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Editors Corner

Reforms in Science Education, K-12

This special issue of the School of Education Re-
view focuses on reform in K-12 science education.
The need to improve the scientific literacy of our
children through collaborative efforts has never
been more clear for they will depend more than
ever vpon scientific understandings of the natural
world and technological applications of those un-
derstandings. While the majority of our children
will not be the future scientists and technicians to
develop further our understandings and applica-
tions, all of them will be users, consumers, and,
most important, decision makers about issues of
science and technology.

These needs and our increased knowledge of
how people learn have been the impetus for re-
form in science education. To that end, the re-
sponse of organizations and individuals at the na-
tional, state, and local levels has been significant
and sustained. The collaborative participation of
governments, professional organizations in educa-
tion and the sciences, educational institutions and
agencies, and teachers themselves has already fos-
tered change. The task of reforming K-12 science
education is not over, and perhaps, like science
itself, can never be completed, but even the most
skeptical observer must admit that we have em-
barked upon the journey and have gained the mo-
mentum needed to continue the reform.

As powerful as the compelling reasons for re-
form in science education, there is also uncertainty
about where this reform may lead. Just as Colum-
bus began a voyage with unforeseen ends, five
hundred years later (i.e., Columbus Day, 1992),
NASA implemented the High Resolution Micro-
wave Survey to search for radio waves from extra-

Kathleen A. O'Sullivan

terrestrial civilizations about whose existence we
can only surmise. In this issue of the SOE Review,
we attempt to map some of the geography of the
journey in science education as it is occurring in
the nation, in California, and in the San Francisco
Bay Area. California is widely recognized as a
leader and key contributor to the reform move-
ment. Moreover, the Bay Area has been an impor-
tant participant in these areas of reform. The same
could be said of many other regions; the reader is
asked to keep in mind that these individuals and
their efforts are examples of thousands of others
who work most directly with the ultimate target,
our children.

In this special issue, the first group of three
articles deals with one of two national reform
projects in science education. Project 2061, spon-
sored by the American Association for the Ad-
vancement of Science (AAAS), is a long term, com-
prehensive initiative which is developing curricu-
lum models, benchmarks for science literacy, and
blueprints for changes in other system aspects. Fol-
lowing James Rutherford's national perspective,
Phil Gay provides an historical perspective of
California's role as the home of two of the six
school district sites where Project 2061 is taking
place. Bernard Farges then describes the San Fran-
cisco curriculum model.

The second section of three articles treats the
Scope, Sequence and Coordination (SS&C) Project
initiated and coordinated by the National Science

Kathleen A. O'Sullivan is an Associate Professor in
the Department of SecondwylPost-secondary Educa-
tion at San Francisco State University.
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Teachers Association (NSTA). Linda Crow and
Bill Aldridge provide an overview of this major,
national reform effort to restructure secondary
school science with its spaced and spiralled cur-
riculum model based on the most current learning
research. California's SS&C Project, involving 199
schools throughout the state, is described by Tom
Sacshe. Efforts at San Francisco's Burton High
School, one of these 199 schools, are addressed by
Robin McGlohn.

Any reform, and especially reform in an area
or system as broad as science education, requires
attention to changes in its multiple dimensions.
Two sections of the Review deal with science
teacher education and assessment, two critical ar-
eas which have been targeted for dramatic revi-
sions. Steve Gilbert writes on the scif teacher
preparation standards of the National ,A)uncil for
the Accreditation of Teacher Education (NCATE)
and NSTA. The multiple factors affecting both
preservice and inservice teacher education in Cali-
fornia are examined by Bonnie Brunkhorst. Mary
Hamm provides the perspective on university
preparation of elementary school science teachers.

Three of the recurring issues in assessment re-
form are explored by Angelo Collins: purpose,
alternative assessment, and equity. We see these
issues detailed in Kathleen Comfort's description
of the California Assessment Program (CAP) and
again in Er la Hackett and Susan Floore's review of
their experiences as classroom teachers piloting the
CAP's new performance assessments.

Technology in science education has multiple

meanings illustrated by all three articles which here
address technology. Patricia Freitag approaches
the topic from a broadly based view of its roles in
science education research. Karen Reynolds re-
views the history and current environment of tech-
nology in science education in California. And
Conrad Mezzetta and Lyn Chan describe what
happens for kids in school when dedicated class-
room teachers meet the challenge.

Our final articles focus on specific areas of the
curriculum with particular meaning for California
schools: earth sciences and biotechnology. Greg
Wheeler and Crellin Pau ling, respectively, provide
the national and particular state perspectives in
these areas, both of which have gained consider-
able momentum for growth in recent years. Ellen
Metzger describes the Bay Area Earth Science In-
stitute (BAES1), a collaborative effort of a wide va-
riety of professionals to improve earth science
teacher preparation and teaching. Finally, from
the San Mateo County, California, biotechnology
program, Sue Black, Kathy Liu, and Stan Ogren
demonstrate again the difference classroom teach-
ers make.

While hardly comprehensive and more aptly
seen as the unfinished log of a journey, we hope
that this selection of articles on reform in science
education will inform and encourage you. And we
also immodestly hope that the commitment and
enthusiasm of these contributors has a multiplier
effect, for in the words of two of them, "it's an
exciting time to be a science educator."

7'
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Another National Deficit: Shortage of Technical Students

More than a century ago, Ralph Waldo
Emerson claimed that the truest measure of a
nation's greatness is not the size of its population,
its cities or its crops, but the quality of the people
it produces. That idea is even more pertinent to-
day as our nation faces greater competition in an
increasingly complex and interwoven global
economy.

In Mega Trends 2000, John Naisbitt updated
Emerson's thought while looking to the future. As
we approach a new millennium, Naisbitt observed,
"human resources are the competitive edge for
both companies and countries. In this global eo-
nomic competition . . . the quality and
innovativeness of human resources will spell the
difference." I'd sharpen the focus of that modern-
day statement even more: today, the quality of our
nation's work force must be measured by its tech-
nological expertise.

While the service sector has surged in recent
years, our nation's economic strength still rests on
the health of our manufacturing sector. Engineers
and scientists help to create, rather than redistrib-
ute, a nation's wealth. Relying on advanced math-
ematics, chemistry and physics, they create useful
products that can boost a nation's productivity and
efficiency. As a result, it's clear that professionals
schooled in the technical disciplines, especially
chemistry and engineering, will increasingly shape
the future.

At Chevron, more than 40 percent of the new
professionals we hire are recent engineering gradu-
ates. Solid grounding in the hard sciences makes
engineers skilled problem-solvers, whether refor-
mulating cleaner gasolines, building pipelines over

J. N. Sullivan

forbidding terrain, or finding new ways to make
operations and organizations more cost-effective.
With continuing progress in computer, information
and biotechnology industries, demand will also ac-
celerate for engineers and scientists trained in those
fields. Unfortunately, the talent pool for such val-
ued "creators of wealth" is quickly drying up in the
United States. Personally, I'd describe this situation
as a national crisis: one that ranks in importance with
our country's out-of-control national debt.

The dwindling supply of technical talent in the
United States is probably the fault of both indus-
try and educational institutions. Frankly, neither
has done an adequate job of attracting and train-
ing enough people in the hard sciences, (e.g., be-
cause of changing technologies the National Sci-
ence Foundation projects a shortage of 600,000 en-
gineering and science graduates by the turn of the
century). If educating more people in the technical
disciplines does not become a national priority im-
mediately, I'm afraid our nation's future ability to
compete and our quality of life will suffer dra-
matically.

We must pay attention to the fact that during
this decade as our economy continues to grow, the
number of college age students in the U.S. will be
dropping. At the same time, women and minori-
ties who will comprise nearly half our nation's
work force will be a key to that future work force.
Thus, a majority of America's work force will come
from the very groups that have been under-repre-
sented in technical and scientific disciplines. Both

TN. Sullivan is a Vice Chairman at Chevron, Incor-
porated.
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business and education must do more to attract
and train our increasingly diverse human re-
sources. Equally disturbing is the fact that other
developed nations are better at cultivating their
technical work forces. Japan, for example, has only
half the population of the United States but nearly
the same number of engineers, about 1.5 million,
and has been producing them at a much faster
pace. The long-term implications of all this repre-
sent one of the major challenges facing American
industryand education-in the decade ahead.

These inter-related problems are easy to iden-
tify, but the solutions are not easy to find. We do
know that there are no quick fixes here-no one-
time magic potions.

Nonetheless, I think this nation has the cre-
ative genius, the resources and the conviction to
get back on the right course-if we just work to-
gether toward common goals. The federal govern-
ment may provide broad guidance and leadership,
but the practical solutions are local ones. Changes
in curriculum and in emphasizing the fourth "R"-
Workforce Readiness-must come state by state, dis-
trict by district, school by school and classroom by
classroom. Consequently, I'm convinced that the
best way to stimulate greater interest in the hard
sciences is for business and education to form more
partnerships in the communities where we live and
work.

Such partnerships can only occur when the en-
tire community works together in the pursuit of a
lifelong career of learning. At Chevron, we've beer-
involved in educational betterment for more than
60 years. More than half our annual $20 million
contributions budget is earmarked for educational
programs. In recent years, however, we've real-
ized that we must help support more innovative
approaches in the classroom, and that we must get
more personally involved. As a result, we re-evalu-
ated our contributions strategy.

Because the United States already has some of
the greatest institutions of higher learning in the
world, we concluded that companies like ours can

make the biggest difference by increasing support
for pre-college programs, programs that not only
help encourage excellence in math and science, but
also encourage family participation and teacher
training. For example, we support "Family Sci-
ence," aimed at females and minorities, which gets
teachers, students and parents to learn and enjoy
science together. We're also excited about a new
program called "Accelerated Schools," which
speeds up-rather than slows down-education for
disadvantaged students in the elementary grades.

But we also realize that we must do a lot more
than take the traditional corporate approaches to
education. In a program called "Encore," Chevron
is helping retired employees find new careers in
teaching, especially in math and science. We also
provide summer internships for teachers that help
provide fresh perspective and, hopefully, that re-
sult in new approaches in the classroom.

Above all, we encourage our employees to get
involved in their local schools. During National
Engineering Week, I join with other senior manag-
ers of Chevron to talk to school-age students about
technical careers. I know first-hand how difficult it
is to get students excited about being engineers or
scientists, especially when television shows like
"L.A. Law" or "Miami Vice" make other careers
seem more inviting.

Business is ready, willing, able-and almost des-
perate-to help in this national campaign for a more
technically educated work force. And it's not just
the professionals that we need. We're living in an
increasingly computerized world where virtually
everyone-from the executive in the boardroom to
the clerk in the mail room-must not only think
critically and creatively, but also demonstrate more
technological proficiency.

We still have a nation rich in resources, ideas
and talent. We can do the job, but it will take all of
us working together to get it done right. Nothing
less than our nation's ability to compete and to
sustain our quality of life is at stake.

9 School of Education Review 7



Responding to the Crisis in Science Education

Ever since Sputnik, worried educators have as-
sessed the science and mathematics skills of our
nation's children, often finding them wanting when
compared with their peers elsewhere.

Fresh evidence that we still have a problem
arrived recently in the form of a survey of
America's international competitiveness, measured
by such indices as economic strength, technologi-
cal and scientific advances and management skills.

The survey, which received surprisingly little
news media attention, revealed a dramatic drop-
from second to fifth place in just one year. What
the report found most alarming for our long-term
competitiveness was the U.S. drop in the "quality
of its people"-from second position to seventh this
year.

That decline, the survey found, was caused in
part by the inability of the U.S. educational system
to meet the needs of a competitive economy.

The National Science Teachers Association
(NSTA) admits that indeed, our schools "are fail-
ing to educate students for a world that depends
more and more on sophisticated and rapidly
changing science and technology." It suggests that
schools are neither meeting the nation's demand
for scientists and engineers nor giving future citi-
zens the scientific literacy they need to participate
in decisions affecting their lives and the world.

But the picture is not all bleak. Across the na-
tion, groups of creative and dedicated educators
are leading a wave of reform. They are working to
change the way we teach science, mathematics and
technology, to try new paths to unlocking the curi-
osity and the talent that we know is there in our
students.

'Robert A. Corrigan

Those efforts, which are gathering momentum
and gaining increasing attention, are the subject of
this issue of the Review. As you will read, San Fran-
cisco State University is a partner in a number of
innovative science education projects. We have, in
one conspicuous instance, provided state and even
national leadership by creating programs to up-
date science teachers in a field that was born in
our state-biotechnology-giving them the knowl-
edge and materials they need to bring hands-on
biotechnology projects into their classrooms and
to teach their students about the societal implica-
tions of genetic engineering.

San Francisco State University has a decade-
long track record in innovative science and math
education. I am proud to say that we were quick
to recognize the need to draw more women and
more young people of color-the new faces of our
increasingly diverse state-into these fields. Our
MESA, Minority Engineering Program, Women in
Engineering, Mission to College, and Young Engi-
neers and Scientists programs are making science
careers more attractive-and possible-for students
of underrepresented minorities.

And in many other programs-too many to be
discussed in this issue of the Review-we are find-
ing new pathways to successful science and math
education. A few brief instances suggest the range
of our activities:

The Math Leadership Program, whose
summer institutes and monthly meetings

Robert A. Corrigan is President of San Francisco
State University.
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help K-8 teachers feel more comfortable
with mathematics and teach it more cre-
atively.
The Interactive Mathematics Project, which
replaces the standard high school math cur-
riculum with one based on large problems
or ideas, rather than on smaller-scale con-
cepts and skills.
The SETI (Search for Extraterrestrial Intel-
ligence) Curriculum Project, which is test-
ing hands-on activities and experiments in
a new series of guidebooks designed to
keep student interest high.
Dur requirementwell in excess of certifi-
cation requirementsthat students prepar-
ing for elementary teaching careers take
two specialized courses on teaching math
and science.

The commitment to math, science and technol-
ogy education is gaining ground, as more groups
join forces. One new local coalition is bringing to-
gether 38 organizations and universities to create
the Science Education Academy of the Bay Area.
We are a participant, as are eight other universi-
ties, the NASA Ames Research Center, the
Lawrence Hall of Science, the Stanford Linear Ac-
celerator Center, and the U.S. Geological Survey.

Underlying all these creative efforts is the real-
ization that scientific literacy for all citizens is more
than a matter of national pride, more even than a
matter of international competitiveness. It is a ne-
cessity, a demanding and rewarding element of a
fully humanistic 21st century life.

I hope that you will find this issue of the School
of Education Review both stimulating and encour-
aging.

1 1
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A Word From The Dean

The School of Education in cooperation with
the School of Science and our corporate neighbor,
Chevron, are pleased to sponsor this special issue
of the Review devoted to Science Education. The
topics covered are timely and challenging-the
teaching and learning of how the world and the
cos-nos work, the organization and interaction of
scientific themes and the central role of the teacher
in achieving scientific literacy.

Science education has come a long way from
the "Sorcerer's Apprentice" model of physics,
through the medieval alchemist working in the
castle dungeon transforming lead into gold, to the
Gothic novel's notion of biology explicated so
graphically in the experiments of Dr. Frankenstein,
to the Victorian notions of biochemistry in the
transformation of Dr. Jeckyl to Mr. Hyde. The early
paradigms for studying the stars by connecting
the dots to reveal Greek gods and goddesses has
given way to the radio wave scanning of a SETI
project. Some would claim that the romance and
creativity have gone out of the study of science
and they would be wrong as the articles in this
unique issue of the Review reveal.

Science, like any creative endeavor is done by
the curious, the passionate, the thinking and learn-
ing zealot. The working scientist adds to this com-
bination, the ability to plan, organize, analyze, syn-
ther.ize, work with uthers interested in the same
questions and inspired by the same rewards-
knowing why something works, and/or making
something new that usually does not work at first.

In Western culture, the assumption was that
all educated men would question the common as-
sumptions of the society, observe natural phenom-

Henrietta S. Schwartz

ena with an eye to describing causes, origins and
effects. No cpecial curriculum was developed by
the Academy or Aristotle or Pythagoras for the
preparation of scientists. Students studied philoso-
phy, mathematics, astrology/astronomy, religion/
mythology and Greek or Latin. If a student had a
particular bent for scientific inquiry, he was en-
couraged, perhaps apprenticed to a practicing as-
tronomer and worked with other like interested
students. Dialogue, discussion, demonstration,
writing and lecture were the ways in which scien-
tific information and discoveries were communi-
cated.

Over time, education became more specialized
and with the advent of the German model of uni-
versities and the Flexner Report of 1906 at Johns
Hopkins University, the way in which American
universities prepared scientific and medical and
other professionals changed forever. Special sci-
ence curricula have been developed at universi-
ties, distributed to the K-12 schools and alternately
deified and decried by policy makers, educational
critics and national commissions.

But as some wise person said, "We see farther
than they did because we stand on their shoul-
ders." Like education, science and scientific literacy
is developmental and that means it takes time, tal-
ented professionals, eager and curious students
and public support. And, as any good biologist
knows, diversifying the species usually strength-
ens the new generations.

Until quite recently, serious science and sci-

Henrietta S. Schwartz is Dean of the School of
Education, San Francisco State University.
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ence education was reserved for males, with rare
exceptions like Nobel Laureates Marie Curie and
Rosalyn Yalow whose passion and talent won them
acceptance and opened the door a little to let other
women in. The fact that half of the articles in this
issue along with the special guest editor are not
male is testimony to a much needed diversity
among scientists and science educators.

The range of articles is wide. They flow from
the set of articles on the national AAAS Project 2061
and the Scope, Sequence and Coordination Project
of the National Science Teachers Association to the
California Science Curriculum Framework and its
influence on the preparation of K-12 teachers, to the
more specific issues of assessment and special cur-
ricula and programs in technology, earth science
and biotechnology. All of these efforts are aimed at
improving science education by involving a wide
array of scientists, teachers, the corporate world
and the public in coordinated efforts. Science and
technology are not just for the specialists; scientific
and technical literacy are necessary tools for every-
one living in the information age.

The goal of this issue of the Revirw is to con-
tribute to knowledge in science education, to dis-
seminate information about innovative programs

which have proved successful in enhancing sci-
ence education at various levels and at school sites,
and to show how preservice and inservice educa-
tion of teachers can contribute to national scien-
tific literacy. No single organization or level can
accomplish these goals alone. We must collaborate
with our colleagues in the schools, in the state and
at the national level to implement systemic reform
in science and technology education. We must co-
operate with our partners in business and indus-
try to understand the scientific and technical needs
of the workplace and with our scientists to bal-
ance environmental needs with economic health.

Above all, we must understand that the future
of our society, indeed our planet, depends on an
informed citizenry with a clear vision of how the
physical world works and what humankind is do-
ing to the planet. The simple handy-dandy guide
to science-if it's green and it wriggles, it's biology;
if it smells bad, it's chemistry; and, if it does not
work, it's physics-just will not cany us into the
21st century. Life is more complex and we must
prepare future generations to live in a scientifi-
cally and technologically interactive universe. It is
to this purpose that this issue of the Review is dedi-
cated.

13
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Project 2061 From the National Perspective

Project 2061 is a long-term reform initiative whose mission
is nationwide science literacy. Being "long-term" may be the
most distinguishing feature of the Project. Nevertheless, its
national character is an important one. Part I of this paper
notes some of the features of the Project that, collectively,
reflect its national reach. Part II presents the Project's
national strategy.

I. FEATURES
Science Literacy

Throughout this century, science education has
confined itself mostly to the basic disciplines in
the natural sciences-physics, chemistry, biology,
and, more recently and more gingerly, geology and
astronomy.1 By contrast, science literacy encom-
passes a vastly larger territory, at least as defined
in Science for All Americans, Project 2061's 1989 re-
port (Oxford University Press, NYC).

Science literacy is concerned less with having
students understand the disciplines, as such, than
with having them understand the world through
the eyes of science. Thus, science literacy draws on
all of the natural sciences, the social sciences, and
mathematics and statistics, as well as engineering
and technology. Moreover, a person who is liter-
ate in science will be familiar with some of the
important connections among these fields, with the
scientific enterprise in general, and will have ac-
quired some of the habits of mind associated with
science, mathematics, and engineering. This literacy
also involves the history, philosophy, and sociol-
ogy of science (and math and technology).

Project 2061 has elected to concentrate on this
common core of shared learning that will lead to
national science literacy. But this commitment leads

F. James Rutherford

to a dilemma: the sweep of conceptual territory
suggests more to be learned, and the inclusiveness
of students suggests a lessening demand on learn-
ing. The Project 2061 solution is to decrease cover-
age in order to increase the time available for stu-
dents to reach a useful and lasting understanding
of the ideas encountered and to practice the needed
skills in a variety of contexts.

Project 2061 is trying to establish a vision for
achieving science literacy. Science for All Americans
presents what all students should know and be
able to do in science, mathematics, and technology
by high school graduation as the main focus of all
reform efforts at all levels-local, state, and national.
Science for all Americans also articulates principles
of learning and teaching that are part of this vi-
sion. Gradually, Project 2061 is having an effect:
on the one hand, individual teachers and schools
are adopting the Science for All Americans reform
principles; on the other hand, federal agencies and
some state departments of education are respond-
ing positively to its vision of science literacy.

Comprehensive
Project 2061's commitment to science literacy

also brings a commitment to all students. In con-
trast, the goal of science competency is important
for some students but not most. Literacy educa-
tion is the threshold of understanding that all stu-
dents will be expected to reach, though it does not
preclude education beyond the threshold for those
who wish it. As things stand now, students re-

F. James Ruthetford is Chief Education Officer,
AAAS, and Director, Project 2061.
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ceive a smattering of science, mathematics, and
technology before high school, and then tracking
takes over.

Few "vocational" and "general" students go
beyond earth science, biology, and introductory
algebra; few college-bound students study tech-
nology, and most of them avoid physics and math
beyond advanced algebra. Almost none of these
students have the opportunity to learn how sci-
ence as a social enterprise works or to develop the
critical-thinking skills characteristic of natural and
social science, mathematics, and engineering.

Project 2061 is comprehensive in its focus on
science literacy for all students, but it is compre-
hensive in other ways also. One of these ways is in
its concern with the entire span of grades from
kindergarten to high school graduation. Whereas
most national projects concentrate, and reasonably
so, on a fraction of the gradeselementary, or
middle, or high schoolProject 2061 operates on
the belief that science literacy can be achieved for
all students if and only if the entire school experi-
ence is reshaped.

Each of Project 2061's six school-district design
teams is composed of 25 educators, including three
principals selected to represent all grade levels, a
diverse array of non-specialist elementary teach-
ers and teachers of the usual school science and
math subjects, as well as technology, social stud-
ies, and language arts teachers. Also, each team
includes two members who have supervisory or
curriculum responsibilities in their districts across
all grades.

Long Term
Not surprisingly, it is fashionable now to cast

national reform in terms of the year 2000, the end
of the decade/century/ millennium, or 2001, the
start of the next. No doubt, much can and ought to
be accomplished by then, for we already know
how to do better than we are doing. But signifi-
cant, radical, and lasting transformation of educa-
tion will take longer, much longer.

Believing that this is so, the American Associa-
tion for the Advancement of Science (AAAS) de-
signed and launched Project 2061 as a long-term
undertaking, one to be measured in decades rather
than years. Its approach is deliberate. More than
three years were spent in studying past and cur-

rent national reform efforts in science and math-
ematics education, examining the issues as ex-
pressed in the flood of national reports, interview-
ing concerned educators, scientists, policymakers,
business and labor leaders, and considering a wide
range of strategic possibilities.

That process was followed, beginning in 1985,
with nearly four years' effort to spell out the learn-
ing outcomes in science literacy for all students.
The result was Science for all Americans. The Project
is now in the middle of this effort, which will also
take at least four years, to:

(1) establish benchmarks for science literacy
that can be used to estimate student
progress toward the Sdence for all Ameri-
cans goals;
(2) create curriculum models and a design
system keyed to the models and extensive
resources that would enable teachers to de-
sign new courses and curricula for achiev-
ing Science for all Americans goals; and
(3) prepare blueprints on how other aspects
of the system must be changed to make the
new content and approaches possible and
effective.
Add all of that up and Project 2061 will have

invested, by the end of the current phase of work,
at least a decade in helping the nation get ready to
undertake reform. Then, because there will still be
so much more to do before the system is actually
transformed, the AAAS intends to continue Project
2061 and its reform initiatives for as long as it
takessurely no less than another decade.

II. STRATEGY
In the context of educational reform, the desig-

nation "national" has several implications. One is
reach. Programs to reform the schools may con-
centrate on one or more local school districts, one
or more states, or on all schools in every state.
Although the expressed goal of Project 2061 is na-
tional reform, that does not mean that it must si-
multaneously work with 50 states, 16,000 school
districts, and 110,000 schools. The reach of reform
influences, but does not altogether determine, what
a reform strategy must be.

Science education reforms that are sponsored
by national organizations, such as the AAAS or
the National Science Teachers Association (NSTA),
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or mathematics education reforms, such as the Na-
tional Council of Teachers of Mathematics
(NCTM), are usually thought of as national, yet
they may conduct projects of entirely local focus.
There are also organizations, such as the Triangle
Coalition (TC), and the National Center for Im-
proving Science Education (NCISE), that were
formed exclusively to promote nationwide reform.

But the "organization" that is most national, of
course, is the federal government. By definition, it
is supposed to serve national rather than parochial
interests, even though that is often far from the
case. But though federal implies national, the re-
verse is not true. The overall thrust of the National
Science Foundation (NSF) may be national, but the
efforts of its individual grantees may be quite lo-
cal. With or without funding from federal agen-
cies, a project may be national in terms of its reach
and strategy.

If a reform initiative intends to help change
the educational achievement of the nation's citi-
zens, it is fair to ask how it intends to do so. In
general, three dimensions exist to Project 2061's
approach: it is systemic, inclusive, and utilitarian.

Systemic
Project 2061's approach to reform is systemic.

In addition to concerning itself with all students
and all grades, Project 2061 takes into account all
aspects of the system of education-unlike most na-
tional reform projects that concentrate on one or
another part of the system. The evidence is clear
enough: you cannot bring about significant and
lasting reforms in a complex system-and educa-
tion is surely that-by fixing only part of it.

The Project operates from the assumption that
many aspects of the educational system must be
adjusted simultaneously for the changes to rein-
force each other rather than being at odds. In or-
der for all high school students to graduate literate
in science, mathematics, and technology, the con-
tent of the curriculum must be changed along with
teaching practices, the nature of the learning and
teaching materials, the use of space and time in
the schools, the policies governing education, and
so forth. All of these changes must be in harmony
if they are to make a difference.

Even as the Project works to design new K-12
curriculum models to achieve science literacy, it is

reexamining every facet of the system: teacher edu-
cation, assessment, the organization of schooling,
policies, and more. To be sure, a steady stream of
national studies and projects deal with these same
issues, and Project 2061 is drawing on them; the
difference is that Project 2061 is conducting its own
studies simultaneously and within the context of
developing alternative curriculum models to
achieve the learning goals expressed in Science for
All Americans.

What might the alternative be? Reforming ev-
ery part of a system is a daunting prospect. Is there
not some simpler way, some thing that would cata-
lyze change? Over the years since World War II,
different possibilities, often characterized in retro-
spect as failed panaceas, have been suggested and
tried. "If only teachers were better, education
would be better," one line of reasoning goes-lead-
ing to career ladders in some places, competency
testing of teachers in others, or a few more days a
year of inservice training.

In the 1960s, the catalytic solution was reform
of content accompanied by teacher institutes. In
the 1980s, reform consisted mostly of shifts (or con-
troversy over proposed shifts) of the locus of au-
thority in education. The argument for site-based
management, for example, rests on the notion that,
if only individual schools were freed from the sti-
fling effect of bureaucratic regulation and put in
the hands of the teachers, reform would follow.

Current debate on national reform centers on
two such notions. One is choice: let students and
parents select whatever schools they wish and the
resulting "market" competition will lead to the sur-
vival of the best schools and, hence, to national
reform. The other is testing: a national test (how-
ever configured) would define standards clearly,
identify schools (or school districts or states) that
fail to meet the standard, and lead to remediation
or elimination as needed.

That description oversimplifies the arguments
for these options and, indeed, all options ultimately
may have a place in national reform. The point is
that a range of approaches to national reform ex-
ists from the narrowly catalytic to the
collaboratively systemic. The Project 2061 strategy
is located near the latter end of that spectrum, be-
cause its designers believe that simple, single-as-
pect solutions cannot work on a national scale.
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Inclusive
Should reform be top-down or bottom-up? The

Project 2061 answer is "both" and, consequently,
its strategy looks in both directions in order to be
inclusive. An inclusive strategy is needed to be
effective in a democratic society.

Those who favor bottom-up reform-which is
generally referied to as "grass-roots"-argue that
the only reforms to chance implementing effec-
tively are those closest to the action, which is to
say, in the classroom. It is unreasonable, however,
to expect teachers and principals to undergo the
difficulties of instituting reforms that they have
had no hand in shaping. On the contrary, local
educators-if given incentives, resources, and free-
dom-will deliver well-educated graduates.

Top-down approaches-which are rarely called
that-take the position that, without strong guid-
ance, local initiatives tend to go in any and all
directions. The result may be improved education
here and there but not everywhere. Practically, this
approach calls for nal:onal or state standards, na-
tional or state assessments, or state curriculum
guidelines and regulations. This top-down ap-
proach also shows up in the priorities set by fed-
eral, state, and private foundation funding. The
relatively greater availability of support for local
undertakings are for those that come closest to the
preferences of federal and national agencies.

Project 2061 takes the view that bottom-up and
top-down approaches are both essential to signifi-
cant, sustained national reform in science, math-
ematics, and technology education (and other do-
mains as well). Project 2061 intends to influence
"top-down" initiatives by contributing to their for-
mulation. This strategy means collaborating with
other organizations and reform groups in the cre-
ation of national standards, the design of assess-
ment instruments and procedures, and the formu-
lation of funding policies. It also includes working
with state groups to help shape state curriculum
guidelines, state assessments, and state regulations.

The Project does not see its job as one of decid-
ing what kinds of initiatives the federal or state
governments should undertake, but rather of as-
sisting those initiatives that are compatible with
its long-term mission for science literacy. This 2061
strategy leads to collaborating with other like-
minded national projects, many of which are

funded primarily by national foundations in-
stead of government agencies.

Utilitarian
Project 2061 is utilitarian in its recognition

of what is needed to get the job of reform done.
If teachers and administrators working together
at the school or district level are to reshape
science, mathematics, and technology educa-
tion in the light of Science for All Americans,
then they will need resource tools for doing
so. In general, it is unrealistic to expect teach-
ers to create powerful new curricula by them-
selves and without resources. Project 2061 is
not creating curricula; it is designing a coordi-
nated set of tools that will enable educators to
do so. These same tools will help materials de-
velopers, test developers, and teacher educa-
tors.

Project 2061's reform "tools" are now un-
der development by pract'zing educators
backed up by university and other consultants.
Because these tools are emerging from the ac-
tual learning environment in a variety of school
settings, the hope is that they will be both for-
ward-looking and practical and that they will
enable other teachers to play a creative role.
Science for All Americans is a reform tool that
will soon be backed-up by the followin:

Benchmarks. Standards for science lit-
eracy-what Project 2061 call bench-
marks-will describe how educators can
judge the progress students make to-
ward the learning goals presented in
Science for All Americans. Currently,
benchmarks are being developed to
suggest what students should know
and be able to do by grades 2, 5, 8, and
12. They will also indicate the character
and contexts for such progress.

Curriculum Models. Four different ap-
proaches to the design of the K-12 com-
mon core of shared learning will be out-
lined. Enough detail will be offered for
teachers to construct a curriculum that,
while incorporating their own prefer-
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ences and taking into account local cir-
cumstances, will eventually produce sci-
ence literate graduates. These alterna-
tive curriculum models will be accom-
panied by suggested ways and means
for reforming the curriculum and mak-
ing other needed changes in order to
use the models effectively.

Blueprints for Reform. These studies will
examine at least eleven different aspects
of, the education system-teacher educa
tion, materials, assessment, policies,
etc.-in the light of Science for all Ameri-
cans and the 2061 curriculum models.
The blueprints will result in concrete
recommendations for bringing about
systemic reform at the school, district,
state, and national levels.

Design System. Searching out the best
learning/teaching materials, summariz-
ing their uses, connecting them to dis-
crete locations in the curriculum, and
keeping them up to date is enormously
time-consuming and labor-intensive.
Add to this the need to include out-
standing assessment resdurces, perti-
nent research studies, and information
on where the various resources have

been field tested or are in current use.
Project 2061 models also need to be tied in
to such information along with the ration-
ales, conceptual maps, content inventories,
and other directly related matters. Hence,
the Project is undertaking to develop a com-
puter based curriculum-design and re-
source system that will make all such infor-
mation easily available to educators at the
local level.

How effective will this three-sided strategy of
Project 2061 turn out to be in bringing about na-
tional reform? It is much too early to tell. It is
clear, however, that by working with others it can
contribute significantly to building a critical mass
of thoughtful and sustained reform activity at ev-
ery level. If we work together, science literacy can
become a reality in the United States; if we do not,
it will not.

End note
1. Go back to the Middle Ages and you will find that
astronomy and geometry ruled the scientific side of
the curriculum roost.

Work Cited
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Project 2061 - The California Perspective

California has provided a receptive environment for Project
2061 for many of its own reforms in science education
parallel those of the AAAS' initiative. In addition, Califor-
nians were involved in the Phase I activities of Project 2061.
James Rutherford, Director of Project 2061, met with the
developers of the 1990 "California Science Framework," and
the California Post-secondary Education Commission
supported the collaboration between the University of
California and California State University systems and the
San Diego and San Francisco schools on Project 2061 goals.
These and other interactions among state participants
involved in the reform of science education have made
California a unique site for Project 2061 efforts.

Conventional wisdom suggests that "you can
lead a horse to water, but you can't make it drink."
Unless, of course, the horse is thirsty and the water
is good! Many life situations mirror this condition.

In education, many of usteachers, school ad-
ministrators, school board members, and parents
often forget the value of attracting young people,
rather than forcing them, into the education enter-
prise. It may well be that only when the entire
population becomes "thirsty enough to drink"
(truly curious) and finds "invigorating water" (rel-
evant experiences) that this nation will achieve the
level of literacy that is our potential for the twenty-
first century.

Restless Californians tend to ask questions
about their education system more often than those
in other parts of the country. This tradition of ask-
ing and analyzing may underlie the location of
much scientific research and many high-tech in-
dustries in this state. Within California's educa-
tion community, support is current and ongoing

Philip D. Gay

for the development of curriculum frameworks,
assessment devices, teacher credential require-
ments, etc. Such policies and practices are revised
periodically to reflect the state's evolving views of
education. Thus, Project 2061, the reform initiative
for science literacy from the American Association
for the Advancement of Science (AAAS), stepped
into a receptive environment in California.

Becoming Aware of Project 2061
The California K-12 science education commu-

nity first learned of Project 2061 in early 1986 at
the California Science Framework Addendum
Implementation Conference held at California State
University, Long Beach (CSULB). Many of us were
energized by the possibilities of this long-term re-
form initiative and immediately wanted to become
a part of the process.

Involvement didn't follow right away for K-12
school personnel, but California was fortunate that
two of Project 2061's Phase I panel members of
scientists and education experts were from Cali-
fornia. The Mathematics Panel was built upon ex-
pertise at the University of California at Berkeley
(UCB) and included participants from several other
prestigious higher education and research institu-
tions in the state. Similarly, the Biological Sciences
Panel built upon the strong faculty at the Univer-
sity of California at San Diego (UCSD) and in-
cluded participants from San Diego State Univer-
sity (SDSU) as well.

Philip D. Gay is Project 2061 Specialist at San Diego
City Schools and Director, California Th oject 2061
Collaborative.
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From the perspective of California's K-12 sci-
ence educators, however, little of that Phase I pro-
cess of Project 2061 filtered down until May 1988.
By that time, the revision cycle of the state's cur-
riculum frameworks in various subject areas had
come around to science again. Dr. Elizabeth Stage,
then at Lawrence Hall of Science at UCB, chaired
the science curriculum revision committee. The
committee, composed of 16 representatives from
the community and from the K-12 system and
higher education, began its work January 1988.

Dr. Stage and Thomas Sachse, Science Coordi-
nator in the California Department of Education,
collaborated in the revision process. They had the
foresight to invite Dr. F. James Rutherford, chief
education officer at the American Association for
the Advancement of Science (AAAS), to share his
draft of what is now known as Science for All Ameri-
cans, the Phase I report of Project 2061. As Director
of Project 2061, Dr. Rutherford's presentation that
May day was memorable.

Members of the revision committee recall the
intensity with which they heard Project 2061's mes-
sage. The committee's thinking had come to con-
sensus in the four or five meetings they had held
previous to that time. The remarkable strides they
had made were in the very directions that Project
2061 was suggesting! For example, the committee
had studied the meaning and usefulness of cross-
disciplinary themes and had developed a tentative
list of six themes for consideration. Imagine our
delight when we heard that the authors of Science
for all Americans also had a list of themes, built on
a similar rationale, and using some of the same
terms! Also, two draft chapters in Science for all
Americansthe "Nature of Science" and "Habits of
Mind"were remarkably similar to specific discus-
sions of the committee. This validation of
California's initial direction on the science curricu-
lum work in progress was invigorating and useful
to the revision committee.

An Example of Parallel Development
In February 1989, Science for All Americans was

published. In late 1990, the Science Framework for
California Public Schools was adopted by the Cali-
fornia State Board of Education. Readers who com-
pare both documents will immediately notice that
their scope is different. The California document,

not surprisingly, made its statement specifically
for the K-12 science curriculum for this state. Sci-
ence for all Americans included mathematics and
the social sciences as part of a coherent picture of
what all science and technology literate citizens of
the twenty-first century ought to know.

Even with this difference of scope, however,
specific approaches were held in common. The con-
cept of "less is more"fewer isolated facts and more
conceptual depthis a clear expectation in both
documents. The "interconnectedness" among and
between disciplinessimilar to the curriculum con-
nections emphasized in Science for all Americansis
also a key component of the California Science
Framework.

In particular, the use of themes, such as pat-
terns or scale, in the two documents suggested how
this might be accomplished. The California science
curriculum revision committee had developed its
tentative list of useful themes to link content across
disciplines. After they heard Dr. Rutherford's draft
list of themes for Science for all Americans, the com-
mittee put both lists side by side and came upon a
new list. That list, with accompan "trlg explana-
tions, became Chapter 2 in the California Science
Framework adopted in 1990.

The California committee felt strongly about
the value of these themes in helping students ob-
tain a more coherent understanding of science con-
tent and thought processes. Thus, the committee
placed them before the content analysis statements
in Chapters 3, 4, and 5. That sequence was in-
tended to communicate its priority and value for
California science educators.

The authors of Science for all Americans placed
their "theme" presentation in Chapter 11 of 12
chapters. It will be interesting to review the alter-
native curriculum models being designed in Phase
II of Project 2061 and learn how its six school-
based design teams used the "theme" approach to
achieve their K-12 curriculum models.

On-going Events in California
Another outcome of May, 1988, was the aware-

ness that one or more major California school dis-
tricts were being considered as R&D sites for
Project 2061's Phase H. During the discussions that
ensued over the next several months, San Fran-
cisco Unified School District and San Diego City
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Schools were selected from around the nation as
two of the six sites. They were to form 25-person
teams of educators for the two and one-half year
development period that began in April 1989.
Other representatives, including a teacher from the
Fresno area in California's central valley, served
on a national advisory panel that convel d sev-
eral times.

One of the criteria involved in the selection of
sites was the proximity to knowledgeable and in-
terested university resources. State leaders from
the California Department of Education were also
involved, including Tom Sachse and Bill Honig,
State Superintendent of Schools, and Linda Barton-
White from the California Postsecondary Educa-
tion Commis Sion. They alerted both the San Fran-
cisco and San Diego sites that the current cycle of
requests for proposals for federal funding to sup-
port K-12/Higher Education collaborative efforts
included a category that might support the goals
of Project 2061.

As a result, two first-round proposals were sub-
mitted: one from northern California to support
the work of the State University and the Univer-
sity of California campuses closest to the San Fran-
cisco Unified School District's 2061 team; and one
from southern California to support the similar
campuses near the San Diego City Schools' 2061

team. The Commission's Review Panel responded
by requesting one joint proposal for the entire state;
thus was born the "California Project 2061 Col-
laborative." It was funded, and operations ran from
April 1, 1989, to June 30, 1992.

The structure and process of the California
Project 2061 Collaborative reflected California's
perspective on Project 2061. The six participating
institutions and their liaisons to the project were:
San Francisco Unified School District (Bernard
Farges) with their neighbors, San Francisco State
University (SFSU) (Dr. Kathleen O'Sullivan) and
University of California at Berkeley's (UCB)
Lawrence Hall of Science (Tim Aaronson); and San
Diego City Schools (Phil Gay) with their neigh-
bors, San Diego State University (SDSU) (Dr. James
Mason) and University of California at San Diego
(UCSD) (Dr. Randall Souviney).

The four University liaisons participated regu-
larly in meetings of the development teams, both
at the local and national levels. They were espe-

cially helpful in identifying experts on their re-
spective campuses to provide input, review drafts,
and participate collaboratively in small working
groups from each team.

Joint meetings of the two teams were one of
the most useful activities resulting from the Cali-
fornia Project 2061 Collaborative. The first of these,
held at a residential retreat center in Menlo Park,
California, in March 1990, gave the San Diego team
members the opportunity to work with several
new resource persons from the northern Califor-
nia universities and San Francisco area K-12
schools. It also allowed for continuation of discus-
sions begun the previous summer, when all 150
members of the six site teams spent four weeks
working together at the University of Colorado in
Boulder.

The second joint meeting brought the San Fran-
cisco team members to Southern California the next
fall, September 1990, for a similar three day resi-
dential retreat away from telephones and other
professional and personal responsibilities. By this
time the teams had experienced another collective
four week summer session, this time at the Univer-
sity of Wisconsin in Madison, and were well along
in the process of building their curriculum models.

Planning discussions at these summer work
sessions mirrored a concern similarly expressed at
the national level: would meetings of this sort,
which enabled such close contact and interaction
among teams, cause their efforts to converge and
become too similar-i.e., no longer unique-than
might have been the case had they continued to
work separately? In fact, this did not happen.

What did happen was clarification and evolu-
tion of each team's perspective as a result of meet-
ing together and sharing ideas. The perspectives
already under development at each site-about
which approaches would best ensure that future
high school graduates achieve the learning out-
comes in Science for all Americans-were strength-
ened rather than diluted. Convincing evidence of
this was reflected in the curriculum models that
each site team submitted to the national project.

Other Concurrent Influences
The activities of California's two Project 2061

teams have had other indirect influences statewide.
One was the "100 Schools Project," funded by the
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National Science Foundation (NSF) and coordi-
nated by the state, to develop and implement the
grade 6-12 ideas of the National Science Teachers
Association's (NSTA) "Scope, Sequence and Coor-
dination" (SS&C) project. Because the NSTA's
SS&C project adopted Science for all Americans as
its statement of desired outcomes, the 100 Schools
Project has been "looking over its shoulder" at the
California Project 2061 Collaborative as well as
sharing ideas in a variety of formal and informal
ways. A few of the Project 2061 team members in
California teach in schools that received 100
Schools grants and, therefore, serve as direct links.
These contacts continue, and their value will be-
come more apparent in the years ahead. Similar
formal and informal contacts have also occurred:

The California Science Implementation Net-
work (CSIN), the state's K-6 approximate equiva-
lent of the 100 Schools project, had a science teacher
from San Francisco Unified School District as one
of its early participants. That teacher later became
the co-leader for the San Francisco 2061 team for
the first half of the Project activities.

On another occasion, a San Diego County CSIN
training session was held on the same campus as
the office of the San Diego Project 2061 team. As a
result, productive conversations occurred between
the directors of both projects.

On numerous occasions, CSIN and Project 2061
participants have attended each other's sessions at
regional science education conferences in various
parts of California.

The California Assessment Program (CAP),
particularly the science assessment component, has
had frequent contact with Project 2061 activities.
AAAS invited CAP representative, Kathleen Com-
fort, to present at their National School Science
Forum on Assessment in October, 1989. She also
worked with a national task group on assessment,
which included representatives from all six 2061
teams, during the summer work session at the Uni-
versity of Wisconsin, in July, 1990.

In the last two years, California's Commission
on Teacher Credentialing (CTC) has convened
study panels to make recommendations for
changes in credential requirements. This author
served on the physical science panel and inter-
preted the Project 2061 vision on several occasions
during that process.

Many of the California Science Teachers
Association's (CSTA) regional associations have
held conferences since the California Project 2061
Collaborative began and sessions by members of
both the San Francisco and the San Diego teams
have been conducted at these conferences. These
sessions have not only been opporturities for ex-
panding general awareness of Project 2061's re-
form premises to the entire science education com-
munity in California, but have also provided the
R&D teams with input for their ongoing develop-
ment work.

The above list of interactions among Project
2061 and other education reform activities in Cali-
fornia is undoubtedly incomplete and misses other
important links. The important message, however,
is that Project 2061 has already had important im-
pact and long-term effects on the science educa-
tion community in California.

A Moment in Time
Perhaps one of the most significant outcomes

to date is the useful dialogue initiated between K-
12 educators and higher education professionals.
An expanding awareness exists that higher educa-
tion must respond to these new ways of preparing
science and technology literate high school gradu-
ates in two specific areas: most immediately, in
the preparation of teacher candidates who can
grasp the new vision for science literacy and imple-
ment it in appropriate ways; and, in the not-too-
distant future, be prepared in K-12 settings to greet
students who have learned how to learn in en-
tirely new ways.

Paul DeHart Hurd, Professor Emeritus of Sci-
ence Education at Stanford University, joined with
the assembled California team members at both
the Northern California and Southern California
joint retreats mentioned previously. At the second
retreat, he listened to many small group sessions
for two days and then made suggestions during
the after-dinner joint session. His challenge to the
group was that education had not really changed
very much in the last 300 years, but that this project
was-and is-an opportunity to rethink how educa-
tion is accomplished and to suggest what ways
will lead us into the world of the future.

This echo of Dr. Rutherford's initial instruc-
tions in 1989 to California 2061 teams-that we

20 School of Education Reuiew
22



"wipe the slate clean" and find new and better
ways of accomplishing our desired goals-contin-
ues as a beacon before us. We have engaged in an
on-going, long-term, do-it-while-we're-in-motion
process. Can we step out of our old-paradigm and
find the new ways we need? The potential for Cali-
fornia students lies with Project 2061.
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Project 2061 From the San Francisco Unified School
District's Perspective

San Francisco Project 2061 is one of six national sites to
participate in phase II of Project 2061 and translate the
goals in Science for All Americans (AAAS, 1989) into a K-
12 curriculum model. The San Francisco model is currently
under review and four school sites in the San Francisco
Unified School District are presently preparing for its
implementation starting September 1993.

Shifting The Paradigm
As we shift from an industrial society to an

information society, the expectations of our citizens
have changed. Production, access, and utilization of
information have become the keys to personal, so-
cial, and global well-being, thus making it impera-
tive to redefine what we value with respect to the
outcomes of schooling. As it has been pointed out,
"Those who would treat schooling as designed to
educate students on all important subjects are
doumed to encounter the futility that faced
Sisyphus: the boulder of essential content can only
come thundering down the (growing) hill of
knowledge" (Wiggins, 1989).

The basic question the educational community
must address is less "how much should each stu-
dent know?" than "how well should each student
understand?" The emphasis must be shifted from
quantity to quality, from thought mastery to
thoughtfulness, from learning of the objective to
learning from the objective, or, in other words, from
"an education for a learned spectator of others'
work" to "an education for an apprentice per-
former" (Wiggins, 1992). Students must be put in
control of their own thinking and actions. They
must be part of the process of arriving at the major
decisions that affect their lives. As we move from

Bernard Farges

representative democracy to participatory democ-
racy, it is essential that students feel they have
"ownership" in decisions if they are to support
them with any enthusiasm.

Developing and sustaining a shared vision of
the results we want from the educational process
is crucial since what we, as educators, see is ulti-
mately what students get. And those results will
be measured not by what we teach but by what
the students will actually end up learning.

San Francisco's Curriculum Model
A brief history

The San Francisco Unified School District is
one of six national sites selected by Project 2061 of
the American Association for the Advancement of
Science (AAAS). Each site was to translate the goals
in Science for All Americans (AAAS, 1989), the
Project's 1989 report, into a K-12 curriculum model.
This set of alternative curriculum models is in-
tended to be one of Project 2061's tools for reform-
ing science, mathematics, and technology educa-
tion.

Formed during the Spring of 1989, the San
Francisco team included five elementary school
teachers, five middle school teachers, ten high
school teachers (science, mathematics, social stud-
ies, and technology), three principals (ek nentary,
middle, and high school), and two curriculum spe-
cialists (science and mathematics). This ethnically
diverse group of educators (three Chinese, one
Japanese, one Vietnamese, six thtinos, three Ahl-

Bernard Farges is Director of San Francisco Project
2061.
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can-Americans, eleven white) was balanced both
in gender and length of teaching experience.

Over the two-year period 1989-1991, the team
members worked in committees, cooperating
across all grade levels and subject areas, to pro-
duce the San Francisco draft curriculum model.
During those academic years, the team met three
days a month to design its curriculum model. Each
whole-day meeting was run by three rotating team
members, functioning as a facilitator, a recorder,
and a reflector. The team worked closely with fac-
ulty at San Francisco State University and the
Lawrence Hall of Science at the University of Cali-
fornia at Berkeley.

During the two yews in which the draft cur-
riculum model was being designed, team mem-
bers refined their understanding of the learning
outcomes in Science for All Americans (AAAS, 1989).
They explored new ways of teaching science at
retreats, conferences, and summer work sessions.
The exchange of ideas among team members, lo-
cally and nationally, was also facilitated with an
electronic computer network which linked all six
sites and the Project 2061 headquarters.

The San Francisco draft curriculum model was
presented by the San Francisco team at the 1991
summer work session organized by AAAS in Se-
attle, Washington. For the San Francisco team, the
main outcome of the summer was its decision to
design a curriculum model whose learning experi-
ences would integrate the natural sciences, math-
ematics, and technology as well as the social sci-
ences and the humanities.

The San Francisco team's draft model is cur-
rently under review nationally and within its
school district and state. Revisions are expected.
San Francisco Project 2061 plans to submit its final
draft to AAAS by the end of June, 1993. At the
same time, the San Francisco team is preparing for
the implementation of its model at selected sites
throughout the district starting September, 1993.

Profile
The San Francisco model is a set of recommen-

dations addressing the needs of the multicultural,
multilingual, and transient student population of
San Francisco with respect to learning and teach-
ing the natural and social sciences, mathematics,
technology, and the humanities. The model chal-

lenges all students to address real environmental
and social issues of local as well as global scope.
Within multi-age groups, the students are given
many opportunities for choice. They actively en-
gage in lemming experiences that emphasize in-
vestigating, problem-solving, and creating. By
bringing the community into the school and tak-
ing the students into the community, the San Fran-
cisco model empowers students to take action to
make meaningful differences in their lives and the
world.

Figure 1

The San Francisco Curriculum Model
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Phi losophy
The most reliable way to prepare all of our

students to lead personally fulfilling and socially
responsible lives is to help them understand the
present, their present. With the rapid growth of
scientific knowledge and technological power, sci-
ence literacy can enable students to view the world
and themselves from many perspectives and, thus,
become informed and participating members in a
democratic, multicultural society.

As unique and whole individr.us, students
bring different needs, experiences, knowledge, and
interests to the classroom. As a result, they de-
velop and learn in different areas, at different rates,
and in different ways. Students learn by actively
constructing meaning for themselves from experi-
ences that are purposeful and personal. They come
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to new understandings by weighing new informa-
tion against their previous understanding, think-
ing about and working through discrepancies. If
students are enabled to develop their different
kinds ot intelligences, they can maximize their per-
sonal, social, intellectual, and physical potentials.
Each student must have equal chances to experi-
ence success, to celebrate one's uniqueness, and to
make a difference in this world.

Focus of learning
The San Francisco model proposes to organize

the curriculum around learning experiences in the
form of challenges relating to survival as well as to
the quality of life. Each challenge consists of a wor-
thy task that engages the studens in investigating
and responding to issues (emphasizing challenges of
belief), in solving problems (emphasizing challenges
to action), and/or in creating products (emphasiz-
ing challenges to imagination).

Learning experiences are differentiated from
learning activities: they have a grander purpo'
and a larger scope; they take a longer time to com-
plete; they are less content-specific and less task-
specific; and they involve both critical and creative
thinking skills. Each learning experience requires
students to define the task at hand, set goals, es-
tablish criteria, research and gather information,
activate prior knowledge, generate additional ideas
and questions, organize, analyze, and integrate all
this information. In the process, they are to con-
struct new meanings, complete the tasks, share the
products with an audience, and evaluate the out-

Figure 2
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comes of the learning experience in terms of pro-
cess and product.

When important ideas are embedded in envi-
ronmental and social issues, in problems of local
and global concern, or in creative products, they
extend the boundaries of any discipline. As a re-
sult, the model's learning experiences emphasize
the interconnections between and among subject
areas. Thus, the San Francisco models calls for a
curriculum integrated across all disciplines.

This integrated approach differs from
multidisciplinary approaches in that the curricu-
lum model is integrated from the student's point of
view: the students bring in knowledge and skills
from various disciplines as they address a single
challenge meaningful to them, rather than "do"
single discipline-related activities that are orga-
nized around a topic or theme. For example, the
students use data analysis to learn about the im-
plications of our increasing world population, as
opposed to using world population data in order
to have a reason to learn data analysis. In our
transdisciplinary approach, the lines of inquiry are
prompted by the main challenge (Figure 2). The
resulting learning experience consists of a set of
activities "organically" connected by a sense of pur-
pose rather than by a string of disjointed, concep-
tually juxtaposed, and discipline-driven activities.
As a result, students experience learning as a
whole, rather than through fragmented disciplin-
ary views.

Focus of Learning: Lines of Inquiry
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Distribution of content
The content of the curriculum is organized into

four areas of study: Self, Communities, Biomes, and
Universe. These four systemic organizers are interre-
lated but have a primary focus on the individual,
society, the natural living environment, or the
physical universe.

At the elementary school level, the degree of com-
plexity is appropriate to the students' cognitive
development. Each learning experience is con-
tained within one of the four systemic organizers;
however, relevant connections are made to other
systemic organizers when appropriate. The explo-
ration of Self centers around themes of the body
and health, personal identity, family, and personal
enrichment. Challenges related to Communities fo-
cus on the San Francisco Bay Area, including its
environment, heritage, personalities, and current
events, as well as contrasts with other communi-
ties in the world. The Biomes study focuses on the
physical, biological, and human factors affecting a
specific biome of the Earth, and then is compared
with the Bay Area ecosystem. The Universe incor-
porates key concepts and ideas from all the physi-
cal, biological, mathematical, and social sciences
through a focus on the physical universe.

At the middle school level, early adolescents are
undergoing dramatic physical, social, emotional,
and intellectual growth, and are especial)/ vulner-
able. It is during that time that they establish hab-
its and values that have critical and life-long influ-
ence. Young adolescents ask the most profound
questions: Who am I? What can I be? What should
I be? What should I do? To help students respond
to these questions effectively, learning experiences
may focus primarily on Self. Because the personal
concerns of early adolescents and the larger issues
that face our world are frequently micro or macro
versions of each other, learning experiences may
also focus on th y. intersection of Self and Communi-
ties (Figure 3):

Such, for example, is the relationship be-
tween developing personal self-esteem and
the search for collective efficacy among cul-
tures, between forming peer group connec-
tions and pursuing global interdependence,
between the status differentiations among

peers and the defining conditions of socio-
economic class distinctions, between per-
sonal physical wellness and environmental
improvement, between understanding per-
sonal developmental changes and concep-
tualizing a society and world in transition,
and between frustration over adult author-
ity and struggles for human and civil rights.
(Beane, 1990, p. 40)

Figure 3

Types of Learning Experiences

Elementary School Year

Challenges

Middle School Year

Challenges

High School Year

Challenges

Community outreach including community
service, "career shadowing," and numerous field
trips move the students out of the classroom and
expand their awareness of opportunities and pos-
sibilities that can impact their current and future
educational and career choices. Challenges related
to earthquakes, a gold rush simulation, and the
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San Francisco Estuary: Its use, abuse, and recov-
ery, are of special interest to the San Francisco area
and lend tLemselves to a natural integration of
many disciplines.

At the high school level, students choose from a
menu of interdisciplinary experiences that address
the learning outcomes of Science for All Americans
(AAAS, 1989) and that cut across the four systemic
organizers. Students' choices are based on issues,
problems, creations, or challenges with global rami-
fications rather than on single subject courses.
Projects, investigations, case studies, simulations,
and seminars are utilized. At this level, initial ex-
emplars include Space Exploration, Water Use in
the Bay Area, and The Increasing World Popula-
tion. In addition, "background" classes are offered
as an opportunity to investigate and solve prob-
lems directly related to either mathematics or sci-
ence. These classes ensure that students enhance
and extend key ideas and skills in each of these
disciplines and further consolidate their under-
standing of the major conceptual systems.

Character of teaching and learning
In the San Francisco model, curriculum, in-

struction, and assessment are both student-cen-
tered and challenge-centered. Students learn by be-
ing actively engaged in purposeful and personally
meaningful interdisciplinary learning experiences
that are conceptually, contextually, and experien-
tially rich. They move towards the realization of
their full potentials at their own rate and partici-
pate in these learning experiences based on their
interests and academic needs. Emphasis is on un-
derstanding one's own thinking and how to direct
it. Self-assessment and the development of
metacognitive skills are integral parts of the cur-
riculum.

Teachers are the architects and facilitators of
the learning process. They promote a spirit of
healthy questioning rooted within the range of stu-
dents' perception, understanding, and knowledge.
They involve students in planning, in doing, and
finding out things, in sharing what they have learned
with an audience, and in assessing their own learn-
ing. Teachers model and stress effecVve oral and
written communication, while deemphasizing the
memorization of technical vocabulary. They teach

for understanding, realizing that understanding
anything is never absolute and takes many forms.

Teachers build on success and strive to make
all students aware of their progress as they learn.
They encourage and reward curiosity, creativity,
open-mindedness, and aesthetic responses. They
present ideas in historical context and ensure that
students become aware of the significant contribu-
tions throughout history of women, minorities, and
people with disabilities. Teachers frequently use a
team approach so that students experience shar-
ing responsibility for learning with each other.
They exploit the resources of the larger commu-
nity and involve parents and other concerned
adults in the delivery of the curriculum. In this
model, the teacher is an architect of instruction, a
facilitator of learning, a provider of resources, a
researcher, a guide, a member of an audience, and
most importantly, a model learner.

Time configuration
The design of this model is intended to ad-

dress the personal, social, academic, and physical
needs of all students as well as to maximize their
opportunities for choice. The K-12 sequence of
studies consists largely of a set of interdisciplinary
learning experiences that engage students during
extended periods of time, rather than specific sub-
jects and courses addressed during fifty-minute
periods. Time is allocated, however, for more in-
depth study of some key concepts in the natural
and social sciences, mathematics, and the humani-
ties.

At the elementary school level, the daily schedule
for each student includes family time, discovery
time, physical activity time, and personal time.
Families are heterogeneous and multiage groups
designed to offer each child emotional stability and
continuity over several years. They meet at the
beginning and the end of the school day so that
students may plan and assess their day as well as
deal with personal and social problems. Students
concentrate on "content" learning through choices
during discovery time, either by exploring in the
context of learning activities or by focusing on a
learning experience. Physical activities including
psychomotor exercises, multicultural dances, and
games are also integrated into the curriculum. Fi-
nally, personal time allows students to explore and
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discover their own interests, hobbies, avocations,
and creative forces.

At the middle school level, the school day con-
sists of family time (used in the same manner as at
the elementary level), project time, a core curricu-
lum block, and physical activity time. Project time
provides for interdisciplinary learning experiences
while the core curriculum block focuses on more
discipline-oriented concepts and skills. A culmi-
nating learning experience brings together entire
units of study three times a year.

At both the elementany and middle school levels, an
Individual Student Study Team is assigned to each
student. It includes the student, the teacher(s), the
parents/guardians/advocates, and possibly a so-
cial worker/translator. This team meets at least
quarterly to ensure that each student's emotional,
social, academic, and physical needs are met. The
team makes recommendations for placement based
on the student's academic, social, and personal
progress. Socialization and problem-solving of a
personal or collective nature take place in "family"
groups at the beginning and end of each school
day.

At the high school level, students have extended
blocks of uninterrupted time during the day, the
week, and/or the year to carry on such tasks as
projects, model building, laboratory work, and field
studies. It may be appropriate to spend an entire
day, week, or longer period of time conducting a
project away from the school site, thereby maxi-
mizing community interacton. "wild card semi-
nars" modeled after university "brown bag" lunches
are offered periodically for students to attend and
listen to various speakers based solely on their own
interest and curiosity for learning.

A specific meeting time is set aside at the be-
ginning and end of each school day to allow for
the same group of students of the same age to
work together with teachers throughout the high
school years to address their personal, social, aca-
demic, and physical needs.

Assessment
The purpose of assessment is to improve learn-

ing. Assessment is intimately linked to both cur-
riculum and instruction. Meaningful assessment
of students' progress and authentic achievement is
of critical importance in the educational process. It

colors the entire psychological setting of a student's
education and can decide the fate of innovations
in curriculum and instruction.

One must assess what one values most. The goal
of authentic assessment is not tust to document
competence. It is to provide the students with
meaningful and high-quality tasks that have per-
sonal, utilitarian, and/or aesthetic value. Assess-
ment measures the ability of students to construct
and apply rather than reproduce knowledge. In
San Francisco's model, students participate in de-
veloping standards for quality work and are given
multiple models of what is expected from them.

The tools for assessment include the following:
Portfolios are collected works of each stu-
dent which both document progress and
represent his/her best efforts and accom-
plishments. Their purpose is to provide evi-
dence of reaching the benchmarks as de-
scribed in the learning experiences, or other
goals selected by the Individual Student
Study Team or the teachers and the stu-
dent. Portfolios provide diagnostic, forma-
tive, and summative assessments of each
student's work They may include student
products such as written responses to open-
ended questions, journals, videotapes and
audiotapes of students' individual and col-
lective performances and presentations, in-
terviews and exhibitions, investigation re-
ports, simulations, pictures of physical con-
structions of models, and artistic creations.
They may also include documentation of
student work in the form of letters from
supervisors from a community project. A
critical component of a portfolio is the ele-
ment of a student's reflection. The value
and purpose of each selected entry is docu-
mented by the student.
Substantive dialogue is the engagement of
the student in meaningful discourse with
another. The ability to express opinions, ex-
change ideas, and persuade the listener are
conversational skills which must be evalu-
ated through actual dialogue. This type of
evaluation gives the student meaningful
and immediate feedback, and gives the
teacher insight into the student's thinking
and level of cognition.
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Projects demonstrate the student's depth of
understanding and competence in many
skills. Criteria for evaluation must be set
by students and teachers during the initial
phase of the project.

A Cooperative performance evaluates the prod-
uct of a collective effort as well as the be-
havioral aspects of group participation. The
ability of an individual to function as a
team member is recognized as a valuable
skill and a necessary component of the
schooling process.

Equity
This model emphasizes the need to develop a

relationship of trust among students, teachers,
families, administrators, business people, and the
community in general, i.e., equity. Equity involves
a sensitivity to people with different languages,
cultures, belief systems, lifestyles, learning styles,
and disabilities. To foster equity, each student's
home language and culture must be incorporated
into the school program. Positive role models are
also essential for students. Teachers, community
leaders, scientists, and other professionals of all
sexes, sexual orientations, races, abilities, and lan-
guages can be brought into the learning context.
School libraries must maintain collections in lan-
guages of the site population.

Partnerships
Finally, the San Francisco draft model also

builds partnerships between the scientific commu-
nity and the schools. These partnerships can pro-
vide students with additional learning in practical
ways. Further connections between the curriculum
and the scientific enterprise and between science
and the real world are available through active
involvement in local regulatory agencies and ad-
vocacy groups.

Implications for Change
In the area of assessment, this model requires

state and national support. The state needs to pro-
vide many opportunities and support systems to
inservice teachers from all subject areas on authen-
tic assessment. Structures to open a dialogue be-
tween the K-12 program and assessment standards
and institutions of higher education need to be formed
to coordinate admission standards at the univer-

sity level. At the national level, a need exists to
align current nationally funded assessment projects
with Project 2061 benchmerks for science literacy
as well as to develop additional programs to se-
cure funding for projects focusing on authentic as-
sessment.

To serve the interest of their students, teachers
need to be more than knowledgeable in their sub-
ject matter. Teachers must have an appreciation of
the students' diverse cultures, the social factors af-
fecting their lives, and other issues and concerns
relevant to students. Teachers must have an un-
derstanding of language development strategies
and of a variety of learning styles and intelligences.
They must move beyond the limits of the class-
room and the development of discrete daily lesson
plans. They need to view the community as the
classroom and use its resources to facilitate in-
depth learning. It is critical for the institutions of
higher education to provide preservice reflecting
those envisioned changes. Teachers also need ad-
equate time collectively to plan the curriculum
within and across disciplines, to maintain the range
of materials and supplies necessary to manage di-
verse learning experiences and to assess students'
progress in learning.

It is critical to include library media specialists as
partners in the learning process. As information
specialists, teachers, and instructional consultants,
they help students develop lifelong learning hab-
its, thinking skills, and the ability to use informa-
tion effectively. By offering both traditional re-
sources and new technologies as teaching and
learning tools, library media specialists make a ma-
jor contribution toward achievement of literacy,
especially information literacy.

To accommodate different learning styles, a va-
riety of teaching materials and technologies are
needed, such as manipulative tools, videos, inter-
active videodisc systems, and microcomputers. Mi-
crocomputers link teachers to other teachers, stu-
dents, administrators, online resources, and cen-
tral district personnel via cables, telephone lines,
and satellite communication systems.

To integrate the learning experiences and fos-
ter a community structure, the organization of schools
in both time and space must be considered. This
model proposes a K-12 comprehensive school that
is non-graded both physically and academically.
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A year-round school with an extended daily cal-
endar is also proposed to meet the needs of chil-
dren who have limited options for after school ac-
tivity and extended education. Community sup-
port and linkages are key factors to be considered
in the organization of schooling.

To affect a change in curriculum and instruc-
tion, this curriculum model calls for a radical
change in educational policies that can obtain full
understanding by educators, parents, constituency
organizations, the community, and policymakers.
Such policies should promote risk-taking, provide
resources and time, and respect the intellectual ca-
pacity of educators to break old paradigms and
fashion an educational program for the 21st cen-
tury.

To understand the effects of urban environ-
ments and cultural diversity on teaching and learn-
ing, this model would profit from increased educa-
tional research. An immediate focus of research is
the careful monitoring, documentation, and assess-
ment of school-site implementation. Outside sup-
port, both personnel and financial, will be neces-
sary. Those directly involved, including teachers
and students, should be co-investigators and data
sources. Research partnershiDs between the school
community and the research community are thus
essential to the understanding and implementa-
tion of this model.

Moving Toward the Implementation of the
San Francisco Model

Four school sites in the San Francisco Unified
School District are presently preparing for the
implementation of the San Francisco curriculum
model starting September, 1993. They include
Hawthorne Elementary School (K-5), San Francisco
Community (K-8), Horace Mann Academic School
(6-8), and Mission High School (9-12). Most of these
sites have already started a partial implementa-
tion of learning experiences developed in the past
two years. The preliminary observations of their
impact on students' learning will guide the begin-
ning of the implementation in September, 1993.

Taking Advantage of the Present
Poor student performance, adult scientific (and

other) illiteracy, America's declining economic

competitiveness, and future shortages of scientists
and engineers are compelling reasons for taking a
fresh look at the U.S. system of education. They
provide a window of opportunity for action for a
much needed reform of schools based on both re-
search on how students learn and the professional
expertise of teachers across the nation.

The second phase of Project 2061 has been an
effort to unleash the talents of those who work
directly with children day after day. Building on
the strength of diversity, the San Francisco cur-
riculum model draft offers a framework to pre-
pare all of our children and young adults to be-
come productive and participating members in a
pluralistic and democratic society.

The San Francisco curriculum model does not
claim to provide all the answers to our present
educational challenge. It is an invitation to define
new ways to organize people, time, space, knowl-
edge, and technology so that both the school and
the community address the needs of all students.
The success of its implementation will depend on
the will, courage, initiative, honesty, and collabo-
rative spirit of all stakeholders in the educational
process. Caught between eras, we face the unprec-
edented challenge to anticipate and prepare for a
very uncertain future. However, the best way to
predict and be ready for the future is to invent it.
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The National Project on Scope, Sequence and Coordination
of Secondary School Science

The national science education reform called Scope, Se-
quence and Coordination (SS&C), is based on the analysis of
thirty years of learning research studies, human resource
data, and career access programs. This research base has led
to the largest single financial effort in precollege science
education since the post-Sputnik era of the late 1 950s. The
SS&C project initiated by the National Science Teachers
Association (N STA) has launched a major reform effort to
restructure science teaching at the secondany level.

The Current Status of Science Education
Since the early 1980s, numerous reports have

drawn attention to the failure of schools to edu-
cate students for a technological and scientific so-
ciety. Surveys show that the majority of students
leave sccondary school without a basic understand-
ing of science, mathematics, or technology. Most
students stop taking science as soon as their school
systems allow. Over half the students never take
another science course after tenth grade. Only 19
percent of high school students take a course in
physics, and only about 40 percent take chemistry.
In addition, few college students major in a scien-
tific field. The demand for scientists and engineers
is not being met; nor are schools preparing citi-
zens with the science background necessary for
their future success.

A quick solution to this dilemma might be to
remove the element of choice and require students
to take existing science courses. This is no solution
however: research indicates that the very structure
of the U.S. educational system contributes signifi-
cantly to students' lack of interest and achieve-
ment. Only the United States employs the "layer
cake" sequence and structure of biology, chemis-

Linda W. Crow
Bill G. Aldridge

try, and physics at the high school level. All other
industrialized nations of the world provide stu-
dents the opportunity to study all the sciences over
several years. They do not compress all of biology,
chemistry, earth science or physics into one-year
units. Nor do they stack the disciplines in the il-
logical layer cake order. American high schools
established this ill-conceived structure in the late
1890s. When the middle school or junior high ap-
peared, the high school's layer cake approach was
copied and has remained in place ever since.

On top of this structure, our educational sys-
tem also places filters, supposedly to identify the
most gifted students and track them into course
work that would prepare them for math and sci-
ence, however, an examination of these filters re-
veals that they are not able to accurately identify
the most gifted and often are barriers to students
who are not seen as the traditional achievers in
science. It is not surprising that these filters pre-
vent large numbers of underrepresented groups
from choosing careers in science, math, and engi-
neering.

With demographic changes and the demand
for a more scientifically literate population, such
exclusions have been devastating. In the past, the
United States has been a world leader because of
its human resources. One need only read the news
today to realize what effect its outdated education

Linda Crow is the Project Director of the Texas SS&C
Project and an Assistant Professor at Baylor College of
Medicine.
Bill Aldridge is the Executive Director of the National
Science Teachers Association.
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system has had upon economic and social changes.

The Research and Development Basis
Research over the last 30 years provides clear

implications for science education reform. Piaget
(1973) showed that concrete experiences should
precede terminology and theoretical presentations.
The appropriate sequencing of concepts was said
to be essential by such notable researchers as
Bruner (1960), Arons (1976), and Karplus (1976).
All of this research supports the idea that concepts
should be derived from experiences, with students
acquiring a concept from experiences in different
contexts. In addition, research on the "spacing"
effect (Dempster, 1988) demonstrated conclusively
that each science discipline should be taught over
a period of several years, not concentrated into
one year. Dempster's studies indicated that both
achievement and retention are increased when
spacing is used.

The research clearly shows how science should
be taught to increase student understanding and
achievement, as well as appreciation for the sub-
ject. It is no mystery. Instruction must begin with
concrete experiences, build to the theoretical un-
derstanding and allow an adequate amount of time
between experiences. An examination of our prac-
tices in the secondary schools suggests we do just
the opposite. We begin by teaching for theoretical
understanding as quickly as possible and cover as
many facts as possible. Erroneously, recall is set
up as the highest form of achievement and the
collection of unrelated facts is the goal, at least in
the minds of most students (Postman &
Weingartner, 1969). It is no wonder that students
soon become disenchanted with science and choose
not to pursue it.

The last component of the SS&C Project is the
coordination of the disciplines taught. Students of-
ten see biology, chemistry, earth/space sciences,
and physics as separate entities having no bearing
on one another. The SS&C program shows that
the sciences are interdependent and fit together to
provide explanations for phenomena.

The National SS&C Model
With these research conclusions in mind,

Aldridge (1989) set out to devise a realistic model
for the restructuring of science. The following table

illustrates the original configuration of four sci-
ence subjects taught over a six-year period. Notice
that SS&C exposes students in the middle level
grades to intensive descriptive and phenomeno-
logical experiences in the sciences. In later years,
abstractions and theory will be the focus.

Table 1

Example of a Revised Science Curriculum for Grades 7
Through 12 in the United States.

Grade Level
Total Time

Spent

7 8 9 10 11 12

Hours Per Week By Subject

Biology 1 2 2 3 1 1 360

Chemistry 1 1 2 2 3 2 396

Earth Science 3 2 2 1 1 1 360

Physics 3 2 1 1 1 360

Total Hours
/Week 8 7 8 7 6 5

Emphasis descriptive empirical theoretical
phenomeno-
logical

semi-
quantitative

abstract

Aldridge presented this initial model in 1989
and it met with tremendous support and interest.
California and Houston, with funding from the
Department of Education, became the first two
SS&C Centers. In addition, a Coordinating Center
was established at NSTA. The following year, ad-
ditional funding was obtained through the Na-
tional Science Foundation (NSF) to establish five
centersCalifornia, Houston, Iowa, North Carolina
and Puerto Rico. All of these centers have embed-
ded the essential changes described by Aldridge
(1989) in their restructuring efforts. Each center has
a somewhat different approach dictated in part by
that center's particular characteristics. For example,
the California Project began as a state-wide initia-
tive, while the Houston Project is a smaller, more
focused effort. The more recent centersIowa,
North Carolina, and Puerto Ricohave their own
regional perspectives. Iowa has attempted to take
an "STS" approach, for instance. North Carolina
has begun its work in the sixth grade, rather than
the seventh. Puerto Rico is producing Spanish lan-
guage materials and also is integrating mathemat-
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ics into its restructured science program.
For the first time, an educational reform project

will also be documented and evaluated on a na-
tional level. The Coordinating Center has asked
Iris Weiss at Horizon Research, Inc, Chapel Hill,
North Carolina to serve as national documenter.
Records will be maintained as to what occurs in
the project and each center, how the project suc-
ceeds or fails and how the SS&C changes are imple-
mented at the different centers.

Support at the National Level
Through the efforts of the Coordinating Cen-

ter, the SS&C project has provided The Content Core
as a foundation for each center's selection of ap-
propriate instructional materials and approaches.
The focus is on the use and adaptation of existing
instructional materials. The production of student
materials will be left to professional publishing
houses. Recently the California and Texas State de-
partments of education have joined in a collabora-
tive effort concerning textbook standards. As the
two largest "textbook states", they have tradition-
ally exerted a disproportionate (and not always
positive) influence on most publishers. It is hoped
that this cooperation can provide publishers with
incentives to make the sweeping changes that are
needed in student textbooks.

The Content Core is an evolving document that
begins to answer the question of what in each sci-
entific discipline is appropriately included at the
various grade levels. This document was devel-
oped over a two-year period by content commit-
tees, following an analysis of existing materials.
The Content Core is intended as a starting rather
than ending point for instructional designers.

The Spiral Curriculum
In contrast to the current system, the SS&C

program draws directly on the results of research.
Concepts are sequenced and appropriately spaced
out over time. They are included in the sixth
through eighth-grade program only if they are
handled in a phenomenological or descriptive man-
ner. The spacing technique, which enables students
to revisit concepts over a period of years, is car-
ried out in the "Spiral Curriculum." The idea is
not new, but has rarely been implemented in a
school setting. For example, a study of harmonic

(pendular) motion, could begin in the sixth through
eighth grades, followed in later grades by a study
of the phenomena of sound and light (see Figure
1). In grades 11 and 12, a study of wave theory
which is more abstract, would be based upon the
foundation of earlier experiences.

Figure 1

The Spiral Approach

ave.: el

v

Possibilities for using the spiraling approach
abound in the other science disciplines, as well. In
the middle grades, for example, students could be-
gin a study of animal adaptations and behavior
patterns. Later an investigation of fossils and geo-
logic time could be added. The theory of evolution
could ultimately be approached in a meaningful
fashion. Again, the goal is not to have students
memorize countless facts and definitions, a feat
which has no relationship to true understanding.
As Jules Poincare (1854-1912) pointed out,

Science is built up with facts, as a house is
with stone. But a collection of facts is no
more a science than a heap of stones is a
house.
The development of true conceptual under-

standing requires experiences first. Terms and defi-
nitions should be added later. This deeper under-
standing of science will allow students to answer
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fundamental questions on which SS&C is based:
What do we mean? How do we know? What evi-
dence do we have? Why do we believe? Later,
students will be able to provide the evidence sup-
porling important science models and theories. Re-
membering names and definitions should never
be the ultimate focus in science. As stated in the
California Framework:

But a name should not become more im-
portant than the phenomenon being de-
scribed, or than its empirical or logical rela-
tionships with other phenomena.
It is important not to believe that students can

acquire a deep understanding of science by study-
ing models or expositions of theories or models,
no matter how well designed they are. Students
learn through creating their own models and theo-
ries, not by reading descriptions. This means that
students must be given opportunities to experi-
ence or observe a phenomenon, to revisit concepts
over time and to develop answers to those four
fundamental questions posed above.

Processes and Products of Science
SSSEC points program designers toward sort-

ing scientific knowledge in terms of the processes
of science and the products of science. Both pro-
cess and product are important. Each has many
subcategories, some of which are more appropri-
ate for certain grade levels.

The processes of science have long been de-
fined but in many different ways. Since the names
and numbers of processes vary considerably, a
standard list and description was prepared as part
of the national SS&C Project (Arons, 1989). Table 1
presents this list. Likewise, a description and rank-
ing of products was developed (Aldridge, 1990),
as shown in Table 2.

In the middle grade, SS&C classes, facts, terms,
concepts, laws, models and theories are studied
mainly in descriptive and qualitative, using words
and visual models, but little mathematical sym-
bols or equations. The processes of observing and
inferring are emphasized, but gradually the stu-
dents to use the higher order processes. At the
ninth and tenth grades, the science program be-
comes more quantitative and symbolic, with
greater emphasis on concepts and empirical laws.

Table 2

The Processes of Science

by Arnold Arons,
University of Washington.

ObservingExamining a system (or monitoring its change)
closely and intently through direct sense perception and
noticing aspects not usually apparent on casual scrutiny.

InferringReasoning, deducing, or drawing conclusions
from given facts or from evidence such as that provided by
observation.

MeasuringUsing instruments to determine quantitative or
properties of objects, systems, or phenomena under observa-
tion. This includes the monitoring of temporal changes of
size, shape, position, and many other properties or manifes-
tations.

CommunicatingConveying information, insight, explana-
tion, results of observation or inference or measurement to
others. This might include the use of verbal, pictorial,
graphic, or symbolic modes of presentation, invoked
separately or in combination as might prove most effective.

ClassifyingSystematic grouping of ob)ects or systems into
categories based on shared characteristics established by
observation.

PredictingForetelling or forecasting outcomes to be
expected when changes are imposed on (or are occurring
in) a system. Such forecasts are not made as random
guesses or vague prophecies but involve, in scientific
context, logical inferences and deductions based (1) on
natural laws or principles or models or theories known to
govern the behavior of the system under consideration or (2)
on extensions of empirical data applicable to the system.
(Such reasoning is usually described as "hypothetico-
deductive.")

Controlling VariablesHolding all variables constant
except one whose influence is being investigated in order to
establish whether or not there exists an unambiguous cause
and effect relationship.

Interpreting DataTranslating or elucidating in intelligible
and familiar language the significance or meaning of data
and observations.

Developing ModelsCreating, from evidence drawn from
observation and measurement, a mental picture of a
phenomenon (e.g. current in an electric circuit), the mental
picture being then used to help rationalize the observed
effects and to predict effects and changes other than those
that entered into construction of the model.

35 School of Education Review 33



Table 3

Products of Science

by Bill G. Aldridge,
National Science Teachers Association

Scientific Term-A word or words that scientists use to name
an entity, object, event, time period, classification category,
organism, or part of an organism. Terms are used for
communication and would not normally include names
given to concepts, laws, models or theories.

Scientific Fact-An observation, measurement, logical
conclusion from other facts, or summary statement, which is
concerned with some natural phenomenon, event, or
property of a substance, which can, through an operationally
defined process or procedure, be independently replicated,
and through such replication has achieved consensus in the
relevant scientific profession.

Scientific Concept-A regularly occurring natural phenom-
enon, property or characteristic of matter which is observable
or detectable in many different contexts, and which is
represented by a word, or words, and often by a mathemati-
cal symbol or symbols is called a scientific concept.

Scientific Principle-A generalization or summary in the
form of a statement or mathematical expression which
expresses a regular dependence of or measurements for a
variable representing a concept on one or more other
variables representing other concepts.

Empirical Law-An empirical law is a generalization of a
relationship that has been established between two or more
concepts through observation or measurement, but which
relies on no theory or model for its expression or under-
standing.

Scientific Theory-An ordinary-language or mathematical
statement createdor designed by scientists to account for one
or more kinds of observations, measurements, principles or
empirical laws, when this statement makes one or more
additional predictions not implied directly by any one of
such components. When such prediction or predictions are
subsequently observed, detected or measured, the theory
begins to gain acceptance among scientists.

Scientific Model-A representation, usually visual but
sometimes mathematical or in words, used to aid in the
description or understanding of a scientific phenomenon,
theory, law, physical entity, organism, or part of an organ-
ism.

Universal Law-A law of science that has been established
through universal acceptance and which has applicability
throughout the universe. There are few such laws, and they
are basic to all of the sciences (e.g. Law of Universal Gravita-
tion; Coulomb's Law; Law of Conservation of Energy; Law
of Conservation of Momentum).

Application of Science-Utilization of the results of observa-
tions, measurements, empirical laws, or predictions from
theories to design or explain the workings of some human-
made functional device or phenomenon produced by living
beings and not otherwise occurring in the natural world.

Finally, in the eleventh and twelfth grades,
there is a heavier use of equations, models and
theories, with substantial mathematics coming into
play. All grade levels require students to make
applications, beginning at the personal level in the
middle grades and advancing to global applica-
tions in the higher grades.

Project Assessment
Through a grant from the U. S. Department of

Education, NSTA has begun the design of a per-
formance-based assessment. Using a rt:nv CD-I for-
mat, the goal is to assess depth of understanding
and to provide a diagnostic overview of students'
science knowledge. The prototype consists of
multi-tiers or levels and tries to find out how stu-
dents know something is true, what evidence they
have for a given belief, and how they would go
about learning something new. The focus is upon
the questions that form the basis of the SS&C Con-
tent Core. The tiers increase in complexity, allow-
ing students to stop at any point. All students can
succeed at the first level. As the item gets more
difficult, more students are exited from the sys-
tem.

The model is intended as an inexpensive and
powerful method of administering performance-
based assessments. In addition, this assessment
through a branching of questions will test for cog-
nitive knowledge. Many groups and individuals
have discussed this approach, but none have pro-
duced anything similar. This prototype will be field
tested in various SS&C centers.

Conclusions
Will the SS&C reform movement solve prob-

lems of classroom size, drugs and lack of parental
interest? Obviously not. The SS&C initiative seeks
to changr; the scope, sequence, and coordination
and to demonstrate how these changes can be
brought about in a variety of school settings. Many
reform advocates focus upon the direction of the
reform (bottom-up or top-down) while others fo-
cus upon a single participant of the school culture.
Others demand that reforms solve myriad periph-
eral problems such as malnutrition and absentee-
ism.

But we must not lose the sight of the funda-
mental reason for this massive reform: to have stu-
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dents more interested in science and choosing sci-
ence as a career; to expand the cross section of
citizens interested in science and able to function
in a society that is based on a scientific world view.
The United States must develop its human re-
sources more effectively. Our individual security
and national well-being depend on it.
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The California Scope, Sequence and Coordination Project:
A Case Study in Systemic Reform

California's Scope, Sequence and Coordination Project is a
statewide effort involving 199 schools. Coordinated by the
state Department of Education, the science curriculum
reforms in these schools are backed up by efforts to alter
teacher credentialing requirements, preservice and inservice
teacher preparation, university entrance requirements,
assessment policies, and evaluation criteria for instructional
materials. Cooperation among and efforts of the Universihy
of California and California State University systems, the
Commission on Teacher Credentialing, the California
Science Teachers Association, school districts, and others
have made California's SS&C Project a genuinely systemic
reform.

The California Scope, Sequence, and Coordi-
nation Project (SS&C) follows from an initial pa-
per written by National Science Teachers Associa-
tion (NSTA) Executive Director, Bill Aldridge,
called Essential Changes in Secondany Science: Scope,
Sequence, and Coordination, which was published in
the January, 1989, edition of NSTA Reports!
Aldridge wrote that two essential changes were
needed to reform the secondary school science cur-
riculum: first, reorganizing the curriculum to pro-
vide for a well-documented effect from psycho-
logical research, which suggests that learning is
enhanced when spaced over time; and second, im-
proving learning by taking into account the way
students' cognitive capacities develop.

These two "essential changes" advanced by
Aldridge suggested that the United States needs
to take a very close look at the possibility of emu-
lating a "concurrent" model of secondary school
science curriculum that is used by Japan, the
(former) Soviet Union, the People's Republic of

Thomas P. Sachse

China and most European nations. Rather than the
"layer-cake" curriculum of the United States, which
typically separates biology for grade 10, chemistry
for grade 11, and physics for grade 12, Aldridge
proposed that we move, as a nation, to the devel-
opment of curriculum that concurrently teaches bi-
ology, chemistry, and physics, as well as earth/
space science for one or more days a week over a
four to six year period of time. In this way, the
spacing effect would allow students to study phys-
ics, for example, for six years rather than a single
year at the senior level (where only 21 percent na-
tionally, and 13 percent in California, take physics
before graduating).

The curriculum, thus spaced over six years,
would need to take advantage of the possibility of
using a developmental sequence that would start
with the middle school program being largely phe-
nomenological or descriptive, then moving on to
basic measurement work and becoming semi-em-
pirical (up to a level of basic algebra) for grades
nine and 10, and then in grades 11 and 12, moving
to more highly quantitative and largely theoretical
understandings. In this way, the restructuring of
secondary school science could accommodate both
of the "essential changes" Aldridge (1989) recom-
mended: the spacing effect as well as the develop-
mental sequencing.

There are seven national centers for the Scope,
Sequence, and Coordination (SS&C) reform. The
first group, the National Science Teachers Associa-

Thomas P. Sachse is Manager of the Mathematics,
Science and Environmental Education Unit, California
Department of Education.
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tion in Washington, D. C., provides the national
coordination as described above. Another center
is, of course, the California Department of Educa-
tion in Sacramento with its 199 participating
schools. Yet another center that began with the
Department of Education funds at the same time
as the California center is a collaborative effort be-
tween the Baylor College of Medicine and the
Houston Independent School District where three
schools are doing intensive work using this reform
structure. Three additional centers established by
the National Science Foundation include two uni-
versities in North Carolina, the University of North
Carolina, Wilmington (David Andrews and Dick
Ward) and East Carolina University (Charles Coble
and Floyd Mattheis); University of Puerto Rico
(Manuel Gomez) in San Juan, Puerto Rico; and Uni-
versity of Iowa (Bob Yager and John Penick) in
Iowa City. The U.S. Department of Education re-
cently added a seventh site by funding Anchorage
Public Schools to begin SS&C planning under the
direction of Emma Walton. These seven centers
are currently the focal points for Scope, Sequence,
and Coordination reform efforts nationally.

The California project started with funding
from the U. S. Department of Education to 100
high schools and many of those high schools'
middle grades feeder schools. With the addition of
ten "alternate" schools, there are now 199 schools
participating in the California restructuring effort:
100 high schools and 99 middle schools. These
schools (or school pairs, when middle schools have
joined the restructuring effort) received planning
grants that averaged $8000 per school. The major
endeavor involves the department chair (or other
site leader) working with the science faculty at the
high school and middle school to plan how to re-
formulate the secondary curriculum for those
schools, in line with the "essential changes" rec-
ommended by NSTA.

The California Department of Education (CDE)
is coordinating state level efforts to reformulate
the science curriculum, credentialing procedures,
university entrance requirements, and assessment
policies, so that schools that restructure their sec-
ondary school science programs in line with thes
envisioned changes are not penalized but are, in
fact, encouraged to make such changes. Ultimately,
the most compelling coordination is done at the

local level. Science teachers meet as a group for
roughly 50 hours during a two-year planning pro-
cess to develop their ideas for implementing a re-
vised curriculum, including the use of new instruc-
tional materials, the possibilities for scheduling
changes, and team teaching. The model curricu-
lum developed by CDE is customized at the local
level to meet the specific needs and interests of
those teachers and their students.

Currently most of the reform work is done at
the school level with occasional regional meetings
and semi-annual statewide curriculum coordina-
tion conferences. These regional and statewide co-
ordination meetings are for department chairs and
other leaders involved in this project to share ideas
and techniques. The real power of this effort is its
networking-teachers to teachers, department chairs
to department chairs, and feeder middle schools
with their high schools.

In September, 1990, the National Science Foun-
dation awarded a $1.5 million grant to the Califor-
nia Department of Education to provide the types
of support that schools need as they make the tran-
sition from planning to implementation. There are
five components to the NSF funded project:

the establishment of ten "hubs" where a
group of high schools (and participating
middle schools) gather to share implemen-
tation techniques and participate in staff
development;
the brokering of university faculty to pro-
vide "demand-side" inservice that meets
the staff development needs identified by
the hubs;
the creation of preservice reforms such that
prospective secondary school science teach-
ers learn to prepare for teaching in an SS&C
school (the graduates of such credential
programs would perform their practicum
teaching at SS&C schools);
the development of action research designs
such that teachers could conduct classroom
research on the efficacy and improvement
potential for SS&C curricula; and,
the continuation and expansion of docu-
mentation and evaluation.

In total, this NSF funding provides continued
institutional support for SS&C schools and brings
university faculty into the reform effort.
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The NSF-funded effort is supported widely
through science and science education faculties in
the California State University (CSU) system.
Inservice programs are coordinated by Crellin
Pau ling at San Francisco State University;
preservice programs are coordinated by Herb and
Bonnie Brunkhorst at the CSU San Bernardino cam-
pus; and action research opportunities are coordi-
nated by Fred Goldberg at San Diego State Uni-
versity.

Documentation and evaluation of this work is
combined through the efforts of Horizon Research,
Inc. in Chapel Hill, North Carolina (which coordi-
nates the national documentation of this endeavor),
and by the Far West Regional Educational Labora-
tory in San Francisco, California. Horizon Research
focuses on documentation, periodically collecting
survey information from all of the participating
schools sites and conducting case studies of the
reform process in several California schools. Iris
Weiss, President of Horizon Research, is working
with Susan Arbuckle to coordinate the California
documentation effort. The evaluation design is
headed by Don Barfield and Steve Schneider from
the Far West Lab.

Of course, the most precious human resource
is the student population among participating
SS&C schools. This project has made a very direct
effort to recruit schools with high minority enroll-
ments. Twenty of the original 100 schools have
more than 75 percent minority students. Eighty-
eight of the 100 have more than percent minor-
ity students. The real effort is to create a challeng-
ing, non-tracked science program for all students.
As historically underrepresented students succeed,
we believe that more will stay longer in the sci-
ence and technology pipeline. Specific inquiries are
underway to the major university systems to en-
sure that students in SS&C courses are given credit
for university entrance. Some schools have created
honors, advanced placement or other specialty
courses for the most advanced science students,
but the basic design is a rigorous sequence for all
students.

Leverage Points
The sheer scope and magnituc:e of the Califor-

nia Scope, Sequence and Coordination Project cre-
ates a point of leverage for the reform to build

upon. With 199 secondary schools and many oth-
ers interested in joining the reform, there are
enough schools, teachers, parents, administrators
and students to keep Scope, Sequence and Coordi-
nation in the forefront of the restructuring dialogue
among California public schools. In addition, the
strong combination of site leadership, university
support, state department of education adminis-
tration, and professional association support (pro-
vided by the California Science Teachers Associa-
tion) enables the Scope, Sequence and Coordina-
tion effort to move forward on a variety of fronts
at the same time. But the most important aspect of
this reform is the number of schools and teachers
involved. This mass of support creates enough mo-
mentum to move roadblocks which would typi-
cally work to erode support for pilot programs
such as SS&C.

One particularly troublesome barrier to the re-
form of secondary school programs in California
(and many other .,;tates) is the university expecta-
tion for thE traditional layer-cake cuniculum con-
sisting of laboratory-based, college-preparatory bi-
ology, chemistry and physics courses. In Califor-
nia, the University of California Office of the Presi-
dent (UCOP) establishes guidelines for high
schools' petitions for approval of "university ap-
propriate coursework." The three segments of the
higher education system in California, including
the Community Colleges, the California State Uni-
versity and the University of California, have
jointly adopted six "A-F" requirements which in-
clude the D requirement for laboratory science.
High schools must describe any formal additions
to the college-prep science sequence and have the
curriculum approved by the Board of Admissions
and Relations with Schools (BOARS). Early on, sev-
eral schools in the Scope, Sequence and Coordina-
tion l'roject petitioned the University of California
system to approve the new courses, only to find
them rejected with little commentary or assistance.
With strong urging from the California Science
Teachers Association, faculty from the various uni-
versity segments met with project leadership and
a number of petitioning schools to jointly discuss
the potential for allowing coordinated science to
meet the laboratory science requirement. After sev-
eral discussions and significant improvement in
the caliber of submitted curricula, new SS&C pro-
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grams are now being approved. With the Univer-
sity of California now supporting the SS&C re-
form, and a better understanding among the sci-
ence teachers and the university BOARS faculty, it
is possible for each group to coordinate better the
processes by which university entrance decisions
are made. This creates an opportunity for many
other schools who had been waiting to see whether
UCOP approval would be granted to now join the
SS&C reform in California.

Another major facet of science education in
California is the California Assessment Program
(CAP) in science. For many years, the science CAP
involved only the eighth grade and used only mul-
tiple choice items. In 1990, CAP moved more to-
ward "authentic assessment" of science programs,
using performance tasks and open-ended items to
gauge the achievement of students in more rigor-
ous science programs. As a consequence, it became
possible to assess students' abilities in the tradi-
tional science programs in a way that would mir-
ror the traditional coursework. With the advent of
SS&C, the CAP office was able to create an "au-
thentic" representation of coordinated science.
Kathleen Comfort, Science Consultant for the Cali-
fornia Assessment Program, working with the Sci-
ence Assessment Advisory Committee generated
a "criminal investigation" cal. d the "Obechki Mys-
tery," in which students needed to use techniques
from the earth, life and physical sciences to un-
ravel a forensic mystery. With CAP now creating
authentic assessments of coordinated science, once
again science teachers and science specialists (not
to mention administrators, parents, school board
members, and others) are able to see that the state
is united in looking towards an assessment pro-
gram that supports Scope, Sequence and Coordi-
nation rather than simply reifying the status quo.

Similarly, the Commission on Teacher
Credentialing (CTC) has worked with the Califor-
nia Department of Education to issue a joint memo-
randum which describes credentialing procedures
that authorize the teaching of coordinated science.
Coordinated science is sometimes taught by a
single individual, but is just as often taught by
two or more teachers in a team teaching pattern.
Whether a single teacher or several teachers teach
coordinated science, the Commission on Teacher
Credentialing has created an opportunity for dis-

tricts to reexamine the credentialing issue relative
to SS&C in a more positive framework. They sug-
gest eight possible credentialing avenues for teach-
ing coordinated science. Once again, the number
of schools, teachers and administrators interested
in this reform, coupled with the state-level respon-
sibility for the project have galvanized a swifter
and more appropriate reaction from the system
which favors coordinated science.

Another potential roadblock to the SS&C pro-
gram has been the lethargic response of commer-
cial publishers to creating coordinated science ma-
terials. Because of California's leadership in the
development of evaluation criteria for instructional
materials that favor coordinated science and be-
cause of the large number of schools that adopt
instructional materials in California, three publish-
ers have submitted coordinated science materials
for the 1992 California adoption process. Programs
submitted by Holt, Prentice-Hall, and Glencoe-
Merrill were submitted on April 10, 1992, for the
instructional materials evaluation process. If one
or more of these instructional materials survives
the gauntlet of state adoption, there could be a
potential market of well over 100 middle schools
to use these 6-8 or 7-9 programs. Other materials
are in the process of development in the United
States. Canada, England, Israel, and Australia may
also offer coordinated instructional materials to
meet this need for high quality, rigorous, instruc-
tional materials.

The preservice reform led by Herbert and
Bonnie Brunkhorst at CSU San Bernardino has
done much to move the SS&C project along. Not
only are preservice programs being redeployed in
an effort to prepare prospective teacher candidates
with a background in coordinated science, science
educators at CSU campuses are now recreating sci-
ence methods as well as undergraduate science
programs to reflect a coordinated approach to the
teaching and learning of science. Rather than al-
ways having to create new inservice programs for
the generations of new teachers who are inad-
equately trained for the new reforms, this
preservice mechanism will allow teachers of the
future to be prepared in a way that enables them
to teach the restructured, coordinated science.

The California Science Teachers Association
(CSTA) has been of major assistance to SS&C. Zack
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Taylor, Executive Director of the California Sci-
ence Teachers Association was originally project
manager for SS&C at the California Department of
Education. His stature among teacher leaders state-
wide and his acumen in mobilizing the profession-
alism of science teachers has created a much stron-
ger CSTA organization than existed just a few years
ago. As part of the long-term dissemination efforts
for SS&C, the California Department of Education
now regularly publishes an insert to the CSTA
newspaper, California Classroom Science. The insert
is called "Restructuring Science" and is four tab-
loid size pages, published five times per academic
year. Each issue offers a variety of informational
items and details national news from the NSTA
Coordinating Center or one of the other five na-
tional test sites. "Restructuring Science" is mailed
to 22,000 science teachers and seVeral hundred
other science educators around the nation. This
provides a forum for examining how coordinated
science is developing in California and gives people
insight into the kinds of issues and problems that
must be overcome in mounting this large-scale re-
form agenda.

The specialized treatment of historically
underrepresented groups in California schools is
on the minds of every SS&C teacher. The SS&C
program in California started off in many schools
with larger numbers of minority group students
because of this interest and our expectations for
the success of historically underrepresented groups
in coordinated science. Certainly too many had not
succeeded in the abstract, quantitatively rigorous
layer-cake programs of the past. A separate task
force has been established for historically
underrepresented groups in SS&C. Maria Lopez-
Freeman, from the California Science Project, and
Helen Kota, Hub Coordinator in Conejo Valley
Unified School District, have assembled a small
group of 12 minority SS&C science teachers in the
hopes of creating a specialized agenda for future
hub meetings. Thus, every hub and every SS&C
site in California has the opportunity to address
the special needs of underrepresented groups.

Other staff development mechanisms will be
necessary to provide content updating and issues
relative to coordination. In particular, there are sub-
stantive content issues about what science can be
coordinated and where mistaken connections are

to be avoided. In addition, certain kinds of peda-
gogical issues affect the SS&C program in Califor-
nia, some of which include sheltered science tech-
niques for helping limited English proficient stu-
dents succeed in SS&C; team teaching techniques;
innovative scheduling options; and procedures and
policies for working with parents, counselors, ad-
ministrators and others who need to know more
about a SS&C project in order for it to be success-
ful. These and many other staff development ini-
tiatives aroi.md the use of new instructional mate-
rials created expressly for the SS&C project will
require funding and the time commitment of SS&C
teachers to learn more about teaching coordinated
science.

Issues for the Future
Several especially challenging issues will need

to be confronted in the not-too-distant future. Some
districts are already considering moving to coordi-
nated science in all their schools. While potentially
a boon to the project and an indication of its recep-
tion in these districts, that replication may be mov-
ing more quickly than is desirable. Many policy
and practical questions remain unresolved at this
point and it may be premature for these districts
to move so swiftly to district-wide coordinated sci-
ence adoption. In addition, there is the question of
resources; too many teachers and schools adopt-
ing coordinated science can threaten the viability
of the entire enterprise when already thin resources
are s7read to a much larger group of participants.

It is likely that there will be some losses and
changes over the course of the next several years.
Some schools have already departed from the
SS&C reform because: (a) the leadership left, (b)
the school closed, (c) the administration changed
its collective mind, or (d) some teacher groups
failed to be able convince themselves and their stu-
dent bodies of its potential. An understanding of
program implementation success and failure will
be necessary in the future as new schools are in-
vited or encouraged to participate in the SS&C re-
form in California.

Perhaps the most challenging question in the
near future is the movement towards convergence
rather than creativity. The "100 Schools Project"
began with a sense of openness and innovation,
such that the two essential changes advocated by
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Bill Aldridge could take a variety of forms and a
variety of implementation styles. It was intention-
ally a divergent project where a school could cre-
ate its own sense of what coordinated science
would be fcr its students. Just three years into the
project now, many schools are asking for a more
convergent tone to emerge. They feel the original
need for innovation and freedom has diminished
to the point where they are ready to agree to com-
mon assessment measures with an understanding
that their programs would be judged and might
be modified accordingly. While it is still very early
in the reform process, there may be important rea-
sons to move towards an appropriate level of con-
vergence. Among these reasons are the assessment
vehicles, including the California Assessment Pro-
gram and related accountability programs such as
the Program Quality Review (PQR), the Western
Association of Schools and Colleges (WASC) ac-
creditation reviews, and the aforementioned UC
Office of the President curriculum approval pro-
cess. These review mechanisms would tend to push
toward a more clear-cut, recognizable form of co-
ordinated science for schools in California.

The California SS&C project has many ele-
ments. It is very much a grass-roots efforts led by

the teachers; it is formally directed by the Califor-
nia Department of Education with regional coor-
dinators in northern, central and southern Califor-
nia; it is supported by university faculty, especially
those on California State University campuses; and
it is warmly supported by administrators and par-
ents in a good many sites. In addition, the Califor-
nia Scope, Sequence and Coordination Project has
had very strong support and receptivity by the
UC Office of the President, the California Science
Teachers Association, the Commission on Teacher
Credentialing, and the California Assessment Pro-
gram. A major issue the entire project has yet to
grapple with will be the degree to which students
and schools are given the freedom to create SS&C
as they see fit or whether they should be asked to
move towards some common understanding of the
"California version" of SS&C. While there are
many parts of this complex puzzle in place, there
is still much to be done.

Work Cited
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A Case Study: Success and Disappointment in One
Educational Plan to Support Scope, Sequence and
Coordination in California

Philip and Sala Burton Academic High School in San
Francisco was one of 100 California high schools initially
chosen to plan and implement a site-designed curriculum
based on the Scope, Sequence, and Coordination concept of
the National Science Teachers Association. A feeder middle
school was included in the project. A general 6-12 and a
specific 619 integrated curriculim was planned and imple-
mented in 1990. At present the schools have curricula in
place and are awaiting additional funding to complete the
project. This article describes the concept of the integrated
curriculum and the process which took place in planning
and implementing this aspect of the SS&C.

As but one example of California's SS&C
Project, San Francisco's Phillip and Sala Burton
Academic High School may serve to demonstrate
the state's innovative and far-reaching attempt to
improve science education. In conjunction with one
of its feeder middle schools, Burton implemented
an Integrated Science Curriculum (ISC) for the 6th
through 12th grades based on the SS&C in Sep-
tember, 1990. Now a year and a half later, the pro-
gram is still intact in the 6th through 9th grades
but has been suspended for the 10th, 11th, and
12th grades, due to lack of funding.

Until the fall of 1989, the science department at
Phillip and Sala Burton Academic High School in
San Francisco had been teaching from the tradi-
tional science curriculum sometimes called "layer-
cake." All 10th grade students took biology and all
11th graders took chemistry. Twelfth grade stu-
dents took either physics, physics AP, or physiol-
ogy depending on previous performance in sci-
ence and math. There was no 9th grade science
offering, and thus, a year's hiatus in science in-

Robin McGlohn

struction occurred between the eighth and tenth
grades. The curriculum had existed since the es-
tablishment of this academic alternative high
school in the San Francisco Unified School District
(SFUSD) in 1984.

As the curriculum sequence continued un-
changed in the ensuing years, the science teachers
became increasingly displeased with the lack of
success of the 11th and 12th grade students. Nearly
50 percent of their students failed chemistry in the
llth grade and had to retake it as seniors with the
commensurate decreased enrollment of seniors in
physics. A disproportionate number of women as
well as black and Hispanic male students never
took physics. Attempts to find ways to increase
motivation and achievement in the science courses
had improved little. As can readily be imagined,
teacher frustration had become a serious problem
in the science department and was the subject of
many department discussions. It must be noted,
too, that the Burton science faculty are not stereo-
typical inner-city victims of burn out. In hopes of
learning new ways to improve their teaching meth-
ods, the science teachers actively worked at their
professional development by attending district
workshops, the Exploratorium Teacher's Institute,
Lawrence Hall of Science, and discipline-specific
meetings such as the AAPT and the ACS. A com-
pletely new curriculum approach had not been
considered, although they felt a critical step in im-
proving the curriculum was to be a 9th grade sci-

Robin McGlohn is a physics teacher and SS&C
Project Director at Philip and Sala Burton Academic
High School in San Francisco.
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ence course. Science teachers were unanimous in
their opinion that a properly designed 9th grade
science course should provide more receptive and
capable students for the remaining science courses.
Many barriers to that seemed insurmountable,
however, including such problems as what ninth
grade course could be dropped from the current
curriculum, how the teachers could get the time to
plan this course adequately, and where additional
resources would come from.

Fortuitously, in November, 1989, every high
school in California received a solicitation from
the State Department of Education to submit a
grant proposal for a Scope, Sequence, and Coordi-
nation (SS&C) oriented curriculum for high
schools. Approximately $10,000 would be made
available to "100 Schools" to commence planning
and implementing some form of curriculum
adapted to the SS&C. The science faculty at Bur-
ton saw the opportunity as no less than an an-
swered prayer. As we reviewed the instructions of
the grant proposal, we were even more excited as
we realized that we could expand the curriculum
to include one or more middle schools. Our plan-
ning could encompass grades 6 to 12, rather than
just the high school grades.

A preliminary discussion between our science
department chair and the chair at one of our feeder
middle schools, Dr. Martin Luther King Jr. Aca-
demic Middle School, showed that the middle
school science staff was extremely interested also.
We met initially as a group in December, 1989, to
ensure that we understood the grant and, if we
agreed to ?pply, to decide what type of curricu-
lum we wanted to implement. Most of us met the
science teachers from the other school for the first
time. Teachers of the two site groups were incred-
ibly enthusiastic as they became aware that SS&C
offered them an opportunity to design a curricu-
lum based on what they knew about the subject
material and their students. For the first time in
their teaching careers, they would be entirely re-
sponsible for their cun-iculum and together they
could design a curriculum to solve problems com-
mon to the subject material and the community
they serve.

As a result of that very positive initial meet-
ing, it was decided that Burton would submit a
grant proposal incorporating the two schools. The

faculties were forced to determine the type of cur-
riculum they wanted to propose. Although three
basic choices were suggested by the state, schools
could propose any other models they might want
to try:

a. Invert the traditional high school curricu-
lum by starting with physics, then teach
chemistry, and end with biology, leaving
the middle school curriculum mostly as is.
Earth science would be included as feasible.

b. Coordinate the high school and middle
school curricula so that a certain amount of
each of the sub-disciplines would be cov-
ered separately each semester or year, spi-
raling upward each year as envisioned by
the Science Framework

c. Integrate all the sub-disciplines by teach-
ing to a topic in which all or most of the
sub-disciplines would be included as the
need for using that sub-discipline arose.
Here again, the rigor of the material would
spiral upward as per the Science Frame-
work.

After another meeting, we decided to apply
for the grant based on the integrated curriculum.
This was our rationale:

Burton was not achieving its goals with the
current layer cake curriculum.
King was already teaching science in a co-
ordinated curriculum.
Burton's students approached the tradi-

tional "boxy" curriculum as material to be
suffered for the year and then forgotten.
"I've got to take chemistry (biology, physics),
but if I can just get through it, I won't have to
think about it any more after the last final."

Teachers were hard-pressed to relate sub-
ject material to students' lives.

The principals of both sites shared faculty ex-
citement about the opportunity to change the ef-
fectiveness of the science curriculum. Burton's prin-
cipal agreed to make space for the 9th grade sci-
ence course and committed the "earnest money"
required by the grant. The District agreed to be
fully supportive of the school's effort within the
limits of its resources.

Submitted in January, the proposal was ac-
cepted in February, 1990, with $8,400 granted by
the state for planning time and incidental expenses.
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We were on our way!
It must be acknowledged that these science

teachers, from only two San Francisco schools,
were not attempting to design a model to be used
by all high school/middle school teams. Burton
and King science faculties were excited about the
opportunity to design a curriculum for their stu-
dents. Certainly not every school matches the de-
mographics and curriculum structure of our two
schools:

Philip and Sala Burton Academic High School
1,200 Students
35% Asian
25% African-American
15% Hispanic
20% Other minorities
5% Caucasian

Consent Decree
Settlement of suit by NAACP against City/

County of San Francisco and State of Cali-
fornia.

Created in 1984 as an academic high school.
Parents send in application/chosen by lot-

tery /no entrance requirements except
graduated from the 8th grade.

Closed campus
Dress, conduct and attendance codes
Seven academic classes per day.
Goal is to meet admission requirements of

University of California system.
175 out of 195 graduates in 1991 entered two

or four year colleges.

Curriculum
Four years math
Four years English
Four years science (three years before imple-

mentation of SS&C)
Four years of social science
Three years of computer science
Three years of foreign language
Two years of physical education

Electives
Fine Arts
Choir
Band/orchestra

Drama
Varsity/junior varsity athletics

Dr. Martin Luther King Jr. Academic Middle
School

560 Students
15% Asian
40% African-American
24% Other minorities
13% Hispanic
8% White

Consent Decree
Settlement of suit by NAACP against city/

county of San Francisco and State of Cali-
fornia.

Created in 1984 as an academic middle
school.

Parents send in application/chosen by lot-
tery/no entrance requirements except
graduated from fifth grade.

Goal is to prepare students for the academic
high schools

Closed campus
Dress, conduct and attendance codes.
Six academic classes per day.

Curriculum
Three years math
Three years language arts
Three years science
Three years social science
Three years physical education
Three years electives sixth grade; 1/2 year

computer skills; 1/2 year Latin.
The group which met in the Spring and Sum-

mer of 1990 to plan the SS&C curriculum consisted
of four teachers from King and six from Burton.
We had some marvelous resources available to
help us get started:

Draft, California Science Framework
Science for all Americans (Project 2061)
Broad range of teacher backgrounds
Burton Science Chair member of Project 2061.
King teachers experienced in grants and staff

development
Commitment of administration and district
Cooperative attitude of staff

SS&C computer network (California State
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Universities) being implemented
University advisor (Dr. Kathleen
O'Sullivan, SFSU) member Project 2061.

We met at school and in our homes for a total
of forty hours as supported by the grant funds,
and there were also many on-site discussions dur-
ing the school days. We felt that we were working
as one team to realize the goals we had articu-
lated:

Make science available to all students
Foster an interest in science
Prepare students for post-secondary careers
Build self-esteem in each student
Help students to appreciate the method of
scientific study
Build a student's confidence in own ability
to learn
Get students in the habit of taking respon-
sibility for learning
Help students to learn how science/tech-
nology relates to all aspects of their lives
Help students to become scientifically lit-
erate in order to be able to make respon-
sible and ethical decisions
Increase parents' and community involve-
ment in education

The curriculum team decided to implement the
curriculum at the start of the fall semester in order
to build upon the momentum of the enthusiastic
planners. They felt delaying for a year or more to
ensure a "perfect" curriculum would be wasteful
and that the sooner they gained experience, the
sooner they could evaluate and modify to improve
its original work. Furthermore, this initial experi-
ence would help in the design of the 10th and 11th
grades. King was making topical, not fundamen-
tal, curriculum changes, and there hadn't been a
9th grade science curriculum at Burton.

Confident that the students were not being
jeopardized by rapid implementation the teams
decided to use a topic-based curriculum in the
middle school and repeat it in the high school.
This would permit a spiral, using the students'
recall to improve their learning and make connec-
tions in an easier manner:

6th/9th Self The human body as interact-
ing systems
7th/ lOth The Local Environment

8th/llth The Global/Universal Environment

12th Specific content courses
The chronology for the first year (6/9th grade)

of implementation follows:
3 weeks Process skills
5 weeks Digestive system and nutrition
6 weeks Circulatory & respiratory systems
(hereditary: asthma, sickle cell; health is-
sues such as lung disease).
2 weeks Excretory system, carbon cycle, in-
tegumentary system (hygiene)
6 weeks Skeletal and muscular systems (ex-
ercise, physical anthropology, simple ma-
chines, levers, pulley)
7 weeksNervous system (light, sound, drug
education, psychology, perceptions).
8 weeks Reproductive system, genetics,
health issues.

An unmentioned benefit of SS&C planning is
the integration of programs, departments, and even
different school sites. About this time the two fac-
ulties recognized how completely they were func-
tioning as one deparhnent rather than represent-
ing their individual sites. Thus, in that spirit they
adopted the title of the "Kington" Science Depart-
ment to represent their unity of purpose.

From that point on the two faculties started
working on both school's curricula, meeting to
share and critique their achievements. Totally in-
volved in planning and fully expecting to repeat
the planning sequence the following two years,
they understood from the beginning that this
would be an ongoing project and that they would
be receiving funding to complete their implemen-
tation of the 7th/ lOth and 8th/llth curricula.

The curriculum team recognized potential
problems that would require resolution. First, there
was the problem of approval of the complete inte-
grated curriculum by the University of California
system. The team chose to use the titles of already
accepted courses in the interim since it could not
submit a 9-12 curriculum until confident that what
it submitted was ultimately desirable. They had to
be able to show that the integrated curriculum, in
fact, provided the learning supposedly accom-
plished in three years of the traditional curricu-
lum. Second, there was the matter of credentials. If
the faculty planned to utilize all the sub-disciplines
and increase the rigor of the course with each sub-
sequent year, it would either team teach or use
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"Renaissance" teachers who were credentialed to
teach all the sub-disciplines. The team determined
to use the Renaissance teachers for the 9th grade
but intended to move into team teaching for the
10th and 11th grades.

The implementation of the 6/9 curriculum in
September, 1990, went quite smoothly. The teach-
ers were pleased with their progress in spite of
significant resource limitations (e.g., there was no
text, since no text had been written specifically to
support an integrated curriculum; Burton relied
on the biology texts on hand as class sets and made
handouts for the physical science aspects of the
course). As the course developed in the fall, excite-
ment built in contemplating what the 7/10 cur-
riculum would look like. No additional funding
was made available for the next year's planning,
however, and the team began to feel uncomfort-
able as it remembered the amount of work that
had been put into the first year's planning.

By the beginning of the spring, 1991 semester,
the realization hit home that funding would not
be forthcoming from the State for planning needed
to continue the high school portion of the inte-
grated curriculum . We cast about for any areas of
grant money which existed and which in any way
fit our situation. We applied for the 1990-1991 Tap-
estry Grant but were not selected. A State grant
with adequate money for planning was not avail-
able because it involved restructuring of the entire
school, a task which transcended the immediate
goals of our integrated science curriculum.

Unwilling to give up, the Burton teachers modi-
fied the 10th grade curriculum. Instead of continu-
ing with the integrated curriculum, they attempted
to adhere to the topical chronology in order to
remain in step with King. The 10th grade was re-
structured to include one semester of earth science
which would focus on the local region. The sec-
ond semester would consist of life science which,
coupled with the life science gained in the 9th
grade, would complete the life science require-
ment for the 10th graders. King remained faithful
to the original planning, building a 7th grade sci-
ence curriculum based on the Bay Area.

It became very apparent near the end of the
first semester of the second year of our implemen-
tation that the 10th grade cun-iculum was in seri-
ous difficulty. Although the 10th grade teachers

had originally agreed to the restructured version
of an integrated curriculum for sophomores, they
lacked the feeling of accomplishment such as that
with the 9th grade. Tenth grade teachers were suc-
ceeding in various degrees with the "life-ring" of
an earth science curriculum for the first semester,
but the life-science teachers had serious concerns
about the remainder of the year. What would sat-
isfy the learning that they felt the students needed
to accomplish in the next three semesters with the
prospect of an 11th grade which didn't seem to
offer an opportunity to include much life science?
Also, did the 10th grade curriculum truly provide
the students a base that would allow a spiraling of
chemistry into the 11th grade? Could students
learn enough for the school to claim that they had
satisfied a "year of chemistry"? The consequences
of lack of adequate planning for the 10th grade
were becoming quite evident and the morale of
the 10th grade teachers slipped badly.

The Burton teachers decided just before the end
of the first semester of the 1991-92 school year that
they could not continue with our initially exciting
changeover to a six year integrated science cur-
riculum. Given that the 10th grade was already in
trouble, an 11th grade curriculum implemented
without firm planning would be a disaster for the
current 10th grade students. It was agreed, there-
fore, that Burton science teachers would "keep the
faith" by retaining what they believe to be a highly
successful 9th grade integrated curriculum, then
revert to the traditional layer-cake for the 10th,
11th, and 12th grades. If funding for two full years
of curriculum planning can be found (approxi-
mately $20,000), this year's 10th grade curriculum
will be reviewed by the 10th grade teachers to de-
velop a 10th grade integrated curriculum for imple-
mentation in the 1992-1993 school year. The fund-
ing must be adequate to allow follow-up planning
for the 11th grade as was originally conceived.

It would be a great understatement to say that
the "Kington" teachers have been deeply disap-
pointed by their inability to carry out the original
plans for the implementation of the SS&C. The fail-
ure to continue is solely due to the lack of funding
to provide proper planning time. The faculties be-
lieve strongly in the way their initial implementa-
tion of the integrated curriculum in the 6th and
9th grades has brought all the science sub-disci-
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plines to every student. Those who have taught
the 10th grade have seen how the 9th grade inte-
grated curriculum prepared the students to move
upward in their knowledge of the world around
them. The SS&C has been accepted by King's sci-
ence teachers, and they are pleased with their
progress. They have been able to use other funds
from the School Improvement Program (SIP) and
the San Francisco Education Fund to initiate plan-
ning for the 7th and 8th grade integrated curricu-
lum. There is, however, real apprehension as to
what effect Burtca's indefinite delay of the origi-
nal long-rarge plan will have on King's teachers.
The deleterious effect of the lack of planning time
for all members of the "Kington" Science Depart-
ment during the first year of implementation has
become increasingly obvious. The faculties have

grown apart and have lost, hopefully only tempo-
rarily, the collegiality which was felt so strongly
during the initial planning.

As to such things as course accreditation, cre-
dential acceptance for team teaching, long-term as-
sessment, and adequate resource materials, these
problems that the integrated curriculum raises for
the high school will be addressed when the addi-
tional time for planning is once more available to
the high school faculty. We science teachers have
great hope for a full curriculum, but with the
present halt in further planning of the SS&C at
Burton, we are unable to build on our initial and
very successful accomplishments.
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Toward Professional Practice: The Role of National Science
Teacher Education Standards

Currently, nearly 700 of approximately 1200 colleges and
universities purporting to have a state-accredited teacher
education program arc not accredited by the National
Council for the accreditation of Teacher Education
(NCATE). Only two states require that institutions acquire
its accreditation. This article addresses the need for national
standards in teacher education with emphasis on science
teacher education.

It seems generally agreed that the educational
system in the United States is not performing at an
acceptable level, particularly in mathematics and
science. The sources of its problems are undoubt-
edly complex and diverse, but the lack of a strong
set of national standards for entry into the profes-
sion should be held to be at least partly to blame.

Education is distinctive among the major pro-
fessions in that its standards for entry and practice
are primarily developed and enforced by state
agencies and legislatures, rather than by the pro-
fession itself. While institutions may gain nongov-
ernmental professional accreditation by meeting
the standards of the National Council for the Ac-
creditation of Teacher Education (NCATE), such
recognition is generally not required.

The result is a fragmented system of standards
and regulations which are not always based upon
the needs of the students or the best knowledge
and practice of the profession. Today, in this coun-
try, there are fifty different sets of legal standards
for state program accreditation and teacher licens-
ing. Moreover, these standards, some of which are
weak to begin with, have proven vulnerable to
administrative and political pressures to further
ease the passage of certain potential teachers into

Steven W. Gilbert

the profession. The same system holds teacher edu-
cators accountable for bureaucratic or legislative
initiatives over which they have little or no con-
trol.

Unfortunately, the purpose of professional ac-
creditation and certification appears at times to be
poorly understood and indifferently supported by
teacher educators. This situation must change, for
professionalization of our contemporary standards
of practice may well be the key to remedying some
of the serious weaknesses which currently plague
the nation's educational system.

Professionalization of Teacher Education
Does a true teaching profession exist, or is

teaching a quasi-professional activity which has
yet to come into its own? In an extensive study of
teacher preparation practices in the United States,
Goodlad (1991) found teacher education programs
to be marked by low prestige, lack of coherence,
separation of theory and practice, and a regulated
conformity in which programs are driven more by
ongoing practice and bureaucratic concerns than
by a coherent knowledge base. These findings do
not support the idea that education is a true pro-
fession.

In the United States, most of the major profes-
sions, including law, medidne and architecture,
have entry-level professional standards for certifi-
cation of individual practitioners and accreditation
of programs to prepare them (Wise, 1991b). Nov-
ices are required to participate in an extensive pe-

Steven W. Gilbert is an Associate Professor of Educa-
tion at Oakland University, Rochester, Michigan, and
NSTA/NCATE Folio Coordinator.
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riod of specialized training and a substantial su-
pervised internship, during which the norms, skills
and knowledge of the profession are transmitted.
In these professions, standards of entry are deter-
mined by professional practitioners rather than by
those outside of the profession. State boards made
up of members of the profession are active in li-
censing, i.e., governmental approval to practice,
and these boards reinforce a national system of
accreditation by requiring that students graduate
from institutions accredited by the professional as-
sociations (Darling-Hammond, Gendler, & Wise,
1990; Wise, 1991a).

Almost 700 of the approximately 1200 colleges
and universities purporting to have a state-accred-
ited teacher education program are not accredited
by NCATE, and, although a number of states have
agreed to cooperative relations with the Council,
only two states require that institutions acquire its
accreditation. State agencies and legislatures have
been reluctant to surrender or share their control
over educational practices, despite their concerns
about poor educational performance, and despite
the fact that most state accreditation standards are
weak in comparison to the profes.-.ional standards
adopted by NCATE. In some states, for example,
approved science education programs require no
more than 12 credits of content preparation in a
teaching field.

Teacher preparation has been perceived as be-
ing so weak that some teachers, administrators and
legislators have questioned the need for it. This
has resulted in a paradoxical situation in which
the weaknesses of past practices have led to ac-
tions which are likely to further weaken the prac-
tice of teaching, including the removal of licensing
restrictions, the development of alternative certifi-
cation programs, which are now available in 30
states, and mandatory restrictions on the number
of hours which may be required in professional
educa tion.

In stating the case for district-run alternative
certification in Alaska, Jarvis (1991) argued that
"...school boards, school districts, school adminis-
trators and teachers can better educate the new
teacher without interference from traditional uni-
versity bureaucracies which, in many cases, are
not in step with the 'real world"(p. B6). While
Jarvis' statement reflects the doubts of some edu-

cators and legislators about the efficacy of univer-
sity teacher education, Darling-Hammond (1991)
has found that the weight of available research
supports the need for full preparation of teachers.
Her review of 65 studies found "...consistently posi-
tive relationships between student achievement in
science and the teacher's background in both edu-
cation courses and science courses" (p. 6). Although
some alternative certification programs are educa-
tionally sound when undertaken in collaboration
with university faculty or teacher education pro-
grams, others are essentially apprenticeships that
require less rigorous and demanding studies and
experiences than the traditional programs they re-
place (Wise & Darling-Hammond, 1991). Further-
more, their effectiveness in some cases has been
lessened by failure to ensure that program require-
ments are fully met. Smith (1991) found that atten-
dance at meetings and proper supervision of ex-
periences in New Jersey's alternative programs
were frequently lacking.

Well-run alternative certification programs un-
dertaken with appropriate expertise, commitment,
and regard for professional standards can make a
positive contribution to teaching. It is question-
able, however, whether most school districts alone,
especially small districts, have the necessary time,
resources or expertise to develop and sustain such
programs. The ideal program would combine the
best practices of school districts and colleges or
universities, as the movement toward Professional
Development Schools is intended to demonstrate.
The potential contribution of higher education
stems from its synthesis of knowledge and re-
search, its focus on the process of teacher develop-
ment for teaching in a variety of situations, and its
capacity to move the profession beyond the ac-
cepted limits of day-to-day practice.

No other profession devalues formal learning
like education itself, perhaps because teacher edu-
cators are only beginning to develop a substantial
and coherent research base to guide their practices.
As this knowledge base evolves, it will become
even more important for all educators to support
the development and implementation of profes-
sional standards which require substantial and sig-
nificant preparation for teachers before they enter
the classroom. Only in this way can theory and prac-
tice converge to form the basis for a true profession.
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Accreditation Standards for Science Education
Since 1986, standards written by the National

Science Teachers Association (NSTA) have been
adopted by NCATE as the standards for science
teacher education programs. As a constituent mem-
ber of NCATE, NSTA has participated in the evalu-
ation of hundreds of science teacher education pro-
grams. Its standards are for programs designed to
prepare elementary science specialists, middle
school science specialists and secondary science
teachers. The standards for a secondary program
are broken down into a core set of requirements
which apply across disciplines, and specific re-
quirements for each of several disciplinary areas:
biology, chemistry, earth science, general science,
physical science and physics (National Science
Teachers Association, 1991).

Through its participation in NCATE, NSTA has
been able to impact programs across the country.
In the process, its standards have been widely dis-
cussed, receiving strong support from some sci-
ence educators, and criticism from others who
sometimes regard the standards as unnecessarily
burdensome or restrictive infringements upon aca-
demic freedom. Legitimate concerns have surfaced
which will need to be dealt with if the standards
are to be widely and completely adopted by states
and institutions. Concerns have particularly been
expressed about the effect of the standards on small
rural colleges and universities and on the supply
of science teachers to small rural school districts.

In the former case, Finson (1990) and Finson
and Beaver (1990) have expressed concern that
small rural institutions are unable to meet the
teacher education standards because of the addi-
tional requirements for personnel, facilities and
courses which the standards impose. They con-
tend that the loss of such institutions would be
detrimental to rural education in general. How-
ever, the extent to which such institutions actually
affect the supply of rural teachers has not been
demonstrated. In the midwest, at least, it appears
that the majority of science teachers come from
large programs. Furthermore, small institutions are
by no means all rural.

Gilbert (1990), in a review of three cycles of
NSTA/NCATE reviews including 75 institutions,
found only a small relationship between the size
of a program and compliance with the standards.

Since the standards have only been included in
NCATE reviews since 1986 and even now are not
widely understood, it is not surprising that sur-
veys such as Finson's, and a report by Barrow
(1987) show that many programs do not fully com-
ply with them. Although small size can certainly
add to the difficulties of achieving full compliance,
the fact that small programs do meet the standards
is argument against the existence of an intractable
size barrier. If, in fact, such a barrier is encoun-
tered, then it is legitimate to question whether the
institution should be preparing science teachers.

A second, related criticism is that the standards
are designed to educate specialists in the various
disciplines, e.g., biology, while rural schools need
generalists licensed in several different science sub-
jects. At the present time, the standards are indeed
intended for that purpose. NSTA standards require
that a secondary science teacher earn at least 32
semester credits in his or her teaching field.

But to meet the demand for rural science teach-
ers, a number of states including Ohio, Texas,
Michigan, New Mexico, and Nebraska accredit
broadfield programs which allow a teacher to earn
a license to teach in three or more science fields
with as few as 12 semester credits in each field.
Such programs are clearly at odds with the stan-
dards, and institutions offering such programs are
not in compliance with the NSTA/NCATE stan-
dards.

Teaching minors, which may require as few as
16 semester credits, and which seldom include spe-
cific methods instruction, are often required along
with a major program which meets the standards.
Minors, like broadfield programs, are intended to
ensure that novices will be able to teach in more
than one field. Although minors do not meet the
science standards, NCATE policy is to ignore such
minors, for purposes of review, except when there
is no major preparation offered in the field. While
this policy is expedient, it seems to defeat the pur-
pose of accreditation by linking Weak to strong
preparation.

In Texas, Option II programs which require a
minimum of 24 semester hours in each of two
teaching fields offer a compromise between ma-
jor/minor and broadfield preparation. While this
kind of program is weaker in any one area than a
full major, it has the advantage of lessening the
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impact of a weak minor, and it is stronger in all
ways than a broadfield program. Option 11-type
programs are found in a number of states and,
although they are in conflict with the current NSTA
standards, should be investigated more closely.

Teaching minors, Option II's and broadfield
programs offer much less content preparation than
major programs but since they may be required
by state regulations, they are often difficult for in-
stitutions to modify or eliminate, even should they
choose to do so. Institutions not required by regu-
lations to offer broadfield programs may still
choose to do so in order to educate students with
backgrounds which are competitive in the rural
job market.

Recent moves toward the development of more
interdisciplinary curricula have increased pressure
on the NSTA to be more flexible in terms of course
and credit distributions. In fact, it can be argued
that a large part of the problem of staffing rural
schools is created by the relatively rigid bound-
aries between the traditional disciplines which re-
quire subject-area specialists. Such divisions have
come under increasing attack. Science for All Ameri-
cans (American Association for the Advancement
of Science, 1989), for example, recommends weak-
ening or eliminating boundaries between the tra-
ditional disciplines in precollege science. A cur-
riculum implementing such a proposal would re-
quire teachers familiar with integrating concepts
and methods of investigation rather than a single
field of study. Similarly, NSTA's Scope, Sequence
and Coordination project undoubtedly will require
broad teacher preparation in order to succeed in
doing anything other than redistributing traditional
subject matter.

Unfortunately, there is no definitive research
identifying an optimum level of content prepara-
tion for a new science teacher. Darling-Hammond
(1991) and others have found that extensive sub-
ject-matter knowledge is not necessary, and may
even be counterproductive. While under-prepared
teachers tend to teach from the text and are wary
of procedures which threaten their control over
the class, teachers with a very strong content back-
ground may be too teacher-centered and pedantic.
Beyond the point at which the novice has a firm
grasp on the subject matter, pedagogical knowl-
edge appears to be more important than more con-

tent knowledge, at least as it is traditionally taught.
What constitutes a "firm grasp" is unknown. At
present, the best guide to adequate program con-
tent must be determined primarily from the expe-
rience of professionals who regularly work with
beginners preparing to teach science.

Effect of National Standards on Institutions
Not all NCATE review procedures require in-

stitutions to submit their individual programs for
review by specialty organizations such as NSTA.
In an effort to reduce the number of individual
institutional reviews it must make, NCATE offers
options to states which will grant recognition, un-
der certain conditions, to all institutions meeting
the accreditation standards of that state. Under
these options it is agreed that the standards of
NSTA and other specialty organizations will be
used in the development and review of state stan-
dards, but NSTA has no control over this process
and does not review these programs unless an in-
stitution individually chooses to be evaluated.

Under other options, institutions individually
submit their program portfolios to NSTA through
NCATE, and an NSTA review board evaluates
their compliance with the standards. Although
compliance with specialty standards is not required
in order for an education unit to receive NCATE
accreditation, such compliance is noted and regu-
larly published by NCATE. In addition, NSTA has
recently begun to periodically list institutional pro-
grams in compliance with its science teacher edu-
cation standards in NSTA Reports!

A number of factors seems particularly to af-
fect the ability of institutions to meet the NSTA
standards. Although space does not permit a thor-
ough discussion of these factors, four of the most
important are:

1. State program requirements. Special prob-
lems are created when states require
broadfield programs or combinations of
courses which do not conform to NSTA stan-
dards or definitions. Some institutions meet
the minimal standards required by their state
and have no incentive to go further. State
program requirements tend to be weak when
compared to NSTA recommendations.

2. Lack of cohesiveness. Science content and re-
lated coursework does not appear to be
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planned to meet needs specific to teachers.
The science departments appear to determine
the standards, which may be no different
from those required for other disciplinary
majors. Cross-disciplinary perspectives or
themes are rare.

3. Lack of subject-specific pedagogy. Both large
and small colleges and universities may fail
to provide significant science-education
methodology. In extreme cases, there may
be no apparent education related to science
teaching at all, even in more generic profes-
sional courses.

4. Lack of Science-Technology-Society (STS),
historical or philosophical perspectives. This
is apparent in many programs, where tradi-
tional subject-specific content dominates the
syllabi. Few institutions offer specific
coursework in STS. Most include a brief in-
troduction in their science methods course, if
such a course is offered. STS is seldom a per-
vasive theme.

In view of the fact that immediate changes are
not required for NCATE accreditation, it is profes-
sionally gratifying to find that institutions do, in
fact, modify their programs to meet the NSTA stan-
dards, sometimes in major ways. Table 1 shows
many of the changes reported by institutions dur-
ing 1991 in response to the NSTA standards.

Certification and Accreditation
In arguing for the opening of Alaska's class-

rooms to uncertified teachers, Jarvis (1991) writes
that "certification does not always guarantee a per-
son can teach or should teach. You cannot gauge,
predict, judge or otherwise evaluate human com-
mitment, potential or drive" (p. B6). The miscon-
ception that certification is a guarantee is a com-
mon one. Leaving aside the argument that a per-
son with commitment should be willing to make
the effort to be professionally certified, the state-
ment serves as a reminder that certification, and
accreditation, are primarily vehicles through
whichprofessions raise the average level of prac-
tice.

Every profession has incompetent practitioners,
and no system of evaluation has yet been devised

Tab;e 1

Summary of Reported Changes Made to Science Teacher
Education Programs Due to NSTA/NCATE Standards, 1991.

UG: Science syllabus revised to comply with standards
OC: Added supplementary course requirements in biology

and general science; added a bioethics course to require-
ments for biology majors (might have been created for
this purpose).

KC: Added a requirement for statistics for all studen; added
a science methods course for both the baccalaureate and
post-baccalaureate programs.

AS: Physics syllabi revised to include STS components. ASU
is in complete compliance with the standards.

UD: Has expanded its methods course to include added
emphasis on safety and statistics. Requirements for
supplementary science in the physics program has been
increased from nine credits to full compliance.

UL: UL has made extensive changes in its program to meet
NSTA standards, specifically it has added requirements
for a course in statistics and specific, strong computer
science education; increased science content to 36 hours
in major fields with all areas covered; increased require-
ments to meet all supplemental science requirements; and
has upgraded mathematics to meet all requirements. A
requirement for a course stressing the relations of science,
technology and society was also added.

UWC: Has made changes including the addition of a middle-
school-oriented methods course and the upgrading of
mathematics requirements.

UC: Added a three hour science methods course and re-
vamped education course structure to address areas of
concern. Differential equations was added to physics
requirements and methods was upgraded by addition of
computer applications. A one-hour science and society
course has been added as a requirement for all science
teachers.

LC: Appears to have added a secondary science methods
course for science which addresses most of the cited
problems.

NI: Increased science requirement in physics by 6 hours;
revamped science syllabus to clear up problems.

RF: Increased its mathematics requirement for biology to
meet standards.

AU: Increased their science methods course from two to three
units; now requires biochemistry for a chemistry teaching
major and oceanography for earth science majors.

IT: Increased credit for science methods course.
CS: Increased supplemental coursework in biology and

chemistry to move program from noncompliance to full
compliance with a change in progress for physics.

NU: Added a three-hour science methods course.
HC: Updated geology syllabus reflecting more STS emphasis;

added course with environmental emphasis.
SM: Added physical chemistry and biochemistry to chemistry

teaching requirements; added science to meet supplemen-
tal science standards for chemistry, earth science and
physics; added physical oceanography to earth science
teaching requirements; strengthened course require-
ments, mathematics and STS in physics program.

CS: Revised science methods course to increase emphasis on
safety and research issues.
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which is not inherently unfair to that individual
who might practice well without a formal educa-
tion. In medicine, for example, there have been
documented cases in which individuals without
formal education have practiced successfully for
years without a license. Yet there has been little
public pressure to allow self-taught physicians to
practice, nor are there serious subsequent efforts
to weaken accreditation, certification and licensing
standards in medicine. It seems generally agreed
that medicine is better off with such standards than
without them, and that individuals who seek to
practice should "take the time to do it right." Per-
haps if students died physically in classrooms as a
result of ineffective practice, there would be much
greater support for substantive professional certi-
fication and accreditation. To be effective, profes-
sional certification and accreditation and the legal
process of licensing should be complementary. The
basic professional science teacher certification of-
fered by the National Science Teachers Associa-
tion has since its inception been linked to the sci-
ence teacher preparation standards used during
the NCATE accreditation review process.

The same kind of linkage does not appear to
be occurring on the national level for broader pro-
fessional certification initiatives. The National
Board for Professional Teaching Standards (1989),
stating that certification should be based on what
a teacher "should know and can do, rather than
upon the means of acquiring such skill...," rejects
any linkage between graduation from an NCATE-
accredited institution and NBPTS certification, say-
ing "...the case is weak for proceeding beyond what
amounts to a liberal arts and sciences requirement."
In taking this position, it argues that such linkage
would "...mean becoming dependent upon another
body whose standards it could not control."

Lack of unity between national certification and
accreditation will certainly be harmful to efforts
for professionalization. Standards are not just
guides for practice, but are also reflections of pro-
fessional cohesiveness and identity. The lack of co-
hesiveness found in teacher education by Good lad
(1991) is apparent in the NBIYIS statement. If dis-
agreements are apparent in the professional stan-
dards, then school districts, governmental agen-
des, legislators and the public will be forced to
make their own decisions about which standards

to follow, a process which will effectively remove
control of subsequent decisions from the profes-
sion itself. By rejecting linkage to NCATE, the
NBPTS is casting doubt upon the validity of its
own standards.

Preparation programs do not just transmit
overt skills and knowledge, they also transmit pro-
fessional attitudes, values, and the kinds of covert
knowledge and behavior which stem from the
characteristics of the program itself. Weak pro-
grams might enable their students to meet basic
professional certification standards, but they are
unlikely to impart the professional attitudes
needed for sustained reflective practice. Strong ac-
creditation standards will have the effect of modi-
fying or removing such programs, but only if cer-
tification and licensing are firmly linked to accredi-
tation.

Summary
In the early 19th century, medical practitioners

in this country were not required to have a formal
medical background, and one of the arguments
voiced by practicing physicians against requiring
a college degree was that good medicine was an
art rather than a science: good doctors are born
and not made (Darling-Hammond, Gendler, &
Wise, 1990). This same argument is heard in teach-
ing today, and it is often teachers themselves who
voice this opinion. Just as so many physicians of
the 19th century could not imagine what medicine
would become, so many educators today have not
envisioned what education can be.

Properly drafted professional standards, devel-
oped and administered through the education
community, have a great deal of potential for im-
proving educational practice. Teacher educators
should only be held accountable for the quality of
new teachers when they, as a group, have been
given control over the conditions of preparation.
By separating government from certification and
accreditation, responsibility will shift to those who
are in the best position to regulate entry into the
profession. The role of the state will be to ensure
accountability, rather than to control professional
affairs directly.

Although the NSTA science teacher education
standards have been rightfully criticized for their
shortcomings, this does not negate the need for
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standards. New national science standards are now
being developed under the leadership of the Na-
tional Academy of Sciences, the National Research
Council's Coordinating Committee. Although
NSTA and the Association for the Education of
Teachers in Science are seeking input into this ef-
fort, there is substantial evidence that this is a top-
down effort undertaken in response to political
concerns, including the desire to be the best in the
world in science by the year 2000. Because they
may ultimately be used for such things as funding
decisions, these standards will undoubtedly be in-
fluential. Whether or not this influence stems from
a research base and best professional practice re-
mains to be seen. The articulation between these
and other standards, including the current NSTA/
NCATE standards, will also be important.

In the near future, a number of steps should be
taken to ensure that the science education commu-
nity continues to have a voice in the process of
professional accred ita ti on:

1. NCATE must recognize and fully respect the role
of the specialty organizations such as NSTA in
setting and implementing standards;

2. Standards must be developed which recognize
the real needs of school districts and innovative
curricula, including any compromises that entail;

3. Standards must be developed according to the
best available knowledge base, rather than a
philosophical ideal;

4. Flexible standards must be developed for both
process and outcome (since all outcomes are not
measurable);

5. Accreditation, certification and licensing must be
consistent, founded on well-reasoned philoso-
phies and a common knowledge base;

6. Educators at all levels must recognize the need
for theory and reflection as well as practical edu-
cation for new teachers, because it is only through
these valuable characteristics that the profession
will progress.
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The "New Elegant Solution" for Science Teacher Preparation
and Development: A California Story of Systems and
Connections

Science teaching preparation is now recognized as a pivotal
influence in the reform of science education. Approximately
10 percent of the nation's teachers are prepared by the
California State Universihy System. TRIADS of scientists,
science educators, and lead teachers, K-12, from each of the
20 CSU campuses are collaboratively addressing reforms for
preparing teachers who can respond to the new science
education needs. Other state systems are coordinating their
efforts in cooperation with the CSU Science Teaching
Development Project, coordinated at CSUSB. The "Elegant
Solution" requires the collaboration of the systems that
affect the preparation of new teachers of science.

Elegant Solutions
A Sidney Harris cartoon, published in "Ameri-

can Scientist" and recently reprinted by AAAS
(AAAS, 1992), shows two forlorn-looking scien-
tists in front of three walls of blackboard filled
with a multitude of equations, one saying, "What-
ever happened to elegant solutions?"

"Elegant solutions" are not being found using a
simple, linear approach. Isolated, controlled vari-
ables taken out of the context in which they func-
tion, adjusted and returned, are not producing the
simple solutions the science education community
had hoped for in the past. Our collective experi-
ences, both academic and social, indicate a need to
examine systems within their total context, simulta-
neously exploring the multitude of variables that
together affect the nature and function of the whole
in which they exist. New visions, new solutions,
both academic and social, must often be holistic and
systemic, reflecting the systems that affect them and
the systems in which they exist. Such is the case for
science education, and science teacher education.

Bonnie J. Brunkhorst

Science Education in Context of Society
Science education is now being viewed by our

society as an element essential to the health of our
nation. George Gallup notes that "Americans think
nothing more important for the next 25 years than
having the best education system in the world.
Education has become the national worry,"
(Alexander, 1992, p. 1). The fourth of six of our
"National Education Goals" highlights science edu-
cation: "U.S. students will be first in the world in
science and mathematics achievement" (U.S. DOE,
1991, p. 9). Scientific literacy, the product of our sci-
ence education systems, does not stand isolated
from other indicators of our national health. Like-
wise, the systems that effect science education are
being examined in light of how they simulta-
neously and collectively affect scientific literacy. As
the systems of national science standards, cunicu-
lum reconfiguration, school restructuring, national,
state, community and family resources, assessment,
and so forth, are being restructured, so too must the
preparation and professional development of
teachers who teach science in our schools be revis-
ited and reconceived in service to the vision of sci-
entific literacy for all. Science teacher preparation
(preservice) and development (continuing
inservice) need a new vigor, a new vision, placing
it in the context of the restructuring of science edu-
cation. The "elegant solution" to improve science
teaching must of necessity be holistic.

Bonnie J. Brunkhorst is Professor of Science Educa-
tion and Geology, and Associate Director of the
Institute for Science Education at CSU, San
Bernardino.
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Science Teacher Preparation in the Context of
Science Education

John Good lad (1991) placed his vision for
teacher education in the context of Whitehead's
call for adventure beyond the safeties of the past:

A race preserves its vigor so long as it
harbours a real contrast between what has
been and what may be, and so long as it is
nerved by the vigor to adventure beyond
the safeties of the past. Without adventure,
civilization is in full decay. (Whitehead,
1933, p. 360)
The necessity for change related to new visions

is problematic for many. The need for change is
rooted, however, in the fact that the verities of the
past are changing. The USSR is no more. South
African apartheid is gone. World economics are
adjusting. America's big industrial complex is dis-
persing. America's demographics are shifting rap-
idly. The information age is here. America's chil-
dren need more services now and new skills for
the future.

The educational enterprise exists in the midst
of a world in flux, indeed is a system of that world.
Assuming that education is to optimize human life
in this world, it follows that education must also
be in flux. New visions are not being met by old
practices. Out of necessity, educational systems
must be reinvented to welcome the opportunity
for new vision and new practice to meet the needs
for quality life in the new world.

Science education stands at the intersection be-
tween scientific and educational communities. The
science education enterprise must address the goal
of scientific literacy for all by paying attention to
the rapidly evolving interdisciplinary connections
of technology, information management, and so-
cial implications, and the building imperative for
educational change to prepare dtizens for success
in the twenty-first century. Teachers must be pre-
pared to address the new goals of science educa-
tion.

Science education in the nation's schools is be-
ing reconceptualized:

Reform is needed because the nation has
not yet acted decisively enough in prepar-
ing young people, especially minority chil-
dren, on whom the nation's future is com-
ing to depend for a world that continues to
change radically in response to the rapid

growth of scientific knowledge and techno-
logical power. (AAAS, 1989, p. 3)
A multitude of reports from many communi-

ties, scientific (National Research Council, 1990),
education (ASCD, 1992), science education (AEI'S,
1991), government (U.S. Department of Education,
1991), private foundations (Carnegie Commission,
1991), and the media indicate trouble. The breadth
of concern indicates the nature of the systems af-
fecting the science education enterprise. Each sys-
tem has contributed significant and overlapping
recommendations to the reconceptualization. A
growing national consensus has emerged centered
on the premise that "schools do not need to be
asked to teach more and more, but to teach less, so
that it can be taught better" (AAAS, 1989, p. 3).

A nationally defined set of new quality indica-
fqrs for science education is emerging. The Na-

inal Academy of Science, in cooperation with the
National Science Teachers Association (NSTA), the
American Association for the Advancement of Sci-
ence (AAAS), a number of other science and sci-
ence education societies, and with support from
the National Science Foundation (NSF) and the U.S.
Department of Education (USDOEd), will be pro-
ducing hallmark descriptions of national standards
for K-12 science curriculum (i.e., "what students
should know and be able to do"), science teaching,
and science assessment.

Science teaching and learning is an essential
system in the reconceptualization of science edu-
cation. It is a simple but elusive truth that any
restructuring requires new skills and the enhance-
ment of existing skills for those who implement
the new practice. Enhancing existing skills sug-
gests modes of "staff development programs." Pro-
ducing new science teachers able to serve the re-
structured model of science education requires a
reconfiguration of preservice programs that con-
nect with inservice teachers such that new skills
can be developed continuously for both new and
experienced teachers. Thus science teacher educa-
tion must be viewed as a continuum from
preservice to staff development programs. The con-
cept of "professional development" as a connected
system of preservice and staff development is the
foundation of the emerging California "elegant so-
lution" for new science teacher preparation.
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California Systemic Science Education Reform
California science education reform fosters a

statewide alignment of all the systems affecting
science education, simultaneously and coopera-
tively working toward implementing the national
and state quality indicators of science literacy for
all citizens (AAAS, 1989; CDE, 1990). Emphasis in
this reform is placed on content in the context of
how science is used, breadth as well as depth of
knowledge, development of genuine personal un-
derstanding, connections among the sciences
(NSTA, 1992), and science as a way of knowing
(CDE, 1990). The California systemic approach to
restructuring science education, coordinated by the
California Department of Education (CDE), Tom
Sachse, Manager for Science, recognizes the need
to redirect all of the systems to support change.
These systems to be re-directed include teacher
leadership and professional development, school
administrative partnerships, California Department
of Education (CDE) efforts, California Commission
on Teacher Credentialing (CTC) efforts, assessment
systems and university systems, among others.

The California State University (CSU) system
of twenty universities, by state mandate, carries
the responsibility for "Education" in the state's
higher education plan. The CSU also produces the
vast majority of the state's teachers. The CSU,
through the SS&C Preservice Project, has begun to
address its responsibility for leadership in restruc-
turing science teaching development in service to
the restructuring of science education in Califor-
nia. Teacher education is one of the systems in the
reform enterprise.

Science Teacher Development in California
Providing leadership means constructing a
vision. Visions are not statements of the sta-
tus quo, they are new, they are substantial,
and they look to the future. (Bybee, 1992, p. 3)
Placing the responsibility for science teacher

education in-service to the restructuring of science
education in California squarely on the shoulders
of the university system that produces most of the
state's teachers required a shared vision for im-
proving science education and the CSU's role in
that enterprise. Visions are not effective if pre-
scribed, especially in universities where academic
freedom is protected as essential to democracy. De-
veloping a shared vision for service to the CSU's

science education mission for each university's geo-
graphic "service area" was an early step in the
Preservice Project. Essential to the vision is the con-
textual perspective of educating teachers (pre- and
inservice) who can be the professional practitio-
ners and leaders for the reforms in California
school science. Connecting with all the systems in-
volved in the reform is necessary to the holistic
view of teacher education as part of the reform.
Communication is the basis for developing the vi-
sion.

Communication for Vision
The Institute for Science Education asE) at Cali-

fornia State University, San Bernardino (CSUSB),
assumed responsibility for coordinating the CSU
role in science teaching education as a component
of the California Scope, Sequence and Coordina-
tion (SS&C) Project (California "100 Schools"). The
California SS&C Preservice Project is co-directed
by Herbert K. Brunkhorst, Director of the ISE, and
Bonnie J. Brunkhorst, Associate Director of the ISE,
and Chair, Council of Scientific Seciety Presiden.

Teaching SS&C requires the development and
practice of new skills, new knowledge, and new at-
titudes toward science teaching. New skills include
management and teaching strategies facilitating the
development of students' deep understandings of
science themes, concepts, and interpersonal colle-
gial skills. New knowledge includes connections
and themes among the sciences, pedagogical
knowledge, curriculum resources, developmental
and cognitive psychology. New attitudes include
commitment to continuous learning, change as op-
portunity, willingness to forge new paths and make
new connections, and interest in making science a
successful experience for all learners.

The CSU Deans of Education and Deans of
Natural Sciences extended invitations to the
Brunkhorsts to present the nature of the science
education reform and the prospective CSU role in
the reform. Deans' representatives (Science and
Education from all twenty CSU campuses began a
series of bimonthly, statewide meetings, alternat-
ing in the north and south. Science faculty, science
education faculty, and other education specialists
from the campuses met together to explore the
need for the reforms. These meetings established
the TRIAD relationships.

5 3 School of Education Review 57



TRIAD Communication
The "systems" principle for reform extends

deeply into the conceptualization of the California
SS&C Preservice Project. A "TRIAD" of collegial
leadership for each university is based on co-equal
interaction from three areas of expertise: univer-
sity scientists, science educators, and SS&C reform
teachers (see Sachse's article in this issue of the
Review.) in the university's geographic "service
area". Each university, encouraged by the CSU
Preservice Project, has developed a TRIAD of vari-
ous configurations, some new, some existing, to
serve teacher preservice and inservice needs in sup-
port of the SS&C reform throughout the state. In
the more sparsely settled areas of California where
SS&C schools are not in commuting distance of a
CSU campus, the campus assumes a facilitative
role for its local schools to reevaluate their science
programs in light of state and national reforms,
connecting with the state networking for SS&C
through the university.

TRIADS meet together in statewide CSU SS&C
Preservice Project meetings. Teacher-leaders (SS&C
Hub Coordinators) help university scientists and
science educators to understand their needs and
potential contributions to the university science and
science teacher education programs. Scientists help
teachers understand their interest in cooperation
and assistance to SS&C needs, focusing on content
in preservice and inservice. Science educators help
to facilitate the many connections and resources,
the research base, issues and misconceptions
among the systems, in addition to their responsi-
bilities for the professional "fifth-year" component
of teacher credential programs. Communication
and trust among the TRIAD members based on a
shared vision is basic to the Preservice Project.

CSU/STDP Network Development
When the university scientists, in discussion,

identified a need to improve their undergraduate
science courses to contribute to the science educa-
tion reform (secondary SS&C and elementary sci-
ence teaching), the leaders knew they were on the
right "constructivist" path. (Constructivism being
the research-based contributions from psychology,
education, and science education which allow
learners to "construct" their own meaning from
experiences.) We knew ongoing commitment and

the development of new science teaching programs
on each campus required genuine, mutual collabo-
ration in the TRIAD and throughout the CSU sys-
tem. When the scientists requested help with their
own teaching strategies from the SS&C teachers,
we knew we were reaching a major goal: commit-
ment to reform, communication, trust, and respect
for each others' differing areas of expertise. When
the teachers sought an ongoing relationship with
their local CSU scientists and science educators for
help with content and pedagogy, we knew the
"Preservice Project" was up and running.

Bringing the university system together with
the reforming schools through the placement of
SS&C-prepared student teachers was identified as
the ongoing "umbilical cord" between the CSU and
the reforming schools. Reconfiguration of the uni-
versity programs for science teaching preparation,
undergraduate science, professional 5th-year cre-
dential programs, and ongoing inservice support
to area schools, has become the vision of the CSU
as a part of the California science education re-
form. Working in collaboration with various col-
leagues with differing areas of expertise has be-
come the means toward that vision.

To facilitate and institutionalize the CSU-wide
TRIAD collaboration, the CSU Science Teaching
Development Project (CSU/STDP) has been estab-
lished, and has been funded by the National Sci-
ence Foundation (NSF), as an outgrowth of the
California SS&C Preservice Project. The primary
focus of the CSU/STDP is to prepare and support
K-12 teachers for the reforms in science teaching
by using TRIADS of scientists, science educators,
and exemplary teachers. The CSU/STDP extends
to elementary science teachers through the Cali-
fornia Science Implementation Network (CSIN).
Empowerment of each CSU campus to institution-
alize its local efforts to support reform is basic to
the project.

Elements of the CSU Preservice Project Exploration
The American Chemical Society (1991), adding

its voice for reforms in science education, indicated
problem areas in a recent statement:

... inadequate preparation of precollege
teachers in terms of subject matter knowl-
edge; lack of professional development op-
portunities.
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The Carnegie Forum's Task Force (1986) in
Teaching as a Profession stated that:

Teachers need a command of the subjects
they teach, a sound grasp of the techniques
of teaching those subjects, information
about research on teaching, and under-
standing of childrens' growth and develop-
ment of their different needs and learning
styles...Arts and science faculty must join
their education colleagues, and ...begin by
undertaking a review of the undergraduate
curriculum for the education of prospec-
tive teachers. This does not call for a "wa-
tered-down" curriculum, but a strength-
ened one. (p. 72)
Later, the report continues, "Clinical' schools,

selected from among public schools and staffed
for the preparation of teachers, must be developed
to make this successful" (Carnegie, 1986).

The CSU Preservice Project addresses all these
areas as they relate to the preparation and support
of SS&C science teachers, by questioning implied
models of thinking. Special focus is on the profes-
sional leadership of teachers who function as
change agents with the support of their local
university's systems through preservice and ongo-
ing inservice in content and pedagogy. A signifi-
cant goal is the placement of the universities'
SS&C-prepared science student teachers in area
SS&C schools for their student teaching experience.

The CSU Project is exploring the questions re-
lated to "SS&C-prepared teachers" in terms of
California's undergraduate science requirements,
the fifth-year professional credential program in-
cluding student teaching, and ongoing inservice
for area SS&C schools, especially those who re-
ceive the universities' student teachers. The explo-
ration includes state and university requirements
as well as local opportunities and constraints. All
20 universities are exploring their current programs
%TM various stages of planning and implementa-
tion of SS&C supportive programs. Most have pre-
pared initial campus-specific reports on their "ac-
tual" and "desired-state" programs relative to
SS&C preparation.

The CSU 1..,eservice Project dialogue has also
resulted in suggestions including (a) sharing SS&C-
based secondary curricula among CSU campuses,
(b) means for strengthening university support for

the SS&C philosophy, (c) providing a more coher-
ent teacher preparation program including both
scientists and science educators, (d) clustering sci-
ence student teachers in SS&C schools, (e) moving
toward team teaching by master teachers in SS&C
schools, (f) finding solutions of inconsistencies be-
tween school and campus schedules that negatively
impact science student teacher preparation, (g) pro-
viding materials that exhibit integrated/coordi-
nated science curricula, (h) jointly establishing
good models of science teaching at all levels, (i)
identifying what it is that "good science teachers"
need to know, (j) encouraging community service
for university science majors in schools that are
restructuring their science programs, (k) exposing
university undergraduate science majors to coor-
dinated science, and (1) developing programs for
teachers using reform-based science teaching as an
incentive for taking greater leadership in science
education" (Brunkhorst, 1991).

The San Bernardino Model: "Practicing What
You Preach"

In response to the goal of developing a profes-
sional development school (i.e., "clinical" school
model) appropriate for preparing and supporting
SS&C-capable teachers, California State University,
San Bernardino (CSUSB) has been experimenting
for the past two years with a collaborative cluster
model, developed by Herbert Brunkhorst.

The first cluster of CSUSB science student
teachers have just completed their high school stu-
dent teaching in an SS&C school (Etiwanda High
School, Chaffey Union High School District, Tim
Ritter, Science Chair and SS&C Hub VIII coordi-
nator; Herbert Brunkhorst, CSUSB, Professor).
Clustering places a cohort group of student teach-
ers with a group of practicing SS&C teachers, es-
tablishing a professional community of master and
novice science teachers functioning as collegial
change agents for the SS&C reforms. The arrange-
ment allows preservice teachers to experience
teaching in their undergraduate science major (e.g.,
chemistry), teaching in an SS&C-coordinated sci-
ence class, and an opportunity to assist a master
teacher in an area of science in which they are
weak (e.g., physics for a biology major). The model
also allows master teachers an opportunity for on-
site, school-day, university inservice for content
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and for pedagogy. An ongoing relationship among
CSUSB science faculty, science education faculty
and Etiwanda High School's science department
is building using the natural "umbilical cord" of
university science student teacher placement.
CSUSB science faculty from biology, chemistry, ge-
ology, and physics have met with the Hub VIII
schools (SS&C schools in the Inland Empire) to
establish their collegial availability for content as-
sistance as determined by the teachers as they work
to teach coordinated science. Making these ongo-
ing connections in each CSU service area through-
out California is one of the goals of the CSU
Preservice Project. The Etiwanda science depart-
ment is to be congratulated for its professional
leadership, not only in teaching coordinated sci-
ence, but for establishing collegial relationships
with novice teachers during their student teaching
experiences. The six new "SS&C-able" science
teachers have solid experiences as change agents
prepared for leadership in their profession.

Goals and Process for the CSU Preservice Project
The California SS&C Preservice Project has es-

tablished the CSU Science Teaching Development
Project (CSUISTDP) to begin coordinating and
supporting restructuring of university science
teaching programs throughout the state. Three gen-
eral goals are being addressed:

1. placing CSU preservice programs for both
content and pedagogy in support of SS&C
restructuring in each university's geo-
graphic service area;

2. preparing science teachers who can teach
in the SS&C reform, serving as ongoing
agents for change in their profession;

3. foaising the CSU state-mandated respon-
sibility for "Education" on the CSU leader-
ship role for science teaching development
for California.

The processes being used to approach these
goals include the development of the CSU/STDP
Network, addressing the goals on each campus
with support of the Network for: 1) the profes-
sional fifth-year programs, including student teach-
ing; 2) undergraduate science (waiver programs);
3) providing SS&C teacher support with content
and pedagogy; 4) credentialing process; 5) univer-

sity admission requirements; and 6) science assess-
ment systems. Recognition of the need for each
campus to develop its own appropriate programs
for supporting science teacher preparation and
inservice, and understanding the power of mutual
support through system-wide action is paramount.

Accomplishments of the CSU Preservice Project
All 20 of the California State Universities, that

is the universities that prepare the majority of the
state's teachers, are committed to cooperation. All
are exploring changes in their waiver programs,
undergraduate science courses, professional pro-
grams and student teaching placement. All value
the TRIAD communication among university sci-
ence, science education faculty, and school science
faculty. Most of the campuses have science meth-
ods courses that stress the California Framework,
and the coordination of science espoused in SS&C
and AAAS' Project 2061. Most have specific plans
for student teacher placement in SS&C schools.
Most are planning or implementing SS&C Cur-
riculum Resource Centers (NSF funding pending).
Most have active TRIAD communication and are
connecting other funded projects with SS&C goals.
Unique models for science education reform are
developing from individual campuses. The
Preservice Project provides a forum for sharing of
ideas, possibilities, problems and solutions.

The Future
The "elegant solution" for science teacher edu-

cation is a story of California systems and connec-
tions working together to address reforms aimed
at making scientific literacy a reality for all of
California's citizens. The SS&C Preoervice Project
has spawned a statewide university network for
improving science teaching development programs
in California. Support from the State Department
of Education, the California Commission on
Teacher Credentialing, the CSU Chancellor's Of-
fice, the California Council on Science and Tech-
nology, and funding by the National Science Foun-
dation, have helped to foster the development of a
model holistic, evolutionary, collegial "elegant so-
lution" for the issues surrounding the preparation
of science teachers for the new demands on sci-
ence education in California. Extension of the Net-
work to the University of California campuses, the
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California Community Colleges, and private uni-
versities is planned. The door is open for coopera-
tion. The future is encouraging.
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Scientific Literacy: Extending Connections Through Science,
Mathematics, & Technology

Scientific literacy includes the many disciplines of science,
mathematics and technology. Although such literacy has
emerged as a major theme in American educational reform,
it remains an illusive goal. Numerous studies have made it
clear that U.S. education is failing too many students in this
areaand thus failing the country. Many students complete
their educational experience and will be, for practical
purposes, scientifically illiterate, unprepared to participate
in a science and technology-oriented society. Part of the
answer to achieving scientific literacy lies in teaching for
deeper understanding, helping students to relate school
concepts to everyday life, using hands-on examples, and
connecting ideas across disciplines.

Many complain that students simply do not
make meaningful connections with science, math-
ematics and technology. Researchers have fourd
that students often have a very superficial under-
standing of what they have been taught in science
and mathematics (Perkins & Simmons, 1988). Stud-
ies reveal that even college students who have had
formal instruction in physics frequently do not un-
derstand what Newton's laws really say about the
way objects move (McCloskey, 1983; Clement,
1982, 1983). Many younger students have only a
vague sense of the size of a fraction: they have
trouble placing fractions on a number line, and
have difficulty recognizing equivalence (e.g., 3/12
is the same as 1/4) (Behr, Lesh, Post, & Silver,
1983).

The question of how elementary school class-
rooms can meet these concerns is being grappled
with in the Department of Elementary Education
at San Francisco State University (SFSU). Recently
an experimental course section in mathematics, sci-

Mary Hamm

ence and technology was offered for the Clinical
Schools Project (CSP). In this project, 32 student
interns were placed in elementary school class-
rooms where they observed and taught lessons.un-
der the supervision of a master teacher. The project
offers an opportunity to explore interdisciplinary
learning and teaching and its transfer by teacher
candidates in the elementary classroom. This pa-
per discusses the university course, the teacher can-
didate response, and the effect of what they learned
upon their teaching.

Changing the Image
A new pattern for teaching mathematics and

science is emerging which focuses on the nature of
learning rather than on the content or method of
instruction. It emphasizes relationships and views
science and mathematics as a process or a journey.
Today's focus is on how to motivate students for
life long learning of science and mathematics, how
to awaken curiosity and encourage creativity,
rather than how to answer questions correctly or
memorize facts. Students are encouraged to relate
and apply science to social problems, to mathemat-
ics, to technology, to creative innovation, and to
their personal lives.

In the latest approaches science and mathemat-
ics are seen as touching people, caring for the
planet, and becoming knowledgeable and socially
responsible citizens. Today's best science and math-
ematics teaching emphasizes inquiry and builds
on students' understandings and misunderstand-

Mary Hamm is a Professor of Elementary Education
at San Francisco State University.
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ings. A priority is given to improving the student's
self image; self concept is viewed an indication of
performance. Some of the newest methods for
teaching science and mathematics include tech-
niques such as: creative visualization or mental im-
agery, keeping daily logs or journals, and express-
ing attitudes through creative endeavors such as
writing, building or art. Holistic creative thinking
is encouraged as well as projects and presenta-
tions that combining experiential knowledge with
theoretical understandings. Emphasis is on excit-
ing examples and everyday applications. The stu-
dent is a participant and an explorer.

Contemporary mathematics recommendations
have suggested a broader curriculum including es-
timation skills, problem solving, practical geom-
etry, statistics, data analysis, calculator skills, prob-
ability, measurement and patterns. The disconnec-
tion of mathematics and science to other subjects,
from history to sports, is another problem. Civic,
leisure and cultural features of numeracy and sci-
ence are rarely discussed or developed in school.
All too often math and science are taught as a
separate set of skills needed for the next academic
level.

Today's students need opportunities to make
connections and to work with peers on interesting
problems. They also need to be able to apply the
skills they are learning to real-life situations. Com-
putational skills, the ability to express basic math-
ematical understandings, to estimate confidently,
and check the reasonableness of estimates are part
of what it means to be scientifically literate, nu-
merate, and employable.

Examining Learning
Problems in learning mathematics and science

are the major reasons why students to fail in school.
Much of the failure is due to a tradition of teach-
ing that doesn't match the way students learn. Cog-
nitive psychologists, such as Piaget and Bruner,
explained long ago how students construct under-
standings based on their own experiences and that
each individual's knowledge of math and science
is personal (Bruner & Haste, 1987). No wonder
that computing, listening, and memorizing abstract
concepts or symbolic procedures leave a bad taste
for a 2 subject.

The true goals of mathematics and science edu-

cation should be to help students learn how to
apply knowledge, solve problems and promote
conceptual understanding. Students need to be able
to use science processes to change their own theo-
ries and beliefs in ways that are personally mean-
ingful and consistent with scientific explanations.
This way they can develop conceptual understand-
ing and the means for integrating science knowl-
edge into their personal conceptions.

To really learn science and math, students must
construct their own understandings, examine, rep-
resent, solve, transform, apply, prove, and com-
municate. This happens most effectively when they
work together in groups to discuss, make presen-
tations, and create their own theories (Hamm &
Adams, 1992). Such an environment encourages
students to engage in a great deal of invention as
they impose their interpretation on what is pre-
sented and create theories that make sense to them.
Learning about science and mathematics also in-
volves learning to think critically and create rela-
tionships. How these relationships are structured
in a student's mind depends on such factors as
maturity, physical experience, and social interac-
tions. The ability to inquire, collaborate and inves-
tigate fuels personal autonomy and self direction
in learning. The inability to do these things (scien-
tific illiteracy) leads to inequality of opportunity,
weakens our capacity for productive competition,
and undermines American civic culture.

Engaging Learners in Science/Math/Technology
Piaget (Piaget, 1986) claimed that learners must

construct their own knowledge and assimilate new
experiences in ways that make sense to them. What
is the role of teaching if knowledge must be con-
structed by each individual? Because the course
was concerned with the process of teaching and
learning science, mathematics and technology, in-
terns were engaged in active participation. Eleanor
Duckworth (1987) wrote that it is important to have
prospective teachers examine their own process of
learning, and to put them in the position of con-
structing and examining their own knowledge
about math and science phenomenato actively en-
gage them so they will continue to think and won-
der about it. The challenge, for the instructor of
this course, was to make these active experiences
different and interesting enough to arouse the in-
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terns' curiosity and to inspire them to ask ques-
tions they hadn't thought to ask before. The goals
of the experimental course were to have teacher
candidates:

1. develop a greater understanding of the role
of content knowledge in problem solving;

2. recognize the need to take into account the
personally constructed understandings that
students bring to learning situations;

3. become aware of the need not only to as-
sist students in processing, structuring, and
restructuring ideas, but also to make them
metacognitively aware of their actions,
thoughts, and ideas; and

4. work cooperatively to plan and teach les-
sons to elementary students across science,
mathematics, and technology disciplinary
lines.

As part of their day to day assignments (on
the assigned topics for investigation), students
were instructed to bring in science and mathemat-
ics activities, and examples of science and math
problems from their readings, videos, and obser-
vations in their classrooms.

Students objected to the required participation.
One student explained she was so tired after being
in a second grade classroom for four hours she
just wanted to listen to a lecture. Another explained
that she had always had difficulty with science
and mathematics and was very unsure of herself
in these areas. Some student comments included
how they perceived their knowledge of math and
science before this course and how their ideas had
grown or changed during the semester. The fol-
lowing excerpts are taken from reflective accounts
that students wrote late in the semester.

Because I did not find math and science a
very interesting and fun area in my own
years in school. I did not think I would get
into this area much, but after our work I
found some pleasant surprises. -Lee

Beginning the semester I believed that I
didn't like math or science and wasn't
skilled in it. I believed that some people
have an aptitude in this area, and I was not
one one them. Now, I believe that with the
right teaching techniques, everyone has an

aptitude for math and science. I also be-
lieved that I would never be a very effec-
tive math teacher, and I do not believe that
at all. -Lara

Math and science have always been sub-
jects that I have the most confidence in.
Prior to thin course I could think of no way
to teach these subjects (especially math) ex-
cept by using a teacher directed method. I
pictured myself standing up in front of the
room and lecturing the students in the same
boring manner that I was taught. This
course has shown me that any subject can
be fun, and taught in such a way that any-
one can learn it. Even those who "hate"
math.-Erin

I never enjoyed math or science Ln school
and was not looking forward to this class
with much enthusiasm, as I thought it
would be boring and difficult, like science
and math were for me as a kid. I can't em-
phasize, however, how refreshing and ex-
citing this class was for me. I kept saying to
myself, "If I had been taught the way I'm
learning to teach, I would have loved math
and science!" -Samantha

I was under the misconception that math
and science were dry subjects full of facts
that you had to memorize but did not un-
derstand why and thus very boring. After
taking chemistry and calculus in college, I
was at the point where I would ask myself
constantly "Why do I need to know this?"
-Walley

Before entering the math, science and tech-
nology class, my understandings of the sub-
jects were unclear and basically, when men-
tioned these three words engendered fear
due to lack of knowledge Now that I have
completed the course my insight and un-
derstandings of the topics have developed,
allowing me to feel comfortable and
unthreatened. -Lillian
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Making Sense Communicating
As a part of the cooperative learning strategy

in "Teaching Science, Math, and Technology in the
Elementary School," student interns were asked to
try to make sense of what they were thinking and
explain it to others. Obviously, in that process it
was as necessary for them to try to understand the
explanations that others were offering, to seek out
more examples and explorations. Using portfolio
assessment as a part of the project evaluation, SFSU
researchers collected documentation about the
progress of each participant. As but one example
of the collected data of participants' self-assess-
ment of learning, following are some responses to
the portfolio assessment question: "How have your
experiences this semester helped you understand
the learning process?"

Overall I would have to say that as I was
writing and thinking about the questions, I
learned a lot more than I thought. A lot of
my understanding comes from the in-class
activities and the use and importance of
manipulatives. I'm a hands on person my-
self. I also mustered up the courage to ask
the question, "why?" I realized that I wasn't
the only one who had difficulties with the
subject. I felt relieved after the realization
and put forth a lot of effort wanting to learn
as much as I could. I now feel as if the
effort paid off and the knowledge is a great
reward.-Arlene

From doing activities in EED 677, I also
learned or relearned, facts about math and
science that I don't remember knowing
about. I don't remember how I was taught
math and science in elementary school. All
I know is that I was good in math, but I
don't remember why. I feel like the activi-
ties I learned in EED 677 made science and
math memorable. When we studied about
the universe, I never realized how much I
didn't know. but by the time we were done
with the activities I felt I had a good solid
knowledge about how the universe
worked.-Michelle

I think there's only a small percentage of

students in our particular class that did not
learn something significant from the as-
tronomy visit and learning activities by the
groups regarding the rotation of the earth
and the effects of the tilt of the axis on the
seasons on earth. Even in class someone re-
marked to me they thought the same as the
Harvard students in the video. By the way
would you write me a note saying the the
seasons are not affected by the rotation of
the earth around the sun. I asked everyone
I knew at any subsequent gatherings the
same question that was posed to the
Harvard grads and my nephew insists that
there is a more than slight elliptical rota-
tion of the earth, that the rotation affects
the intensity of the seasons. (This dogmatic
retaining of schema reminds me of that 5th
grade blond girl on the videotape.)-Lillian

I feel more confident and interested in these
subjects. I believe that I have a great deal of
options... The activities that we both
brought into this class and presented were
of great help to me. I picked up a lot of
information which I was able to convey to
my students. The whole idea that there are
many different ways to do a problem was
so important for me to learn. I feel that my
own way of learning was validated in my
classes and their ways of learning. -Lorena

...from learning so much new material, I
found myself conjuring up conversation just
so I could "show off" my knowledge of the
subject. For example: my mother and I were
in the car and I pointed out how big, bright
and close the moon appeared that evening.
My mother replied with "Yes, it is I won-
der why?" Then, of course I started ram-
bling off the reasons for the appearance.
My mother looked at me as if to say how
do you know that? I told her about all of
the various activities and the story regard-
ing the moon phases.- Arlene

My attitudes, beliefs, and personal confi-
dence has all been changed this semester. I
feel a lot more comfortable with math, sci-
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ence and technology. Science was always
like such a large topic... The use of video in
the classroom was such a surprise to me. I
learned so much; the use of muting the
sound, stopping the video to ask ques-
tions,... I learned about different math and
science manipulatives, and how to use them
with students.-Hillary

A third kind of experience in this class was to
learn as a group and devise ways to teach this
information to students in their elementary class
placements. Thus, interns were required to try out
activities of their university course with their own
elementary students. Again, teacher candidates
were asked to reflect on their teaching competence
and include samples that supported their state-
ments. Here is a brief sampling of their responses.

An example of how I have used my new
knowledge is when my partner and myself
came up with a unit on air. We used many
of the examples we had tried in class. The
class was a third grade, and we were able
to teach these children complex ideas that I
never dreamed young children could grasp.
Some of the concepts were: dew point, con-
densation, and how fog is made. If I had
lectured these children they would have
stopped listening during the introduction.
But I used many teaching ideas I have
learned in class. One that I am really proud
of was a lesson on how fog is made. Chil-
dren had to get the ideas that air molecules
pick up water molecules, then when the air
reaches its dew point the air molecules re-
lease the water molecules producing fog. I
was able to successfully get the children to
understand this concept by role playing.
The entire class became air molecules trav-
eling from Hawaii to the coast of Califor-
nia .-Diane

The content of material learned regarding
the universe persuaded me to do my teach-
ing unit on the solar system. This decision
stifled me because throughout all my years
learning of the subject it still remained un-
clear as to what revolved around what and

what rotated around what! During the
course of writing and discussing and watch-
ing I finally realized that for the first time
my general knowledge of the subject was
intact. I also felt as if I could actually teach
the subject without being careless. -Jo

It is very exciting to see the students inter-
ested in the activities.-Eric

Hands on activities are meaningful for stu-
dents. I was really jazzed when I saw every
student involved in a lesson. Working on
the unit was a very rewarding experience. I
have learned a lot about aerodynamics and
I got excited about the process of creating a
unit that would appeal to students and
teaching them in a way that is exciting and
creative.-Lynn

I really impressed with the estimation skills
of my second grade class. We sized things
up and down, spatially and numerically.
-Jodi

The above results from final portfolio assess-
ments of student interns' progress show improve-
ments in their confidence in mathematics and sci-
ence teaching. This study also adds support to a
growing body of research on effective practices in
teacher development programs. Bear lin and Elvin
(1988) have suggested that effective practice
should: focus on children's learning, provide ex-
periences of small group collaborative problem
solving in a non-threatening environment, and
place learners at the center and encourage them to
talk about and reflect on their own learning.

People have always been concerned with trans-
mitting attitudes, shared values, and ways of think-
ing to the next generation. Today it seems more
critical as every part of contemporary life is bom-
barded by science and technology. Part of scien
tific literacy consists of clarifying attitudes, pos-
sessing certain scientific values, and making in-
formed judgments. Students need to cultivate sci-
entific patterns of thinking, logical reasoning, curi-
osity, an openness to new ideas, and skepticism in
evaluating claims and arguments.

Positive attitudes are also important. Being able

66 School of Education Review 63



to understand the basic principles of science, be-
ing "numerate" in dealing with quantitative mat-
ters, thinking critically, measuring accurately, us-
ing ordinary tools of science and mathematics (in-
cluding calculators and computers) are all part of
the scientific literacy equation.

When teachers transform the limited and sche-
matic conceptions of science and mathematics pro-
grams into the kinds of activities that genuinely
engage students, they create learning environments
that open up new avenues and provide for deep
satisfaction. This can make a difference in the lives
that children lead.

Tomorrow will bring different solutions to the
best that we can envision today. Consequently, in-
novation and planning must occur without too
many preconceived notions. Once programs are in
place new pictures emerge and programs will have
to change with changing social and individual
needs. Whatever new realities fall into place to
change our views, there is no reason why scien-
tific literacy cannot be achieved by all students in
the United States. It's a matter of national commit-
ment, determination, and a willingness to collabo-
rate towards common goals.

Works Cited
Bear lin, M. L., & Elvin, A. (1988, March). Waste,

women and science teacher education, the search
for exemplany practices. Paper presented at the
meeting of ICASE/ConAsta, Canberra, Aus-
tralia.

Behr. M., Lesh, R. Post, T. & Silver E. (1983).
Rational-number concepts. In R. Lesh & M.
Landau (Eds.), Acquisition of Mathematics
Concepts and Processes. New York: Academic
Press.

Bruner, J., & Haste, H. (1987). Making sense. New
York: Rout ledge.

Clement, J. (1982). Students' preconceptions in
introductory rrIchanics. American Journal of
Physics, 50, 66-71

Clement, J. (1983). A conceptual model discussed
by Galileo and used intuitively by physics
students. In D. Gentner & A. L. Stevens (Eds.),
Mental models. Hillsdale, NJ: Lawrence
Erlbaum Associates.

Duckworth, E. (1987). Teaching as research. In M.
Okazawa-Rey, J. Anderson, & R. Traver
(Eds.), Teachers, teaching, and teacher education.
Cambridge, MA: Harvard Educational Re-
view.

Hamm, M., & Adams, D. (1992). The collaborative
dimensions of learning. Norwood, NJ: Ablex
Publishing.

McCloskey, M. (1983). Naive theories of motion.
In D. Gentner & A.L. Stevens (Eds.), Mental
models. Hillsdale, NJ: Lawrence Erlbaum
Associates.

Perkins, D. N., & Simmons, R. (1988). Patterns of
misunder- anding: An integrative model of
misconceptions in science, mathematics, and
programming. Review of Educational Research
58(3), 303-326.

Piaget, J. (1986). The construction of reality in the
child (M. Cook, Trans). New York: Balantine.
(Original work published 1937)

69 School of Education Review 67



Issues in Assessment: Purpose, Alternative Assessment
and Equity

In discussions of assessment, whether the focus is on student
science at the classroom, the state or the national level, three
recurring issues emerge: purpose, alternative assessment
and equity. Here aspects of .tase issues are examined
through three questions, "In what ways do differing
purposes for assessment influence the mode of the assess-
ment?" "What is known about some alternative modes of
assessment available for science?" "What questions need to
be addressed to indicate that equity is a serious concern?"

Students and their parents frequently equate
assessment with tests and grades, but members of
two other groups concerned with science educa-
tion-policy makers, including state and local edu-
cation administrators, and classroom science teach-
ers-claim that assessment is the process of gather-
ing data in order to describe what students are
learning.1 Raizen et al. (1989) identify four general
purposes for gathering data to describe student
science learning: improvement, conveying expec-
tations, monitoring status and accountability. Even
as administrators and teachers agree on these pur-
poses, their focus is necessarily different; for ex-
ample, while administrators are concerned with
the improvement of state and district science pro-
grams, teachers are concerned with improving in-
struction; while administrators convey their expec-
tations to other administrators and teachers, teach-
ers convey their expectations, and those of admin-
istrators, to parents and students.

Because state-level administrators are ulti-
mately responsible for the educational quality of
the state, their assessment concerns often focus on
the closely related issues of status (how well we
teach science to the students of the state and how

Angelo Collins

we compare with other states), monitoring (how
well each district implements state curriculum
guidelines) and accountability (the effect of the
money spent on science teaching). As may be ex-
pected, science teachers are more concerned with
individual students entrusted to their care and with
diagnosing, monitoring and improving the science
learning and teaching of these students than with
issues of relative status. The major dichotomy be-
tween these differing purposes (i.e., assessment for
accountability and assessment for instruction) in-
fluence the mode of assessment utilized; therefore,
some characteristics, examples and implications for
the assessments traditionally used for each pur-
pose need to be considered.

External Assessments
State-level assessments, alternatively called ex-

ternal, externally mandated, and/or assessments
for measurement (Haertel, 1991) are practical and
affordable means of monitoring large numbers of
students, the target group for state-level assess-
ment. They are intended to be used relatively in-
frequently (e.g., once a year) with these large
groups. These assessments, usually in the form of
standardized multiple-choice tests, provide data
that are psychometrically reliable, with well-docu-
mented limits to their validity and potential for
bias. Such tests are relatively inexpensive of time
and money to design, administer and score. The
scores are norm-referenced and can be reported to
both the education community and the public in

Angelo Collins is an Associate Professor of Science
Education at Florida State University, Tallahassee.

68 School of Education Review
'7 0



forms that are familiar and understandable.
Despite the continued discussion by the presi-

dent, Congress, and the National Governor's As-
sociation of a national "Test of Academic Excel-
lence," at this time there exist only three major
forms of external assessment available to state level
science educators: (a) the National Assessment of
Educational Progress (NAEP); (b) commercially de-
veloped, nationally normed examinations; and (c)
examinations developed by individual states.

The NAEP was designed in 1969 in response
to a congressional mandate to track educational
achievement and trends across time and/or school
subject. The original intention for the NAEP was
that data on an individual student, school, district,
or state would not be available. Thus, compari-
sons could not be made. In addition, data were
reported in terms of proficiency levels rather than
performance standards. However, in 1990,37 states
(and three territories) responded to an NAEP re-
quest to supplement eighth gr.: de mathematics
samples so state comparisons could be made. In
1992, data were expanded to include comparisons
of fourth grade mathematics and -eading achieve-
ment. Also in 1990, performance standards in
mathematics replaced proficiency levels and it is
intended that performance standards will be de-
veloped for all school subject areas. Therefore, it is
becoming possible to use NAEP data both to com-
pare achievement of groups of students in one state
or district with another and to compare groups of
students against standards (Hudson, 1991).

Commercially Developed Tests. Currently, six
major, commercially developed external tests are
used to assess science teaching and learning: the
Comprehensive Test of Basic Skills (CTBS), the
California Achievement Test (CAT), the Iowa Test
of Basic Skills (ITBS), the Iowa Test of Educational
Development (ITED), and the Metropolitan and
Stanford Achievement Tests. In a 1990 survey, 16
states reported using one of these commercial tests
for state-level science assessment.2 In the same sur-
vey, 14 states reported that they used a state-de-
signed assessment test3 and two states reported
using both a commercial test and a state-specific
test.4 While some states are experimenting with
alternative forms of assessment, it is safe to say
that presently most state tests replicate the com-
mercially prepared test format, with a less broad

selection of questions (Davis & Armstrong, 1991).
These norm-referenced tests are designed so that
the achievement of a single student can be com-
pared with another student, to a "typical" student
or with other groups of students, or in order to
make comparisons between groups of students.

The most common criticism of external assess-
ment instruments is that, while they measure some-
thing with ease and precision, it is unclear exactly
what they measure. In construcang commercial
tests, state-level science curriculum guidelines are
examined and individual items are developed to
match frequently occurring topics. Because the dis-.
cipline of science is so broad, providing a wide
range of topics from which states design their cur-
ricula, it is not surprising that the selection of ques-
tions does not adequately match the curriculum
guidelines of any state or district and may appear
superficial and at times capricious for any given
state. Further, there is serious question whether
the efficient and well-established multiple-choice-
question format is capable of capturing the skills
and abilities that many experts agree are the es-
sence of science. Most scientists agree that science
is a difficult-to-describe interaction between the
facts and concepts about natural phenomena and
the processes and skills required to describe, ex-
plain and predict these phenomena. Often, because
skills such as posing problems or generating addi-
tional data cannot easily be represented in the mul-
tiple-choice format, the test items seem to reduce
science achievement to the recall of trivial facts.

Alternative Modes of Assessment
Alternative modes of assessment which are

gaining prominence in classrooms are now being
explored for state-level science assessment. At the
national level during the spring of 1992, the New
Standards Project (NSP) is pilot-testing new forms
of student assessment in selected schools in 17
states. These new tests measure skills such as analy-
sis, explanation, application and persuasion rather
than recall. The usefulness and impact of this test
is still unknown. In 1986 the Educational Testing
Service (E1S) with a grant from the National Sci-
ence Foundation (NSF), pilot-tested some items on
the NAEP science assessment which were hands-
on and required higher order thinking skills. The
results indicate that though such items are expen-
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sive to design, administer, and score, none of these
tasks of assessment development are impossible.
States, especially California, Connecticut, Delaware,
Kentucky and Maryland, are also beginning to in-
clude open-ended and/or performance-based
questions on their state-developed tests. The per-
formance-based tasks of the California Assessment
Program (CAP), reported elsewhere in this issue,
are receiving high praise for their ability to assess
science thinking. The questions on state alterna-
tive assessment tools are grounded in verbs such
as demonstrate, describe, evaluate, sort, test, pre-
dict, measure, compare, infer, etc. Almost all the
external performance-based tests have a classifica-
tion question.

Several factors affect the impact of these exter-
nally mandated tests. In states where an externally
mandated test of student achievement is the sole
source of data for accountability and subsequent
distribution of funds, it is not surprising that local
administrators admonish teachers to "teach to the
test." Thus, it's reasonable to assume that whether
science teachers teach so that their students will
score well on an external test or model their class-
room assessments on these external assessments,
the assessments intended for accountability have
an influence on instruction.

Before turning attention to classroom assess-
ment, two national movements likely to influence
student science assessment at the state and national
level should be mentioned. In summer, 1992, the
National Academy of Sciences (NAS) convened the
first panels to discuss and design national stan-
dards for science teaching and learning. One of
the these panels focused on issues related to sci-
ence assessment, including student assessment,
teacher assessment, and program assessment.
While it is too early to predict the influence this
panel may have on assessment for accountability
and for instruction, it would be naive not to antici-
pate some impact. The National Research Council,
the operating body of the National Academy of
Sciences, was the sponsor of the development of
the National Council cf Teachers of Mathematics
(NCTM) Standards Commission. The NCTM stan-
dards are becoming the benchmarks for examin-
ing mathematics teaching and learning.

The National Board for Professional Standards
also convened its Science Standards Committee for

the first time in spring, 1992. While the emphasis
of the National Board is on setting standards for
highly accomplished teachers, it is also difficult to
imagine that this committee will not have an im-
pact on student assessment, especially as the com-
mittee structures standards for teacher accomplish-
ment that address how teachers assess student
learning.

Classroom Assessment
Classroom science teachers have different pur-

poses for and generally use different modes for
assessing student science achievement. Diagnos-
ing, monitoring and improving student learning
and reporting this achievement to students and
parents are the primary reasons why teachers as-
sess student achievement. The great variety of
classroom assessments, alternatively called inter-
nal assessments or assessment for instruction, fo-
cus on the individual student, are usually crite-
rion-referenced, target a relatively small number
of students, and are on-going. Teachers seldom
rely on a single mode of assessment when con-
cerned with student learning.

The most familiar of the classroom assessments
currently used can be categorized loosely into two
types: those that require extensive amounts of stu-
dent time, energy and commitment to complete,
and those that are less formal and more ad hoc.
Some examples in the first group are tests, reports
of laboratory, research or reading, and science fairs.
In the second group are quizzes and teacher evalu-
ation of student learning through small-group and
class participation.

A range of test options are available to teach-
ers. Teachers may use commercially prepared tests
such as those described above, tests prepared by
the textbook publisher as test-item banks, or their
own teacher-written items that mimic these com-
mercial tests. Although other forms of short an-
swer items may be found (e.g., matching items, or
sentence completion items), these tests are usually
a collection of multiple-choice items. Multiple-
choice items are favored because there exist math-
ematical formulas to determine difficulty and dis-
crimination and the use of these formulas contrib-
ute to the reliability and validity of the items. While
such tests generally are designed to have a single
correct answer, it is not accurate to say that they
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are objective because the teacher's subjectivity in-
fluences which items from all those available are
actually included on the test. In addition, the va-
lidity of such tests may be questionable if care is
not devoted to the writing of each item. Extrane-
ous clues to the correct answer, such as greater
length, an unfamiliar word, more descriptive
phrases, or inconsistency in grammar n-lay invali-
date the item. Frequently science teachers include
opened-ended questions in which students are
asked to analyze, synthesize, apply or evaluate sci-
ence knowledge on tests.

Because science teachers believe research to be
an essential aspect of doing and learning science,
various forms of assessment focus on laboratory
activity. In the course of more traditional item-
response or essay tests, students may be asked to
respond to items associated with science demon-
strations displayed in the test room. Having stu-
dents complete work sheets and/or write more
formal laboratory reports about science experiences
is a frequent mode of assessment used by science
classroom teachers. Teachers also have students
complete library research projects and reports of
science events that are timely and/or newswor-
thy. The scoring of these assessments usually em-
ploys a combination of technical criteria developed
by the teacher (grammar, number of items, strength
and logic of the argument) and the teacher's pro-
fessional judgement. Projects and science fairs also
are used frequently for assessment by science
teachers. These may range from projects that re-
quire students to pose and answer a problem to
posters that display factual knowledge Again
teachers or outside assessors rate the projects us-
ing some combination of inferences made from
technical criteria and professional judgement.

Less formally, science teachers assess student
learning by quizzes which may be versions of more
formal tests that have fewer items and require less
time. Teachers assess learning through making
notes, preferably in writing, of the quality of stu-
dents' contributions to class discussions. If small
group work is an instructional strategy, students
may engage in peer assessment.

Although it is frequently suggested that class-
room tests should look more like those developed
commercially and that state-level tests look more
like what happens in a classroom, Shulman (1988)

points out that all forms of assessment have
strengths and weaknesses and that any group re-
sponsible for assessment needs to design a battery
of assessments, knowing that each assessment in
the battery is insufficient, to meet the specific pur-
poses of the group requiring the assessment.

The New Movement in Assessment
In the last several years the "new" movement

frequently termed alternative assessment, authen-
tic assessment and/or performance-based assess-
ments has been growing in prominence among
those concerned with assessment in science. Sev-
eral factors have influenced this science assessment
movement. Not the least of these factors is the de-
velopment of performance assessments in other
disciplines, especially the arts and literacy. The per-
formance assessments in these areas provide mod-
els for designing and developing analogous sci-
ence assessments. Research and development in
these areas provide technical guidance to science
assessors, as well as highlight the potential learn-
ing benefits that accrue from the use of such as-
sessments. Another factor that has influenced the
growing interest in performance assessments in sci-
ence is the potential for such assessments to assist
in addressing the long standing problem of how
to assess the content aspects, the procedure aspects,
and the interaction of content and process which
is the essence of science. And there can be no doubt
that concerns about student achievement in sci-
ence have contributed to new definitions of sci-
ence and explorations of new and better ways to
teach and to learn science and to assess that learn-
ing.

In the enthusiasm for performance-based as-
sessment in science, we must recall that such as-
sessments are not new to science; however, the
current emphasis on performance-based assess-
ment allows science assessors to re-examine exist-
ing practices as well as to design new modes of
assessment. Maintaining laboratory notebooks,
writing laboratory reports in the style of profes-
sional journals, holding mock research conferences,
and using lab practicals are familiar modes of as-
sessment in science. The current emphasis on al-
ternative modes of assessment assures those who
use them that they are as valuable as tests cur-
rently in use.

73 School of Education Review 71



Certainly Wiggins (1992,6 1989) is among the
most thoughtful of the developers of authentic, per-
formance-based assessments. From his experience
and that of the Center for Learning, Assessment,
and School Structure (CLASS) researchers, teach-
ers and students, he has been offering questions,
criteria, and guidelines for designing authentic as-
sessments. Among the key points he has made are
that authentic assessments:

involve tasks which are worth mastering;
simulate the challenges and constraints fac-
ing those who do science;
are composed of "ill-structured" and non-
routine challenges that require a repertoire
of knowledge;
contain contexts which are rich, realistic
and enticing-with inevitable constraints of
time and resources;
focus on the ability to produce a quality
product or performance, rather than a
single right answer;
typically include interactions between the
assessor and the student;
involve patterns of responses and behavior
emphasizing habits of mind;
have criteria that are known, understood,
and negotiated as the performance pro-
ceeds;
require scoring that focuses on the essence
of the task and not what is easiest to score;
produce results that can be reported and
understood by all interested in such re-
sults-students, parents, teachers, local and
state administrators, and the tax-paying
public.

Without reference to science, Wiggins (1992)
suggests some tasks that have been used by the
Connecticut Department of Education in design-
ing authentic assessment tasks in mathematics:
given a graph, write the story that represents the
data; or given student work that contains errors,
find the errors and write a response to the student.
Potential job roles also provide ideas for authentic
assessments: as a museum curator design an ex-
hibit and convince others the exhibit is important
and interesting; as an engineer design a roller
coaster or map the school property including light
and/or heating specifications; or as an expert wit-
ness to Congress argue a point about environmen-

tal control or energy use.
While the definition and criteria for authentic

assessment evolve in general, the new modes of
assessment are having an influence in science.
Three examples of alternative assessments cur-
rently being used for science assessment are con-
cept maps, portfolios, and hands-on assessments.

Concept Maps. One of the alternative modes
of assessment which is growing in popularity-one
that need not be authentic or performance-based-
is the use of concept maps for science assessment.
Novak and Gowin (1984) describe concept maps
as diagrammatic representations of meaningful re-
lationships between concepts in the form of propo-
sitions. They suggest using concept maps for evalu-
ation purposes, as well as during instruction. Gen-
erally those who have used concept maps experi-
ence their power as a strategy that requires stu-
dents to express their knowledge in a clear, ex-
plicit, and meaningful manner. For example, Dana,
Lorsbach, Hook, and Briscoe (1991); Roth (1992);
and Tippins and Dana (1992)7 report on using con-
cept maps with middle and high school science
students. All of these articles contain illustrations
of student generated concept maps in science. For
those unfamiliar with the procedure, a recent is-
sue of the Journal of Research in Science Teaching
(Novak & Wandersee, 1991) consists solely of ar-
ticles on concept mapping and contains a bibliog-
raphy of one hundred additional sources.

Portfolios. Portfolios for assessment are truly
a hot topic. A portfolio is a collection of evidence
that constitutes a compelling argument that a stu-
dent is making progress toward a learning goal.
That the evidence is all related to a goal is one of
the characteristics that distinguishes a portfolio
from a scrapbook or manila folder of unrelated
material. Portfolios are an especially valuable mode
of assessment for capturing context and change
through time and for allowing individual students
to show-off their personal strengths and talents.

Prior to 1988, research and development ar-
ticles on the use of portfolios for assessment were
relatively rare. However, a recent search of ERIC
located over 180 articles, and this author has oth-
ers on file that were not included in the ERIC data-
base. Although most of these articles are on the
use of portfolios in assessing writing and perform-
ing arts tasks, portfolios are gaining popularity in
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science assessment. Among the articles that might
be of most interest to those concerned with science
assessment are Collins (1992); Collins (1991); and
Hamm and Adams (1991). Also, in the May, 1992,
issue of Educational lc,adership there are seven ar-
ticles on portfolios. The one on using laser disc
portfolios (Campell, 1992) and on mathematics
(Knight, 1992) were especially intriguing to the au-
thor-one hints at the portfolios of the future while
the other is from a teacher in a discipline closely
related to science.

Portfolio assessment requires teachers and stu-
dents working alone and together to examine seri-
ous questions about learning. Among the ques-
tions that need to be examined each time the port-
folio process is used are:

what are the goals for which evidence will
be collected;
who is determining the goals-teacher, stu-
dent or both;
what will count as evidence;
which evidence will be required and which
will be selected;
how much evidence will be included in the
portfolio;
how will the portfolio be used;
how often will the portfolio be reviewed;
who will review the portfolio?

As there are no single correct answers to ques-
tions such as these, the answer that is negotiated
gives each portfolio development process a local,
contextual flavor.

Making decisions about the exact development
of the portfolio in a local context does not imply
that there are no guidelines for portfolios. The re-
quirement that the evidence be related to a goal is
paramount. Classes of evidence have been distin-
guished: 1) artifacts (materials usually produced
in the classroom such as tests and lab reports); 2)
reproductions (materials produced in the class-
room but often not captured, such as raw data or
first drafts of reports); 3) attestations (materials pro-
duced by others, such as thank you notes for out
of class work or acknowledgements that parts of
the work-figures, for example-where done by
someone other than the author); and 4) produc-
tions (materials produced especially as evidence
ior the portfolio, such as a concluding, reflective
statement). The use of the value-added principle

has proven useful in determining how much evi-
dence to include in the portfolio. That is, what
value would be added to the portfolio if another
piece of evidence were added. It is now clear that,
analogous to science fairs and projects, there are
two components to the portfolio scoring procedure:
the technical criteria such as the presence of a cap-
tion on each piece of evidence and a more holistic,
professional judgement about the power of the evi-
dence in the portfolio.

Hands-on. Because of the fidelity to practice in
science and the potential to capture both content
knowledge and process skills, the form of alterna-
tive assessment that holds the greatest fascination
for science assessment is hands-on assessment.
Hands-on assessments are not new to science; as
stated previously, science teachers have been con-
ducting laboratory practical exams for years. The
NAEP pilot-tested hands-on exercises in their 1986
national assessments. As earlier noted, California
is among the leaders in designing and testing
hands-on assessments at the state level. These at-
tempts to use hands-on science tasks to assess large
numbers of students and the renewed interest in
the implications of hands-on science in individual
classrooms have raised questions, however, not of
how to do hands-on assessment, but of the value
of doing so.

A team of researchers at the University of Cali-
fornia at Santa Barbara (Shavelson & Baxter, 1992)
have been designing hands-on assessments in sci-
ence with the intention of conducting research. The
hands-on investigations involved conducting an
experiment to determine which of three paper tow-
els soaks up the most water, inferring the circuitry
of six "mystery boxes" and determining sow bugs'
preference for various environments. Among the
research questions they asked were: 1) could reli-
able measures of hands-on assessments be devel-
oped; 2) could the performance of students with
different instmctional experiences be distinguished;
and 3) do performance assessments provide infor-
mation about student achievement not available
from multiple-choice tests. For each question they
found a two-part answer-the good news/bad news
scenario. Despite high inter-rater reliability in scor-
ing, there was great variability in the same
student's success on different exercises. Students
who had been taught science as a hands-on learn-
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ing experience were distinguishable from those
who had not had such science experiences, but
those assessments that required content knowledge
were more sensitive to student differences than
general process skills assessments. Lastly, though
they claim that these assessments did not replicate
the achievement data from standard multiple-
choice tests (the correlations averaged .45), it was
unclear what caused the differences. Among their
conclusions is that "...unless carefully crafted and
blended into instruction, assessments alone are not
likely to boost achievement" (p. 25 ).

If it is true, as Shulman (1988) suggests, that all
modes of assessment have strengths and weak-
nesses, there will be two tensions that surface as
more and more new modes of assessment are de-
signed. The first is related to purpose: what does
this assessment add to the description of what a
student has achieved in science. The second is rel-
evant to issues of equity: how will this assessment
both tap a common core of science knowledge that
most agree represents what students should know
and be able to do and support the diversity and
individual differences among students. Those con-
cerned with improving instruction will continue
to applaud assessments that provide richer descrip-
tions of student learning and better ways for stu-
dents to display their accomplishments. Those con-
cerned with accountability will applaud those that
are efficient to design, administer and score and
that produce reliable and valid data. Hopefully, as
each group designs a battery of assessments for its
own purposes, they will include some overlapping
assessments so that students benefit most from ex-
periencing assessment as a continuous, integral
part of learning and not as an add on at the end.

Equity
It is not surprising that the advent of new

modes of science assessment, both for accountabil-
ity and for improving instruction, raises questions
of equity. About ten years ago, there was a major
concern about bias in large-scale tests. In attempt
to control bias,8 the Code of Fair Testing Practices in
Education was prepared by the Joint Committee on
Testing Practices of the American Educational Re-
search Association (1985). At that time, the two
major causes of bias were language (dialectical and
phonological differences in the spoken language

of a minority group and the mainstream group)
and context (item examples and content unfamil-
iar to certain subgroups of the student population,
sur:h as minorities, the poor, and females)
(Harmon, 1991).

While problems with test bias still exist, the
advent of new modes of assessment introduce
broader questions of equity. Webster's Dictionary
(Guralnik, 1984) defmes equity as fairness, impar-
tiality, and justice. Can assessment be fair and just
to all students? The need to address equity exists
because of the student diversity in a science class-
room. Students vary in their interests, skills, abili-
ties, prior experiences, opportunities, values, hab-
its, home and community expectations and more.
Equity becomes a balancing act in which there is a
common core for learning science that still allows
for and promotes individual and cultural differ-
ences of each student. Equity is not achieved if
diversity is destroyed.

Still, equity does not imply that there will be
no differences in student science achievement.
Rather, Malcom (1991) suggests assessments will
be equitable if: 1) the rules of what is to be known
and assessed are clear to all; 2) the resources to
achieve are available to all; 3) the ways of demon-
strating knowledge are many and varied; and 4)
some of the things valued by differing groups are
reflected in individual statements of what every-
one should know and be able to do.

In the same article, as well as when she elo-
quently speaks, Malcom asserts that equity in as-
sessment cannot be achieved unless a series of
questions that cross all purposes for assessment
and all modes of assessment are asked incessantly.
Among the questions she propses are:

What is being tested? Specifically, what as-
pects within the discipline of science are
being assessed? How well do these match
the way the content was taught, the way
they appear in practice and the knowledge
and skill valued in the field?
What specific goals for education are being
tested? How are these goals related to the
real-world use of the knowledge and skills
being assessed?
What exactly will be measured? To what
extent will the measurement be direct or in-
direct, sequential or simulated? How differ-

74 School of Education Review 76



ent, similar or independent is the informa-
tion obtained in each type of measurement?
Who will develop and score the assess-
ment? What will be the relationship be-
tween the teacher, the assessment devel-
oper, and the scorer? How will these
groups reflect on ethnic, gender, regional
and other characteristics of students?
To what uses will the assessments be put?
Will there be a balance between instruc-
tional, monitoring, policy and accountabil-
ity purposes? Who needs to know the out-
comes and for what purposes?
What will be the elements of assessment
and of the specific examination units within
the assessments? How will these elements
themselves be evaluated for their ability to
predict or indicate mastery of the desired
characteristics for different segments of the
student population?
What will be the specific mechanisms of
assessment? To what extent will the test-
ing occur in the context in which the be-
havior will ultimately be judged? In famil-
iar or unfamiliar settings? With or without
technology? With familiar or unfamiliar
testers? Individually or in groups?
How will results be interpreted? What will
be judged as an acceptable, unacceptable
or exceptional response; what will be the
response to outliers or to nonstandard an-
swers? How will standards and ranges be
set ? What will be the relationship of the
standards to learners and to the judgement
of content experts, especially where con-
text dependent?
How will the assessments be packaged? To
what extent will an assessment be one sub-
ject at a time or across subject matter do-
mains?
How will we balance nationally agreed on
and locally addressed curriculum standards
with national and local needs for reporting
student performance?
How much difference from current modes
of assessment and reporting will the pub-
lic tolerate? How close to world-class stan-
dards do we dare assess? How much bad
news can we tolerate?

This list is not exhaustive, yet it provides a
good starting point for everyone concerned about
learning, teaching, and assessment in science. Simi-
lar to the questions asked about portfolios, these
questions do not have a single correct answer, nor
can they ever be answered once and for all. But
unless questions such as these are addressed regu-
larly it is unlikely that the old or new modes of
assessment for any purpose will promote science
learning for all students.

Conclusion
One of the current phrases frequently used

when discussing assessment is "high stakes." This
term implies that the results of an assessment have
a highly valued and/or long-term impact. The term
also might imply that assessments that are respon-
sible for promotion, admission to college, alloca-
tion of resources and such are more important than
others and therefore need to be considered with
greater care. However, any teacher or parent who
has watched a child's eyes fill with tears over a
score or observed an adolescent crumple a paper
with disdain and despair knows there are no "low
stakes" assessments. All assessments are impor-
tant. Therefore, while some probe the individual
aspects of different modes of assessment, others
will deliberate the integration of assessment with
instruction, curriculum and reform. There is too
much at stake not to do so.

End Notes
1. This discussion considers only assessments that
describe student learning at the national, state and
classroom level. Other assessments such as the
Stanford-Binet Intelligence Test, Advanced Place-
ment Test or Scholastic Aptitude Test, generally
used for student placement are not considered.
2. Alabama, Arkansas, Delaware, Georgia, Idaho,
Louisiana, Mississippi, Missouri, New Hampshire,
North Dakota, Oklahoma, South Carolina, South
Dakota, Tennessee, Virginia, West Virginia.
3. California, Conneticut, Florida, Illinois, Indiana,
Maine, Massachusetts, Michigan, Minnesota, Mis-
souri, New Mexico, New York, North Carolina,
South Carolina.
4. Missouri, South Carolina.
5. While frequently used interchangeably, there are
differences among the three. Alternative assessment
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seems to mean any assessment task that is not a
traditional paper and pencil objective or essay ques-
tion; performance-based assessment implies that
the student must do something besides write a
correct answer to a question; authentic assessment
implies a high degree of fidelity between the assess-
ment task and the practice of the discipline.
6. The May, 1992, issue of Educational Leadership was
devoted to performance assessment.
7. The March, 1992, issue of Science Scope was de-
voted to assessment in middle school science.
8. Bias may be defined as a quality of a test that
causes it to measure different populations differen-
tially.
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New Directions in Science Assessment in California:
Moving "Beyond the Bubble"

Moving "Beyond the Bubble" has become the major
theme underlying the development of new science assess-
ments in many states. In the past, large-scale assessment in
most states has taken the form of standardized multiple-
choice tests that ask students to "bubble in" the correct
answer. Current research suggests that changing the way
we measure student achievement may improve the quality of
science instruction. In California, recent legislaHon has
focused attention on the need for improvements in how we
measure student learning, what we measure, and how we
use information from measures to restructure educational
programs. In science, a variety of innovative performance
measures are being developed, field tested, or implemented:
performance tasks, open-ended or free response questions,
modules, and portfolios. This paper discusses the experiences
of the California Assessment Program with these new
measures.

Moving "Beyond the Bubble" has become the
major theme underlying the development of new
statewide assessments in many states including
California. Instead of discriminating between
bubbles on a multiple-choice test, students are re-
quired to demonstrate understandings of concepts
and processes, to solve problems, and to engage in
hands-on performance tasks. If the goal of instruc-
tion is to teach students the expressive side of com-
munication and problem solving, tests must be pat-
terned after instruction; they must emphasize pro-
duction, creation, and performancedoing rather
than discriminating (Carlson, 1989). Assessment
tasks themselves must be intentionally complex,
moving away from the clean, unidimensional, fac-
torial purity of the past. Only tasks that call for
integrating and applying learning can reinforce so-

Kathleen B. Comfort

phisticated goals of instruction. The tasks should
be multi-dimensional in skills assessed, multi-sen-
sory in stimuli presented, and multi-modal in re-
sponse formats (Carlson, 1989).

It is anticipated that these new forms of assess-
ment will reinforce good curriculum practices, en-
courage thematic teaching, and emphasize learn-
ing through hands-on experiences. Most impor-
tant, they will go beyond the levels of recall and
paraphrased recall to include activities in which
students use the concepts learned and relate them
to other concepts (Comfort, 1991).

In the past, in most states, large-scale assess-
ment has taken the form of standardized multiple-
choice tests that ask students to choose the correct
response from a set of alternatives and to "bubble
in" their choice (R. Anderson, 1990). These stan-
dardized tests have become the main criteria that
many schools use for making decisions that affect
instruction and the quality of teaching. Unfortu-
nately, these tests have many negative conse-
quences: they tend to narrow the curriculum; en-
courage the teaching of disconnected, low level
facts; frustrate teachers and students; confuse the
public's understanding of the schools; and under-
mine school improvement efforts (Comfort, 1991).

Research shows that students learn what they
are taught and that teachers teach what they are
held accountable for. The conclusion that achieve-
ment testing profoundly affects the quality of U.S.
education is inevitable (Shavelson, Carey, & Webb,

Kathleen B. Comfort is the Science Assessment
consultant for the California Assessment Program in
Sacramento.
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1990; Resnick & Resnick, 1991; Walker &
Schaffarzick, 1974 ). It is not surprising, then, that
both the general public and the professional com-
munity are dissatisfied with the incessant use of
paper-and-pencil, multiple-choice tests, not only
to assess student knowledge and understanding
of subject matter but to establish accountability
(Frederiksen & Collins, 1989; Shavelson et al., 1990).
Current research also suggests that to achieve edu-
cational reform, assessment must be realigned to
match reform. With such realignment, when edu-
cators "teach to the test," they will be teaching the
'big ideas' advocated by reformers, and the qual-
ity of science instruction will be improved
(Wiggins, 1989; Raizen, 1989; C. Anderson, 1990,
November; Heins, 1989).

CAP Progress
The California Assessment Program (CAP) has

begun introducing performance-based assessments
that indicate more directly what students actually
know, how well they can think, and what they can
do. In 1987, CAP introduced its' first performance-
based test, the grade 8 writing assessment in which
students composed an essay in response to a pre-
scribed topic. This assessment was extended to
grade 12 in 1988. Another change at grade 12 oc-
curred in 1990 when open-ended mathematics
items, for which students must construct their own
solutions, were administered, scored, and reported
(R. Anderson, 1991).

CAP has also initiated pilot portfclio projects
in English/language arts, mathematics, and science
in which students and teachers collect and evalu-
ate an array of student work throughout the school
year. Language arts examinations integrating read-
ing and writing were field tested for the first time
in spring, 1990. Students were asked to read and
write a number of short responses, participate in
group discussion, and compose an essay to pro-
vide evidence of comprehension (R. Anderson,
1991).

In history/social-science CAP is developing as-
sessments which will allow students to demon-
strate breadth of learning as well as ability to clarify
issues, recognize relationships, determine causes
and effects, interpret evidence, and present an ar-
gument. Assessment modes under development
include written tests, portfolios of student work,

and integrated performance tasks (R. Anderson,
1991).

Science Assessment Spring 1990 and 1991
In science, the new assessments will be aligned

to the 'big ideas' recommended in the California
Science Framework. These 'big ideas' (e.g., "living
things evolve through geologic time") used to
frame an entire K-12 science curriculum including
life, earth, and physical sciences, as well as tech-
nology and environmental education, are con-
nected, integrated, and interwoven by themes of
science (energy, scale and structure, patterns of
change, stability, systems and interactions, and evo-
lution). Scientific processes (observing, communi-
cating, comparing, ordering and categorizing, re-
lating, inferring, and applying), attitudes, and ma-
nipulative skills that contribute to the 'thinking cur-
riculum' are also incorporated into these new per-
formance assessments (Comfort, 1991).

The CAP tests are developed by science edu-
cators, including grade level teachers, science su-
pervisors, university representativ, and scientists
on the CAP Science Assessment Advisory Com-
mittee. The California science networks, including
the California Science Project (CSP), the California
Science Implementation Network (CSIN), and the
California Secondary Scope Sequence and Coordi-
nation Project (SS&C), work with CAP to design,
pilot, and field test the new tests, as well as to
provide professional development opportunities
for teachers.

In the spring of 1990, CAP, in conjunction with
the California Science Project (CSP), and the Cali-
fornia Science Implementation Network (CSIN),
conducted the first statewide field test of perfor-
mance assessment in science at grade 6. Approxi-
mately 1000 schools participated.

The testing format consisted of five stations
with one task per. station. Each task took approxi-
mately 10 minutes, and the students rotated
through the stations, completing all five perfor-
mance tasks in one class period. Five tasks chal-
lenged students to integrate manipulative and
thinking skills with their knowledge of the content
of science. Students engaged in hands-on activities
and recorded their observations and conclusions
on student response forms. As one example, stu-
dents had to build a circuit with materials pro-
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vided, predict and test the conductivity of various
materials, test their conductivity, and record the
results. Other tasks required students to observe,
classify, sort, infer, detect patterns, formulate hy-
potheses and interpret results. In each task, stu-
dents had to move beyond the activity and de-
velop a conceptual understanding of natural phe-
nomena. A research pilot was also conducted dur-
ing the field test in which a sample of schools ad-
ministered two versions of the test: one adminis-
tration utilizing the regular station approach, and
a second administration in which teachers utilized
one of 6 variants. The variants included time, de-
livery of instructions, and format (cooperative
groups and diads) (Comfort, 1991).

In spring, 1991, CAP, CSP, CSIN, and the SS&C
Project conducted a second field test of perfor-
mance-based assessment at grades 5, 8, and 11 in
over 2000 schools. Students at grade 5 worked with
a partner to complete three performance tasks. The
three tasks were designed to assess a student's abil-
ity to: analyze non-living substances and deter-
mine their suitability for living things ("Spaceship
U.S.A."); sort, classify, and rationalize their system
of classification using a variety of fossils ("Fos-
sils"); and determine the effect of wind direction
on the motion of pinwheels, compare the amount
of work done by pinwheels of different sizes, and
relate this learning to other situations ("Wind En-
ergy").

Students at grade 8 also worked with a part-
ner to complete three performance tasks. The three
tasks were designed to assess a student's ability
to: analyze common attributes of fossils and estab-
lish relational patterns ("Fossils"); perform a chro-
matography experiment and apply information ob-
tained to real life investigations ("The Mystery
Note"); and manipulate variables and determine
the relationship between distance, force, and work
("Happy Trails"). The "Fossil" task at grade 5 spi-
raled through grade 8, building in complexity. Fifth
graders were asked to sort a variety of fossils found
in a dig into groups that appearea to be related.
They were asked to develop their own classifica-
tion system and defend it by adding another fossil
to one of the groups. By the eighth grade, students
were asked to observe a group of fossils and de-
velop a rationale for their development and differ-
ences over time. The grade 8 "Happy Trails" task

integrated science and mathematics (Comfort,
1991).

Working in triads, students at grade 11 were
presented with an array of evidence that required
them to coordinate their science abilities from bi-
ology (use a microscope to investigate properties
of different hair samples), with chemistry (conduct
a chromatography test to determine who wrote a
note found on the body), and earth science (con-
duct profiles and pH tests on samples of soil found
on the victim's shoe), to investigate the death of
Mr. James Obechki to see if a crime had been com-
mitted. The objective of this coordinated investi-
gation was to assess students' ability to use scien-
tific processes and tools to communicate thinking
processes and to demonstrate understanding of
concepts that are connected and integrated among
the sciences.

Spring 1992
In spring, 1992, CAP, in conjunction with CSIN,

CSP, and SS&C, conducted a third field test of
performance based science in 3500 schools at
grades 5, 8, and 10. The performance tasks, ex-
tending over three days, one class period per day,
consisted of one in-depth, coordinated (life, earth
and physical science) task per grade level. Part I,
administered on day 1, consisted of pretest activi-
ties and questions to be completed by individual
students in order to determine what prior knowl-
edge students might bring to the task. In Part II
students worked with a partner to complete a se-
ries of investigations, collect data, and discuss their
findings. Students worked individually on Part ifi
in order to analyze their data and record their con-
clusions. Part III also contained a post test or re-
flection activity and questions to determine if the
task provided an opportunity to learn about the
"big ideas" being assessed. Analytical and holistic
scoring rubrics were developed in conjunction with
researchers from the University of California, Santa
Barbara, and several thousand student papers were
scored.

To date, several different test designs and for-
mats of performance tasks have been utilized by
CAP. Since performance assessments in science are
new, and the "perfect task" has not yet been devel-
oped, the CAP Science Assessment Advisory Com-
mittee felt it expedient to experiment with a vari-
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ety of different designs before forming a recom-
mendation for statewide assessment. CAP is cur-
rently participating in a National Science Founda-
tion sponsored project with RAND, the University
of California, Santa Barbara, Stanford University,
and the Far West Laboratory to study the psycho-
metric qualities of performance assessments in sci-
ence. Also, data collected from the 1992 summer
scoring sessions, along with data from both the
1990 and 1991 tests, will be analyzed to determine
the best qualities of the performance measures.

Scoring of Student Papers
On a multiple-choice test, students take a lucky

guess and "bubble" in a preselected response on a
computer-readable test booklet. This booldet is then
scanned for correct answers and a scale score is
usually assigned. In performance assessments, such
as the ones just described here, students are en-
couraged to demonstrate understanding by con-
ducting an investigation, collecting and analyzing
data, and forming a conclusion. These types of as-
sessments have no prescribed answer, but allow
for a variety of appropriate student responses, in-
cluding writing, drawing, and/or the manipula-
tion of data. In order to accommodate a wide range
of responses, as well as to encourage the evalua-
tion of the student's entire thinking process, holis-
tic scoring guides or rubrics were developed for
all tasks (in 1990 and 1991) instead of marking
specific points according to a scheme as is done on
an analytical scoring rubric.

Specific rubrics developed for each task con-
sisted of a six point scale. At the high end of the
scale-six-a student demonstrates an in-depth un-
derstanding of the concept and an ability to com-
municate it effectively; at the low end the student
shows little evidence of understanding and little
ability to communicate ideas.

At regional meetings held throughout the state,
teachers scored student papers using the holistic
rubrics. Many teachers shared student papers and
results with CAP for additional analyses. Although
student scores will not be reported, a report-of-
findings on student results from both the 1990 and
1991 field test data is beirg developed by the CAP
Science Assessment Advisory Committee.

Analytical scoring rubrics were developed un-
der the direction of researchers from the Univer-

sity of California, Santa Barbara (UCSB) for the
1992 tasks. The scale of the analytical rubrics
ranged from 3 to 18 points and contained exem-
plars of student responses. In comparison to the
holistic rubrics, many teachers felt that the analyti-
cal rubrics took longer to use and were not as con-
ceptually oriented as the holistic rubrics. Data from
the 1992 field test are currently being analyzed and
studies are being conducted by psychometricians.

In July, 1992, CAP worked in conjunction with
the regional consortiums and the subject matter
projects to provide teachers in all content areas
with the opportunity to become involved in the
scoring of performance-based tests. The Region 8
Professional Development Consortium cooperated
with the Los Angeles, Santa Barbara, Ventura, San
Luis Obispo, and Kern County Offices of Educa-
tion, along with the University of California, Santa
Barbara, the South Coast Science Project and the
UCLA Science Project to host two week long scor-
ing and professional development sessions for
teachers in that area. Sixty teachers participated at
either the UCSB session or the Long Beach session.

Many teachers stated that the CAP summer
scoring sessions provided the opportunity to reflect
on science education, assessment, and program de-
velopment. They also felt that by scoring student
papers from all over the state they gained valuable
insight into student understanding of important
scientific concepts. It is anticipated that these teach-
ers will serve as lead teachers in future CAP scor-
ing and professional development activities.

Performance Standards
Performance standards are bench-mark de-

scriptions of the quality of performance against
which actual student work can be compared. The
performance standards provide a basis for trained
teachers to make judgements about the level of
accomplishment demonstrated by student work
(Pandey, 1992). The California Assessment Pro-
gram (CAP) is currently mandated to develop com-
mon statewide standards in all content areas, in-
cluding science. All new tests will be built upon
these standaeds and they will be used to report
school level results.

In science, performance standards will be based
upon a goal for all students to achieve scientific
literacy. The CAP Science Assessment Advisory
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Committee "working definition" of scientific lit-
eracy includes six levels with Level 6 indicating
the highest quality of performance and Level 1 the
lowest. The following "draft" dimensions are em-
bedded in the six levels:

conceptual understandingunderstands
and communicates the main concepts of sci-
ence and the connections among them;
performanceuses scientific processes, con-
cepts, and tools to solve problems and to
increase/demonstrate conceptual under-
standing;
applicationuses conceptual understanding
and performance to solve new problems
which reflect scientific attitudes, values and
social responsibility.

A variety of measures (tasks, open-ended ques-
tions, portfolios, and thematic/conceptual mul-
tiple-choice) can be used to assess the dimensions
of scientific literacy. These measures will reflect
the "big ideas" of science recommended in the sci-
ence framework and it is these performance stan-
dards which will guide the development of the
measures and the scoring rubrics. A more com-
plete discussion of these instruments appears in
Collins' article in this Review.

Impacts of the Performance Assessment
Overall, the performance components of the

CAP science field tests were enthusiastically re-
ceived by teachers and students alike. Nearly all
teachers reported that performance tasks provided
students with a meaningful and exciting learning
experience, in addition to yielding valuable infor-
mation unobtainable through traditional testing
methods (Comfort, 1991). Teachers also indicated
that the tasks were well-conceived and challenged
students to work through the questions posed by
each task, using higher-order thinking to arrive at
possible solutions. (See also Hackett & Floore in
this Review.)

Many teachers reported that students who par-
ticipated in the field tests of performance based as-
sessment exhibited high levels of curiosity and mo-
tivation and enjoyed tackling the questions posed
by the various investigations. Many students
wanted to repeat the tasks and explore the impli-
cations of their results in greater depth. Teachers
also reported that many students did not exhibit

the tension typically associated with more formal
types of testing. Although a few students were
hesitant at first, teachers observed that nearly all of
those students lost their initial apprehension as
they became involved in the tasks. Student evalu-
ations of the performance testing included the fol-
lowing:

The hands-on-test was fun and terrific. It is
a lot better than the ordinary test. It is easy
to understand, and you do not have to
memorize anything. The hands-on-tests I
did made me realize how much I really do
know about science. I wish every test could
be like this.

The first test on electricity was neat. I had a
little trouble building the electrical circuit
and kept thinking over and over, Benjamin
Franklin was a genius. I couldn't believe I
actually made an electric circuit that
worked.
I thought this kind of test is less stressful
than a regular fill-in-the-bubble test. I would
rather take hands-on tests then fill-in-the-
bubble tests. You still must study, but not
remember every answer. This way you do
things by brain, not by memorization.

This test was very unique. I liked the way I
worked under pressure to solve a case. Labs
like this make science interesting, learnful,
and enjoyed.

I was able to escape boring chemistry and
try it (science) in the real world.

Many teachers stated that performance based
assessment would encourage schools to implement
the recommendations of the 1990 California Science
Framework for Public Schools, Grades K-12. Many
stated that its incorporation into the state testing
program would discourage the use of standard-
ized, multiple-choice testing and dittoed
worksheets as primary assessment and teaching
tools in the classroom. Advocates of hands-on
teaching and testing felt that this assessment pro-
vided them with the validation needed to imple-
ment innovative teaching and testing techniques
at the local level. When asked if this type of test
fits in with the current reform efforts in science,
one teacher reported:
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I feel a part of the national effort to reform
science education and restructure assess-
ment. The CAP field test in science has al-
ready been very instrumental in bringing
about change in our district. We also feel
that it is helping to raise the standards for
our students and create a higher interest in
science. The benefits to kids is relevant and
exciting. California's science networks
(CSIN, CSP, and SS&C) are a model of co-
operation and inspiration. I am immensely
honored to be a part of them.

Professional Development for Teachers
All teachers administering tests in 1990, 1991,

and 1992 received two days of training: one day in
test set up and administration, and a second day
in scoring and analyzing results. Teacher trainings
were conducted at 22 county offices of education.
Teachers participating in CSIN, CSP, and SS&C
provided leadership, support, and assistance to
grade level teachers in their regions of the state by
serving as trainers and facilitators for these ses-
sions. Debriefing sessions were also conducted and
many teachers had the opportunity to review and
make recommendations about the design of the
test, administration of tasks, and the impact of per-
formance assessment on curriculum and instruc-
tion. All teachers were requested to evaluate the
test and their training. Teacher evaluations in
cluded the following comments:

This one test has done more in our district
to support meaningful science instruction
improvement than any other single event.
The nature of this testing gets to the heart
of needed reform in science instruction. It
authentically measures our students' abil-
ity to observe, test and draw conclusicns.

I appreciated having input into assessment
rather than having it imposed 'from above.'
Students and the science program will ben-
efit because the test has been created and
revised by real teachers in real classroom
situations.
The neatest part was watching my kids tak-
ing the test. I learned so much about them,
especially the poorer student. Some of them
did quite well on this type of assessment.

One of the strongest impressions of the
power behind performance assessment
came a few days after our students took
the test. One female student that appeared
not to be the "school girl" type asked in her
science class when they were going to take
the test again...it was fun! The response
from her teacher was of surprise. It was the
first time she had shown any interest in
anything about science.

Many teachers reported that the CAP training
provided the opportunity to not only gain experi-
ence with performance assessment and to get in
on the ground floor of a major national movement
in education, but also to share ideas and network
with other teachers.

Other Components of CAP Science Assessment
The performance task is one component of the

CAP science test. Students at all grade levels also
complete a small number of thematic/conceptual/
integrated multiple-choice items and open-ended
questions. The multiple-choice questions contain a
cluster of six coordinated and/or integrated (life,
earth, and physical science) items that are woven
together by a short storyline. Instead of focusing
on the recall of specific information, these new
items require students to think through the big
ideas of science recommended for a particular
grade level. Students also have the opportunity to
justify or briefly write why they chose a particular
answer.

Open-ended questions are non multiple-choice
questions that allow students to think, solve prob-
lems, and communicate possible solutions. Stu-
dents are presented with a problem and are en-
couraged to construct their own answer by writ-
ing a short paragraph, drawing a picture, or ma-
nipulating data on a chart or a graph. By means of
open-ended questions which allow for a range of
many possible responses, teachers effectively ac-
cess student thinking and understanding. The
questions are scored using holistic scoring rubrics
similar to the ones used for performance tasks.

In addition to the field testing of performance
tasks, open-ended questions, and multiple-choice
items, CAP launched a Phase I Science Portfolio
pilot in 200 schools in the fall of 1991. Using a
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constructivist approach, teachers from around the
state had the opportunity to meet in regional ses-
sions to develop the guidelines for science portfo-
lios for grades 5, 8, and 10. These same teachers
reconvened throughout the year to refine and re-
vise guidelines and criteria, and to share experi-
ences regarding the use of portfolios in the class-
room for science.

According to teachers from around the state,
science portfolios (collections of student work), of-
ten show the development of works in progress.
They allow teachers to judge student growth over
time. Students assist the teacher in selecting "best
works" to be included in the portfolio. Many teach-
ers agree: portfolios serve as an important tool for
increasing student self-esteem. The portfolio is a
multi-modal assessment and record of student
growth and progress. It provides students with an
opportunity to make connections and to explain
their understanding of science to someone else.
The teacher can use a portfolio to evaluate the
progress of the class, the student, and the curricu-
lum. A portfolio can be valuable to the student
because they evaluate their own work, gain a sense
of pride, and express a purpose. As in real life,
portfolios give students the opportunity to put their
best foot forward, to grow, and to change and
evolve.

As a result of the Phase I pilot, a draft docu-
ment, A Teacher's Guide to Portfolio Assessment in
Science, was developed and disseminated. In addi-
tion to the draft guidelines, a science portfolio
newsletter, The Watershed, was also developed and
is being disseminated. The goals of the newsletter
are to: provide a forum for the discussion of port-
folio assessment that supports the direction of the
California Science Framework and the new direc-
tions of CAP; suggest resources and helpful hints
for teachers in the use of science portfolios; pro-
vide references of current research; and showcase
examples of student entries.

The Phase II pilot for 1992-93 was extended to
four regions of the state, and in addition to the con-
tinuation of piloting and refining the draft guide-
lines, participating teachers were requested to pi-
lot a variety of research designs such as: cross cur-
ricular portfolios at the elementary level; coordi-
nated science portfolios at the middle school and
junior high level; standardization of portfolio en-

tries; and the judging/evaluating of student port-
folios. To date, over 300 teachers have committed
to: attending all three meeting !n their regions; as-
sisting with the revision and piloting of the guide-
lines; piloting portfolios in their classes and shar-
ing portfolios with CAP; piloting research designs;
standardizing student entries per region; and assist-
ing other teachers in the use of science portfolios.

The Future of CAP Science Assessments
CAP will continue to modify and field test the

new assessments based on the results of the initial
trials. It is anticipated that CAP will conduct both
a prototype administration and a field test in
spring, 1993, in a small number of schools. The
design of both the prototype and field test will
contain three components: multiple-choice with
some justification; open-ended questions; and per-
formance tasks. Schools participating in the proto-
type administration will have the option of report-
ing their science scores at the school level with
mathematics and English/language arts; CAP will
purchase kits of materials for the hands-on com-
ponent and will score student papers. Schools vol-
unteering to participate in the field test will pur-
chase kits of materials for the hands-on compo-
nent and will score their own student papers. CAP
will continue to work with CSP, CSIN, and SS&C
to provide teachers with professional development
opportunities in the set up, administration, and
scoring of the new assessments.

In order to prepare for the implementation of
these science assessments in spring, 1994, CAP is
currently designing a rationale and content docu-
ment that will inform the field of what will be
assessed. The purposes of a Rationale and Content
for Science are to: define the big ideas of science,
as recommended by the 1990 California Science
Framework; identify which big ideas would be as-
sessed by CAP for grades 5, 8, and 10; provide
examples of the different forms of assessment; and
provide the standards by which student achieve-
ment would be judged.

The New Integrated Student Assessment System
for California Schools

Due to new legislation in the fall of 1991, CAP
is currently undergoing a restructuring process en-
tailing a shift toward the reporting of individual
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scores. Along with a reduction in the reliance on
multiple-choice testing, a need for a statewide stu-
dent assessment system was also recognized: a sys-
tem that would provide information about the
progress of individual students to all teachers and
students, as well as a set of performance standards
on which to base these tests and reports of results.
Governor Wilson signed SB 662 into law on Octo-
ber 9, 1991, ensuring a new vision of assessment
for California. This vision sees the assessment pro-
cess as having a direct impact on individual stu-
dents and their parentskey stakeholders who, un-
til now, had been largely excluded from assess-
ment. It will ensure that students leave school pre-
pared, in the words of Dennie Palmer Wolf, "... to
ask questions, solve problems and have high stan-
dards for their work and the quality of their lives."
In essence, and quite simply, the primary purpose
of the new assessment will be to improve instruc-
tion for all students (Carlson, 1992).
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What You Test Is What You Get

How would you like to walk into an urban 8th grade class-
room of 34 students in which 100%ALDof the students
are on task, conversing quietly in teams of two, using equip-
ment purposefully, and even recording data? Students new
to English are feeling comfortable using their native lan-
guages. Normally disruptive students are focused. Coopera-
tion is in evidence evaywhere. Believe it or not, this...
(shudder)... is a test.

No, there's nothing nefarious going on. These
San Francisco students are field testing the new
Performance-Based Science Assessment component
of the California Assessment Program. Feel the
winds of change.

The diverse demographics of San Francisco
schools present problems that will be faced by
many school districts throughout the country in
the near future.

A few San Francisco public school realities:
minority populations (becoming the major-
ity in schools) require sensitivity and vali-
dation for who they are within their fam-
ily, ethnic community and the larger San
Francisco community;
mon: than 50% of public school students
are proficient in languages other than stan-
dard English-an additional third are lim-
ited or non-English speakers (SFUSD, 1992);
class size has increased to unprecedented
loads with consequent instructional impli-
cations;
special needs students, including those
identified as learning disabled, students
with physical disabilities, emotional prob-
lems, attention deficit disorders (not yet

Erla Hackett
Susan Floore

identified and included in the "official" spe-
cial education programs), early bloomers,
and others, are mainstreamed into science
classes with no additional instructional sup-
port;
students with wide ranges of traditional
academic abilities as well as developmen-
tal stages appear in every classroom;
resources for equipment and supplies are
shrinking;
family structures have changed, with many
students having more than one home and
assuming traditionally adult roles and re-
sponsibilities;
societal expectations of schools as care-giv-
ers for youngsters are increasing;
work and family demands on parents pre-
clude their involvement with their
children's education;
parental knowledge is lacking about how
to best assist their children with their stud-
ies;
problems of transient student populations
between schools and a 16.4% cumulative
dropout rate continue (SFUSD, 1990); and
evidence indicates the compromised physi-
cal health of adolescents (CDE, 1987).

The science curriculum must address the di-
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San Francisco Project 2061 team.
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verse needs of these students in order to prepare
them for a changing and demanding work place
where workers must be flexible and work
"smarter" using problem solving techniques and
cooperative strategies. Tomorrow's successful
workers must view learning as a positive, life-long
activity. We believe that performance testing best
meets the needs of today's "at risk" populations
and tomorrow's work force. While traditional stan-
dardized testing validates reading, word recogni-
tion and recall, performance testing will add the
important facets for the assessment of conceptual
understanding and social growth.

Not yet in step with the needs of today's stu-
dents, assessment must evolve to measure what
students need to know. As classroom teachers, we
have observed discrepancies between students'
conceptual understandings and their performance
on traditional language-based standardized tests.
We are convinced that often many students know
more than these tests indicate. Student interviews
which allow for delving into areas of conceptual
understanding have demonstrated that some stu-
dents know much more than that reflected in test
results while others with good word recall and
reading skills may not have mastered the concepts.
Listening to student groups share and negotiate
ideas during laboratory activities reveals not only
their understandings, but also their development
of needed social skills. Some students can commu-
nicate conceptual understandings through dia-
grams and illustrations independent of language.

Assessment does not yet reward whole realms
of performance considered necessary for today's
graduates to be successful and responsible mem-
bers of their communities. Some of these neglected
performance areas include positive social interac-
tion, cooperation and conflict resolution, decision
making, problem solving, creative thinking, and
consensus building. Inasmuch as all these have a
place in good curriculum and instructional strate-
gies, they should have a place in evaluation, too.

Traditional tests do not often measure students'
real achievements and, in fact, deny many major
accomplishments. Thought processes are often sac-
rificed to recall and concepts to word recognition.
Auditory and kinesthetic learners are usually at a
disadvantage. Still other students are focused so-
cially, learning needed social processes and skills.

They are taking major steps toward maturation.
For these students, social contacts are paramount
and they put these interactions ahead of any aca-
demic concepts. Accomplishments of these stu-
dents, while real, are often not recognized by the
present system. For them, performance testing in
pairs integrates social interaction with the mastery
of academic concepts.

A further complication is the political reality
that schools are rated by these scores. This evalua-
tion drives instruction to some extent, to the detri-
ment of richer, more complex experiences. If the
accomplishments of all students are to be evalu-
ated accurately, accounting for factors that put
some youngsters "at risk", assessment must reflect
what really should be measured. The need is clear
and increasingly urgent for more equitable assess-
ments that are not solely language based and that
measure intelligences other than verbal ones. The
more a curriculum is influenced by current stan-
dardized tests, the less it prepares students for the
changing demands of the work place with its new
and greater technologies and expectations.

We feel that the Performance Assessment in
the science portion of the CAP is one attempt to
validate our students and their multiple intelli-
gences. It also meets the changing demands of an
evolving society and gives useful information to
educators and dedsion makers.

In our field test of more than 120 students, the
CAP posed three life-like problems for solutions.
At one station, students solved a mystery using
chromatography. At another station, students stud-
ied different fossil forms ht different layers and
made inferences and predictions. In a third, they
examined the merits of two bike paths on different
terrains, made choices and justified them. Students
worked cooperatively in pairs, manipulated equip-
ment, and recorded their data by answering ques-
tions on individual test forms. Some open-ended
questions provided flexibility to accommodate dif-
fering logical interpretations. Tested tasks were
timed.

Holistic scoring allowed credit for thinking pro-
cesses, even if the task was not completed. The pa-
pers were scored by the students' teachers accord-
ing to a rubric developed by the State Department
of Education. The last page of the test booklet was
a survey of student opinion about the test itself.
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Student opinion was generally positive and
even enthusiastic about the test experience. Repre-
sentative student comments included:

"Can we do this again tomorrow?"
"I've never taken a test like this. It was fun!"
"I love working with a partner."
"It's more comfortable with someone to talk to."
"I learned something from this test."
"Before we had to do a lot of reading and this one has
things that we can actually do."
"I liked the tt the way it is, thank you!"

"I don't like any test, but this was better than most."

Other comments indicated specific parts of the
test that were unclear, some were non-committal,
and very few comments were negative. From the
teachers' perspective there are major problems to
be worked out and warnings to be given. We en-
countered problems in time, space, equipment and
logistics. Some were anticipated and covered dur-
ing a release day for training in test administration
and others were discussed during a test evalua-
tion and training in holistic scoring on a release
day after the test was given. (see Table 1)

Table 1

With all of these problems, would we do this
again? You bet! Students enjoyed the test itself; in
fact, many asked if they could do this type of test
again. This test reflected thinking skills (street
smarts) so that non-motivated students had suc-
cess. Students who were not fluent in English and
those who use alternative dialects were not so im-
peded by the test format. Students were deeply
involved in problem solving, demonstrating that
the tasks had relevance for them. They used their
social skills of cooperation, give and take discus-
sion, negotiation, and independent thinking as
some agreed to disagree. Both oral and written
language were used effectively.

As teachers, we felt that we were seeing a more
accurate reflection of how students process infor-
mation. The concreteness of tasks revealed transi-
tional and abstract thinkers. This would be valu-
able information for inclusion in a portfolio or an
individualized education plan. Multiple intelli-
gences were in evidence as we watched them do-
ing and discussing.

Addressing Test Administration Challenges

Problem Solution

preparing stations from the kit provided

building of partitions

not all needed materials provided

participating 8th graders were
expected to be tested the same day

no time for directions test took the
full period without student opinion survey

familiarity with specific equipment lacking

no time for opinion survey

time for scoring

logistics for moving students
through test stations

test given in early April

cost for test

administrative support essential

four high school students and two teachers (us) volunteering one full work
day organizing and preparing stations for two schools (tips and materials
such as labels provided from the training were invaluable)

student volunteer time

laminating, extra chromatography paper, folders for partitions etc. provided
by us and the site

because of shared space and equipment, each teacher tested on a separate day

built a practice test with three short activity stations so students knew their
partners, stations, and how to move

spring scale included in practice test

devoted third day to CAP

part done on release day-volunteer time needed for completion

physical rearrangement of room required that other grade level classes be
taught elsewhere

hope that end of year topics are not included in test

covered by S.F.U.S.D., including site materials used

administrative support present
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Despite the benefits of performance testing,
implementation will be difficult. Funds will be
needed for test materials and release time for teach-
ers to be trained in test administration and holistic
scoring. Teachers must to be committed to the ex-
tra effort and time needed. To be meaningful, re-
sults must reflect site considerations.

As classroom teachers, we can see how stan-
dardized testing impacts the curriculum we work
so hard to develop and make relevant, meaning-
ful, and useful. Should performance testing become
wide-spread, more teachers would be encouraged
to engage their classes in activities. A shift from a
content based curriculum to one that includes de-
velopment of social skills as a mzjor focus will
help students become more positive, effective
members of their school and community.

If performance testing is integrated with the
curriculum, effects could be even more wide-
spread. More students would be truly learning,
more successful, and involved. More positive stu-
dent attitudes would help to reduce behavior prob-
lems. Funding patterns would need to shift to em-
phasize materials. Textbooks would assume a less
central role, as advocated by the new Science
Framework for California Public Schools (CDE,
1990). Pre- and inservice teacher training would
need to change to support these changes. In addi-
tion to teacher training, public education would
be needed so that parents and the community at
large become familiar with the value of learning
how to learn and how to cooperate and collabo-
rate on projects.

While a collection of facts has value, it must
assume its proper perspective in our students'
overall education. The number of science "facts" is

exploding geometrically and no one can keep pace.
"As we shift from an industrial society to an infor-
mation society, traditional notions of basic scien-
tific, mathematical and technological competencies
are being replaced by ever-higher expectations of
our citizens. The production, access and utiliza-
tion of information have become keys to personal,
social, and global well-being" (SFP 2061, 1991).
Major changes will be needed, but major changes
are happening now and performance testing is one
of the marching bands. We are very glad to have
been marching in this performance field test in
spite of the time and effort it took. Ifs an exciting
time to be an educator!
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Roles for Technology in Science Education Research

"...technology extends our abilities to change
the world: to cut, shape, or put together materi-
als; to move things from one place to another;
to reach further with our hands, voices, and
senses." (F. James Rutherford and Andrew
Ahlgren, Science for All Americans, p.23)

Computers have become increasingly critical to research pro-
duction, collaboration, and dissemination. Although educa-
tors have been among the last to join the technical revolu-
tion, current innovations and interactive technologies open
possibilities for new teaching and learning experiences in the
classroom and new lonses for observing and recording class-
room interactions and behavior. Specifically, interactive
technologies and object oriented courseware can be used to
encourage students to become active contributors of knowl-
edge in the classroom. These technologies may also be used
to record data about students' learning processes. As these
technologies become increasingly available in schools, the
science education community should be evaluating the po-
tential quantity and quality of data available for all aspects
of science education research.

Introduction
One challenge of reviewing and proposing

roles for technology in science education research
is that the literature is widely dispersed. Two ma-
jor types of science education research incorporate
teaching and learning technologies: 1) studies of
the effects of using technology for teaching and
learning and 2) studies that use technologies in
innovative ways for research. These two catego-
ries are by no means mutually exclusive. Articles
may be found in journals of sdence education re-
search, general research methods, instructional in-
novations, cognitive science, software and hard-

Patricia K. Freitag

ware technical or review journals, and journals fo-
cussed on technical or innovative uses of teaching
and learning technologies. Here, the roles and po-
tential roles for technology in science education
research are described through an adaptation of
Sherwood's (1984) framework of types of computer
use in educational settings-learning about comput-
ers, learning from computers, learning with com-
puters, learning about thinking with computers, and
managing learning with computers.

Education research should strongly influence
how available technologies are used for teaching
and learning. Instead of publishers substituting
multimedia resource packages for textbooks allow-
ing the teacher-centered, text directed model of
teacher as information deliverer or mediator to be
maintained, researchers should point the way to-
ward the use of teaching and learning technolo-
gies to transform classroom practice consistent with
their findings.

Informing and participating in the develop-
ment of new teaching and learning resources have
always been important avenues for scientists and
education researchers to contribute to K-12 science
education. Modeling innovative ways of teaching
and learning with and from technologies will be
an important aspect of preparing science teachers
for multimedia learning environments (Linn, 1987).

Research About Technologies
Along with the increasing availability of tech-

nical resources for classroom use (Becker, 1991),
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there has been a corresponding explosion in the
number of research studies focussed on the im-
pact, effects, and outcomes of computer assisted
instruction (CAI) (Collins & Morrison, 1992; Mar-
tin & Szabo, 1990), computer-based learning (CBL)
(Larkin & Chabay, 1989), microcomputer based
laboratory (MBL) (Linn, Lewis, & Songer, 1992;
Fried ler, Nachimias, & Linn, 1990), and most re-
cently multimedia environments (Leonard, 1989;
Lanza & Rose Ili, 1991; Billings & Cobb, 1992;
Leonard, 1992). Myriad studies compare CAI to
more traditional methods of instruction and model
teaching strategies with computers (Johnson, John-
son, & Stanne, 1986) and interactive technologies.
In addition, some studies compare hardware sys-
tems, software programs, and new curriculum ma-
terials as they influence student achievement, learn-
ing, perception, equity issues, and motivation
(Krendl & Lieberman, 1988). The role of comput-
ers and interactive technologies as the subject of
research has been important in breaking down the
fear of computers in schools, providing models for
the effective use of the technology in the class-
room, raising curriculum issues about computer
literacy, content, and understanding, and inform-
ing the development of educational software (Bialo
& Sivin, 1990; Billings & Cobb, 1992).

These studies and reviews of the use of tech-
nologies in science education have shown prima-
rily positive effects and thus have supported the
proliferation of technical resources available in edu-
cational settings and have spurred the develop-
ment of domain specific software. The implications
of these research results have, for the most part,
been content and equipment bound. However,
they share common themes and identify variables
that have become critical in refraining our expec-
tations of the possible outcomes in science educa-
tion (Bransford, Sherwood, Kinzer, & Hasselbring,
1985).

The uses of technologies as motivators of both
teachers and students, students' attitudes, time on
task, individualized learning, and student empow-
erment are all common themes which need fur-
ther study in contrast to other resources or models
of teaching. In addition, it is necessary to address
common outcome goals such as critical thinking,
science process skills, and problem solving abili-
ties which are emerging as key issues in the cur-

rent crisis in science education. Tinker (1991) has
posed some of these questions:

What are the components of motivation for
science learning that are effectively ad-
dressed by teaching and learning with tech-
nologies?
How can the research on CAI and CBL in-
form classroom practice and other non-
technology based learning experiences?
Why is computer-based learning more effi-
cient?
Is this a lasting effect?
Does this have implications for covering
more content material or the same content
in greater depth?
Are students capable of sustaining this pace
of learning while maintaining expected
achievement outcomes?
What are the roles for teachers in individu-
alized multimedia learning environments?
What happens to teachers and students in
classrooms where students have access to
more information than the teacher can
readily command?

Although there has been a multitude of re-
search in all disciplines about the impact, effects,
and outcomes of the use of technologies for teach-
ing and learning, little has been done to synthesize
across disciplines the relevant instructional and
learning variables that are significantly affected by
the integration of teaching and learning technolo-
gies. There are insights from studies using tech-
nologies in literacy and language development,
writing, social studies, and product development
which could improve the breadth and depth of
our thinking about possible uses of technology for
science teaching and in science education research.

Research With Technologies
Computers have become important tools for

the science education researcher. On-line literature
searches, word processing, and desk top publish-
ing facilitate the writing, editing, presentation, and
production of printed manuscripts. Statistical pro-
grams, now available on personal computers, en-
able researchers to perform desk-top analyses on
large data sets and increase the opportunities to
explore a data set while decreasing the time re-
quired to see the outcomes of such explorations.
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Previously, statistical programs provided tradi-
tional comparisons of quantitative data but pro-
grams are now available which facilitate analysis
of qualitative data, e.g., identifying phrases, report-
ing word frequencies, and locating language pat-
terns in transcripts and observation records. Graph-
ics programs are used to create clear, colorful, and
appealing visual displays of data which can be
easily integrated with text.

Electronic mail, facsimile machines, and com-
puter networks increase the frequency and pos-
sible links between professional communities. In
some instances networks have been used to create
virtual universities of educators and researchers
around particular research questions, themes, or
methodologies. These virtual communities may in-
crease the frequency of discourse around particu-
lar ideas and provide opportunities to bring to-
gether researchers from around the world to ad-
dress cross-cultural issues in science education. Al-
though greatly underutilized for professional ac-
tivity, computer networks, distance learning, and
electronic mail offer tremendous potential as tools
for the focus of study, for collaboration, and for
productivity in science teaching, learning, and re-
search (D'Souza, 1991).

Computers and multimedia interactive systems
present not only new possibilities for classroom
experiences but also offer researchers new win-
dows into the interactions among students, stu-
dents and curriculum materials, students and
teachers, and teachers and curriculum materials
(Dershimer, Berger, & Jackson, 1991; Freitag &
Abegg, 1991). Perhaps for the first time, research-
ers can develop repeatable instructional treatments
by using multimedia delivery systems. For research
purposes, different types of learners can be exposed
to different types of instruction in a controlled man-
ner. Some variables affecting student achievement
may be observed more closely by removing some
of the variability of interpersonal interactions. Mul-
timedia systems offer many possibilities for the
development of a "case study" approach to sci-
ence teacher/researcher preparation. Furthermore,
these uses of technologies to "cut, shape, or put
together materials" in new ways holds promise
for the investigation of new questions and for new
methods of research.

Research From Technologies
Science educators often follow scientists in ap-

plying new technologies. Scientists are currently
using supercomputers to model complex systems
and to develop multiple representations of con-
cepts or theories. This is rarely done in science
education. However, the availability of the "edu-
cation Cray," large longitudinal databases, and
competing models of science learning will make it
possible for science educators to begin to use com-
puters to develop models of complex systems (i.e.,
classrooms) and ideas. Such models can further
research in science education by providing analy-
sis of the significant variables within proposed
models, identifying areas where critical data is
missing, and predicting outcomes which might be
testable in classroom settings.

Through the use of modeling, science educa-
tors might be able to compare different models of
teaching and hypothesize their effect on students
of different learning styles or predict outcomes of
students' idiosyncratic approaches to content ma-
terial. Models might be used in the development
of meaningful assessment instruments and to ex-
tend or test theories of instruction and learning.
Such explorations of models can lead to descrip-
tive links between theory and practice in science
education.

Research About Thinking With Technologies
This is perhaps the newest, most exciting, and

fastest growing use of technologies in science edu-
cation research. Interactive technologies provide
new types of data which can be collected
unobtrusively and in large quantity about the pro-
cesses and outcomes of a learning intervention
(Freitag & Abegg, 1991; Berger & Dershimer, 1992;
Baker, Niemi, Gearhart, & Herman, 1990). Origi-
nally, data collected by computer were used to
assess large numbers of students or to give stu-
dents immediate feedback as they progressed
through a programmed sequence of instruction.
Through this mechanism students were able to try
multiple strategies without "fe r" of criticism. Stu-
dents could be challenged, as they are in video
games, to try again to improve their "score" in a
learning game. Data could be used to provide in-
dividualized entry levels into an instructional se-
quence, thus eliminating or promoting review of
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specific material. Teachers could use the output
score as a standard assessment of student achieve-
ment and comparison between students. Simula-
tions could provide students with multiple oppor-
tunities to explore phenomena and in the process
students could learn to control variables and thus
influence the outcomes of simulated experiments.

However, this source of data has not generally
been collected or interpreted. Interpreted results
remain primarily in product development litera-
ture and have been used to form evaluations of
software about age-level appropriateness, feedback
styles, and comparisons with traditional instruc-
tional methods. Only recently have science educa-
tion researchers begun to record and analyze elec-
tronic records of students' use of computer based
instructional materials (Berger & Dershimer, 1992).
The increasing use of multimedia software systems
as instructional interventions affords researchers
the opportunity to collect more data in greater de-
tail, with fewer human hours than ever before. It
is possible to collect much more data than could
be interpreted by making use of software back-
drops that record students' paths through instruc-
tional software, down to their time spent in any
instructional component and their sequence of key-
strokes. It is also possible to record the process an
individual or group of students uses to create in-
formative presentations within multimedia envi-
ronments (Freitag & Abegg, 1992). These records
can then be used in assessment, as evidence of
cooperative learning, or to help students recognize
and compare the relationships they create between
related concepts. With access to new types of data,
the challenge is to interpret these data meaning-
fully (Taylor & Shore, 1992). Dershimer, Berger and
Jackson (1992) report "state maps" and electroni-
cally recorded "log files" of students' use of vari-
ous components of a multimedia instructional
package. By using software to create "maps" of
students' use of software resources they were able
to show similarities and differences among college
students' learning modes. They were also able to
suggest an increased use of "higher level" aspects
of the software over time. Custom designed soft-
ware tracking devices may increase the amount of
data available to researchers by facilitating data
collection from remote sites, by creating data sets
for all types of computer-based interactive systems,

and by removing the human observer of student
interactions with instructional materials.

Managing Research With Technologies
As the available data about science teaching

and learning increases, computers provide new
ways of combining and analyzing large, complex
data sets (Martin, 1991). Through multimedia en-
vironments, text, video, graphics, and pictures can
be integrated into a single presentation and shared
with colleagues. The many organizational software
"utilities" can assist in organizing data collection,
analysis, interpretation, and reporting. Telecommu-
nications open the possibility that university re-
sources can be accessed instantaneously from re-
mote research sites. Researchers from around the
world can collaborate in research on large scale
problems, cross cultural issues, or specific themes.
Just as students through "KIDS-NET" have man-
aged to collect more data on acid rain than the
United States Geological Survey (USGS) in several
years, science educators can begin to use a multi-
tude of sites connected via networks to collect rel-
evant data across classrooms, schools, districts, re-
gions, states, countries, and cultures.

One of the most exciting possibilities for man-
aging research through technologies is linking re-
searchers to funding agents and research sites.
Agencies could use databases to make final reports
and unpublished results more readily available.
The trend towards funding large projects requir-
ing the efforts of multiple researchers and generat-
ing large data sets or multiplier effects suggests
that the use of computers to manage research will
become an increasingly important aspect of sci-
ence education research.

Conclusions
The roles for technology in science education

can be described under the five part framework
adapted from Sherwood (1984). As new roles for
technologies in the classroom are explored there
will be new possibilities for research. Howeirer,
there is much that science education researchers
could and perhaps should be saying to product
developers, teachers, students, and their colleagues
about the possible development and use of these
technologies based on what is known about the
nature of teaching and learning in science. Despite
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enthusiasm for research with a technology focus,
there is little evidence that technologies are trans-
forming the content or approaches to pre-service
teacher preparation. For teachers to be prepared to
experiment with new technologies in their class-
rooms, they must experience content, pedagogy,
and research on learning as presented in part
through the use of these technologies.

If technology is to extend "our abilities to
change the world" as the authors of Science for All
Americans (1990) suggest, then as researchers of
science education we must make use of technol-
ogy to "reach further with our hands, voices and
senses" into the processes of teaching and learn-
ing science.
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Technology in the Service of Science Education Reform

Current reform efforts in science education in California
include the incorporation of technology. Technology is
finding its way into curriculum, instruction, and assess-
ment. These changes are influenced and supported by a
variety of actions at the state level and notable progress has
been made.

A focus on the roles of technology in science
education is part of the current reform effort in
California that has been formalized through the
adoption of the new California Science Framework
(1990) and the parallel development of compre-
hensive testing strategies by the California Assess-
ment Program (CAP). The integration of technol-
ogy in science in California schools is shifting from
a hardware-centered undertaking to a student-cen-
tered enterprise. This shift, which is present in most
curriculum areas, is reflected and reinforced by
several trends:

The use of computers, video equipment
and other high tech devices have become
common in our society. Teachers and stu-
dents operate on more sophisticated levels
with technology in their personal lives.
Technology use in school settings har, di-
versified: (1) kinds of technology used; (2)
how it is accessed within the school site;
and (3) ways it is integrated into instruc-
tion, management, and assessment.
Funding for technology projects in educa-
tion has shifted from supporting hardware
procurement to promoting program imple-
mentation and instructional effectiveness.
Professional conferences, sponsored by or-

Karen E. Reynolds

ganizations like Computer Using Educators
(CUE), that originally addressed problems
in the management and technical possibili-
ties of computers, and then expanded to
consider different kinds of technology, now
reflect an increased concern for diverse ef-
fects of technology on individual learners
and on investigating cognitive processes
within specific curriculum areas, including
science.

The challenges and opportunities associated
with incorporating technology in California science
programs are varied and promising, respectively.
And, because of the impact of technology on the
success of science education in the state, they are
unavoidable and welcome.

Curriculum Reform
A revitalized science curriculum is expected to

(1) address real world concerns and involve the
use of practical problem-solving abilities; (2) pro-
vide scaffolding to assist students in building con-
ceptual knowledge that can be applied in different
contexts and that is associated with major themes
of integrated knowledge; (3) integrate the fields of
science (life, earth, and physical sciences) and in-
corporate other subjects, such as language arts,
mathematics, media arts, fine arts, and social stud-
ies. Technology is to be an integral part of the cur-
riculum, both as a content component (societal is-
sues, electronics, time/space relationships, and

Karen E. Reynolds is a Professor in the College of
Education at San Jose State University.

96 School of Education Review 98



other areas), and as a tool for curriculum design
and management.

Technc logy in Instruction
Th e. use of technology in science instruction

allows preater flexibility in instructional and as-
sessme it approaches than had been previously
pccsible. Multimedia, simultaneously using more
than one kind of technology, is accessible to the
classroom teacher and easily operated by students.
In addition, student use of technology in problem-
solving and instructional contexts is essential to
their preparation for our technological world.

Reform in science instruction has several
thrusts, each of which is partially addressed by
expanding the integration of technology. Science
instruction must (1) allow students to learn in a
variety of ways, recognizing that students have
preferred learning styles and, at the same time,
will benefit from developing a broader repertoire
of learning strategies; (2) increase the use of col-
laborative learning, hands-on activities, commu-
nity resources and other effective teaching and
learning strategies; (3) consider the diverse back-
grounds of students; and (4) improve self-esteem,
and strengthen the relationship between motiva-
tion and success among all students, including mi-
norities, ESL, and others at-risk.

A constructivist approach is encouraged to re-
form instruction in science. Hands-on experiences,
discussions, group interaction and independent
work allow students to construct, test and adjust
their own understanding of specific science con-
cepts. In this approach, it is recognized that stu-
dents do not begin any unit of study or investiga-
tion without preconceived notions and experien-
tial knowledge at some level. It also is recognized
that knowledge constructed internally, in contrast
to knowledge imposed externally, will persevere.
Variations in content background, abilities, and
learning styles make it imperative to establish an
instructional setting with a variety of avenues for
students to organize their individual thinking,
make comparisons, explain and debate, and carry
out other processes that allow them to confirm their
understandings or make adjustments in their men-
tal constructs. Technology provides powerful tools
and resources for these processes.

Technology provides increased opportunities

to provide the variety of experiences that are rec-
ommended for science programs. With computer-
ized models, students can explore specific vari-
ables, form and test hypotheses, and construct gen-
eralizations. Events on video can be viewed re-
peatedly, at different speeds and in different se-
quences in order to study details or patterns. Hav-
ing students videotape events may result in atten-
tion to phenomena that would otherwise be
missed. The ease of accessing visuals from picto-
rial databases on videodisc and in CD-ROM better
accommodates visual learning, the most common
of learning preferences. Databases can be accessed
from disks or through telecommunications ser-
vices. Rapid output in table or graph form, with or
without statistics, allows extended time for inter-
pretation of data and for comparisons of results
due to variables within the data. Students can or-
ganize observations by formatting their own data-
bases. Communication can be enhanced in many
ways including wordprocessing, desktop publish-
ing, graphing data, diagramming, audio record-
ing, using telecommunications, and sending or re-
ceiving FAX transmissions. Temperature, light,
sound, and other evidence of energy can be moni-
tored over short to long periods of time, making a
new genre of experiments available to students at
all grade levels.

As students use technology in science for pro-
ducing, investigating, problem-solving, informa-
tion gathering or other activity, the hardware itself
becomes transparent, or invisible, allowing stu-
dents to focus on their o wn tasks. Thus, students
are "doing science" rather than "using comput-
ers" or "operating equipment." Technology is ex-
pected to take on an expanded and more varied
role in science education as new uses of technol-
ogy are developed for instruction. The associated
experience with hardware, software, and tools be-
comes more relevant in students' educational ex-
perience as society as a whole reflects greater de-
pendence on technology in the daily lives of indi-
viduals.

Technology and Assessment
It is recognized that reform in instruction must

be accompanied by reform in assessment. Assess-
ment in science must be varied and on-going in
order to adjust lessons to student progress and to
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emphasize individual growth, rather than compari-
son to an arbitrary standard. Assessment must also
be multi-faceted in that a variety of strategies are
employed. Teachers can gather information about
students' understanding of science concepts
through demonstration, discussion, responses to
specific questions, representation of knowledge
through drawings, drama, written projects, student
produced videotapes, performance tasks and other
means. Long term progress can be measured by
comparing work collected in portfolios as well as
periodically testing for specific knowledge. Records
of student progress will necessarily also be varied,
including criterion referenced grades, checklists of
observed skills and demonstrated understanding,
individual descriptions and anecdotes, and port-
folio summaries, in addition to traditional test
scores.

Assessment should be carried out at various
levels including monitoring individual student
progress, evaluating program effectiveness and
analyzing teaching behaviors. Technology provides
tools for productivity, vehicles for maintaining
records, and windows for observing student be-
haviors. For example, the video camera can record
ephemeral events (oral report, role playing, sci-
ence display, or active demonstration) for storage
in a portfolio. Videotaping also allows teachers to
analyze classroom dynamics. Teachers rarely have
time during class activities to appreciate interac-
tions between individuals or nonverbal behaviors
that reveal learning or thinking. Teachers who vid-
eotape in their classrooms are impressed by the
power of the technique in helping them, in addi-
tion to checking student progress, to analyze their
own teaching and to become researchers in their
own classrooms.

The California Assessment Project (CAP) is de-
veloping a variety of instruments for statewide test-
ing that include performance tasks and open-ended
writing to provide balance to the traditional paper
and pencil test. Greater emphasis is being placed
on thinking processes in science and conceptual
understanding in place of recall of "basic facts."
The potential of video images presented through
videodiscs, videotape, CD-ROM and other means,
make serious consideration of pictorial approaches
to testing inevitable.

Computer Literacy for Teachers
With the dramatically increased use of com-

puters nationwide, reports by teachers in science
have placed emphasis on computers' value in mo-
tivating students and in promoting positive atti-
tudes (Becker, 1991). This centering on the affec-
tive domain may reflect more teachers' abilities to
evaluate these effects (i.e., it is obvious that stu-
dents enjoy using technology but not so obvious
how it contributes to analytical thinking) than pro-
viding an accurate picture of the benefits in learn-
ing to the students. For teachers, computer literacy,
which once referred to facility in operating hard-
ware and software, now includes the ability to ana-
lyze thinking processes and levels of learning (cog-
nitive processes and consequences) that result from
student uses of technology. In science this is par-
ticularly important because of the emphasis on in-
vestigative approaches, collaborative efforts and
development of independent learning skills.

Technology and the Instructional Environment
Reform in science invites teachers to shift from

the role of dominator to that of facilitator, and to
transform the classic teacher-centered classroom
into the more complex but effective student-cen-
tered learning environment. Teachers will use their
expertise more extensively as they plan for mul-
tiple outcomes, monitor progress, respond sponta-
neously, and moderate discussion in such a
constructivist climate. For teachers, iudging the best
balance between guidance and choice, exploration
and summarizing, and the different modes of
learning requires different educational decisions
than does carrying out direct instruction. Technol-
ogy is a partner in this enterprise.

Both computer labs and computer stations in
classrooms are included in comprehensive tech-
nology plans. Computers in science labs are used
for gathering, organizing and analyzing data. Ex-
ploratory and experimental setups can be used for
repeated tests or monitored over long periods of
time using interfaced instruments such as tempera-
ture probes and light and sound detectors.

Through telecommunications, the science class-
room is extended beyond the school and local set-
ting to take advantage of resources and contacts
throughout the state, country and even world. Stu-
dents participating in programs such as National
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Geographic Kids Network explore science concepts
and related social issues as they interact with dis-
tant peers who make world perspectives become
real. Carrying out on-line searches through ser-
vices such as Dialog's Classmate allows
customizable information retrieval from resources
not otherwise available at a school site.

A lesson is a segment of instruction, not a pe-
riod of time. Some lessons are carried out in a
standard instructional period of 45-50 minutes,
some over several days. Some assignments may
be extended over a long period of time or be con-
nected to work carried out by students in other
locations or time periods. For example, in estab-
lishing and using databases, information gathered
by students at one time can be retrieved later for
review or for a new purpose: shared with students
in other schools or accumulated over years for long
term studies.

Logistics to accommodate equipment are man-
ageable and well worth the effort. Technology op-
eration is mastered quickly by students who can
teach each other. Teachers do not need to be techies
so much as facilitators in a technology enhanced
classroom. Small group video and computer sta-
tions are often set up so that students can work at
their own pace and share facilities on a rotational
or demand basis. Some equipment is often
mounted on rolling carts to allow use in different
locations.

With emphasis on conceptual learning rather
than mastery of a standard set of facts, specific
topic coverage can be arbitrary. Teachers have flex-
ibility in developing interdisciplinary units and lati-
tude in providing opportunities for students to
pursue individual interests and to be assessed on
individual progress.

State I !vel Influence and Statewide Support
A number of actions have provided short term

or long term support for technology in education
in California, actions that also helped precipitate
effective integration of technology in science. Com-
puter Using Educators (CUE), which began as a
grass roots organization, was instrumental in this
and continues to maintain a leadership role in dis-
seminating information and forming educator net-
works. The establishment of quality standards and
evaluation procedures for screening software and

video materials, now sponsored by the Department
of Education, began with CUE. The resulting Soft-
ware and Video Clearinghouse now has begun to
evaluate CD-ROM discs and videodiscs in addi-
tion to software and videotapes. CUE sponsors two
well-attended state-wide conferences each year.

Resource guides to exemplary software and
model instructional units have been developed in
the major subject areas, including science (1986),
through state funding. An updated publication of
model instruction units that integrate technology
in K-12 science is in progress (Reynolds, in press).
State funds also established regionalized technol-
ogy training centers for teacher in-service, respon-
sibilities now assumed by county offices of educa-
tion and California Technology Project Regional
Consortia. The Science and Technology Units
within the state Department of Education have co-
operated in supporting the development of model
software programs and in the purchase of specific
software and equipment for the public schools in
California.

The California Technology Project (CTP), a
partnership project of the California State Univer-
sity (CSU) and the California Department of Edu-
cation, maintains the Technology Resources in Edu-
cation (TRIE) electronic information service for K-
12 students and teachers. TRIE provides subscrib-
ers (at no fee for students and teachers) with elec-
tronic mail, computer conferencing, on-line data-
bases, bulletin boards, and access to the Internet.
Users connect to TRIE through Regional Consortia
nodes or CSUNet. A recent survey (Blurton, 1992)
revealed that 65 percent of the over 4200 TRIE us-
ers are teachers with more than six years of expe-
rience, demonstrating that a large cadre of tech-
nology users are in place in the schools. The Asso-
ciation of State Technology Users in Education (AS-
TUTE), another outgrowth of C fP, represents,
trains and informs faculty in colleges of education
of the twenty campus CSU system.

State-mandated computer education require-
ments for teaching credentials have been in effect
since 1988. Higher education institutions have cho-
sen a variety of strategies that allow teacher candi-
da tes to meet the requirements within
credentialling programs. It is interesting to note
that although separate, specialized technology
courses exist in most of these programs, faculty
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members are increasingly integrating strategies for
using technology in their curriculum and method-
ology coursework and requiring students to ac-
tively demonstrate the ability to use technology
with children during teaching practice. New teach-
ers with recent training in technology are often
leaders in innovation early in their careers as edu-
cators.

Significant assistance for inservice teacher train-
ing in the integration of technology in science was
provided by CTP through the 1991 Science Tech-
nology Leadership Academy (11A) in which 60
representatives of CTP Regional Consortia and
California Science Project (CSP) sites participated
in a trainer-of-trainers model for state-wide
inservice. TLA participants experienced, practiced
and refined strategies (Reynolds, 1991) for helping
teachers integrate technology in their classrooms
that would result in K-12 students engaging in in-
vestigative science. These trainers, in turn, facili-
tated inservice training for K-12 teachers in 'heir
respective areas. Many TLA participants are con-
tinuing to carry out inservice programs that pro-
mote technology in science. Other science projects,
such as the California Science Implementation Net-
work (CSIN) and Project Storyline provide oppor-.
tunities to address the integration of technology in
school science programs.

A metamorphosis has taken place in the devel-
opment of commercially prepared instructional
materials. The California guidelines for the 1992
state adoption of science materials has placed an
emphasis on the inclusion of multimedia compo-
nents in K-12 instructional packages. The major
publishers have responded by producing computer
software, videodiscs, videotapes, and audio tapes
to accompany their text series and activity kits.
The instructional approaches and interdependence
of the components vary among the submissions,
but the precedent of multimedia science support
has been set and there will never again be sole
reliance on the printed textbook. Because of the
economic importance of California as a consumer
of educational products, California adoption guide-
lines serve to drive the design of science instruc-
tional materials available to the nation.

Conclusion
When integrated in school science programs,

technology helps students develop positive atti-
tudes toward science, skills in scientific thinking,
structures for conceptual knowledge, capacities for
learning independently, and abilities to make de-
cisions from global perspectives. Successful science
programs encourage students to consider science
related careers or to capitalize on individual po-
tential.

California schools have made notable progress
in procuring hardware and software for a variety
of technologies, integrating the technology effec-
tively in instruction, adopting appropriate organi-
zational techniques, embracing alternate assess-
ment strategies for crediting student achievement,
preparing teachers to effectively use technology,
and optimizing other opportunities that ensure suc-
cess for all students. In spite of these accomplish-
ments, there is still great need for expansion and
growth in each of these areas. These actions are
still considered innovations in many schools and
districts, and adequate equipment and facilities are
not yet accessible to the many teachers and stu-
dents who are otherwise prepared to use them in
their science programs. It is recognized that tech-
nology is not, by itself, the answer to improving
science in the schools. Technology is part of the
assemblage of possibilities. The answer lies in how
the possibilities are balanced. Nevertheless, tech-
nology is contributing significantly to reform in
science education, and California is perceived by
other states in the nation as a leader in this effort.
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Technology Expands Science Instruclion
in the Elementary School

Technology Optimizes Performance in Science (TOPS) is
one of seven curriculum-focused projects funded by the
California Department of Education to disseminate their
instructional strategies and materials which model the new
state curriculum frameworks as well as the use of technology
in the instructional process. TOPS is designed to improve
science instruction in grades K-6 by matching the most
appropriate teaching methods and technology with frame-
work-aligned curriculum. Technology-based and hands-on
activities focus on cooperative learning strategies to involve
all students in exploring science and improving their
understanding of the major science strands. Computers,
ITV, videocameras, interactive videodiscs, robotics, and
telecommunications are extensively used for special activi-
ties as well as regular classroom instruction. Printed
materials are supported by diskettes. TOPS coordinators can
assist schools to assess their resources and needs, to plan and
implement staff development, and to install a science
program that takes advantage of available technology.

The hurricane was 385 miles wide. There
were constant winds of 130 m.p.h. The high-
est gust was 174 m.p.h. Hugo was pushing
a wall of water 12-18 feet high. We heard
about a woman who went back to her home
after the storm and found a live dolphin
there. Beside the flooding and hurricane
winds, there were many tornadoes. You
could tell where the tornados had been be-
cause the trees were twisted.

This description of Hurricane Hugo which dev-
astated South Carolina was received at Skyline El-
ementary School in the South San Francisco Uni-
fied School District on October 5, 1989, via modem

Conrad P. Mezzetta
Lyn Chan

and phone line. Students at Pinewood-
Summersville Preparatory School in Summersville,
South Carolina had sent this vivid message to other
pupils nationwide participating in an introductory
telecommunications unit. Shortly thereafter
Skyline's students reciprocated with a report of
the earthquake of October 17, 1989. Since that time,
fifth and sixth grade students have continued to
network with their counterparts across the coun-
try to exchange information about their school and
neighborhood and to explore the global phenom-
ena of weather and acid rain.

Although telecommunication ,eflects only a
small fraction of the varied technologies used to
teach science at Skyline (e.g., interactive video, ro-
botics, videocamera, digitizers, CD-ROM, and
probeware), it is representative of the school's vi-
sion of teaching science as well as its use of educa-
tional technology. Teachers view technology as an
effective way to nurture the application of the
constructivist model for learning throughout the
instructional program (Hurd, 1990). Students are
encouraged to work on individual and group
projects that foster creativity, autonomy and com-
munication. Huddled around their computers
equipped with modems and interactive science
software, students are able to investigate real world
problems and to learn how to collect, process, vali-
date and apply important data.

Conrad P. Mezzetta is Coordinator of Special
Projects and
Lyn Chan is Coordinator of Project TOPS in the
South San Francisco Unified School District.
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School Commitment to Innovation
Skyline is a K-6 elementary school serving an

ethnically and culturally diverse population of 528
students from largely middle socioeconomic
homes. The school's ethnic breakdown is as fol-
lows: Asian-17.4 percent, Pacific Islander-6.1 per-
cent, Filipino-46.4 percent, Hispanic-9.8 percent,
Black-7.1 percent, and White-13.2 percent. Twelve
percent of the school's students have limited En-
glish proficiency and 54 percent come from homes
where a language other than English is spoken.
Students tend to score well above district and state
norms on tests measuring achievement in basic
content areas (i.e., math, language and reading).

In the early 1980's the teaching staff at Skyline
pioneered the use of microcomputers in the class-
room and through the years the school has contin-
ued to serve as a model for others, within and
outside the school district, in the use of technology
to strengthen and enrich curriculum. A milestone
in implementing technology-based, innovative
educational programs at Skyline was the develop-
ment and dissemination of an exemplary AB 803
project, CompuTHINK, from 1984 to 1987. Staff of
adopting sites were trained to develop a problem
solving curriculum to enhance thinking skills and
to devise problem solving strategies that would
transfer to all subject areas. Technology-based les-
sons included the use of simulations, databases,
word processing and LOGO.

Model Technology Schools
Beginning in 1987, the school staff made a ma-

jor commitment to improve science instruction.
Under the leadership of several energetic and cre-
ative teachers and with support from the district,
the instructional staff designed and submitted a
proposal to the California Department of Educa-
tion (CDE) to develop a Level II Model Technol-
ogy Schools (MM) project. Skyline's MTS project,
Technology Optimizes Performance in Science
(TOPS), was one of ten Level II developmental
grant proposals funded under AB 803. After two
years of development, TOPS was reviewed by the
Science and Mathematics Division of the CDE. Of
the three science developmental sites reviewed,
two (TOPS and a middle school site) were certi-
fied as curriculum aligned and subsequently
funded for dissemination (Nakagiri, 1989).

Technology Optimizes Performance in Science
AB 1470, enacted into law on January 1, 1990,

funds a full-time coordinator and a part-time con-
sultant to maintain a model site for visitation and
training and to provide direct consulting services
and materials to those schools adopting or adapt-
ing TOPS strategies and practices. Visiting educa-
tors, some from as far away as Japan, Russia, and
Denmark, have the opportunity to view teachers
integrating technology in multiple ways and to
consult with them on the use of technology to
supplement more traditional hands-on science ac-
tivities. Use of the TOPS project by postsecondary
institutions, the CDE, and other educational agen-
cies to conduct research as well as the many visi-
tors are a deep source of pride for the students
and the entire school community.

Over the past two years, Project TOPS out-
comes (products and services) have been actively
disseminated through publications, conferences,
and workshops in conjunction with the California
Science Project, the California Science Teachers As-
sociation, the CDE, technology networks/organi-
zations, and regional and local educational agen-
cies. Forty-five projects adapting TOPS have re-
ceived School-based Educational Technology
Grants from the CDE to acquire technology equip-
ment, instructional materials and services to
strengthen and support science instruction. The
TOPS staff assists other schools to develop Plans
that are aligned with the California Science Frame-
work, identify adequate staff-development ser-
vices, and provide for the evaluation, acquisition,
distribution, and on-going access to and use of
learning resources which support the instructional
process.

Project Goals
The major goals of the TOPS project are to: (1)

improve student achievement and knowledge in
science, (2) develop students' critical thinking and
problem solving skills within the science curricu-
lum, (3) stimulate student interest and motivation
in science, and (4) demonstrate to teachers through
cooperative planning, modeling, and coaching the
benefits of using technology and direct experience
to support science instruction.

In support of these goals the project staff has
devised a number of strategies to help schools plan
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and implement a science program that closely fol-
lows the California Science Framework (California
Department of Education, 1990). Schools are en-
couraged to develop a science program that:

provides a balanced curriculum in the
physical, earth and life sciences and makes
connections among these science disci-
plines;
engages students in a variety of active ex-
periences using traditional science materi-
als, educational technology and school-
wide events;
emphasizes development of conceptual un-
derstanding and higher level thinking pro-
cesses;
organizes an articulated scope and se-
quence at the school level;
uses tangible, real-life experiences which
connect to the real world of all students;
nurtures positive attitudes for learning sci-
ence by helping students develop rich and
meaningful understandings of the phenom-
ena they encounter; and
makes extensive use of community re-
sources. (pp. 160-161)

A Day in the Life of a Project
Skyline teachers take full advantage of avail-

able technologies to create a wide range of learn-
ing opportunities for their students. The following
scenarios provide a kaleidoscopic view of the TOPS
program. It is a representative rather than a com-
prehensive view of the teachers and students as
they actively explore science. The best way to un-
derstand the culture of the school is to visit the
site.

It is Thursday morning at 7:30 a.m. and a truck
from the scavenger company picks up three bins
full of recycling materialswhite paper, newspa-
per and aluminum cans. As a school-wide focus,
the students have been learning the importance of
conservation and recycling. On Fridays student
monitors go around to the classrooms collecting
recycling materials. When the bins are full, the
company comes to get them. And the cycle contin-
ues.

At 9:50 through the PA system, we hear the
chimes from a xylophone signaling the beginning
of the Radio Club presentation from a group of

speech students, each with a different speech im-
pediment. We hear the weather report, special in-
terest news about a particular U. S. president, a
science information item and coming events re-
lated to the activities of the student body. Students
are encouraged to participate in a jingle contest.
Winners will be acknowledged and rewarded for
their endeavors.

Wilt Wong's Atom's Club arrives on site to
present to several classes in third through sixth
grade hands-on activities related to life and physi-
cal sciences. These high school students will come
several times this year as they have done in the
past. Today they will present Field Biology. Stu-
dents relate to these high school scientists as mod-
els. While they do lesson presentations, a
camcorder attached to two wide-screen monitors
is set-up to record the event as well as to project
the activity on the screen for a better view. Stu-
dents who are absent can borrow the videotape to
take home to view the lesson they missed.

Meanwhile, in kindergarten, students in fifth
and sixth grades give up their morning and lunch
recesses to work with the little ones on the com-
puters. Using the Children's Writing and Publishing'
program, the older students take dictation of sto-
ries which are then printed. Mrs. Richardson, at a
later time, has students share their stories. Other
students read their classmates' creative writing
aloud in the group circle. The students then take
their work home to share with their parents.

Later in the day, a laser disc player with the
wide-screen monitor becomes the center of inter-
est. The kindergartners will view a program on
sink or float. The visual images are so powerful
that they draw children into learning situations.
Students explore the problem of objects floating or
sinking. Using Optical Data's Primary Windows on
Science laser disc program, the class first makes
predictions, then tests their hypotheses using
hands-cn activities. From observation of the stu-
dents' reactions, it is clear they have been able to
verbalize the process and are able to use science
words appropriate for that particular investigation.

With pitchfork in one hand and a bag of pro-
duce in another, Mrs. Moody leads the first grade
students to the compost bin. A nearby grocery
story has donated their throw-away produce to
the school's Life Lab program. Today, the students
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will discuss the easiest and most practical way of
improving the soil by re-using old vegetables and
rotting fruits. As each fruit or vegetable is added
to the compost bin, students identity that particu-
lar object. This is a good way for students to learn
the names of foods. They also discuss decomposi-
tion and the role of microorganisms in the break-
down of the waste. The students will keep track of
this process by bringing the portable computer to
the compost bin. It is hooked up to probeware to
take temperature readings and is used as well to
record students' other observations. A chart and
graph software program will be used to record the
temperature data.

Mrs. Kaiser's second grade students just fin-
ished linear measurement in math. To expand
upon their experience, the students load the Mea-
surement, Time and Money program from the file
server of the IBM network. Today, they will mea-
sure objects on the screen. With the audio capabili-
ties of the program, they are given quick reinforce-
ment of how well they are doing. They also see
stars on screen as rewards as they proceed from
activity to activity. Using the database application
of the program, they collect objects, measure them
and record the information. This will be printed in
two forms-database and graph form.

In Mrs. Sou les' first and second grades combi-
nation class, the students have been studying about
turnips in reading. This ties with the science con-
tent for the quarter. Using Linkway Paint program,
students illustrate what they have been reading
about. With tools from the menu, they create their
folder, select drawing tools, decide what colors to
use and begin their artistic illustrations. With col-
orful graphics, they add buttons to make connec-
tions to pages on which certain objects have been
added. Students are able to admire each others'
work on the screen. These will be saved for dis-
play purposes for parents at open house.

Mrs. Larson's third grade class has been study-
ing cells. After the initial introduction, students
use ITV Bioscope to further their knowledge. They
then go to room 10, a comfortable carpeted room,
for a lively discussion as they view the diversity
and similarity of cell images from a life science
laser disc.

Using the Structure of Life module from the
FOSS Project, Mrs. Neville's third grade class puts

the basics of how plants grow into practice. After
growing seeds in a seed sprouter, the students pre-
pare the soil and transfer Jeedlings to the planter
box in the courtyard. Students continue to mea-
sure and record data as they observe the plant
growth. They watch time-lapse photography on
plant growth from the laser disc which will help
them to sharpen their abilities to make observa-
tions.

Fourth graders have started their Acid Rain tele-
communications program from the National Geo-
graphic Kids Network. One of the schoois in their
group is in Japan. Students are full of questions
about them. What's their school day like? Do they
go to school from sunrise to sundown? When do
they have vacations? Do they have lots of home-
work? How do they spend their free time? How
often does it rain? Do they have a drought like
California? The students use the word processor
capabilities of the telecommunications program
and start writing. Their letters will be merged, ad-
dressed and sent to their Japanese counterparts
via E-mail.

Some fifth graders have finished with life sci-
ence and are ready to embark on physical science.
With Energy Causes Changes in Matter as the school's
unifying concept, they focus on the fifth grade level
concept: energy moves objects. To have a better
understanding of controlled motion by controlling
the energy input, Mr. Ralston introduces the les-
son with Big Trak, a robot programmed to move
through a maze of orange cones. Students review
left and right turns and estimate how many for
ward steps it takes to move the robot through the
maze. As they expand discussion on how machines
work, these students will review the commands of
the Logo Writer program, something they learned
in the fourth grade problem solving class. They
will use the computer as a controller to operate
Lego Technics while continuing to build problem
solving skills. They construct machines using Lego
pieces and use the Lego TC Logo contrapticns to
bring them to life. As students explore these excit-
ing classroom-appropriate Lego and Lego Logo ac-
tivities, they will create non-traditional Logo
projects, utilizing experimental mathematics, vid-
eodisc control, Logo ensemble database and
spreadsheet activities. Emphasis is placed on rich
activities which promote opportunities for prob-
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lem solving, embellishment and self-expression.
Fifth graders in Mrs. Saylor's class use Hyper-

Card to create a class-profile booklet. Mrs. Saylor
has obtained a Macintosh LC through a grant from
the Peninsula Foundation. In conjunction with Hy-
perCard, the students will use the still video cam-
era and digitizer to capture student images which
will be pasted on Hypercard stacks containing data
about.the students. Students also use the scanner
to add their choice of graphics to enhance their
individual card. Buttons, buttons and more but-
tons linked to text and pictures are added in order
to navigate through the electronic booklet.

Meanwhile, sixth grade teacher Ms. Lowry is
collaborating in the pilot test of a global education
program. San Francisco State University (SFSU)
master's candidate Jean Goldberg, assisted by Dr.
Sterling Bunnell, has designed: You, Your Commu-
nity, and the Natural Environment: Design for an In-
ternational Student Video Exchange. The purpose of
this program is to develop friendship and commu-
nication between children in different cultures and
to increase their understanding about ways of
maintaining a healthy environment. Students learn
how ecosystems work and gain experience with
various hands-on ecological activities, such as the
model balanced aquarium, soil profile, mini-com-
post, seed germination, micro-climate planter ex-
periment, and field trips to the pond and marsh
land. Video reports are done using camcorders to
document what the students have done.

Six months ago contact was made with a
teacher in Brazil to exchange these videos with
those from her school. Sixth grade students have
become familiar with using the camcorder by do-
ing interviews and creating a Getting Acquainted
video which tells about Skyline. The video experi-
ence has engaged students as they learn about a
different culture and environment. Teachers and
students communicate and work together to plan,
discuss and share their work with peers in other
countries (in this case Brazil). In addition to the
camcorder, students use computers for word pro-
cessing and newspaper publishing as well as us-
ing ITV programs and probeware.

What a way to get support in the elementary
school from post-secondary education! College and
university students can gain valuable field experi-
ence through collaboration with teachers. Concur-

rently, Skyline's classrooms provide fertile grounds
fo:- colleges and universities to carry on research
and to pilot instructional materials.

Students from ESL are eager to come to the
science lab to continue with hands-on experiences.
While expanding their oral vocabulary, they will
also be using technology to learn more about sci-
ence. There will be a bee dissection today. Using
the microscope for a closer observation of the body
parts, the students are amazed to see that bees
have five eyes! They describe what they see. Com-
pound eyes? What reflections!! The students are
then asked to simulate pollination by using the
back of the abdomen to brush the pollen from a
flower specimen. Following these experiences, stu-
dents will view the Dances of the Bees from Scho-
lastics' NOVA: Animal Pathfinder. Two students
from this class have been instructed how to hook-
up the laser disc player to the computer in order
use this interactive program. The students search
for specific topics relating to bees from the menu.
Students then use the Children's Writing and Pub-
lishing program to write about their experiences
and knowledge about bees. Their printouts will
become part of their portfolios. What a way for
quick assessment!

Ms. Bechthold's Tutorial Learning Center (TLC)
students come to the IBM lab to use Stories and
More. Before they get to the stations, their curiosity
causes them to stop by the crayfish tub to see what
interactions are taking place. Two females have
been added to the habitat. And they seem pretty
active! In the meantime, an aquarium with 41 little
crayfish enables curious eyes using magnifying
lenses to see creatures frolicking among the elo-
dea. My, how fast they grew since they were first
seen attached to their mother's swimmerets. There
are other containers of living things which are of
interestearthworms, Mother of Thousands
(asexual plants), mealworms, amphipods. The stu-
dents move to the computers to start the pre-read-
ing activities before reading Seeds from the vast
selections of stories in Stories and More. First they
adjust headphones so that they can follow direc-
tions and actively participate in the program. Go-
ing through the process prescribed in the program
allows students to self-pace according to ability.
Open-ended questions encourage writing. The TLC
aides come around to help facilitate. Progress is
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immediate and dramatic.
It is 2:00 p.m. and fifteeli 5th and 6th graders

meet with their Video Club advisor and speech
teacher Ms. Strucinski. Today, they will be using
two VCR's to edit the video tape they made about
the Life Lab program so it can be shown on the
local cable TV station. One group with the help of
Mrs. Strucinski decides which portions of the tape
to use to keep it to a maximum of three minutes.
On the computer, the talent group uses the VCR
Companion interfaced with Video Overlay Card to
make title and credits. Connecting the pieces re-
sults in a satisfying product for airing.

Training and Support for Adopting Sites
In keeping with the implementation guidelines

of the new California Science Framework (California
Department of Education, 1990), a science com-
mittee representing teachers from each grade level
at Skyline School was organized in the fall of 1991.
We wanted to address the question: What do we
want Jack and Jackie to know about earth, life,
physical, and health science by the time they leave
6th grade? Before each quarter begins, teachers
meet to formulate the unifying concept for the sci-
ence strand that will be the quarter's focus. In ad-
dition, grade level concepts and contents are for-
mulated. Technologies are infused where possible
to enhance lesson presentations. Special emphasis
on the design of collaborative efforts for partici-
pants is encouraged. This process enables us to
articulate a balanced and appropriate science cur-
riculum throughout the school.

Successful TOPS adoption requires the same
careful planning as well as organized training for
teachers. A minimum of 3-5 days of training is
required to successfully implement TOPS. The
amount of training depends primarily on the staff's
level of readiness and the technology/science
equipment available to the school (Papert & Tinker,
1989). Professional development is designed to be
flexible and adaptable to varied needs of elemen-
tary schools. TOPS inservices train adopters to:
1. Assess the alignment of the school science pro-

gram with state standards.
2. Determine staff interest and needs to implement

Project TOPS.

3. Select, acquire, and organize appropriate tech-

nology and science instructional materials, sup-
plies and equipment.

4. Implement TOPS activities/technology: Special
Events, Auditorium Shows, and integrating spe-
cific technologies into the science curriculum
(e.g., videodisc, robotics, telecommunication,
scanners, and digitizers).

5. Monitor and evaluate project outcomes.
To help adopting schools develop a better un-

derstanding of implementing a technology and ac-
tivity-based science program, one or more work-
shops are usually scheduled at Skyline School.
One-day or half-day workshops are provided for
school sites adopting specific project components,
e.g., use of probeware, videocam, followed by
classroom-based support such as peer coaching
and collaborative lessons.

Project Developed Instructional Materials
Strong commitment from Skyline's teaching

staff enabled the project leaders to complete a va-
riety of products to help teachers at other schools
enhance the quality of instruction and to make sci-
ence education more interesting and enjoyable for
all students.

The Project Implementation Guide which con-
tains information on the the selection, acquisition
and use of technology is organized into six sepa-
rate booklets: (1) Auditorium Shows, (2) Special
Events, (3) Technology Lesson Plans, (4) Teacher's
Resource Guide Database, (5) Creating Videos in
the Classroom, and (6) Awareness Packet. Most of
this information is also available in disk format.
These written materials are supplemented by five
videotapes.

Auditorium Shows
These weekly lunchtime shows, coordinated

with a bulletin board and display area, pique stu-
dent interest in kience concepts studied in the
classroom. The programs begin with a highly mo-
tivational event such as the presence of an alien
demonstrating science themes or concepts. In ad-
dition to their interactive involvement as an audi-
ence, students participate in the staging of each
production. The Auditorium Shows address most
of the science strands. There are scripts for ap-
proximately thirty shows.
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Special Events
Special events were designed for implementa-

tion on a schoolwide basis. They provide an op-
portunity for students to become creatively in-
volved with both science content and processes.
These activities encourage students to become ac-
tive learners, to improve their critical thinking and
problem solving skills, and to work cooperatively
with other students. Events such as the Science
Olympiad, Science Fair, and Science Activity Cal-
endars demonstrate the value of cooperative learn-
ing, encourage students to use science in the real
world, and facilitate sharing of student research
and discoveries with parents. The booklet contains
procedures for implementing nine different spe-
cial events.

Technology Lesson Plans
This portion of the Implementation Guide con-

tains descriptions of technologies that have proven
especially effective in extending the range of expe-
rience available to students and teachers and in-
cludes: videodisc technology, computer probeware,
LEGO and LEGO LOGO robotics, telecommunica-
tions, camcorder technology, computer simula-
tions, computer databases, ITV tapes, and general
science software. These tools can empower stu-
dents to explore major ideas, to construct their own
knowledge, and to generate and test models based
on content that is real and meaningful to them.

For each technology the Guide provides: (1) a
brief description of its advantages in the classroom,
(2) possible applications, (3) services and costs of
exemplary software and services, and (4) practical
teaching strategies and lessons.

Teacher's Resource Guide Database
This database provides the teacher with a con-

venient source of information to acquire services,
instructional materials, and equipment to imple-
ment project developed activities. The Resource
Guide Database contains information on assem-
blies, books, field trips, films, peripherals, publica-
tions, science equipment and materials, software,
speakers, teacher's science resources, telecommu-
nications, video, and summary of all the resources.

Creating Videos in the Classroom
Designed for workshop presentations, this

booklet provides the teacher with information on

equipment and production of videotapes. Sample
documents and forms include: video club flyer,
application and acceptance letter, parent and
teacher permission forms, release form, story
board, edit log, and an evaluation questionnaire
for students.

Awareness Packet
This 25 page booklet consists of sample mate-

rials from the Auditorium Shows, Special Events,
Technology Lesson Plans, and Resource Guide Da-
tabase.

Disks
The Auditorium Shows, Special Events, and

Teacher's Resource Guide Database are available
on 3.5" disks for the Macintosh. Files can be ac-
cessed using two applications: Microsoft Word and
Mac Draw.

Videotapes
The written materials are supplemented by five

videotapes. The Project TOPS Overview videotape
presents the school Aide strategies and activities
employed by Skyline School which successfully
model the use of technology in science instruction,
K 6. Teachers and students are shown as they
use technology and science equipment and mate-
rials to explore science concepts. (Audience gen-
eral, 9 minutes in length)

The Inservice Training Series videotapes present
classroom-tested ideas and tips for using the
videocamera, videodisc technology, and computer
peripherals. Examples are drawn from the physi-
cal, earth, life, and health sciences. (Audience
teachers, 3 tapes, 8-10 minutes in length)

The videotape, Doing Yourself Proud is designed
to inform and motivate students preparing to par-
ticipate in a science fair. Using student voices and
presented from the students' point of view, the
tape presents ideas and tips ranging from project
selection to presentation and final judging. (Audi-
ence - elementary teachers & intermediate students,
8 minutes)

Project Effectiveness at Skyline
You really know that students are moti-
vated to study science when they ask if they
can do science rather than art. Technology
has increased students' participation in sci-
ence tremendously. (Cradler, 1991)

108 School of Education Review

t



This testimonial for educational technology is
contained in the 1991 evaluation report prepared
by Far West Laboratory for the California Depart-
ment of Education. Data from surveys, question-
naires and interviews of students, staff, and par-
ents indicate that the project helped students de-
velop skills and confidence using computers,
videocameras, laserdiscs, and robotics. The many
hands-on activities, science fairs and other contests
and special events created interest in science and
promoted concept development. Students worked
cooperatively with interactive technologies. The re-
port adds that parent involvement in school-wide
programs helped students and their families be-
come more connected to the school.

Over 65 percent of students indicated that use
of technology significantly improved a wide range
of skills: problem solving, writing and reading.
Most students believed their grades had improved
as a result of using technology. The majority of
students also enjoyed their classes more, especially
science, after the introduction of technology. Other
significant areas of improvement reported by stu-
dents were: ability to work with other students,
positive attitude toward school, and self-esteem.

Evaluations conducted by site staff as well as
outside evaluators generally found that TOPS in-
creased student interest and performance in sci-
ence at Skyline School (Mezzetta, 1989). Teachers
reported that the training and assistance from the
project staff and colleagues increased significantly
their use of technology and activity-based science
instruction (Nakagiri, 1989). As their comfort level
with technology and science improved, their roles
changed from dispensing information to facilitat-
ing interaction among students and between stu-
dents and natural phenomena. In contrast to ini-
tial use of technology to reinforce previous learn-
ing, experienced teachers now encourage students
to explore on their own and to create their own
products. Students seem to have more control and
to take more responsibility for their own learning.

Vision of Technology
As technology moves inexorably forward, new

developments in communications will continue to
emerge. Technology hardware is becoming more
powerful and less costly, resulting in more varied
and stimulating software (Loucks-Horsely et. al.,

1990). Multimedia with its rich, multisensory im-
ages is replacing print media. Technology at Sky-
line is not replacing teachers, but it is changing
their role. Teachers are becoming counselors and
facilitators concentrating on teaching for concep-
tual change and problem solving skills rather than
teaching solely for content mastery.

EndNote
1. For additional information on products referred
to in this article, contact Conrad P. Mezzetta,
SSFUSD, 398 B St., South San Francisco, CA 94080.
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K-12 Earth Science Education in California

Changes in earth science requirements for K-12 curricula
have been significant since the 1983 passage of California
Senate Bill 813. Model graduation standards, curriculum
standards and the state science framework mandate substan-
tial coverage of what most recently are called geoscience
topics. The university systems in California now accept
geoscience courses as preparation for entering freshman. The
California State Commission on Teacher Credentialing has
completed changes in multiple subject and single subject
science credentials which in combination with teacher in-
service programs should greatly improve teacher preparation
in geoscience.

State Requirements
Since the beginning of our planet, geologic pro-

cesses have shaped our environment. Although
knowledge of our planet's workings and resources
is essential, earth or geoscience education has been
slow to find its way into K-12 curriculums beyond
the rock identification sessions and dinosaur facts.

Earth science education changes evident in
California today trace their roots to passage of Sen-
ate Bill 813 in 1983 which requires two years of
science, including both life and physical science,
in secondary schools. The legislation does not re-
quire a separate year in each area of science but
most districts elected to create separate, one-year
courses for life and physical sciences.

Model graduation standards published in 1983
proposed inclusion of earth and space science con-
cepts within physical science courses and the 1985
Model Curriculum Standards for grades 9 through
12 picked up this theme. The graduation standards
developed by the State Board of Education re-
quired students to study earth and space science

Greg Wheeler

topics such as plate tectonics, geologic resources,
geologic hazards, remote sensing, and paleontol-
ogy.

The California Assessment Program (CAP) de-
veloped exams to test the "fitness" of school edu-
cational programs. The eighth grade CAP tests be-
gan in 1985 and gave parity in coverage to earth,
physical, and life sciences. These tests served to
emphasize changes in educational expectations and
resulted in considerably more earth science in
grades seven and eight than was previously the
case. For state budget and political reasons the CAP
tests for grades six, ten, and twelve were not widely
used before the program ended in 1990. The State
Department of Education is now piloting new tests
for grades five, eight and ten. These new CAP tests
continue to emphasize equal treatment for earth,
physical and life sciences.

The strong trend toward inclusion of earth sci-
ence in K-12 curriculum is again obvious in the
Science Framework for California Public Schools Kin-
dergarten Through Grade Twelve approved by the
State Board of Education in 1990. The Science Frame-
work divides science into physical, life, and earth
science categories. The earth science chapter in-
cludes discussion of astronomy, geology and natu-
ral resources, oceanography, and meteorology. It
is obvious that in graduation standards, model cur-
ricula science frameworks and tests the State Board

Greg Wheeler is chair of the Geology Department at
California State University-Sacramento, President of
the Far Western Section of the National Association of
Geology Teachers and Consulting Editor for McGraw-
Hill Book Company.
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of Education has realized and published the im-
portance of earth science education.

The Role of Universities
The state's postsecondary schools have been

slow to recognize the major changes required of
science education in our public schools. In July of
1988, the combined Academic Senates of the Cali-
fornia Community Colleges, the California State
University, and the University of California re-
leased a report outlining science requirements for
incoming freshman. The report stated that all col-
lege bound high school students should take phys-
ics, chemistry, and biology. The only mention of
earth sciences was in the questions and answers
section where it was suggested that earth science
should be taught in junior high as preparation for
the "fundamental sciences." This document, State-
ment on Preparation in Natural Science Expected of
Entering Freshman (1986), sent a contradictory mes-
sage on earth science education in secondary
schools. Caught between state frameworks (with
guidelines that required earth science) and univer-
sities that wouldn't accept these classes as science
courses needed for entrance, most school districts
offered earth science only in junior high or to non-
college bound high school students.

The quagmire created by conflicting standards
is beginning to dissipate. In 1994, entering fresh-
man at the University of California will be required
to take two years of laboratory science and three
years are recommended. Among the A-F require-
ments published in the University of California
Preparing for Admissions document (1991), D
reads ". . . laboratory courses in earth/space sci-
ences are acceptable if they have as prerequisites
or provide basic knowledge in biology, chemistry,
or physics." The California State University policy
of accepting University of California approved
courses for admissions means that, by 1994, earth
science courses will be accepted at all California
public universities. The wording in the document
is still flawed. The Far Western Section of the Na-
tional Association of Geology Teachers (FWS-
NAGT) tried hard to persuade the University of
California Board of Admissions and Relations to
Schools (BOARS), which prepared the document,
to treat earth science as an equal to other sciences.
FWS-NAGT pointed out the strong endorsement

of earth science in the State Board of Education
requirements. FWS-NAGT cited states like Mon-
tana and North Carolina that require earth science
options for college entrance. The BOARS commit-
tee, which has never included an earth scientist,
refused all requests to offer testimony on behalf of
earth science inclusion. Nevertheless, the new ad-
missions document does open a door too long
closed. Well-designed geology classes or other
earth science classes will now be college accept-
able.

The importance of earth science education has
been nationally recognized. A policy statement on
the critical nature of earth science education was
endorsed in 1987 and 1988 by earth science orga-
nizations E. nd by the National Science Teachers As-
sociation (NSTA) and the Council for Elementary
Science International (CESI) ("Importance," 1988).
The Council of Scientific Society Presidents (CSSP)
passed a resolution regarding the teaching of geo-
science at the pre-college level in 1991 ("CCSP
Passes," 1991). The resolution resolved "that sub-
stantial study of geoscience (e.g., astronomy, geol-
ogy, soil science, oceanography, and meteorology)
be made part of the pre-college curriculum in the
United States' middle and high schools, and that
its status as a laboratory science be acceptable for
college admission along with biology, chemistry,
and physics" (p. 4). It further states "geoscience
shall be one of the themes for the teaching of sci-
ence in the elementary schools of our country."
There is a national consensus of science educators
and scientists in general, that geoscience, the most
modern term for earth science, should be a strong
part of all science education. This national direc-
tion will continue to pressure California universi-
ties to regard geoscience equally with physics,
chemistry, and biology.

Teacher Preparation
The preparation and credentialing of teachers

in geosciences has been difficult. The 1970 Ryan
Act established single subject credentials for teach-
ers at secondary schools. Only life science and
physical science credentials have been and are cur-
rently options for science teachers. Under current
requirements, physical science teachers must be
prepared to teach physics, chemistry or any of the
earth sciences. This means that although earth sd-
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ence is treated equally with physics and chemistry
by the State Department of Education guidelines
and progressively better in university entrance re-
quirements, teachers must still be prepared as
physical science teachers with earth science merely
a subset of their broader studies. This has resulted
in universities constructing long lists of course re-
quirements. These course requirements, called
waiver programs because they have waived the
National Teachers Exam (NTE) required for en-
trance to credential programs, usually take more
than four years to complete and have few students.
Only a few schools like CSU Bakersfield, CSU Sac-
ramento, San Francisco State University (SFSU),
and San Jose State University (SJSU) offer earth
science options for physical science waiver pro-
grams. The result of these rigorous requirements
and the historic lack of earth science interest in K-
12 science programs is that few science teachers
are prepared to teach these subjects.

There are several possible solutions to the
credentialing dilemma. The California Commission
on Teacher Credentialing (CTC) has been revising
waiver program standards for life and physical
science credentials. Revisions for both waiver pro-
gram standards now contain language requiring
preparation to teach for conceptual understanding
about the planet earth, including natural resources
and other earth materials, geomorphic and inter-
nal processes, natural hazards and environmental
issues, and the history of the earth and its life
forms. Some modification must be made still to
allow students to complete required classes in rea-
sonable lengths of time. The CTC is also consider-
ing changes in the Ryan Act which would collapse
the life and physical science credentials into one
science credential requiring depth of preparation
or emphasis for students completing the waiver
program in biology, chemistry, geosciences, or
physics. This would abolish the former physical
science waiver program requirement of prepara-
tion in chemistry, earth sciences, and physics. This
seems long overdue. An earth science credential
could result in more and better prepared teachers
to address the state science framework earth sci-
ences areas.

Perhaps the method of qualification chosen by
most incoming teacher credential candidates will
be the new Content Area Performance Assessment

(CAPA) exams. The CAPA tests replace the Na-
tional Teachers Examination (NTE). The CAPA
tests include essay questions as well as multiple
choice questions. CAPAs for life science and physi-
cal science credentials correspond to the new con-
tent standards governing waiver programs with
the exception that the geoscience content is heavily
weighted towards geology. Whether through a
waiver program or CAPA, earth science teachers
need to demonstrate great breadth. When final
resolution is reached on the science credential
structure, adjustments will need to be made in the
CAPA exams.

Kindergarten through sixth and sometimes sev-
enth and eighth grade instructors generally pos-
sess multiple subject credentials. Both the multiple
subject waiver and exam have been recently re-
vised to include earth and space science. The
waiver guidelines for the multiple subject creden-
tial treats geoscience requirements equally with
those in life science and physical science. These
1990 requirements are being generally interpreted
to require at least one course in geosciences
(Slaymaker, 1991). The CAPA for the multiple sub-
ject credential is twenty percent science and one
third of the multiple subject science content on the
CAPA is geoscience, with special emphasis on ge-
ology (S.C. Slaymaker, personal communication,
1992).

The significant increase in required geoscience
content in K-12 classrooms requires substantial in-
service opportunities to bolster the training of most
teachers already holding credentials. The Califor-
nia State University (CSU) system has several im-
portant programs designed to provide both con-
tent and hands-on training in geoscience. Project
Catalyst, at California State University, Fullerton,
has developed a comprehensive earth science
teacher enhancement program for middle and high
school teachers. The Bay Area Earth Science Insti-
tute (BAESI) at San Jose State University (SJSU)
has developed educational partnerships among
academic, business and government agencies.
BAESI focuses on secondary school teachers. At
California State University, Se.cramento, SCATS
(Sacramento Committee for the Advancement of
Teaching Science) brings secondary school science
teachers to campus once a month for in-service
training in all facets of science education. ESCATS
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at CSU Sacramento provides the same service for
elementary school teachers.

Conclusions
The last decade has brought major changes in

earth science education in California. The substan-
tial inclusion of earth science concepts in K-12 class-
rooms requires more and better trained teachers
in these classes. The state needs to reconsider the
Ryan Act single subject credential requirements to
provide pathways for earth science instructors to
receive credentials without mastery of all physical
science. Finally, the universities of California must
continue to develop effective ways to retrain these
already in the classroom.
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The Bay Area Earth Science Institute: A Practical Model for
Improving Earth Science Education at the Local Level

The San Francisco Bay Area Earth Science Institute
(BAESI) is a comprehensive teacher training program which
demonstrates the power of utilizing existing community
resources to improve science literacy. BAESI was established
in 1990 with support from the National Science Foundation,
San Jose State University, and a consortium of partners
from academia, government, and business. The program
promotes earth science, with its interdisciplinary nature and
relevance to everyday life, as an ideal tool for attracting
more students, particularly under-represented students, to
science. The Institute offers a year-round program for all
San Francisco Bay Area teachers (K-12) which begins with a
month-long summer workshop at San Jose State University.
Follow-up workshops, newsletters, and a resource center
from which maps, rocks and minerals, videos, and activity
books can be borrowed provide on-going support. The
BAESI program serves as a catalyst to bring teachers,
district administrators, university faculty, businesses and
government agencies together in a coordinated effort to
improve the quality of precollege earth science education.

Earth Science and Science Education Reform
National and state-level plans to improve sci-

ence education are essential, but if significant and
lasting improvements are to be made, local and
regional programs must provide teachers with nec-
essary training, resources and confidence to imple-
ment change. The Bay Area Earth Science Institute
(BAESI) is such a program that puts state and na-
tional recommendations for improving science
education into action.

The teaching of science as a catalog of isolated
facts is a commonly recognized weakness of exist-
ing approaches to science education (Johnson &
Aldridge, 1984; California Department of Educa-
tion, 1990). Science for All Americans, (Rutherford &

Ellen P. Metzger

Ahlgren, 1990), the widely-cited report of Project
2061 of the American Association for the Advance-
ment of Science (AAAS), emphasizes "meanings,
connections and contexts, rather than fragmented
bits and pieces of information, and... favors qual-
ity of understanding over quantity of coverage"
(p. xv). The report recommends a thematic ap-
proach to science teaching that prepares all stu-
dents to make informed decisions based on a un-
derstanding of their world.

The Scope, Sequence and Coordination (SS&C)
project, proposed by Bill Aldridge, Executive Di-
rector of the National Science Teachers Associa-
tion (NSTA) and funded by NSF and the Depart-
ment of Education, calls for the teaching of every
science, including earth science, each year during a
six-year period. The SS&C model replaces the tra-
ditional "layer-cake" curriculum in which students
take biology in the 10th grade, chemistry in the
11th and physics in the 12th with a more coherent
approach emphasizing discipline-bridging themes
such as evolution, energy, patterns of change, scale
and structure, stability, and systems and interac-
tions (Barinaga, 1990). The use of bridging themes
forms an integral part of the new Science Frame-
work for California Public Schools (California Depart-
ment of Education, 1990).

A basic premise of the Bay Area Earth Science
Institute (BAESI) is that earth science is an ideal
tool for improving science instruction because it is

Ellen P. Met zger is an Associate Professor of Geology
and Co-Director of the Bay Area Earth Science Insti-
tute at San Jose State University, San Jose, CA.
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an interdisciplinary science incorporating
physics,chemistry, biology, mathematics and his-
tory. As such, it is uniquely suited to a thematic
approach. For example, virtually every aspect of
the earth sciences can be related to the theory of
plate tectonics including the evolution of the earth
through time, relationships between landmass con-
figurations and climate, and the distribution of
earthquakes, volcanoes and energy resources.
Earth science also deals with timely and important
issues such as landslides, waste disposal, and min-
eral resources; every community has earth science-
related issues that are relevant to the everyday lives
of students.

In December, 1990, the Council of Scientific So-
ciety Presidents (CSSP) passed a resolution regard-
ing the teaching of geoscience at the precollege
level. The resolution, endorsed by 60 CSSP mem-
bers representing a combined membership of 1.4
million individuals in science, mathematics, and
education ("CCSP Passes," 1991), urges that sub-
stantial study of the geosciences be made a part of
the precollege curriculum in middle and high
schools, that it be acceptable as a laboratory sci-
ence for college admission and that geoscience shall
be one of the themes for teaching elementary sci-
ence.

Unfortunately, most precollege science educa-
tors are unprepared to teach earth science in spite
of a widespread and growing recognition of its
importance in the K-12 curriculum. BAESI was
founded on the assumption that given opportu-
nity and incentive, many Bay Area teachers would
elect to participate in an intensive earth science
training program. In the first two years of the
program, 66 teachers representing 17 school dis-
tricts participated.

BAESI Philosophy: A Program for and
by Teachers

The Bay Area Earth Science Institute promotes
science for all students through a community-based
earth science training program that encourages and
develops the diverse skills Bay Area teachers have
to offer. Teachers have been active in the planning
and implementation of the BAESI program since
the concept was first developed. The specific goals
of BAESI are to:

improve the basic understanding and

teaching skills of K-12 science teachers in
the San Francisco Bay area with respect to
earth science concepts and activities,
provide a model program for teacher train-
ing in the earth sciences that can be adapted
to virtually any area in the country, and
compile the best of scher-designed and
classroom-tested earth science activities for
a resource book to be used by any teacher
seeking quality, hands-on earth science
activities.

The BAESI Model
The Bay Area Earth Science Institute takes a

three-fold approach to improving t.he earth science
skills of teachers:

Each year a new group of about 35 teach-
ers is selected to participate in a month-
long, five-day per week summer workshop
held at San Jose State University (SJSM.
Workshop participants are brought to-
gether again during the academic year for
workshops in the spring and fall.
A year-round support program includes
newsletters, membership in steering com-
mittee and resource book planning groups,
and access to a resource center from which
maps, rocks, minerals, compasses and
books can be borrowed.

On-going planning and administration is the
responsibility of two co-directors (faculty in the
Department of Geology at SJSU) and a steering
committee made up of 15-20 Bay Area teachers,
school administrators, and representatives from a
supporting consortium of government, academic
and corporate agencies.

Fostering Educational Partnerships
The Bay Area Earth Science Institute is a work-

ing model of cooperation among academic, gov-
ernment and corporate agencies with a common
interest in improving science education.

As a partner, BAESI helps other agencies to
plan science education activities, assists with
teacher-led field trips, provides teaching materi-
als, facilitates teacher participation in professional
meetings, and assists with integrating earth sci-
ence into the curricula of area schools.

Teacher partners provide planning and feed-
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back, contribute to the BAESI resource book, serve
as instructors in the summer workshop, and help
with recruitment. Government, academic, and cor-
porate agencies provide cost-share funds and do-
nation of materials.' Professional scientists work
closely with teachers by serving as guest lecturers
and field trip leaders.

The Nuts and Bolts of BAESI's Programs
Participant Selection

BAESI's first priority is to seled and train teach-
ers from schools with high (greater than 50 per-
cent) minority enrollments. The ethnic diversity of
the Bay Area is well suited to reach students who
are traditionally under-represented in the sciences.

Teacher participants are not required to have
pre-existing expertise in the earth sciences, but
must demonstrate an enthusiasm to learn and a
willingness to work hard and share ideas with col-
leagues. Teachers are encouraged to apply as teams
of two to four from the same district or school.
Part of the application process is to obtain approval
for participation in the program from principals
and district supervisors and a pledge of release
time to allow attendance at required follow-up ac-
tivities.

The Summer Workshop
In 1990 and 1991, 66 teachers completed the

BAESI summer workshop. Participants were el-
ementary, middle, and high school teachers re-
cruited from schools in the Bay Area from San
Francisco to San Jose. There were also participants
from as far away as Bakersfield and Stockton.
BAESI has also received applications from teach-
ers in Pennsylvania, Nevada and North Carolina.
Participants receive a stipend, as many as four
units of continuing education credit, and free class-
room materials. In return, they work in teams to
develop hands-on activities that are suitable for
their own classrooms. These activities are compiled
at the end of each summer workshop and distrib-
uted to participants. At the end of the third sum-
mer workshop, the best of the earth science activi-
ties developed by BAESI teachers will be compiled
in a teacher-tested resource book.

Workshop participants are also required to sub-
mit individual or team plans for projects to be
implemented during the following academic year.

Follow-up projects include inservice presentations
at their schools, presentations at local, state or na-
tional meetings, planning of field trips and serv-
ing as guest lecturers in each other's classrooms.

During the four-week summer workshop, re-
gionally significant earth science topics are gradu-
ally developed from general concepts to applica-
tions specific to the Bay Area. At least one day per
week is devoted to field trips. Workshop topics
include earthquakes and plate tectonics, water and
weather, mineral and energy resources and Earth
history. In 1992, the third year of the Institute, a
new component on space science and astronomy
will be added. BAESI alumni are invited to return
and participate in new aspects of the pri,gram.
Specific summer workshop topics, guest speakers,
and field trips are varied from year to year to en-
courage the continued participation of BAESI
teachers from previous workshops.

The Year-Round Program
All BAESI teachers are required to attend two-

day follow-up workshops each fall and spring.
These meetings are a combination of additional
earth science training and planning and evalua-
tion sessions. As examples, follow-up workshops
have focused on coastal processes at Pt. Reyes Na-
tional Seashore and modeling of local field trips
through study of the geology of Alum Rock Park
in San Jose. Follow-up evaluation focuses on ideas
and activities actually used in the classroom and
their levels of success. Teachers also provide input
on planning for future summer institutes and for
advertising the program.

About a dozen teachers remain active as mem-
bers of the steering committee and resource book
group. These teachers provide a long-term perspec-
tive and continuing support for the Institute to
maintain its momentum.

A newsletter is distributed three or four times
a year to inform BAESI alumni and supporting
partners of new directions in the program and of
upcoming lectures and field trips of interest to
earth science educators.

Program Evaluation
Perhaps the most challenging aspect of orga-

nizing a teacher-training workshop is deciding how
to assess its strengths and weaknesses. The long-
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term impact of BAESI can only be evaluated by
tracking participants over time to determine how
parlicipation in the program affects their classroom
teaching. An extensive evaluation form is handed
out on the last day of each summer workshop to
determine participant perceptions of the
workshop's high and low points. One teacher
wrote: "Over the past 26 years of my professional
life I have participated in six National Science
Foundation workshops in various science disci-
plines. None of these past workshops have com-
pared with the preparation and breadth of this
four-week earth science workshop." Another par-
ticipant commented "I can say without a doubt
that the BAESI workshop has helped me become a
better teacher. My students will benefit by having
a more knowledgeable teacher, more interesting
activities, and most importantly a more energized
instructor."

The most valuable form of assessment for the
summer workshop is the daily distribution of an
evaluation form designed by Wendell Potter and
Phelan Fretz of the University of California at
Davis. The form consists of four questions: " What
went well and why?"; "What needs improvement
and why?"; "What do you want to see changed?";
and "Troublesome concepts or aspects of the teach-
ing approach?". The direction of the workshop and
its ability to meet the needs of its members are
greatly enhanced by this immediate feedback.

Impact of the Program
The most effective measure of BAESI's impact

may lie in the activities of its teacher participants
and university directors. Two BAESI teachers gave
presentations about their earth science teaching
strategies at the 1991 Cordilleran Section meeting
of the Geological Society of America Meeting in
San Francisco. Four BAESI alumni have enrolled
in the Masters in Natural Science degree program
at San Jose State University; two are enrolled in
advanced geology courses. Through the efforts of
its co-directors and steering committee, the Insti-
tute is a participant in a variety of local and re-
gional earth science education projects. BAESI is a
member of the South Bay Natural Resources Edu-
cation Consortium, an alliance of diverse local
agencies including the Santa Clara Valley Water
District, Pacific Gas and Electric Company, and

the San Francisco Bay National Wildlife Refuge,
which assists the Santa Clara County Office of Edu-
cation in providing science resources and teaching
strategies to local teachers. The Institute has aided
Independence High School in San jos-e., one of the
100 schools in the California SS&C project, with
incorporating earth science into its restructured
curriculum. BAESI has been cited as a model in a
teacher-training proposal submitted to NSF from
California State University at Northridge.

Future Directions
The history of science education is littered with

examples of good programs that fizzled out after
initial successes due to lack of funding. BAESI co-
directors and steering committee members con-
tinue aggressive grant-writing efforts to assure the
continuation of BAESI's programs after initial NSF
funding is expended. The Bay Area Earth Science
Institute will continue to evolve to best meet the
needs of science teachers of the Bay Area. Future
workshops will incorporate oceanography, meteo-
rology, field mapping techniques, and advanced
topics in the earth sciences. Plans are underway to
increase the scope of the Institute's impact by es-
tablishing a similar program in Southern Califor-
nia. Pending funding, San Jose State University and
BAESI will become a regional center for the edu-
cational partnership programs of the Geological
Society of America.

End Note
1. The Bay Area Earth Science Institute gratefully
acknowledges the contributions of many individu-
als and agencies. Founding of the Institute was
made possible by National Science Foundation grant
no. TPE-8955274 with cost-share from San JoseState
University. Supporting partners include the United
States Geological Survey, NASA Ames Research
Center, Chevron, Kaiser Perrnanente Cement, Cargill
Salt, the California Mining Association, Addison
Wesley Publishing Company and Ward's Natural
History Establishment, Ltd. Sincere thanks to Dr.
Deborah Harden, co-director of the Bay Area Earth
Science Institute, and Leslie Gordon, Education Ca
ordinator at the USGS Menlo Park.
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Teacher Education in Biology: A Tecicher Enhancement
Program That Works!

San Francisco State University offers an interdisciplinany
program that provides secondary school biology teachers with
(1) a laboratory-based workshop at Enrichment Centers
housed on university campuses, (2) a symposium on the
ethical and social issues of molecular biology and biotechnol
ogy, (3) renewal meetings for follow-up support focussed on
the evaluation of supplementany curricular materials for
regular, honors, and AP biology classrooms, and (4) outreach
support via Helix I and scientist-educator partnerships.

Background
Molecular biology has become one of biology's

major themes; molecular biologists are exploring
new horizons not dreamed of a decade ago. Al-
though molecular biology had its origins in the
elucidation of the mechanisms of heredity, it now
has applications throughout the spectrum of disci-
plines that comprise biology. Molecular approaches
are used in evolutionary biology, ecology, system-
atic biology, neurobiology and behavior, as well
as in genetics and cell biology. Accompanying
these new insights in molecular biology is an ex-
plosion of applications of biotechnology in such
diverse areas as health care, pharmaceuticals, agri-
culture, and forensics, to name a few. This ava-
lanche of biotechnology results in scientific and
ethical uncertainties in medicine, agriculture, and
law, while at the same time, forecasts far reaching
social and economic benefits for the nation and
the world.

These new scientific and ethical questions are
forcing a re-evaluation of public policy in science
and technology education. The need for science
literacy is self-evident, but the need for understand-
ing of the fundamentals of the biotechnology revo-

Crellin Pauling

lution is increasing. Juries will hear cases in which
molecular forensic techniques are used for identi-
fication. Local governments and zoning commis-
sions will regulate industries that use biotechnol-
ogy. Business interests will make investment deci-
sions. Unfortunately, high school classrooms gen-
erally have not maintained currency with these ex-
panding horizons in science and with their im-
pacts on our society.

The California State Department of Education
(SDE) has mandated that major emphasis be placed
on the ethical concerns and technological applica-
tions when biology teachers present DNA and re-
la ted topics of molecular biology. The Science
Framework for California Public Schools (1990) is the
guide to the high school biology curriculum in Cali-
fornia. The Science Framework states:

For a participating democracy to succeed
and flourish, an informed public in which
citizens make knowledgeable decisions on
technological issues is necessary. Students
and teachers must have both a firm under-
standing of the sciences and an ethical
framework for applying these ideas in a
technological society. Failure to emphasize
both science and ethics in the biology cur-
riculum means, in the final analysis, failure
to fulfill teaching's most important function:
to prepare citizens capable of informed de-
cision making in both the personal and pub-
lic arenas. (p. 136)

Crellin Pauling is a Professor in the Department of
Biology at San Francisco State University.
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Students' understanding of the sciences and
technology and their related ethical issues is also
emphasized as an imp -tant component of scien-
tific literacy in Science for All Americans, the Phase I
report of the American Association for the Ad-
vancement of Science's Project 2061.

In Fulfilling the Promise: Biology Education in the
Nation's Schools, the Committee on High-School Bi-
ology Education convened by the National Re-
scmch Council found:

The growth of scientific knowledge during
the twentieth century has been without pre-
cedent in human history; science and tech-
nology permeate our culture. Some degree
of familiarity with how scientific knowledge
is obtained, with certainty and uncertainty,
with the living and nonliving world, with
basic mathematical ideas (numeracy), with
how an understanding of nature and of the
human body contributes to healthy lives
and a safer world-in short, the basic foun-
dation that is referred to as scientific lit-
eracy-has become an educational necessity.
(p. 5)
The National Science Teachers Association

(NSTA) position paper, Science-Technology-Society:
Science Education for the 1980's, states:

The high school science curriculum should
enable students to further develop their sci-
entific and technological literacy. Courses
incorporating well-designed laboratory and
field work help to meet this need....The
courses should provide students with op-
portunities to develop skills in identifying
science-based societal problems and in mak-
ing decisions about their resolution. (Bybee,
1985)
We established the Teacher Education in Biol-

ogy (TEB) program at San Francisco State Univer-
sity (SFSU) in 1987 to provide interdisciplinary
education for middle and high school biology
teachers in (1) laboratory-based methods designed
for teaching about DNA, gene-splicing, etc., and
(2) the ethical concerns and technological applica-
tions on the frontiers of biology. The TEB program
was designed to provide program participants with
the pedagogical methodology needed for class-
room implementation of this material as well. This
has been accomplished through a series of work-

shops, symposia, and renewal follow-up sessions.
The TEB program has received strong educational,
industrial, scientific, and governmental support
and cooperation throughout California, and, we
believe, serves as a national model for interdisci-
plinary education in science and ethics.

In summary, the interdisciplinary approach to
the science and ethics of molecular biology taken
by this program leads teachers to a clearer under-
standing of:

the function of the genetic material;
the fundamental recombinant DNA labo-
ratory techniques;
the social framework necessary for trans-
lating knowledge of today's biology into
personal decisions and public policy;
current and future applications of recom-
binant-DNA technology in medicine, agri-
culture, forensics, and industry; and
the processes for ethical discussion and
analysis of science and technology topics
within the science classroom.

Development of TEB
In summer, 1987, we presented a one-week pi-

lot laboratory-based workshop in molecular biol-
ogy at SFSU for 24 teachers. Based on the success
of the pilot workshop, we obtained funding to con-
tinue and expand the program in 1988. We pre-
sented a four-day preworkshop for 32 program
participants that was designed to bring the lesser-
prepared teachers up to par. We offered three two-
week laboratory-based workshops for 24 program
participants each at SFSU, California State Univer-
sity, Sacramento (CSUS), and University of Cali-
fornia, Santa Cruz (UCSC), that were followed by
a three-day symposium at UCSC on Science and
Societal Issues in Recombinant DNA for all pro-
gram participants.

Subsequently we have presented workshops
at San Francisco State University (89-92), Califor-
nia State University, Sacramento (89, 91), Univer-
sity of California, Santa Cruz (89-91), California
State University, Fresno (90-92), San Diego State
University (90-91), California State University, Los
Angeles (92), and California State University,
Northridge (92). Again, the workshops have been
followed by the three-day symposium for all par-
ticipants. At the conclusion of summer, 1992, over
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500 California middle and high school science
teachers have participated in the TEB program.

There are five major program components:
a two week laboratory workshop in basic
recombinant DNA techniques and strate-
gies for classroom implementation;
a three day symposium on societal and
ethical issues of recombinant DNA;
instructional partnership and Helix I out-
reach services;
two one-day renewal follow-up sessions;
and
educator-scientist partnerships.

The TEB program has worked with participat-
ing teachers in developing funding strategies with
their districts and with outside funding sources.
To date, teachers affiliated with this program have
collectively acquired more than $200,000 in sup-
port intended for implementatior of this material
in their classrooms. The majority of program par-
ticipants have been high school teachers; however
middle school science teachers became an integral
part of the program in its fourth and fifth years.
Participating teachers have been derived from both
urban and rural districts, with teaching assign-
ments ranging from AP Biology to general science.

We believe that there are several components
to the TEB that distinguish it from other teacher-
enhancement programs. These include:

use of two university faculty and two lead
teachers to provide instruction during the
workshops;
the linkage between the basic science and
the societal-ethical issues through the sym-
posium; and
implementation support via the follow-up
sessions, Helix I outreach and the educa-
tor-scientist partnerships.

Furthermore, we believe that these unique
components have played a major role in the high
degree of success that has been achieved by the
TEB thus far.

Current Design of the Teacher Education
in Biology Program Workshops

The first component of the TEB is a two-week
laboratory workshop, conducted on a university
campus, in basic recombinant DNA techniques and
in approaches for classroom implementation. The

participants receive an intensive short course in
the fundamentals of genetics and molecular biol-
ogy, including extensive hands-on experience in
basic techniques. They learn to isolate and purify
DNA, hydrolyze samples with restriction endo-
nucleases, perform gel electrophoresis, stain and
photograph the gels, perform blots, anneal and
ligate samples, and perform transformation of com-
petent bacterial cells. In addition, they get experi-
ence in trouble-shooting lab protocols. The work-
shops also assist in the development of lesson
plans, thus ensuring that the participants can
implement the material in their classrooms.

The workshop is designed around the material
presented in DNA Science (Micklos & Fryer,1990).
Participants are provided with a copy of DNA Sci-
ence and a three-ring curriculum notebook contain-
ing a workshop schedule, supplementary support
material, and innovative laboratory exercises. In
addition, at the conclusion of the workshop par-
ticipants are provided with a basic kit of expend-
able laboratory supplies and an electrophoresis kit,
so that they are able to teach the exercises in their
own classrooms.

Instruction is provided by a team consisting of
two university faculty, two lead teachers, and a
laboratory support technician. The university fac-
ulty are selected on the basis of their expertise in
genetics, molecular biology, and recombinant DNA
techniques. They are responsible for the presenta-
tion of the didactic lecture material and for the
selection, design and supervision of the laboratory
exercises. The lead teachers are inservice teachers
who have participated in the TEB program in a
previous year and who have successfully imple-
mented the material covered by the program in
their own classrooms. The lead teachers are a criti-
cal component of the workshops in that they work
closely with the university faculty in presenting
the laboratory component of the workshops and
are responsible for the components concerning
imrlementation and lesson plan development. We
believe that the employment of former program
participants as lead teachers has played a signifi-
cant role in the success of the TEB, because they
serve as positive role models for the program par-
ticipants.

The laboratory support technician prepares
bacterial culture media, solutions and buffers, cul-
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tures, DNA and enzyme preparations, and pro-
vides other support as needed. In addition, the
laboratory support technician often works with the
workshop instructors to provide additional tech-
nical details for the program participants.

At the conclusion of the workshop program
participants receive a Professional Development
Certificate and are offered the opportunity to reg-
ister for academic credit through the Division of
Extended Education at San Francisco State Uni-
versity.

Symposium on Societal and Ethical Issues
The second component is the three-day sym-

posium on societal and ethical issues of recombi-
nant DNA, held on a university campus and open
to any California science teacher who has com-
pleted a basic course in recombinant DNA. The
symposium opens with a keynote address pre-
sented by a nationally known figure. In 1990 the
keynote speaker was Clifford Grobstein, Professor
of Biology at University of California, San Diego;
in 1991 Paul R. Billings, MD, PhD, California Pa-
cific Medical Center, presented the keynote address
entitled Social Concerns in the Genetic Age. Teachers
then hear additional presentations and discuss
these issues with nationally recognized scientists,
educators, policy makers, ethicists, and philoso-
phers. Following these disaissions, the teachers,
speakers, and program staff work in small groups
to develop simulations, case studies, short vi-
gnettes, and other strategies for implementing
these challenging science, technology, and society
issues in the classroom.

Instructional Partnership/
Helix I Outreach

The third component is a team-teaching in-
structional partnership during the academic year.
Helix I, a mobile molecular biology laboratory
funded by Genentech, Inc., is equipped with all
the needed materials and supplies. Helix I visits
the classrooms of selected teachers to help with
the set-up and instruction of a two to four week
unit on molecular biology. A critical component of
the Helix I program is that an instructional expert
from TEB accompanies the outreach vehicle and
team teaches with the classroom instructor. This
on-site partnership assists teachers in classroom
implementation during the first year after the

workshop. Helix I and program staff also partici-
pate in school and district inservice programs. We
have found this component critical for the actual
classroom implementation, both by providing sup-
port for the teachers and by reinforcing the teach-
ers' understanding of molecular biology and bio-
technology.

It is without question that the Helix outreach
program has been a success in accelerating and
supporting classroom implementation of TEB's in-
structional materials into the biology and chemis-
try curricula. One early concern with the Helix pro-
gram was that this form of assistance would be
used as a crutch by the teacher and not lead to
lasting change. For the majority of teachers this
has not proven to be the case. Instead, we con-
clude that the Helix program has stimulated teach-
ers to arrange for inservice sessions for themselves
and their colleagues, to prepare grant proposals,
and to request support from industry and univer-
sities, in order to continue providing for their stu-
dents what they observed could happen during
the Helix visit.

Renewal Follow-Up Sessions
The fourth component is two one-day renewal

follow-up sessions, held on Saturdays during the
fall and spring terms following the teachers' par-
ticipation in the workshops. The renewal sessions
bring the previous summer's participants together
to reinforce the information covered in the pro-
gram, to share information concerning successful
strategies for lesson development, fund-raising,
and to address other issues surrounding success-
ful implementation.

For the participants in summer, 1990, one fol-
low-up session was held at the regional NSTA
meeting in Long Beach, California. Participants
heard a presentation on "Quantitative PCR of HIV-
Infected Patients," heard a summary report on
evaluation and assessment of the current year's
program, and received their electrophoresis kits.
The second follow-up was scheduled as regional
meetings, with one at SFSU (serving both SFSU and
UCSC participants), one at CSUF, and one at SDSU.
They had a common agenda that included an in-
troduction to some new and innovative lab exer-
cises and a workshop discussion of the molecular
definition of a gene.
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Educator-Scientist Partnerships
The fifth component is an educator-scientist

partnetship program in which participating teach-
ers are provided partner scientists and technicians
in the biotechnology industry or research faculty
from universities. These partnerships develop
slowly and personally between the two individu-
als and have, in many cases, expanded into long-
lasting relationships that bring both personnel and
material into the classroom. It has also been the
beginning for a company to become more invested
in their local schools. Many classroom visits by
scientists, field trips to research laboratories, and a
considerable amount of technical assistance and
equipment/supplies donations have occurred as
consequences of these partnerships. The teacher-
scientist partnerships and the staffed Helix I mo-
bile laboratory have substantially contributed to
teachers' efforts to change curricula and implement
new laboratory-based materials. Because of this
program some scientists are becoming science
teachers. In collaboration with the Lawrence Hall
of Science CELLS Program (California Education
Linkages in the Life Sciences), six scientist part-
ners spent a full day at the 1990 UCSC TEB work-
shop in the lab with the teachers and afterwards
in discussion about partnerships. These scientist-
teacher connections have been maintained, and the
scientists have participated in classroom events
over the 90-91 school year. This was a very suc-
cessful partnership, and this model will be ex-
panded in the coming years' program.

San Mateo County Biotechnology/Education
Partnership

The ultimate goal of the TEB program is to
bring about a permanent change in the way that
biology, and, in fact, science is taught in the sec-
ondary school curriculum, consistent with the Sci-
ence Framework. It is our view that the biology cur-
riculum must be current, must be inquiry-based,
and must relate to the society in which we all live.
Furthermore, this revised curriculum must be self-
supporting and not dependent upon continuing
support from TEB staff. As a model expansion of
the Helix I program, the San Mateo County Bio-
technology/Education Partnership (SMCBEP) has
been established as a partnership of several TEB
participating teachers, the San Mateo County Of-

fice of Education, two San Mateo County commu-
nity colleges, and Genentech, Inc. Funding pro-
vided by Genentech has provided an instructional
package that is available to all public high school
teachers in the county, with expendable supplies
refurbished by the community colleges. Described
by Black, Liu and Ogren later in this issue, the
SMCBEP represents exactly what the TEB program
hopes to achieve.

Summary and Conclusions
The TEB has successfully presented two-week

laboratory-based workshops on molecular biology
and biotechnology to over 500 California teachers.
In addition, the participants have attended a sym-
posium addressing the ethical and societal issues
of recombinant DNA and biotechnology, and many
have been served with outreach support from the
Helix I program and the scientist-educator part-
nerships.

Both objective and subjective measures lead to
the conclusion that this program is extraordinarily
successful. Our evaluation data show that the par-
ticipants do learn the material and show improved
attitudes towards teaching the material. Testimo-
nials from both the participants and their students
show that the program has revitalized the teachers
and sparked real interest among the students. The
program effectively links the basic science with the
equally important societal and ethical issues sur-
rounding the science. In short, because of this TEB
program California is the leader in molecular biol-
ogy/biotechnology education in secondary schools
in the nation.
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San Mateo County Biotechnology/Education Partnership

"I feel pretty important and professional using all this high-
tech equipment. It's a neat experience!"
"I feel like a real scientist! "
"The part I like the best was finding out for myself. . ."
"I was pretty scared doing ray first lab, but when I discov-
ered that my DNA was cut, my confidence built up."

These are comments by students who have just
spliced together antibiotic resistant genes, put them
into prepared bacteria and grown the bacteria in
the presence of the antibiotics. During the past
two years, these students and more than 4000 of
their peers in San Mateo County have done a se-
ries of high tech recombinant-DNA experiments.
This technology is similar to that used by scien-
tists in university and industrial research labs.

In the first week of labs, students learn to use
equipment not usually available to high school stu-
dents. Students become adept in the use of mi-
cropipets, which measure amounts as small as one
microliter (1,000 jil = 1 mL; approximately 5 mL =
I teaspoonful) so that later they will be able to
accurately aliquot the very small amounts of DNA,
enzymes, and needed reagents. They master
power supplies and gel boxes so they can use a
process called gel electrophoresis to separate DNA
fragments by length. They learn sterile techniques
for handling DNA, enzymes, and bacteria so their
bacteria can grow uninhibited by contaminants.
(Safety is emphasized despite the fact that the bac-
teria used will not easily grow outside the culture
medium provided.)

In the second and third weeks, students par-
ticipate is a series of labs (adapted from Miklos &

Sue Black
Kathy Liu
Stan Ogren

Freyer, 1988) during which they:
use enzymes to cut two different bacterial
chromosomes (plasmids) into pieces;
use gel electrophoresis to check that the
DNA was actually cut;
use another enzyme to fasten pieces of
DNA to each other;
treat bacterial cells so that they will take in
DNA (make competent cells);
introduce DNA they have recombined into
receptive (competent) bacteria; and
test bacteria for the expression of recombi-
nant DNA by spreading the cells on nutri-
ent agar mixed with one antibiotic, two an-
tibiotics, or with no antibiotic.

In other experiments supported by this project,
students isolate and spool DNA, simulate forensic
DNA fingerprinting, and learn bacterial plating
techniques.

Students react to the labs . . .

with awe: "each procedure should be savored
by the students,"

with frustration: "If only we could have had
more time," "We went too fast,"

and with understanding: "There is a lot
riding on one microliter," and "It is interesting
to be learning about the future in the present."

Sue Black, Aragon High School,
Kathy Liu, Westmoor High School, and
Stan Ogren, Menlo-Atherton High School,
are science teachers in San Mateo County.
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A Partnership That Delivers
All of this is happening just south of San Fran-

cisco, in San Mateo County, California where we
have created a partnership that delivers equipment
and supplies for the above mentioned experiments
to high school classrooms throughout the county.
Precision micropipets, gel boxes, power supplies,
prepared reagents, sterile media, enzymes, plas-
mid DNA, and other sophisticated equipment and
reagents are delivered directly to high schools,
ready to use. Detailed laboratory protocols, stu-
dent worksheets and an extensive teacher resource
file come with the kit.

Our students are beneficiaries of a partnership
which involves an industry (Genentech), a com-
munity college (Skyline College), a county office
of education (San Mateo C.O.E.), teachers from
three high school districts (the authors of this ar-
ticle), and a university consultant (Lane Conn,
Manager of the Teacher Education in Biology pro-
gram (TEB) at San Francisco State University).

How It All Began
The idea to establish a cooperative, county-

wide program was conceived during a three day
symposium in the summer of 1989 sponsored by
San Francisco State University (SFSU), the National
Science Foundation (NSF) and the California State
Department of Education. As is usual at gather-
ings of teachers, there was a lot of "shop talk" and
sharing-sharing of excitement and sharing of frus-
trations. The three of us had taken the exciting
TEB workshop in the techniques of molecular bi-
ology and wanted our students to share our ex-
citement. Individual department budgets could
not afford the necessary equipment, and our
schools do not have autoclaves with which to ster-
ilize the reagents and supplies required for such a
program. We hypothesized that a county-wide
cooperative effort would be a more efficient use of
resources and would have a better chance of being
funded. We three teachers decided to work to-
gether to secure funding for the equipment, sup-
plies, and support we needed to implement re-
combinant-DNA experiments into our classrooms.

The first step in making our dream a reality
was forming the San Mateo County Biotechnology
Education Steeling Committee. If we were to be a
county-wide project, we needed to involve the

County Office of Education. Gary Nakagiri, Math/
Science Coordinator for San Mateo County, was
supportive of the idea and joined the committee as
the county representative. Once we applied for
grant money, the county would become the fiscal
agent for our project. Lane Conn, Project Manager
of the TEB, joined our steering committee as a con-
sultant.

We needed laboratory protocols and a list of
equipment, materials, and supplies to support
them. Using SFSU's TEB out-reach program as a
model, we established a wish list of equipment,
materials and supplies.

Four more major hurdles needed to be over-
come. We needed:

funds;
a refurbishing center where someone
would prepare solutions, replenish the kit
between schools, and autoclave materials;
a way of getting the kits from one school,
to the refurbishing center, and back to an-
other school; and
scientific expertise.

The Audio-Visual Department of the County
Office of Education agreed to transport our equip-
ment in a van usually used for delivering films to
county schools. (While we refer to "the kit" as a
singular unit, in reality the kit consists of 26 crates
of material.)

Two Genentech scientists joined our steering
committee. Drs. Cori Gorman and Paul Godowsky
provided considerable support to the project when
it was in its infancy. They provided technical ad-
vice both over the phone and in the classroom.
Dr. Gorman is now co-chair of our Bioethics Sub-
committee. She continues to assist us with the pro-
curement of competent cells and other biological
materials, refinement and trouble shooting of labo-
ratory procedures, and curriculum development.

Dr. Christine Case, Biology Professor from Sky-
line College, also joined the Steering Committee.
She brought with her scientific expertise and the
participation of Skyline College. Skyline agreed to
be the refurbishing center for the kit. Our project
would pay a technician to prepare reagents and
media, sterilize equipment and reagents, and prop-
erly dispose of biological waste generated at school
sites. Dr. Case established protocols for safely han-
dling the materials in the kit and SE ryes as an ad-
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visor on curriculum development.
We were anxious to get started. If we could

get funding in time, we would run a three-school
pilot program to test equipment and procedures
during March, April and May. The kit would re-
main at each school for approximately three weeks.
Between schools, it would spend a week at Sky-
line.

The Steering Committee made a presentation
to the Board of Directors of the Genentech Foun-
dation for Biomedical Research. Our proposal was
funded, and we were on our way. Prior planning
made it possible for the program to move forward
immediately upon receipt of the check. Equip-
ment bids were finalized. Equipment and sup-
plies were ordered. Our kit was assembled. A
reception featuring student-led biotechnology ex-
periments was held at the County Office of Educa-
tion to introduce the program to county and dis-
trict administrators, school principals and others
invited guests.

Table 1

Overview of Biotechnology Laboratory Experiments

Techniques Labs
A. Manipulating small volumes

Skill: Select and use the correct rnicropipet to accurately
measure volumes from 2 pi- 1000 p.L.
Concept: Very small amounts of DNA, enzymes and
buffers are used in these labs.

B. Electrophoresis
Skill: Safely set up and use el box and power supply.
Concept: Discover the function of each component used
in electrophoresis.

C. Casting and loading an agarose gel
Skill: Practice casting, loading, and running an agarose
gel.
Concept: Electric current running through gel separates
compounds put into agarose wells.

D. Making cells competent
Skill: Make E. coli cells competent to undergo transfor-
mation with exogenous DNA.
Concept: The cell walls of E. coli must be treated in
order for the cells to take up DNA from their surround-
ings.

E. Plating bacteria
Skill: Use sterile tecenique to streak two kinds of
nutrient agar (with and without an antibiotic) with E.
coli.
Concept: Sterile technique is used to avoid bacterial
contamination. Bacteria, like all living things, have
different genotypes and different phenotypes.

Introductory Labs
101. Precipitating and spooling DNA

Skill: Precipitate and spool DNA.
Concept: DNA is real. In large amounts, it can be seen
and touched.

102. pAmp transformation
Skill: Introduce DNA containing a gene for ampicillin
resistance into E. coli.
Concept: Introduced DNA can change the properties of
bacterial (and other) cells.

Recombinant DNA Labs
201. Restriction enzyme digestion

Skill: Perform side-by-side restriction digests of
plasmids containing two different antibiotic resistant
genes.
Concept: Restriction enzymes cut DNA at locations
determined by the sequence of DNA bases

202. Gel electrophoresis
Skill: Use gel electrophoresis to determine whether
DNA was cut during restriction digest.
Concept: Gel electrophoresis separates DNA fragments
by size.

203. Staining and photographing gels
Shit: Stain and photograph DNA in agarose gels.
Concept: DNA can be made visible by staining. Photo-
graphs preserve results for study.

204. Ligation
Skill: Ligate DNA fragments obtained in Lab 201 to
produce recombinant DNA.
Concept: Ligation enzymes catalyze the connection of
DNA fragments. Some of the ligated DNA contains
both of the antibiotic resistant genes (recombinant
DNA).

205. Transformation
Skill: Introduce ligated DNA into receptive E. coli cells.
Concept: Once inside bacteria, ligated DNA "trans-
forms" the bacterial cells so that they express new traits
(in this case, antibiotic resistance).

206. Expression
Skill: Select for cells resistant to antibiotic resistant
genes by plating them onto agar containin15 antibiotics.
Concept: Growth of colonies on agar containing
antibiotics shows that cells are expressing their new
genes.

Advanced Labs
301. Spooling DNA from thymus glands

Skill: Isolate, precipitate and spool DNA from calf
thymus, "sweetbreads."
Concept: DNA can be isolated from cells. After
isolation and precipitation, it can be seen and touched.

302. Effects of DNA methylation on restriction enzyme
digestion
Skill: Use gel electrophoresis to determine whether
DNA was cut during restriction digestion.
Concept: Methylation of DNA protects it from diges-
tion.

303. DNA fingerprinting
Skill: Use gel electrophoresis to visualize pieces of
DNA.
Concept: Restriction enzymes produce unique fragment
patterns of DNA from different sources.
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Spring 1990-The Birth
The kit, temporarily dubbed "Science 2000,"

was delivered to Aragon High School. Just seven
months after the idea of a county-wide biotech pro-
gram was conceived, 165 biology students were
splicing DNA. By the beginning of June, more
than 700 students in 24 sections of life science, bi-
ology and advanced placement biology classes at
Aragon, Menlo-Atherton, and Westmoor High
Schools had participated in the pilot project. Par-
ents, administrators, and school board members
had attended three very successful open houses.
The San Mateo County Biotechnology/Education
Project was on its way.

Summer 1990-A Time For Consolidation, Revi-
sion, and Planning Ahead

At an intense, one-week workshop, we re-
viewed program procedures, equipment and sup-
plies. The biggest complaint from students and
teachers alike was that the time was too short.
Schools needed more time with the kit. Another
complaint was that because Skyline did not need
to refurbish every crate, moving all twenty six
crates into and out of storage at Skyline was inap-
propriate. The crates were reorganized to consoli-
date the materials that needed to be replenished.
Procedures were revised, sending only six of the
twenty-six crates to Skyline and the rest on to the
next school. This effectively gave each school an
extra week with the kit.

In additon to making kit changes, we reviewed
applications from potential participants, revised
laboratory protocols and wrote student worksheets.
Some of the labs proved extremely difficult to fin-
ish in 50 minute class periods. In some cases,
changes were made in student and teacher instruc-
tions to show where the lab could be safely stopped
and continued the next day. For other labs, steps
were rewritten to take less class time.

1990-1991-Full Implementation
By September, the labs and the kit were ready

for the school year. During the 1990-91 school
year, the kit was in use continuously from the
middle of September until the end of May. Over
1800 students of 15 teachers at eight high schools
used our kit to do recombinant DNA experiments.

Summer of 1991 meant several new projects

for the SMCEBP Steering Committee: the drafting
of new laboratory protocols, the production of a
floppy disk to simplify the dissemination of the
materials we had developed, further revision of
kit logistics, the creation of a Bioethics Subcom-
mittee, and planning for a second kit. In terms of
implementation, one of the greatest frustrations we
as teachers had faced was lack of time. In spite of
the fact that many of the required solutions are
prepared and/or sterilized by Skyline College tech-
nicians, there is still a great deal of preparation
that must be done at the school site. This prepara-
tion was particularly stressful when, due to time
constraints, the labs had to be scheduled on three
or four consecutive days. Students, too, were over-
whelmed by such schedules. The addition of a
second kit during the 1991-92 school year (pur-
chased with a generous second-year grant from
the Genentech Foundation for Biomedical Re-
search) allowed the time at each school to be ex-
tended an extra week or more, thus reducing the
stress of implementation on teachers and students
alike.

The Future, Today
The addition of a second kit was just a first

step in our expansion plans. As more teachers
hear about and see this program in action, more
want to participate. So far, we have not had to
turn qualified participants away. Eventually, we
would like to expand the program to include all
county high schools with support for related ex-
periments in general science, chemistry and phys-
ics as well as additional biology experiments. This
will mean multiple sets of equipment, additional
re-supply centers and a full time courdinator/men-
tor/ teacher.

However, comments like these from our stu-
dents show that educational partnerships like this
one are worth the effort:

"At first I thought that biology was just an-
other class."
"Letting us use the sophisticated equipment
gives us the trust we deserve."
"(These labs) allowed me to believe that sci-
ence is more than just reading and memo-
rizing."
"It has made me notice that there are still
things in the world to be found."
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"I know that a lot of effort went into these
labs, and I really appreciate it. Thank you."

Partnership Participants
Partnerships such as this one take time and

commitment to make them work. Ours has been
successful because of the dedicated cooperation
and commitment of many people. Listed below
are the people and foundations who have made
our program work. We join the students in thank-
ing each one of them.

San Mateo County Office of Education
Gary Nakagiri, Math/Science Coordinator,
and LeRoy Finkel, Director, Media Services

Skyline College
Christine Case, Professor, and Patricia Carter,
Laboratory Technician

Genentech, Inc.
Cori Gorman and Paul Godowsky, Scientists

San Francisco State University
Lane Conn, Program Manager, Teacher
Education in Biology

Genentech Foundation for Biomedical Research

Peninsula Community Foundation
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Manuscript Submission and Review

The SOE Review is published every year by the Research and Development Center of the School of
Education at San Francisco State University. It is designed to stimulate thinking about a variety of educational
issues, and to foster the creation and exchange of ideas and research findings that will expand knowledge
about the purposes, conditions, and effects of schooling.

The focus of the journal is on "best practice, supported by research, theory, or experience." Manuscripts
are welcomed on a variety of topics, so long as they are related in some way to educational issues and concerns:

conceptual pieces;

empirical and other research investigations;
theoretical or philosophical arguments;

innovative teaching practices;

student work;
reviews of literature;

book reviews.

Manuscript Submission
All manuscripts submitted to the School of Education Review should conform to the Publication Manual

of the American Psychological Association. Manuscripts are to be double-spaced, typewritten or (preferably)
word-processed (using Microsoft Word for the Macintosh computer), and submitted in quadruplicate (an
original and three copies), along with the disk on which the manuscript was typed. All manuscripts are blind
reviewed by three reviewers, and then either accepted, accepted pending some revision, or rejected.

The original manuscript and three copies should be submitted to:

Editor, School of Education Review

Research and Development Center, Burk Hall 238

School of Education

San Francisco State University

San Francisco, CA 94132

Note to Authors
The Publication Manual of the American Psychological Association (most recent edition) has been adopted as

the authority on format and style for the SOE Review. Authors should obtain a copy of the Manual and become
familiar with its contents. The inside covers of the Manual contain a manuscript checklist which should be
consulted before manuscripts are submitted for publication.

Authors are responsible for the quality of presentation of all aspects of their manuscripts. This includes
correct spelling and punctuation, accuracy of all quotations, correct page numbers, complete and accurate
references, and legible appearance. Since all manuscripts are blind reviewed, authors are responsible for
preparing their manuscripts so as to conceal their identities.
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