we developed for NSF (SEE ) to improve 1C42
science education under two different strategies. The first emphasizes investments
aimed at incremental improvements through widespread impacts on current educational
systems, and the other emphasizes efforts to promote more fundamental changes in the
structure of science education over the long term. Each strategy includes a compre-
hensive set of initiatives that collectively address the 10 opportunities described
in the report. In a few cases, the same initiative appears in both strategies; more
often, different initiatives related to each opportunity appear in each strategy that
reflect the underlying strategic philosophy. (We have noted within the tables the
opportunity or core function category to which each initiative corresponds.)

Resource estimates indicate the scale of investment that would be necessary to
achieve the targets of opportunity. These estimates are based on analyses discussed
in Volume 1 - Problems and Opportunities and Volume 2 - Groundwork for Strategic
Investment. Resource estimates reflect the following assumptions:

(1) Estimates indicate the level of SEE invcament over the next 5 years,
even though some initiatives would require a longer time frame for
completion.

(2) Estimates do not include current SEE obligations for future fiscal
years. The amounts in the table would be allocated to existing SEE
programs, or in some cases to newly created ones, over and above what
these programs require to meet existing obligations.

The figures indicated in the tables do not show the amount for each
initiative where a set of irdtiatives relates to a particular oppor-
tunity or core function. See Volumes 1 and 2 for details about each
initiative's resource requirements and the basis for these estimates.
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Table A-1

INITIATIVES MAT IMPLEMENT AN
INCREMENTAL IMPROVEMENT STRA I EGY

ea of 0 ortuni InitiatIves
Estimated Resources

(Over 5 years)

Investments aimed at improving content and approach*

a. Develop software tools for learning mathematics; expand $25 illion
support for current efforts to develop standards
(Opportuithy 1).**

b. Fund limited program of field-based experiments with $25-30 million
new conceptioris of middle and high school science
content (Opportunity 2b).

c. Support efforts to promote exemplary models for
reaching underrepresented groups; develop curric-
ulum materials targeted to underrepresented groups;
support talented members of underrepresented groups
in intensive science experiences (Opportunity 3).

$3043 million

Investments aimed at strengtheningpro essional resources

a. Put in place an extensive "support cadre" lead teachers, $220-244 million
curriculum specialists, and others) that will provide
inservice training, advice, and other forms of assistance
to current or newly entering mathematics and science
teachersespecially at the middle and high school levels;
support development of leaders and change agents at the
elementary school level (Opportunity 4).

* Efforts to improve content and approach through collaborative projects with publishers are listed on
page 49 under "Investments aimed at systems upgxading."

** Investments in software listed here do not include technology development that occurs as part of
collaborative publisher projects, researchon learning and learning environments, or the development
of advanced technologies for the future.
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Table A-1 (Continued)

Estimated Resources
Area of Opportunity/Initiatives Over 5 years)

Investments aimed at strengthening professional resources
(continued)

b. Develop alternative preparation and retraining programs;
support and upgrade science and mathematics teacher
educators; some investment in new approaches to teacher
education and teacher incentives
(Opportunity 5).

$55-75 million

c. Study the current state of the informal science education $4-5 million
field (Opportuni 6).

Investments aimed at systems upgrading

a. Engage publishers in ambitious efforts to improve mathe- $50-60 million
matics and science materials at the elementary and middle
school levels, to be followed by high school level; seed
the science and mathematics tradebook market for young
audiences (Opportunity 7).

b. Stimulate national dialogue on testing policy and support
efforts to improve prominent tests and assessments now
in use (Opportunity 8).

c. Stimulate national dialogue on state science education
reform; provide technical assistance to state-level
planners and policymakers; support cross-state research
to help states learn from each other's reform efforts
(Opportunity 9).

d. Expand informal science learning resources in broadcast,
museum, and recreational association arenas; support
experiments with making these resources more available
to schools (Opportunity 10).

nflf;2

$1045 million

$15-21 million

$100430 million



Table A-1 (Concluded)

Estimated Resources
Initiativesrtu (Over 5 years)_

Related core fanction investments

a. Professional interchange: support network development $39-50 rnilhon
within the professional community, with emphasis on
practichig science educators; develop effective archiving
and dissemination mechanisms; incentives for scientists'
participation; research on demand for currently available
If -quality materials.

b. Knowledge building; support research, monitoring, and $55-64 millIon
policy studies emphasizing the functioning of formal and
informal systems; fund research on learning and learning
environments that is closely related to development
projects and to new technologies that are widespread in
the schools; increase efforts to evaluate and document
NSF-funded projects; support research syntheses and
interpretations to encourage use of research hy front-
line practitioners.

c. Support for innovative ideas, unanticipated oppo nities $26-30 million
as part of each K-12 science education program

TOTAL: $654-800 million
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Table A-2

INITIATIVES TO IMPLEMENT A
FUNDAMENTAL CHANGE STRATEGY

Area of 0 Imtiatives

Investments aimed at content and approach

a. Support efforts to reconceptualize K-12 mathematics
through curriculum prototype creation and standard-
setting (Opportmity 1) *

b. Fund basic and conceptual research on alternative
approaches to elementary science along with large-
scale field trials of these approaches
(Opportunity 2a).

Estimated Resources
(Over 5years

$40-50 million

$48-62 million

c. Stimulate a national reexamination of what is taught $50-65 million
in middle and high school science through national
task forces and field-based experimentation
(Opportunity 2b).

d. Support research on underrepresentation in K-12
science education and ways to combat it; promote
exploratory development of materials and methods
especially designed to serve these groups betLer
(Opportunity 3).

Investments aimed at strengthening professional r sources

a. Fund the development of a teacher support cadre,
as in precedWg strategy, although less extensively
(Opportunity 4).

$12-18 million

$60-70 million

* To some extent, reconceptualization of K-12 mathematics content and approaches will happen as part of
rethinking science content and approach Ln Opportuthties 2a and 2b.
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Table A-2 (Continued)

Estimated Resources
Area of Opportunity/Initiatives (Over 5 years

Investments aimed at strengthening professional resources
(continued)

b. Expand and experiment with incentives for attracting $72-92 million
new teachers, especially those with strong scientific
backgrounds; further the investigation of teachers'
pedagogical knowledge; fund extensive experiments
with trouble spots hi the teacher preparation process
and alternative ways to prepare teachers; support
leadership development among science and mathe atics
teacher educators (Opportunity 5).

C. Fund leadership development among informal science $27-30 million
educators; study the idormal science education field
and fund research on, and evaluation of, informal
science education efforts of various kinds
(Opportunity 6).

Investments aimed at systems upgrading

a. Form consortium to explore alternative publication $33-45 million
routes; support R&D on the "textbook of the future"
(Opportunity 7).

b. Support national dialogue on science testing policy; fund
R&D leading to prototypes that test or assess science
skills and knowledge more effectively (Opportunity 8).

$ 2- 8 million

c. Fund cross-state research on effects of state reforms $5-7 nifilion
(Opportunity 9).

d. Fund experimentation with new forms of informal $42-55 million
science education and ways to link informal science
education more effectively with the.schools
(Opportunity 10).
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Table A-2 Concluded)

Estimated Resources
Area of Opportuni nitiatives JOver _5_years

Related core function investments

a. Professional interchange: Create collaborative arenas
(science education centers or the equivalent; collabora-
tive arrangements in institutions of higher education)
in which educators, scientists, and others pursue work
related to science education improvement godis; increase
incentives for participation of scientists and engineers
in science education improvement; support network devel-
opment, especially among groups not currently in the main-
stream of science education; create an NSF-based journal
for the science education community (parallel to Mosaic).

b. Knowledge-building: Fund extensive research on learning
and learning environments, both to extend basic under-
standing and to complement content reexamination; pursue
heavy exploratory investment in advanced educational
technologies; support monitoring and analyses of the
science education system emphasizing projected future
conditions; fund evaluative research, concentrating on
sets of projects that experiment most with content
and approach.

$62-80 million

$75-97 million

c. Support for irmovative ideas, unanticipated opportuni ies $42-50 milli on
as part of each K-12 science education program).

TOTM-: $580-739 mIllion


