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Foreword

As ANY 1ST GRADE TEACHER WILL ATTEST, ALL YOUNGSTERS ENTERING

their classes in September have bright shining eyes and an eager-
ness to unlock the secrets of their universeto understand the
science of how the world works. Teachers play a major role in
sustaining that sparkle by feeding the wonder of their young
charges. Unfortunately, far too many twinkles are snuffed out
before the middle/junior high school years.

Many teachers are uncomfortable with their level of science
teaching expertise, and, for many, teaching science is not a high
priority. Whether teachers lack knowledge of content or teaching
methods, the result is the same: U.S. students are less science
literate than many of their counterpart abroad.

Research statistics have substantiated that the number of
students coming through the educational pipeline adequately
prepared for higher levels of science is declining. Black and His-
panic students, though showing interest in the early years and
making strides in most other basics, are noticeably absent from
secondary and collegiate scientific curriculums. Females, too, are
not keeping up in numbers with their male counterparts in sci-
ence. With an increasing dependence on women and min jrities
in the work force, continuing along this path will be devastating
to our nation and to the individuals whose opportunities have
been cut off.

Our science-deficient curriculums are effectively disqualifying
the United States from contributing to the worldwide search for
scientific and technological solutions and further reducing our
economic power. In fact, with the increasing quality-of-life issues
facing us today, such as environmental pollution and world hun-
ger, to stay the course is to act as a lamb being led to slaughter.

AMIN1
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ELDAEICARY SCHOOL SCIENCE FOR THE '90s

Recognizing our dilemma, President Bush has provided this
nation with direction by establishing a national goal related to
science preparedness. His priority is to "make American students
first in the world in math and science achievement by the year
2000."

Bush's words, however, are empty without a plan of action.
The authors of this text have provided that plan of action. Teach-
ers, administrators, mhool boards, and communities at large can
ignite a perpetual flame in the minds of youngsters by heeding
these words.

7
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DONNA JEAN CARTER

ASCD President, 1990-91
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Introduction

Will the earth still have an ozone layer in the year 2020?
Will Americans continue to eat too much and exercise
too little, cutting their lives shorter than they need to
be?
Will workers in the year 2000 have the thinking and
reasoning skills they need to succeed in their jebs?
Will our mat-grandchildren live in a world where half
the spedes we know now are extinct?

SCIENCE AND SCIENCE LEARNING ARE POPULAR MEDIA TOPICS TODAY.
More and more, citizens are making decisions through actions
(and inactions) that affect their own lives and those of others
decisions that require some measute of scientific literacy. Many of
those decisions are sending us down paths toward lives that are
less rich in the resources, health, opportunities, and freedoms that
we now enjoy. Fortunately, most of those paths are not one way;
we still can do much to maintain and even enhance the quality of
life on our planet. Two important things we can do are to pay more
attention to science and to provide children with the right kinds
of opportunities to learn it. The purpose of this book is to help
educators create opportunities for elementary school children to
start on the road to scientific literacy.

We need to ensure that science is an important part of
children's educational experience. Besides helping them make
better life-long decisions about themselves and their world, sci-
ence promotes critical thinking. More than a body of knowledge,
science is a way of thinking. It helps children develop skills in
observing, developing explanations, reasoning, and making in-

1.)
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ELEMENTARY SCHOOL SCIENCE FOR THE VOS

formed decisions. Valuable in and of itself, science also reinforces
other programs of study, such as language arts, math, and social
studies.

The time is right for promoting science in schools. With more
and more interest in science learning, there are lots of success
stories. Many teachers, schools, museums, curriculum developers,
national associations, and states are launching bold experiments
to improve opportunities to learn science.

Yet many others have had neither the resources nor the
opportunities to ad. sess children's science learning needs, or they
see the barriers to progress as too steep. They are plagued, and
sometimes paralyzed, by an endless list of questions:

Where do we start?
What should kids learn?
What changes will make the most difference?
How can we manage all the materials and the mess?
How do children really learn best?
How will we know we're succeeding?
Where do we get the resources?
How can we motivate teachers?
How do we convince people that science is important?

This past year, the National Center for Improving Science
Education, convinced that children need an early start, has taken
an extensive look at science in the elementary years. We identified
and synthesized the answers given by research, recent reports, and
practical experience to the overarching question, "What is good
science education, and how can it be ensured for every child?"
What we learned is discussed in a series of reports listed later in
this chapter. What we found that is most useful to practicing
educatorspeople who ask the questions listed aboveis in-
cluded in this book.

WHO IS THIS BOOK FOR?

This book is for decision makers: people who have or share
responsibility for school and district science programs. While
some of you hold the formal title of science supervisor or coordi-
nator, many have no specific science background and have other
priorities in addition to scienceroles such as assistant superin-
tendent, curriculum coordinator, principal, and lead teacher. We
also address this book to those of you with statewide responsibility

1 0



iNTRODUCTION

for science, with the hope that you will find it a useful way to share
good strategies for science programs with others in your states.

WHY IS THIS A GOOD UM?

There are a number of reasons why this is an especially good
time for science education, and, thus, for science leaders to im-
prove children's opportunities for early science learning. First,
science education is getting a great deal of attention, although
most of It is not positive. International comparisons, as well as
examinations of science learning within our country, indicate that
students of all ages are not learning science (International Associ-
ation for the Evaluation of Educational Achievement 1988, Mullis
and Jenkins 1988). Leaders from business and industry have voiced
strong concerns about how ill prepared their employees are to
tackle the jobs available today, let alone jobs of the future (Scheuer
1987, Twentieth Century Fund 1983).

Such attention has been motivating. It has caused many who
have not been concerned about science, or for whom science has
not been a priority, to take notice and, in some cases, action. While
the movement in state legislatures to increase graduation require-
ments has not reached down into elementary schools, the message
is clear: Children must be better prepared than they are now. Some
states are clarifying their goals for science in the early grades,
providing impetus for new and better approaches to science teach-
ing. Movements toward reforming teacher education and restruc-
turing schools to enhance student learning have the potential for
positively affecting science education. And there is experimenta-
tion with making tests and assessments correspond to improved
science curriculums. This is critical, since what gets tested usually
gets taught.

Current attention to science education is different from what
followed the launch of Sputnik in the late 1950s. Now the move
is toward science for all, not science for only those who would be
scientists. We are talking now about general scientific literacy, with
attention to population groups currently touched in only limited
ways by science: women and minorities. While increasing our
country's supply of scientists is still important, equally if not more
importalit is the need to raise the general level of scientific literacy
for all people. This is necessary if people are to make informed
decisions about major issues that face us and our world, issues like
nuclear power, personal health, the environment, and reproduc-

xi .Lt



ELEMENTARY SCHOOL SCIENCE FOR THE 90s

tion. The fact that these issues are reported and debated daily
bolsters the case for attention to science education.

A final reason why it's a good time to focus on science
education is that we now know a lot about how to improve school
programs. The '60s and '70s science program development efforts
left some excellent materials, and we now have better understand-
ings of where and how they can be used. New curriculum devel-
opment will soon offer options for schools that combine new
materials and teaching strategies with staff development and
support systems for teachers. Most elementary schools and teach-
ers have subscribed to the idea of activity-based science, although
more aspire to using it than are actually doing so. New cognitive
research suggests some additional strategies for turning what is
often just "hands-on" science into "minds-on" science as well.
Further, the literature on staff development and school change
offers a variety of effective approaches to addressing the need to
nurture the development of people as well as programs and to
providing the support needed to sustain initiatives for improving
science education over time.

HOW CAN THIS BOOK BE HELPFUL?

The messages, the motivation, the momentumall seem
pointed in the direction of addressing science learning needs of
children. But where do we start? How can we get a handle on all
that needs to be done and all we need to know to do it?

This book addresses these questions. It is organized by 13
findings of the National Center's work on elementary school
science (Figure 1), and is worded and directed as recommendations
to science leaders. Except for the first recommendation, they are
organized to respond to questions about curriculum (What should
we teach?), instruction (How should we teach?), assessment (How
can we identify successfsil learning?), and teacher development and
support (How can we prepare and support teachers to teach science
well?).

A chapter is devoted to each of the 13 recommendations. For
each we discuss:

What Is known from research, literature, and practical expe-
rience;

What ca 'one?

xii
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Figure 1
Findings of the National Center for Improving Sdence Education

1. Make science a basic.

Curriculum: What Should We Teach/

2. Build curriculums that nurture conceptual understanding.
3. Connect science to technology.
4. Includi. scientific attitudes and skills as important goals.

Instruction: How Should We Teach/

5. View science learning from a constructivist perspective.
6. We a constructivist-oriented instructional model to guide learning.

Assessment: How Can We identify Successful Learning/

7. Assess what is vdlued.
8. Connect curriculum, instruction, and assessment.
9. Use a variety of assessment strategies.

10. Assess programs as well as students.

Teacher Development and Support: How Can We Prepare and Support
Teachers to Teach Science Well/

11. View teacher development as a continuous process.
12. Choose effective approaches to staff development.
13. Provide teachers with adequate support to implement good science

programs.

Roles that can be played by local and state science leaders,
both short-term ard long-term;

Resources, materials, and exemplary programs; and
Key references.

Appendix A contains a list of basic references, a "must have"
selection for anyone interested in science education. Appendix B
provides contact information for the resources, models, and ex-
emplary programs described in the text. Throughout the book we
have included examples, checklists, and suggestions for illustra-
tion and motivation. There is no one way to pursue program
improvement, but knowledge of these important components, an
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assessment of where one is currently, and a willingness to experi-
ment are good places to start.

Additional Reports from the National Center
for Improving Science Education

In the Center's first year, the following reports on elementary
school science were completed:

Science and Technology Education for the Elementary Years:
Frameworks for Curriculum and Instruction

Assessment in Elementary School Science Education
Developing and Supporting Teachers for Elementary School Sci-

ence Education
A concise synthesis of the three reports, written for a broad

audience: Getting Started in Science: A Blueprint for Elementary School
Science Education

These reports provide substantial details on each recommen-
dation in this guidebook, in addition to specific references to
research and the literature on science education. Similar series of
reports, focused on middle school science and secondary school
science, are forthcoming.

WHAT DOES GOOD ELEMENTARY SCHOOL
SCIENCE TEACHING LOOK LIKE?

Good elementary school science teaching engages children in
the wonder :Ind the study of the natural world. It makes links to
technologythe ways human beings have solved problems and
adapted to living in the world. Science gives children opportuni-
ties to explore how things work firsthand, through activities and
experiences with a wide variety of materials. It stimulates them to
wonder, to be good observers, to make predictions, and to offer
explanations. It helps them construct their own knowledge of
scientific prhciples and concepts, making these part of the way
they see the world and the decisions they make about their lives.

We choose to call this approac h to science education "constructivist
science," for reasons that will become clearer in later chapters
(especially Chapter 5). It's not enough to call it "hands-on science"
or "activity-based science," since children can easily be engaged
in hands-on activities with no attempt to help them derive mean-
ing from their experiences. They are either left on their own, or
they are told what they should have observed or learned. Con-

13.%
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iNfRODUCI1ON

structivist ... _ace is based on the notion that we learn best when
we are able to construct our own knowledge. Helping children do
this from real-life experiences is good science teaching.

The following vignette illustrates what constructivlst science
looks like in practice.

"How do seeds live? Can seeds grow way, way deep in the ocean
and make seaweed?"How do seeds get inside of watermelons?"
"Hey! How do they make watermelons without seeds in them?"
"glow do seeds grow plants?" These were some of the many
questions asked by Ms. Lopez's 2nd graders. Today they are
thinking about seeds, the topic they are about to study, and Ms.
Lopez is keeping track of these questions on a chart entitled
"Questions We Have About Seeds." Another chart, entitled "What
We Know About Seeds," is filled with such statements as "seeds
grow in parks and gardens,"you can eat sunflower seeds," and
"carrots don't have seeds." These charts are referred to time and
time again as Ms. Lopez encourages questions to help the children
develop concepts and change opinions. She uses the children's
questions and comments to decide that the class is ready for a
"seed walk."

This morning the students go to a nearby park to collect seeds.
Each child, besides carrying a collection bag, wears an adult sock
pulled up to the knee over one shoe, providing a fuzzy surface to
which seeds can cling. When the children return from the walk,
they select one seed to study carefully with a hand lens. After each
child makes observations about what the seed looks, feels, and
smells like, and guesses how it might have traveled, the child
makes a presentation to the class in a meeting circle. Ms. Lopez
keeps track of the kinds of seeds discussed by taping the specimens
onto a chart. After the children tally the kinds and numbers of
seeds collected by the class, they develop picture graphs of the
results.

That evening, Ms. Lopez reflects on the differences in the
children's understandings of the structure and flinction of seeds.
She notes which children easily made observations and which ones
had more difficulty, which groups made more obvious or more
unexpected responses, which children seemed comfortable using
the lens for examining their seeds, and which ones seemed more
awkward. As she thinks of the multiple activities for the next day,
Ms. Lopez uses her notes to place children in groups so that their
discussions will prompt and challenge one another's inquiry.

XV
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ELEMENTARY SCHOOL SCIENCE FOR THE 90s

The next day, some groups count the seeds on their socks and
then plant them in large plastic bags, watering and setting them
in the window area. In the days that follow, they will be encour-
aged to observe the germination process carefully and to compare
the total number of seeds with the number that sprouted by making
"ratio" sentences. Ms. Lopez invites other groups to compare the
size of seeds by outlining the seeds on graph paper and then
counting tho number of graph squares each seed covers. The
students discover a great diversity of sizes and shapes in different
kinds of seeds, and that the same kind of seed has variations in
size and shape. Still other groups choose to continue working in
the "seed journals" that Ms. Lopez requires all students to keep.

They are either to paste in or draw the specimen and then write
about three seeds of their choice, including the same type of
observations they shared earlier in their meeting circle. Since
students of this age have a range of so tena-writing capabilities,
Ms. Lopez meets with each child to discuss his or her observations
and writing. She uses the journals and evidence from the meetings
to monitor the level of understanding the children have of such
concepts as diversity and cycles.

Ms. Lopez's class spends most of the week working on this
science topic, incorporating writing and math with inquiry-based
science activities. Other activities she will do with the children
include a fiction story about how a native American girl uses seeds
and plants, a garden song, and drawing the seedlings as they grow.
Her thematic, active learning approach is similar to one she
observed and practiced during her first year as a teacher, when she
was coached by a mentor as she tried her first interdisciplinary
unit.

In successive lessons, Ms. Lopez calls groups together and,
based on their explorations, asks several questions. As she records
the responses, Ms. Lopez asks the children to clari61 their answers.
Eventually, she will infvuluce new vocabulary information that
will help the students rt roect on their developing concepts. Some of
the children may not Ile sure about the new information; they will
need more time to talk about it, and they will do some additional
testing of their ideas to help make the new information part of
their personal understanding of seeds. When Ms. Lopez taught
this unit last year, for example, several youngsters insisted that
the lima bean embryos they discovered earlier would grow into
lima bean plants even without the seed halves attached. They were
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convinced that the embryos could "eat" the soil and water and
grow into adult lima bean plants. Through careful questioning,
Ms. Lopez was able to guide these children to design a test of their
beliefs. She found that they changed their point of view after they
conducted the investigation, and that they now had some addi-
tional questions to pursue.

After several weeks ofstudying seeds, Ms. Lopez .ecognizes that
the children have learneda great deal about such science concepts
as diversity, life cycles, and structure and function. They have
become adept observers andask questions of each other and of her
concerning these developing concepts. Ms. Lopez knows they will
soon be ready to apply these new levels of knowledge and skills to
other science areas. The children will, as a group, construct a
booklet on how to plantseeds and care for the seedlings. Ms. Lopez
will keep notes on the progress of individual studentsand the class
as a whole. This will help her plan and design more effective
science instruction to use in future classes. It will also provide
sourre material that will enable her to make more formal assess-
ments in report cards, in conferences with parents, andfor the.lass as a wholeto Mr. Sandowski, the 3rd rade teacher.

Ms. Lopez's choices of curriculum, model of learning, andmodes of assessment are all discussed in detail in the chapters thatfollow.

References
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1.
Make Science

a Basic

Although only 5 percent of the current student
population will choose a scientific career, all students
will live in a world that is increasingly shaped by
science and technology. Science capabilities will be
required for individual decision maldng and for the
economic and technological advantage of our country.
Making science a priority in schools today can equip
students to live in the complex world of tomorrow.

WHAT WE KNOW

Until recently, science education has not been considered
basic in the elementary program. Consequently, it has not
received the attention and support at either the national or state
level to build the types of strong net% -rks and implementation
mechanisms characteristic of reading and mathematics programs.
The most effective program models to date exist outside the United
States in countries like Japan, the United Kingdom, Hungary,
Germany, and Israel. One favorable outcome of the hail of negative
reports of poor U.S. student performance in science is the attention
now focused on the improvement of science education, especially
at the elementary level. The renewed interest in science as basic is
evident in the funding the National Science Foundation now
receives and directs toward improving science education programs
across the nation.
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Though a spotlight is new on science education, some educa-
tors remain skeptical and persist in asking, "Why make science a
priority in elementary schools?" There are many reasons; follow-
ing are several of the most important:

We know, for example, that an important prefix to pro-
ducing scientifically literate adults is actively involving kids
in doing science when they are young. Observe children at play
and you will undoubtedly agree that they want to know about the
fascinating world in which they live and to share what they're
learning with others. Kids are born scientists--just listen to the
questions they ask about the beauty and wonder of the earth and
the technological wizardry that continues to transform this
planet.

It is equally important to recognize that science education
prepares students for what lies ahead as well as furthering the
basic goals of education. All students will face major challenges
when they leave school: They'll need to become fully active voting
citizens, secure jobs in an increasingly competitive world, and
make capable plans and choices based on available information.
Good science education addresses these needs in countless ways
Consider, for example, how problem-solving skills learned in
science can help a person to make thoughtful decisions about the
costs and benefits of protecting the environment while living in
an expanding world economy. Or how students may one day
compete in the international marketplace for a growing number
of jobs requiring technical and managerial skills well beyond what
most high school graduates exhibit today.

As consumers, and perhaps as parents too, students will have
to make difficult decisions about the role technology will play in
their daily lives. And, as lifestyle choices play an increasingly
important role in health, people will need to make informed
decisions about how to get and stay healthy. Clearly, knowledge
of science and technology can move students in significant
ways toward achieving all the goals of education while at the
same time helping our nation to seize the obvious economic
and technological advantages of scientific literacy.

How can we ensure that students take advantage of what
science education has to offer? First, we need to make time for
science in the elementary curriculum. Students need to spend far
more time than they are now spending in the related fields of
science, technology, environmental education, and health to
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cull the substantial advantage from solid, science-related learning.
Ideally this would happen from kindergarten through grade six,
and not just when teachers happen to have a good science unit.

Second, we need to seriously address the fact that science is
not seen as a basic for all students. Many researchers, and even the
public, are finally taking note of the coursework, career choices,
and the low scientific literacy of many temales and minority high
school students. When given a choice, they tend to steer clear of
science. This "turn off" to science generally occurs in the middle
grades, so it may be that elementary schools somehow fail to turn
kids on to science, especially females and minorities. Solving this
problem will require more than a scorecard and superficial, quick
fixes. Rather, we must work to make and keep science a priority in
elementary schools by using meaningful science learning to cap-
ture and maintain the innate curiosity of all students throughout
the elementary grades. In this way, no one will be left out of the
thrust toward more technical sophistication.

Finally, let's keep in mind that by setting the stage for good
science learning, teachers play a pivotal role in helping students
discover for themselves how the world around them works. When
teachers work to sustain this curiosity through the middle grades,
students are more apt to feel positive about continuing to learn
science.

If teachers can play a major role in facilitating true science
learning, why then do most not give science education the
"basic" status it deserves? Simply because teachers understand-
ably teach what they are most comfortable with, and since little
of their preparation and inservice training focuses on helping
them become competent science educators, we cannot realistically
expect them to feel good about teaching science. A description of
Chris Zajac, a second grade teacher whose classroom life is por-
trayed in Tracy Kidder's ( 19%19) book, Among Schoolchildren, says it
all:

She left science for last. For several other subjects she used
textbooks, but only as outlines. She taught science right out of the
book; this was one of those texts that takes pains with the obvious
and gives the complex short shrift. Chris didn't know much science
and didn't usually enjoy teaching it. Sometimes she let creative
writing encroach on science's time. About one day in ten she
canceled science altogether and announcedto cheers, Felipe's the
loudestan infurmal art lesson. She often felt guilty about science
(p. 32).

3
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Chris Zajac is not alone. Science is rarely taught at the elemen-
tary level, and when it is taught, it's often at the end of a long
school day. The absence of substantive training also helps to
perpetuate the myth among some elementary teach ns that teach-
ing science is hard, and that they may not be smart enough to pull
it off.

Another reason that science is not yet a basic is that, even
when given the opportunity, many teachers opt not to upgrade
their skills in science educationand why should they? In the
current system, there are few incentives to do so; administrators
at all levels do not see science as a priority. And there are few if
any rewards for teaching science well, compared with those for
exemplary language arts and math teaching.

It is therefore clear that without sufficient training, knowl-
edge, and materials, teachers will not change their minds or
their practices regarding science education. To make science
genuinely basic, teachers must be provided with the necessary
academic background and decision-making opportunities to
choose appropriate curriculum materials and classroom method-
ologies. A quality science education program has students actively
engaged in science learning. Fortunately, most teachers already
have the zest for learning and teaching techniques that can help
children learn by experiencethe cornerstones of excellence in
science teaching.

Although there are clear benefits from employing basic scientific and
technological thinking skills, we as a society will not be able to realize i

them unless we do a better job of giving science education the priority it
deserves.

TAKING AcTION ON WHAT WE KNOW

How can we make science a basic? We can start by creating
a clear and public need for science education by marketing the
benefits of a comprehensive elementary science program. Grab
both staff and community interest by making science something
everyone can do and benefit fromkids, teachers, parents, the
school, and the communityby providing learning experiences
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that excite people and convince them that learning science is
useful and can have direct application to their daily lives. Such
activities might include science olynroads, Family Science (sci-
ence activities for parents and kids to do together after school),
Saturday academies, and taking advantage of museums, zoos, and
botanical gardens. Promotional events need to spell out the ben-
efits of learning science, including increasing the base of scientific
literacy for all, acknowledging the marketability of science learn-
ing, keeping America economically competitive through techno-
logical and scientific advantages, and fostering the overall goals of
education by preparing students to make knowledgeable decisions
about the environment, their health, and other science and tech-
nology issues they face daily.

Another way of making science a basic is to use it as a vehicle
to teach critical thinking skills. What better way to learn to
analyze, reason, ask questions, and test ideas than through expe-
riences with scientific phenomena. These skills can then be ap-
plied throughout the curriculum.

Formulating a comprehensive vision of science education
for the state or district would also help to make science a basic.
This effort begins by developing a philosophical basis for the
program that is founded on both a school and community vision.
Current policies, like time allocation, could then be reviewed for
their enabling capacity. Other "vision efforts" might include
adopting effective teaching strategies, like the instructional model
proposed in this book, and allocating resources for (1) teacher and
leadership development, (2) materials that support good science
education, and (3) a comprehensive assessment system that is
based on the learner outcomes sought by the new program.

The issue of classroom time is central to making science a
basic. To be adequately prepared to become scientifically liter-
ate, students need to spend between 120 minutes (in grades
1(-3) and 300 minutes (in grades 4-6) per week on science and
technology education. Currently, elementary students spend
about as much time in science as they do in spelling: roughly 100
minutes per week. This amount falls far short of what it takes to
achieve scientific literacy. And it's not just a matter of how much
time is spent on science, but of how that time is spent. Science
education that is worth the investment of time is characterized in
Chapters 2 through 4.

S
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Many educators wonder, "How can I find time to teach science
given the already crowded elementary curriculum?" Our answer
is to integrate other school subjects with science in appropriate
ways, thus using science experiences to teach other basics. Indeed,
language arts instruction would be enhanced by the substance of
science as subjects for reading and writing, and the real problems
generated by science questions could be used as a vehicle for
learning math. It is important, though, to guard against losing the
integrity of the discipline at hand during the process of subject
integration, taking care not to use one content area merely to
illustrate another. Instructing students to draw leaves with cray-
ons, for example, does not make for an integrated art-science
lesson. What then constitutes a useful approach to subject inte-
gration? Employing the same example, students could observe
different leaf types, and subsequently draw serrated, lobed, and
notched leaves. In this way, the concept of diversity would be
explored. While integration of subjects is desirable, it is not the
panacea for reaching the recommended time allocations, or for
making science a basic. Other strategies are considered at various
points in this book.

LOCAL ROLES

Things to do now:

1. Initiate a public relations campaign that spells out the
benefits of a solid science program. Principals, teachers, and
science supervisors can illustrate the value of successful science
programs at VIA, PTO, and back-to-school programs as well as to
community groups, local newspapers, and cable stations (see
Figure 1.1). Feature science education along with reading and
math, so that parents and the media develop an expectation for
achievement, homework, and extracurricular activities like field
trips and science clubs. This will create a positive cycle, wherein
the public requests information about science programs and edu-
cators regularly provide the "hot news."
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Figure 1.1
ideas for Media Coverage

Requests for citizens to serve on science curriculum review commit-
tees, which get a pool of interested community members involved
and signal to the public that curriculum is being reviewed.

Reports by committee members of their experiences, what they
learned, and what their opinions are of the course to be .aken in
curriculum review.
Letters to the editor by committee members to share positive experi-
ences.

Reports of what is being done locally, prepared and released follow-
ing major national news stories (e.g., comparison of test scores,.
Department of Education pronouncements).

Articles in university publications describing how faculty and staff
members aid science education projects, stressing collaborative ef-
forts supported by national research. This aids and strengthens all
institutions seeking community support.

°Grabbers.' that will interest the media, like kids' pictures and unique
activities, can explain what educators are doing in developing, revis-
ing, or implementing a new science program. In one community, for
example, isopod (rolly polly) behavior was being studied in a school
district science unit. Isopod races at noon at the city center involved
business as well as school teams. The event was sponsored by the
Audubon Society's Urban Education Program, developed as a com-
munity complement to the school district's curriculurn development
process.

2. Identify or develop exemplary science programs that
meet the district's vision of what science education ought to
be. Then support program adoption with appropriate training,
resource allocation, and other considerations that will ensure
successful implementation.

3. Provide incentives that recognize the achievements of
principals and teachers who, despite the myriad of obstacles, are
involved in developing and maintaining exemplary science pro-
grams. Incentives can include educational bonuses funded from
state, federal, or private sources; trips to national or regional
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meetings of professional associations; or special roles as science
specialists, trainers, or resource people.

4. Establish communication and lines of authority be-
tween district curriculum leaders and other program staff, such
as Chapter 1 and special education. When administrators, teach-
ers, and parents do not see science as a basic, it is easy to justify
pulling students out of science class for special help in language
and math. Yet science can be particularly useful by helping stu-
dents unsuccessful in other areas to learn language and math by
exploring and making sense of their natural world. Further, be-
cause Chapter 1 and special education students are dis-
proportionately minority students, who, as they grow up,
participate less and less in science, it is particularly important that
these students participate fully in elementary science programs.
Categorical program .;taff at all levels need to work more closely
with science curriculum staff to diminish the negative attitudes
and science anxiety that obstruct scientific literacy for all. Seeing
that no children are pulled out of science class for special assistance
and including categorical program teachers and aides in science
inservice programs can go far in establishing science as a basic.

A "can do" attitude will accomplish more for science education than
either money or mandates.

Things to do for the future:

1. As new assessments are developed, publish the results
and celebrate the outcomes.

2. Encourage extracurricular programs like Invent Amer-
ica!, Family Science, and science olympiads, which highlight
student involvement and promote science awareness in the com-
munity. Look to sources of informal science education, such as
museums, zoos, and parks. Link school efforts with those of local
scientists as well.

3. Develop liaisons with community leaders, representatives
from the business community, and state and federal agencies to
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reinforce science as basic to the elementary curriculum. Ulti-
mately, education in America is a grass-roots enterprise. Despite
the rhetoric of top-down control, teachers and schools remain the
locus of control in this 'arge and complex system. State and federal
policies will value the will of the teaching community if a consen-
sus forms around science as basic; in turn, this will pave the way
for creating "science-as-basic" initiatives.

4. Include science on the agendas of staff meetings, district
reviews, and as a specific part of building goals. District admin-
istrators can regularly check with building administrators, asking,
"How is the science program going in your building? Have you
heard the kids talking about it? What are teachers saying about it?
Have you had any reaction from parents?" Likewise, building
administrators can ask teachers, "How is science going? What's the
most exciting thing your children learned in science recently?
How much time are you spending on science? What are parents
saying?" This type of ongoing attention will help reinforce the
belief that science is important.

STATE ROLES

The most important function that a state agency can play is to keep
science in the policy arena.

Things to do now:

1. Designate science as:essment results as a priority, along
with reading and mathematics scores (but only if and when the
assessment is a good measure of valued science learning out-
comes). Each year, major press releases focus on performance in
the three Rs. If science were added to that tracking, principals,
school boards, superintendents, parents, and teachers would pay
closer attention to the quality of their K-6 science program. Chap-
ters 7 through 10 include strategies for measuring "learnings that
count" in science education.

e
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2. Identify praiseworthy elementary science teachers hnd
programs in the state, and feature them as models for other
schools and districts to emulate. Recognition programs, like a
governor's award for excellence in science teaching, serve the dual
functica of keeping success in science in the public eye and
rewarding elementary teachers for their accomplishments.

3. Begin a statewide elementary science initiative that
trains elementary teachers in how to use their vast repertoire of
experiential learning techniques in the context of science and
technology education. The campaign should showcase the enor-
mous payoff to teachers applying their skills to promote newkinds

of learning.
4. Send a strong message to categorical program leaders

and teachers to promote science as a basic for students in
Chapter 1 and special education programs. Not only is science an
important motivating vehicle for teaching other basic subjects,
but emphasizing science in elementary grades may alleviate the
lack of interest in science of minority students in later grades.

S. Acknowledge that science is basic by advocating appro-
priate levels of classroom time, inservice opportunities, and in-
structional material funds. Providing money, mandates, and
classroom time to make science education a basic sends a message
throughout the education community about the priority that
science in schools deserves.

Things to do for the future:

1. Sponsor an annual statewide Science for the Elementary
School Conference. Feature teachers and others who support the
kind of science described in this book. Invite school people as well

as those from universities and intermediate agencies whose role it
is to support the continuous learning of teachers and the imple-
mentation of new programs in schools.

2. Promote science education as doable for every district
and school in the state. Adding science as a basic will not succeed
if it is perceived as an onerous task. A science education effort must
build from a base of local support that has created long-term
maintenance of reading, writing, and mathematic! programs.

3. Begin a long-term public relations campign to help
parents and community leaders value science education as a
priority. The campaign plays on three important themes: (1) the

t.

10



MAKE SCIENCE A BASIC

economic prosperity (new and expanding job markets) and en-
hanced quality of life that are an outgrowth of scientific literacy;
(2) the enjoyment and self. confidence that develop in people who
have a command of their place in the natural and technological
environment; and (3) the teaching of critical thinking skills, so
necessary for future learning and decision making.

4. Work through professional associations, such as those
for math and reading, to identify strategies whereby science
education can be promoted and described as essential. The impor-
tant point to emphasize in cross-curricular discussions is the need
to preserve the valued outcomes for each subject. The science
needs to be accurate, the mathematics need to be correct, and the
grammar needs to be conventional in integrated tasks.

5. Develop incentive programs for districts and schools that
create and maintain exemplary elementary science programs for
all students. Beyond simple recognition, districts and schools
where science excels need to be viewed as models and rewarded.
Take advantage of these settings by appropriating funds to use
them as professional development centers that provide special
assistance to schools in surrounding areas.

6. Implement a system of review for all districts, and define
sanctions for districts that fail to adhere to state standards for the
quantity and quality of science programs at the elementary level.
As a last-ditch strategy, it may become necessary to pressure
districts that will not or cannot offer their students a basic science
program. Productive forms of correction involve assistance, man-
dates, and permanent staffing; external inoculations of the quick-
fix variety, like one-time inservices, will be useless in the long run.

MODELS AND RESOURCES

A Local Model: The purpose of the Denver Audubon Society
Urban Education Dissemination Project is to develop and support
knowledgeable community members who understand and advo-
cate an effective school science program. The project's manual and
personal assistance guide community members to provide leader-
ship, obtain funding, and offer meaningful training to adult
volunteers for delivering a learning program in eco'ogy for 3rd
through 5th graders in urban settings. Similar projects are run by
local Audubon Societies in Seattle, Wash., Prescott, miz., Arling-
ton, Tex., Louisville, Ky., and Boston, Mass. In Birmingham, Ala.,
the Ruffner Mountain Nature Center takes the lead, and in

c r.
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Broward County, Ha., the local school district and PTA are the
sponsors.

A Local Resource: Family Science, under development by the
Urban Coalition, offers a set of activities that parents can use with
their elementary-aged children outside of the school day.

A Local Resource: Invent America! is a national education
program and student invention competition designed to stimulate
creativity and develop problem-solving skills. Available to all
public and private school students in grades K-8, Invent America!
culminates in an annual national competition in Washington,
D.C., with student inventors who have won competitions in their
schools, states, and regions. The program is sponsored by the
United States Patent Model Foundation.

A Media Resource: A Private Universe, a film developed by the
National Astrophysics Center at Harvard University, underscores
and illustrates the misconceptions adults hold about scientific
concepts, even after they have completed many years of formal
education. Distributed by Pyramid Films and Media.

A State Model: The New York Elementary Science Syllabus is an
example of an effort to make science a basic part of the elementary
school curriculum. First, it stipulates that science is as basic as
language arts, mathematics, and social studies. It makes clear that
scientific literacy must begin early with regular, positive experi-
ences with the natural world. Second, it acknowledges the role of
basic thinking abilities in the development of the whole child. It
shows how facility with numbers and words is absolutely neces-
sary to the development of scientific concepts. Third, it recognizes
the wider contribution science can make to developing a broad
range of intellectual skills for all children. The syllabus demon-
strates the manner in which youngsters learn how to learn via the
methods of science.

Note: Contact information for models and resources in all
chapters can be found in Appendix B.
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2.
Build Curriculums

that Nurture
Conceptual

Understanding

Effective elementary science programs incorporate
major scientific concepts and themes into study topics
of interest to children. In doing so, they help children
function well in the bewildering complexity of the
natural world.

WHAT WE KNOW

In Chapter 1 we answer the question, "Why make science a
basic?" In this chapter, and in Chapters 3 and 4, we address the
question, "What should be taught in the science curriculum?" The
conceptual approaches we advocate stand in stark contrast to
typical approaches to elementary science, which emphasize dis-
crete topics, uncoordinated facts, and disembodied vocabulary.
These only reinforce the complexity of the natural world, rather
than giving children powerful conceptual tools that can help them
make sense of nature's complexity.

Most teachers orient their programs around topics, focusing
on the factual information associated with each. But a "topics with
the facts to match" approach to science curriculum works only if
the chosen topics and their attendant facts illustrate concepts that

rr
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pervade science and technology. When children learn the impor-
tance of patterns and how to find them, they have the knowledge
and tools to begin simplifying and understanding a complex
world. In a similar fashion, r' her "big ideas" provide frameworks
for understanding the richness and complexity of science and
technology. Here's why:

For starters, free-floating, out-of-context facts are generally
meaningless to mostif not allstudents. This is especially true
for young students and those whose learning styles are visual,
tactile, or holistic, rather than symbolic. Vocabulary-driven cur-
riculum guides and textbooks often result in science classes that
resemble trivia games. Is this the kind of science learning we want
for young people? Will it provide them with meaningful informa-
tion that is relevant to our time in history, as well as students' own
lives and cultures? And, finally, does it have a useful purpose?

We don't think so. Instead, children need to develop an
understanding of a few major concepts that explain how the world
around them works.

Children invent concepts on their own. Good science pro-
grams help them do so more effectively by creating rich environ-
ments that encourage exploration and concept development. In
this way, children develop conceptual understanding as they
construct and refine concepts that integrate their experiences into
coherent wholes.

Science education should give life to the popular aphorism, "less is
more."

The examples that follow illustrate how conceptual ap-
proaches to elementary science contribute to the development
and application of powerful science concepts. Dinosaurs and seeds
are two of the most popular topics in the elementary science
curriculum. As these topics are usually taught, the focus is on
factual information and scientific vocabulary. Children memorize
the names of the dinosaurs; they learn which were the largest,
which were plant eaters, and which had bony projections along
their backbones. This vocabulary-laden, factual approach to dino-
saurs misses opportunities to introduce concepts that are easily
developed while Eviclying dinosaurs, such as diversity and variation.

C4.
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On the basis of appearance, dinosaurs and seeds have little in
common. Dinosaurs are animals; seeds are parts of plants. Dino-
saurs are extinct; seeds are capable of developing into living
organisms. Despite their differences, each can be used to illustrate
concepts that apply across the biological sciences. As students
engage in the study of these organisms, they have the opportunity
to refine ideas they have invented to organize the natural world
and to learn how these ideas apply to natural objects that would
set sn to have little in common.

Through the activities of collecting and sorting seeds and
dinosaur models, students learn about diversity and variation in
biological organisms. Dinosaurs and seeds exist in diverse sizes and
shapes. Some species of dinosaur are hundreds of times the size of
a third grader, while others could be easily carried under the same
third grader's arm. But not every Tyrannosaurus Rex was exactly
the same size. Just as humans vary considerably in height, Tyran-
nosaurus Rex varied in length. In a similar fashion, observations
of a collection of seeds or the measurement of the lengths of lima
beans illustrate the concepts of diversity and variation.

When students sort dinosaurs and seeds on the basis of
physical attributes, they are learning to impose order on their
natural environment and to search for relationships between an
organism's structure and the ways in which it functions. For instance,
dinosaurs can be sorted by the shape of their teeth: We know that
dinosaurs with flat teeth were plant eaters while those with
pointed teeth ate other animals. Thus the form of the teeth can be
related to the function they serve, namely grinding plant materials
or tearing animal flesh.

Seeds also illustrate the pervasive relationship between form
and function, something Ms. Lopez was well aware of as she
planned her lesson (see Introduction, pp. xv-xvii). Her students
sorted seeds based on the characteristics of their seed coats. Seeds
that caught on students' socks as they shuffled through the weeds
have hooks on their seed coats that catch on clothing or animals
and are carried far away from the parent plant. Seeds that are left
behind have smooth seed coats. Some are thick, i ,otgestible, and
are dispersed by animals in their feces. Other sec :tie aerody-
namic; they are dispersed by being shot out of drie.. 4-2d pods or
have wings that carry them along on the breen.

Children's investigations of the solar systerr .ibute to the
development of other concepts: system, model, and change.
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As children learn about the position of the planets relative to each
other and to the sun, they come to realize structural relationships
among the components of a larger system. Building scale models
of the solar system contributes new meaning to the concept model
and a new dimension to the meaning of scale. Observations of the
moon over a period of several months gives enriched meaning to
the concept change. These same observations contribute to the idea
of systematic changes that are repetitive. Thus the phases of the
n.:. rovide children with an example of a cycle, a concept that

again and again in the natural world.
.cientific concepts such as diversity, variation, order, structure,

fim . .,on, model, scale, system, subsystem, and change integrate topics
as di verse as dinosaurs, seeds, batteries and bulbs, and the solar
system. A conceptual approach to science consciously draws
children's attention to these concepts as they study differen
aspects of the world around them.

Conceptual approaches make sense. Concepts bring coher-
ence to the natural world and unite the scientific disciplines. Con-
cepts provide a framework for elementary science curriculums,
which students can use to integrate facts and experiences. They
promote greater understanding from fewer topics, through depth
rather than breadth.

. acepts bring coherence to information and experience.
Free-floating, out-of-context facts and vocabulary are meaningless
and a e remembered only until the end-of-chapter test. Science
classt `hat resemble training grounds for trivia competitions are
a wastc of time.

Concepts enable lifelong learning. Facts are important, but
concepts are more powerful learning tools. With experience, chil-
dren elaborate on and increase the sophistication of their con-
cepts; comparatively simple understanding of a concept such as
cause and effect is adequate to most situations children encounter.
But more important, children begin to build from their childhood
experiences, continuing to elaborate their concepts into the more
sophisticated understandings required to deal effectively with
issues of adult life.

The approach we advocate is consistent with recommenda-
tions of scientific and mathematics groups. For example, new
national standards developed by the National Council of Teachers
of Mathematics (1989) state:
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A conceptual approach enables children to acquire clear and
stable concepts by constructing meanings in the context of physical
situations and allows mathematical abstractions to emerge from
empirical experience. A strong conceptual framework also provides
anchoring for skill acquisition (p. 17).

While the organizing concepts differ from report to report,
their basic importance is recognized by all. For instance, the
American Association for the Advancement of Science's (1989)
Project 2061, named for the year Halley's Comet will once again
visit us, is a national effort to define what the well-educated citizen
should know in that year. Project 2061 identifies six common
themes that pervade science, mathematics, and technology: sys-
tems; models (including physical, conceptual, and mathematical);
constancy (including stability and equilibrium, conservation, and
symmetry); patterns ofchange (including trends, cycles, and chaos);
evolution (including possibilities, rates, and interactions); and scale.
The Project 2061 authors argue that science curriculums should
be centered around these themes because the themes appear
repeatedly throughout the history of humankind and they tran-
scend disciplinary boundaries.

In a fashion similar to our recommendations and those of
Project 2061, the California State Department of Education (1989)
urges curriculum developers and teachers to weave six major
overarching themes into the science curriculum: energy, evolution,
patterns of change, stability, systems and interactions, and scale and
structure. The California authors recognize that alternative themes
or major concepts might be used, provided that they permit
integration of otherwise isolated facts and minor concepts. A
curriculum that has a thematic structure allows students to see the
connection of facts and concepts across the scientific disciplines.

For the first time in recent educational history, several signif-
icant educational groups, working independently, have recom-
mended that the way to achieve a curriculum that emphasizes
depth over breadth is to highlight major ideas, concepts, or
themes, rather than masses of detailed terminology and facts. But
what does this growing national consensus mean for developing
curriculum? Are we calling for a common scope and sequence
centered around just a few themes? Is it appropriate to develop
units of study for each of the identified themes or organizing
concepts? We don't think so.
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If we want science curriculums to have lasting value for students, we must
address the "big ideas" so that detailed information about science be-
comes connected, becomes meaningful, and contributes to successful
problem solving.

Curriculums can be organized in several ways. Some are
organized around topics of interest to children; some are organized
around the processes of science; some adapt materials already in
hand to match important new learning goals in science; still
others, indeed, are organized around major concepts. Regardless
of where curriculum developers start, we s .ggest that they look for
ways to illustrate or reinforce a set of major concepts throughout
the elementary years.

As we have shown, teachers need not discard such favorite
topics as dinosaurs and batteries and bulbs. Rather, they can treat
existing units in ways that will nurture conceptual development.
For instance, dinosaur study lends itself naturally to the idea of
scale and the use of models. Through the activities of observing,
measuring, and inferring, these important concepts will be en-
riched in the minds of students who are captivated by dinosaurs
and want to learn more about them.

Batteries and bulbs are commonly found in elementary sci-
ence programs. They are appealing to children; us.: -ommon,
readily available materials; and can be used to create an environ-
ment that nurtures the development of concepts, skills, and atti-
tudes of science. "Can you make the bulb light using one battery,
one bulb, and one wire?" invites students to engage in exploration.
In the course of their investigation, they will question, hypothe-
size, make predictions, test their ideas, fail, try again, design
experiments, formulate models, and interpret data. They will
make decisions. They will become acquainted with another exam-
ple of cause and effect, &ange, a system (the simple circuit), and
making models. The conceptual approach differs substantially
from one that teaches the single "right way" to light a bulb or
requires memorizing technical terms such as conductor, resis-
tance, ampere, and volt.

Major concepts can also provide a framework for curriculum
developers designing new units of study. Ms. Lopez chose to teach
seeds for a variety of reasons: They were interesting to her students,
they were in the children's natural environment, and they were
an important building block of plantskey elements of the natu-

rl
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ral world. Ms. Lopez could have designed a seeds unit that was fun
and followed the children's interests but wouldn't necessarily
build conceptual understanding. Instead, she also considered
major ideas that could be incorporated into the unit. As she
designed the unit of study, she selected activities that encouraged
her 2nd graders to use their study of seeds to help them refine their
understanding of such concepts as diversity (Are all seeds alike?),
scale (Do big plants come from small seeds?), and change (What
is the life cycl of a flowering plant?). While sophisticated under-
standing of these concepts is not expected for 2nd graders, the
experiences of elementary science are essential to their develop-
ment.

This orientation provides a "connectedness" that also fosters
scientific "habits of mind" and a positive attitude about learning
science, as children witness experiments and participate directly
in activities that fit into some larger picture.

TAKING ACTION ON WHAT WE KNOW

What steps will help schools create elementary science curric-
ulums that nurture conceptual understanding?

First, science leaders at all levels should alert the profession
and the public to the need for a more thoughtful, conceptually
rich curriculum for all students. Fortunately, many organiza-
tions like AAAS, NSTA, and the National Center are already issuing
statements for more concepts and fewer details. They can use the
work of these organizations in presenting this new thinking to
practitioners and the public. It is equally important for universi-
ties, states, and districts to work together in the movement toward
depth over breadth. ',.;urriculum guidelines, syllabi, and college
entrance requirements must be modified to develop a more holis-
tic, concept-oriented approach to science learning.

Next, we need to ask what current textbooks and other
instructional materials emphasize. What do they highlight in
their bold, underlined, or shaded text: facts, terminology, and
minor concepts; or major concepts, skills, and themes? Most likely
the former. What do the questions they ask students call for:
understanding or rote memorization? We need to apply these
questions to elementary science kits, laboratory manuals, and such
educational technology as microcomputer simulations and inter-
active videodiscs. No one material or set of materials will cover all
pertinent concepts, skills, and themes; suppl .nentary materials
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must be found to round out the curriculum so that by the time
they reach high school, students will have had lots of experience
with a range of important concepts.

It is inappropriate to blame commercial publishers for textbooks that do
not reflect what we know about good science education. It is our role to
create the demand for instructional materials that stress depth over
breadthin states where adoptions exist, and in districts throughout the
country.

A third area we need to examine is assessment. Do our
assessment systems focus on concepts, themes, and skills that cut
across topics? For formal assessment, clearly we need to move from
test items that reward only convergent thinking to assessment
tools that tap students' abilities to be divergent thinkers who can
explore multiple concepts and connections. Hands-on and perfor-
mance assessment strategies need to be developed that provide
insights into what parts of science concepts are understood and
how they were learned. This is as true for assessments used by the
teacher in the classroom as it is for wide-scale assessments man-
dated by a district or state.

Informal instructional activities can also heighten student
understanding of concepts, themes, and skillsscience olympi-
ads, exploratorium-type museums, and other avenues for students
to share their experiences in the broader educational community.
Clearly, both formal and informal sdence learning will need to
mutually reinforce a depth-over-breadth approach.

LOCAL ROLFS

Things to do now:

1. Meet with instructional leaders to analyze existing cur-
riculums to see how the materials can be strengthened to develop
conceptual understanding. Use big ideas that weave through
science activities and are reinforced across grade levels.

2. Create mechanisms for the selection of tek id instruc-
tional materials that are consistent with this approacn. Curricu-
lum coordinators and staff can assess texts and materials for what
they highlight, what types of skills and understandings are called
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for by student questions and activities, and what outcomes are
stressed.

3. Reward individual students and cooperative learning
teams that master divergent thinking rather than convergent
thinking related to trivial science facts.

Things to do for the future:

1. Provide staff development opportunities that emphasize
depth of scientific understanding over isolated, unconnected in-
formation. A useful methoo might be to walk teachers through a
sample curriculum or unit of study that builds depth using major
concepts, themes, and skills, and then ask them to examine their
own program's topics in a similar way.

2. Base selection of new teachers (and current teachers'
professional development plans), in part, on their orientation
toward such strategies as:

Teaching that imorporates major concepts of science (e.g.,
cause and effect, organization) rather than merely focusing
on interesting but unconnected informational content;

Informally assessing the prior knowledge that children
bring to the science topic at hand, so that the teacher can
make judgments about where to begin and how certain
activities might help children link new knowledge to what
they already understand;

Using textbooks in a way that encourages children to link
new knowledge to prior knowledge so they develop a more
refined understanding of major scientific concepts;

Using assessment and grading practices that reward stu-
dents for struggling to understand new concepts rather
than only reciting textbook information.

3. Bring both parents and community into the classroom
to experience a concept-rich, depth-over-breadth approach to
science education. Encourage community-based efforts (e.g., mu-
seums, science fairs, science olympiads) to take this same ap-
proach.

t,
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STATE ROLES

Things to do now:

1. Encourage and promote dialogue among curriculum
leaders, including science supervisors and building principals, to
forge a professional consensus on the importance of conceptual
development to elementary science instruction. Building princi-
pals are critical change agents, so they need to understand the
importance and significance of the big idea orientation. Moreover,
this view needs to emanate from a consensus among curriculum
leaders across districts.

2. Encourage university science educators and academic
department faculty to join elementary educators in fleshing out
when and how major concepts, themes, and skills can be empha-
sized within topics that are appropriate, or are traditionally taught,
in the elementary grades. Changing to this approach is a challeng-
ing task that requires content specialists and practitioners to join
together to design a few high-quality units of studyunits that
focus on a topic like seeds, but which include activities that allow
kids time to wrestle with major conceptual understandings.

3. Develop and disseminate curriculur guides and other
documents that provide models of how major concepts and
themes can be used in learning science. The National Center's
report, Science and Technology Education for the Pementary Years:
Frameworks for Curriculum and Instruction (Bybee et al. 1989),
provides insight into this approach. Units of study developed in
item 2, above, can be collated and shared at state and regional
professional association meetings.

Things to do for the future:

1. Develop and disseminate inservice programs that serve
as models of how districts can implement a concept-rich approach
to science instruction. Models should help teachers see how they
might design lessons, use cooperative learning strategies, use
textbooks to develop conceptual understanding in children, ask
effective questions, and assess student learning of concepts rather
than isolated facts.

2. Encourage colleges, universities, and school district
personnel departments to develop and nurture preservice pro-

A
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grams that emphasize teaching for big ideas. Changes will be
necessary in the science Lourses prospective teachers take as well
as in professional science curriculum and instruction courses.
Curriculum guides and other documents developed in response to
item three, above, could be used to strengthen these emerging
programs.

3. Develop textbook adoption standards that favor text-
books that incorporate major concepts, themes, and skills. These
differ from the typical perspective, which results in coverage of
multiple content domains and extensive lists of new science
vocabulary.

4. Work closely with assessment personnel and test corn-
Tiles to encourage the development of assessment procedures

and instruments that focus more on major conceptual under-
standings and problem solving, rather than mere recall of verbally
learned concepts. names, and definitions of terms.

MODELS AND RESOURCES

A National Model: The model proposed by the AAASProj-
ect 2061was discussed earlier in this chapter. Tne report, Science
for All Americans, outlines in detail a set of major organizing
themes that curriculum developers can incorporate into their
instructional materials. In the second phase of Project 2061, six
school districts are developing curriculum prototypes that reflect
this approach to learning science, mathematics, and technology.

A Model Curriculum: The Education Development Corpora-
tion (EDC) Is also developing a new K i curriculum in science,
Improving Urban Elementary Science. The curriculum will include
a series of modules that encourage children to investigate a prob-
lem or topic in depth. The curriculum is aimed at children !n urban
settings.

A Model Curriculum: The Biological Sciences Curriculum
Study (BSCS) is developing a new K-6 curriculum in science,
health, and technology that is organized around major concepts.
The curriculum includes instructional approaches that encourage
children to link new knowledge to prior knowledge and develop
a strong understanding of fewer ideas rather than a shallow
understanding of many.

A Model Curriculum: The Life Lah Science Program is being
designed to expand on a program that has been in existence for
more than ten years and that integrates conceptual learning and
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practical applications. The program functions mainly around a
garden, involving students in hands-on experiences with materi-
als that are both affordable vnd manageable.

A Model Curriculum: The Full Option Science System (FOSS),
currently under development by the Lawrence Hall of Science,
builds science concepts for students in grades 3-6 through the use
of multisensory, laboratory-based science activities.

A Model Curriculum: The National Science Resources Center
(NSRC) is currently developing Science and Technology for Children,
a collection of 24 science teaching units for grades 1-6 on topics
in physical science, life science, earth science, and technology. In
the units, children work with hands-on materials to explore sci-
entific phenomena and thereby learn both scientific concepts and
science process skills.

State Models: Several states have or are developing curricu-
lum guides and other documents that emphasize teaching science
for conceptual understanding. These include the State Science
Framework in California, the Elementary Science Syllabus in New
York, and similar documents in Oregon and Tennessee.

Local Models: Many innovati,,e school districtsincluding
Accord, New York; Minneapolis, Minnesota; Mesa, Arizona; An-
chorage, Alaska; and Schaumburg, illinoishave assembled in-
structional units and materials that address significant science
concepts or themes at the elementary level.

In Accord, New York, for example, a Roundout Valley School
District elementary school created a hybrid program that com-
bined units of study from its adopted commercial textbook series
and the state science syllabus. Teachers selected their favorite
units, which were then screened by a science mentor. The mentor,
a staff member at a regional service center familiar with elemen-
tary teaching and the state syllabus, then compared the units to
the state framework and designed new units that addressed gaps.
Revisions were made based on teacher feedback. The mentor
arranged workshops on units for which teachers felt they needed
additional training.
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3.
Connect Science
To Technology

Finding out where mountains come from and
developing a way to travel around them are pursuits
of sdence and technology, respectively. Yhe study of
science proposes explanations for "what is' in the
natural world, whereas the study of technology
provides solutions to human problems of adaptation.
They go together like hand in glove and will have a
mounting impact on our social and personal
environment.

WHAT WE KNOW

In this chapter we consider the issue of helping students learn
both science and techrology. In lir Lag the two, we are talking
about more than just teaching .; echnology (e.g., using micro-
computers); we're talking of about technology.

New technological advances continue to change our under-
standing of the world at an alarming rate. Students need to be
prepared to cope with the mounting effects of both science and
technology on their own lives and on society as a whole. Eow
useful is science education if sv. only teach students to define
fusion and fission and don't prepare them to vote responsibly on
the proliferation ot nuclear power sources? Is it sufficient for
citizens to be abkx to complete a Purnett Square, cr is it better that
they be able to understand the risks and benefits of releasing a
genetically engineered bacteria into a field of strawberries? These
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examples reflect our expectations for scientifically and technolog-
ically literate adults, and the foundations of that literacy must be
built in the elementary years.

In their early years, children are surrounded by technology,
or at least the hardware of it: Big Wheels, skateboards, flushing
toilets, light switches, ballpoint pens, flashlights, and school
buses. But other aspects of technology are also part of their lives:
public transportation systems and the design of neighborhoods
and even entire cities. Second graders can productively spend time
designing a simple city on an area of their classroom floor. Where
should the McDonald's go? the dump? the hospital? the residen-
tial areas? the industrial areas? the schools? Integrating science
and technology allows kids to explore in even greater depth the
big ideassystems, for examplethat we described in Chapter 2.

We can begin to move in a productive direction by mil-
ploying an integrated approach to learning science and tech.
nology. Technology education is every bit as important as science
education. Like science, a technological thread weaves through
the very fiber of our lives by influencing such arenas as medicine,
transportation, communication, and agriculture. Technology ed-
ucation aims to provide students with ways of dealing with the
complexity of modern life. The focus of science education, on the
other hand, is to encourage students to propose explanations for
observations about the natural world.

Technoiogy education demonstrates both human and scientific responses
to complex problem solving and can benefit students by giving them a
deeper understanding of how technology affects their daily lives.

What then would an effort to connect science to technology
education look like? Reading about the technology introduced by
Thomas Edison is not an example of science and technology
education; it could lead to it, however, if we expand the effort to
engage students in meaningful activities like designing and con-
ducting experiments to test which of many possible filaments
would make the brightest, longest lasting light bulb. Additional
activities can push students to determine, for example, the safest,
most cost-effective light bulb. The former activities are more in the
realm of pure science and reflect commonly known methods of
inquiry. The latter activities are more in the realm of technology,
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for they reflect the application of problem-solving and decision-
making strategies rather than scientific methods of inquhy. But,
frankly, it is difficult to separate science from technology. And
while we can do it intellectually, in practiceparticularly in the
early gradesthe two are inextricably intertwined.

Learning with microcomputers and other electronic media
does not reflect an integrated approach to science and technology
education. The use of educational technology to enhance teaching
and learning is often confused with technology education. But
technology is more than hardware. Our definition views technol-
ogy as more than hardware and the manufacture of that hardware,
more than applied science, and more than a method or system.

Technology originates in problems of human adaptation to
the environment and goes on to propose solutions to those
problems. It is only by linking science to technology that we
facilitate meaningful learning within these two rapidly advancing
nelds. Figure 3.1 illustrates the relatiomhip between science and
technology.

Science and technology education does not currently occupy
a significant place in the elementary school program. But if we
agree with the need to connect sdence to technology, we must
start to explore ways to incorporate them into an elementary
program, for it is important to begin learning at an early age
how science and technology are intertwined. We suggest that
some of the science time in elementary grades be spent on making
purposeful connections between science and technology. We
should spend time on issues, on uncovering the science and
technology behind those issues, and on inventionsdevices and
machinesand the science underlying them.

A typical issue might be air pollution. Here, children can begin
with a straightforward question: What is pollutior. This can lead
to other questions such as, What are the causes of pollution? Is
invisible pollution (e.g., carbon monoxide) acceptable? How
much pollution are we willing to live with? Can we clean up the
air by banning private automobile transportation and mandating
mass transit? What are the costs, risks, and benefits of doing so?
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Figure 3.1
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As children begin to search for answers to these scientific and
technologic questions, they uncover a wealth of information on
the science part of the problem. They also delve into the techno-
logical side. All the while, they are participating in the kind of
science we described in Chapter 2: a major concepts approach. In
this case, they are learning about systems and subsystems and
cause and effect, to mention just two major themes.

The issue of pollution is a societal problem and is an example
of what science educators refer to as a "science-technology-soci-
ety" (S/T/S) approach to the curriculum. But not all of science and
technology are directly related to societal issues. For example,
children might wish to investigate the science and technology
behind a mountain bike. To better understand the decision-mak-
ing process of a bike's designer, one has to begin to wrestle with
the physics behind the bike. Why does a mountain bike typically
have 18 speeds instead of the 10 or 12 speeds characteristic of a
touring or city bike? For what type of terrain would you want a
very knobby tire? A less knobby tire? Again, questions like these
help the students develop an understanding of major scientific
and technologic themes like structure and function. Of course, a
teacher could extend this example into the societal arena by
having the children address questions about when and where
mountain bikes should and should not be used. For example,
should we ban the use of mountain bikes in ecologically delicate
areas?

Successfully linking science and technology education also
enhances the development of thinking processes, including essen-
tial information-gathering skills (e.g., observing, inferring, exper-
imenting), problem-solving skills, and decision-making skills.
Currently, most elementary science programs focus on students'
acquisition of science informational knowledge. This pattern pro-
motes the presentation of rotely learned content, like identifying
parts of a flower or naming the components of an electrical circuit.
Rarely are children challenged to 'me their thinking skills by
investigating how the parts of a flower might function together or
exploring how a flashlight works and how an inoperable one
might be repaired.

The wonderful benefit of combining science and technology
is that deep contentunderstanding systems, for exampleis
uncovered, information-gathering processes are practiced, and the
higher order processes such as problem solving and decision
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making emerge in what can become lively sessions that begin to
prepare children for a world that is becoming increasingly com-
plex. Rather than creating artificial dichotomies between science
and technology or process and content, we should help students
discover these fields of study as the integrated whole thcy really
are.

How much of the normally allotted time for science should
be spent on technology? Because we are recommending an inte-
grated science and technology curriculum, we can only say that
all the time currently allocated to science should be devoted to the
new science and technology approach.

We know from Chapter 2 that it is both possible and desirable
to teach fewer concepts more deeply. Following this model will
allow ample time to introduce and examine the interaction of
science with technology in a way that students find compelling.
In addition, students will hav° more time for both science and
technology as these subjects are sensibly integrated with basic and
advanced skills in reading, writing, and mathematics. We are,
therefore, recommending a new kind of literacyone that assures
students' acquisition of basic literacy and their acquisition of
science and technology literacy as well.

When students learn more about the development of new
technology, they gain an understanding of the processes by
which scientific and technological advancements occur. Stu-
dents at an early age really do grasp concepts such as constraints,
tradeoffs, risks, and cost effectiveness; they learn these ideas as
consumers of treats, entertainment, and other items. In fact,
students who learn about the everyday aspects of science and
technology are eager to understand more about their complex
technological and natural world. As Paul Hurd (1986), professor
emeritus of science education from Stanford University, sagely
advises, "The thinking processes typical of technological problems
closely parallel those that individuals use to solve personal a:id
social problems occurring in everyday life."

Children's early experiences with science and technology should en-
hance their curiosity about the natural and t.echnological world, help
them to develop an understanding and appreciation for the limits and
possibilities of science and technology, and contribute to their ability to
act responsibly in the conduct of human affairs.
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Taking Action On What We Know

What can you do to further the connection between science
and technology education in your school, district, or state? Begin
by incorporating curriculums and instructional materials that
explore both science and technology, as well as those curriculums
that explore the complex interrelationships among science, tech-
nology, and society (S/T/S), and make them part of the core science
curriculum. An outgrowth of the acceptance, refinement, and
expansion of the science and technology education movement
has been the proliferation of a new crop of curriculums and
instructional materials. Most often these materials remain supple-
mental to the core (textbook) program.

Since many S/T/S materials treat controversial issues such as
nuclear power, global warming, contraceptive devices, and genetic
engineering, they are not routinely brought into the classroom,
especially at the elementary level. But is it not time to go beyond
the technology of simple machines and batteries and bulbs? If it's
acceptable for students to spend five hours a daymore than
1,800 hours a yearin front of a television set, then surely they
can spend a week or two in school finding out how the technology
they pay homage to works; how television programming affects
society at large; and, perhaps most important, what high-quality
endeavors they give up when they choose to watch an electronic
hypnotic instead of playing tag, building a model, or reading
quality prose.

It bears repeating that a strong step in the direction toward
linking science to technology is to allocate all of the allotted science
time to science and technology education. Some national reports, like
AAAS's (1989) Science for All Americans, and state guides like New
York's Science, Technology, and Society Syllabus, already exist as
models of curriculum direction. States and districts would benefit
by moving toward alignment with this growing professional con-
sensus of more time for technology. Clearly, state and local school
boards will need to be involved in the approval of such changes.
Also, their endorsements of the curriculum guides will signal
acceptance for classroom-level implementation of potentially
more complex and controversial science teaching subjects that
also link to societal issues.

We need to capitalize on teachable moments that afford us
unique opportunities to focus on issues or problems that are
science and technology-laced. The earthquakes in northern Cali-

5
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fornia, Hurricane Hugo in South Carolina, and the Exxon oil spill
in Alaska are examples. The first two are natural events that
become devastatingly important because humans have used their
ingenuity and technology to build where early humans couldn't
on the outer barrier islands of the Carolinas and the former mud
flats of San Francisco's Marina district. Oil spill problems can be
naturalfIssures in the earth's crust can appear spontaneously
but, clearly, an oil spill from a ship is a human-caused, technol-
ogy-based problem.

All of these incidents provide marvelous moments for encour-
aging children to uncover the relationships between science and
technologyto begin to understand the relationships between
natural laws and decisions made by humans that contravene or
take advantage of those laws. What are the risks and tradeoffs of
living in a brick and mortar apartment structure in California?
What should building codes include? If you didn't have access to
such technologies as weather satellites and radio communications,
would you live in an isolated coastal area subject to hurricanes?
Can you design a ship capable of carrying oil safely, even if a hole
is punched in the hull? What recent technologies make shipping
oil safer today than it was 30 to 40 years ago? Does use of an oil
dispersant, a new technology, enhance or exacerbate an oil spill?
Asking, and then struggling with answers to questions like these
can help science and technology come alive in the classroom.

Most teachers who feel unprepared to teach science feel
even less prepared to teach about technology. It is therefore
important to encourage teachers to learn along with their stu-
dents. Instruction, the vehicle of technology education, raises the
same questions for "technophobes" as it does fo the "science shy."
Few people know how a refrigerator works, and fewer still can help
a 4th grader develop an explanation of how it works. We need to
experiment as a profession, to venture onto unfamiliar ground as
we search for ways to help students learn about, and appreciate
the effects of, more complex systems.

It is also important to make science and technology edu-
cation available to all students, and to become sensitive to the
reality of students who have had little exposure to technology
outside the classroom. For example, because of cultural gender
bias, girls may not have had as much opportunity to use computers
as boys. Similarly, poor children, many of whom are minorities,
may not have grown up surrounded by such household technol-

5
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ogies as microwave ovens and VCRs. We need to provide classroom
time to equalize their exposure to technology and technological
issues.

Additionally, we must encourage the adoption of more
technologically oriented, hands-on science activities. All too
often, laboratory activities such as using magnets confirm basic
science information but fail to model alternative approaches to
solving problems, like the mechanics of using electromagnetic
devices in cars and washing machines. Making technology tasks
more open-ended and relevant to students' daily lives is the
premise behind Innovative programs such as Invent America! and
science olympiads. These programs engage students in brain-
storming solutions to difficult problems; students do, indeed, rise
to the occasion and offer creative insights into these challenges.

LOCAL ROLES

Things to do now:

1. Examine the current science curriculum to determine
how extensively topics and activities address technology or S/T/S-
oriented issues. Is the treatment sufficient and appropriate? Decide
on a plan of action that will modify the curriculum in keeping
with the rationale and recommendations presented in this chap-
ter. Work for administrative and school board approval for expand-
ing the focus of the science curriculum to include the role of
technology and S/T/S activities.

2. Locate and examine technology and S/T/S-oriented
materials and activities (e.g., Invent America!, Unified Science, and
Mathematics for the Elementary School). Create activities such as
having children build models that do things. Discuss among
colleagues which of the activities and materials can be integrated
into your core science program. Invite parents and members of
your community to contribute to this process.

3. Collaborate with specialists in the social sciences from
local universities and your own school district and with career
education specialists. As a team, develop ways to integrate tech-
nology and S/T/S issues into your core science curriculum.
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Things to do for the future:

1. Develop ongoing inservice programs with and for teach-
ers that give specific ideas and overall strategies for moving toward
a more balanced science and technology program.

STATE ROLES

Things to do now:

1. Call together elementary teachers; specialists in science
and technology education, the social sciences, and career educa-
tion; and other curriculum leaders to examine your existing sd-
ence curriculum guide or framework. Work to develop a new one
that integrates technology and S/T/S issues. If such guides or
frameworks are not appropriate in your state, have the group map
a set of recommendations that local districts can consider as they
develop their own science and technology curriculums.

2. Establish a clearinghouse to support the integration of
technology into the science curriculum. The clearinghouse would
focus on several tasks, including:

Looting, purchasing, and cataloging appropriate curricu-
lum materials that deal effectively with technology and
S/T/S issues. Such items could be placed into a database
that schools could access for review and possible adoption.
Soliciting examples of schools and school districts that are
models for the integration of science and technology.
Make these examples known through the clearinghouse
database.
Working with business and industry councils to establish
a database of technology examples that are appropriate for
inclusion in an elementary science education program.
Establishing a list of human resourcesprofessionals from
business and industry, higher education, and school dis-
trictsto assist local schools in integrating technology
into the science curriculum.

Things to do for the future:

1. Provide leadership in the development of assessment
instruments and procedures that adequately assess an integrated
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science and technology approach as developed and implemented
by schools. Such assessment should address program development
as well as individual teacher use for improving instruction. Assess-
ments must reflect an integrated program approach that actively
involves children in creating and inventing as well as problem
solving and decision making. An example of an appropriate assess-
ment activity is asking the question, "what would humans need
to live on Mars?"

2. Coordinate the development of a statewide support
system of teachers, teacher educators, and staff developers. Such
a network would provide preservice and inservice education that
encourage the development of teachers who know how to effec-
tively integrate science and technology and how to assess the
newly developed programs.

MODELS AND RESOURCES

A Book: Mortimer Adler's (1982) The Paideia Proposal: An
Educational Manifesto makes a case for a revitalized American
education to include a structure and experiences that encourage
students to examine academic and practical science, yielding a
literacy that would include reading, writing, listening, calculating,
observing, problem solving, and critic31 judgment.

State Models: A number of statesFlorida, Indiana, Michi-
gan, and New York, for examplehave initiated efforts to
strengthen the technology component of the science curriculum.
Their policy statements and guides can provide models for others
to consider.

An Organization: The Science through Science, Technology,
and Society (S-STS) group at the Pennsylvania State University was
formed to spearhead efforts at integrating technology into the
curriculum. Funded in part by the National Science Foundation,
it has produced several resources that can be vital for states and
schools that wish to move in the science-technology direction,
including:

The s-sTs Reporter, a quarterly newsletter that provides read-
ers with up-to-date accounts of the S/T/S movement across the
country, a review of curriculum materials in the S/T/S field, and
timely articles on the S/T/S movement.

An annual Technological Literacy Conference in Washing-
ton, D.C., each February, which brings together teachers, science

37
f

0 -*#



ELEMENTARY SCHOOL SCIENCE FOR ThE '90s

and technology educators, and other professionals to present and
share views on science through science, technology, and society.

The National Association for Science, Techn( logy, and Soci-
ety (NASTS). This is an umbrella organization of scientists and
engineers, 1C-12 educators, college and university educators, public
interest groups, religion professionals, science policy personnel,
and writers. The S-STS Reporter is available through NASTS by
subscription alone or as part of membership in the organization.

Newsletters: A number of associations publish newsletters
that can provide educators with guidance in developing the ap-
proach suggested in this chapter. They include the Pittsburgh
Regional Center for Science Teachers; the Teachers' Clearinghouse
for Science, Technology and Society; and the Humanities and
Technology Association New sletter.

Model District Curriculums: The Pittsburgh, Pennsylvania,
school district and the Mt. Diablo Unified School District in
Concord, California, produce materials that can be helpful to
schools seeking model curriculum. The Jefferson County, Colo-
rado, school district's publication, The Primary Integrated Curricu-
lum for First and Second Grades, represents another model approach.

Curriculums from Other Countries:
Under the direction of the Metropolitan Toronto School

Board (1989), six Toronto area boards of education developed a
guide for presenting technology in the elementary curriculum: The
Child's World: Presenting Technology to Childreu in the Primary and
Junior Divisions.

Great Britain has a national curriculum that establishes
three core .ubjectsEnglish, mathematics, and scienceand
seven foundation subjects, including technology and design. This
national effort also includes study programs and a major change
in assessment practices.
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4.
Include Scientific

Attitudes and
Skills as

Important Goals

Science education can make an important
contribution to student learning beyond basic
scientific knowledge through developing positive
attitudes and valuable skills. Scientific attitudes,
positive attitudes toward science and one's self, and
both laboratory and intellectual skills are all part of
the attitude/skill package.

WHAT WE KNOW

Children come to elementary school excited about exploring
the world around them. They constantly ask questions and search
for answers. They wonder about the world they live in and what
makes it work. If we don't take advantage of this curiosity and
hunger for knowledge when they are young, iittle else we do will
matter as they get older. Part of the job of the elementary science
program is to build on this good, natural start with opportunities
to explore and better understand the natural world through con-
structivist science programs. Such programs are the best vehicles
for ensuring that scientific attitudes are nurtured and encouraged
over time.
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Attitudes, some of which are unique to the study of science and technol-
ogy, are inherent in scientific and technological enterprises. Indeed,
where would we be if Einstein didn't have a thirst for knowledge or a
respect for reason in his ventures? And where will we be if people who
are not scientists don't want to know how science and technology can
contribute to solving world problems like hunger, pollution, and the threat
of war.

Scientific attitudes, however, are rarely developed in ele-
mentary students (or in most people, for that matter). For in-
stance, at an early age many kids believe that words in print
represent the truth. The scientific attitude of skepticism is there-
fore important to foster. Children also tend to think that every-
thing has a right and wrong answer. While there are certainly some
right answers, more often than not, ambiguity is something all
scientists must learn to accept. How, then, can we promote thr
development of scientific attitudes? If we provide children with
opportunities to do and learn science and technology, a separate
lesson on the need for accepting ambiguity would be unnecessary.
With the right experiences, scientific attitudes will evolve.

What are some important scientific attitudes or "habits of
mind"? They include:

Desiring knowledge: viewing science as a way of knowing and
understanding.

Being skeptical: recognizing the appropriate time and place
to question authoritarian statements and "self-evident traths."

Relying on data: explaining natural occurrences by collecting
and ordering information, testi,,g ideas, and respecting the facts
that are revealed.

Accepting ambiguity: recognizing that data are rarely clear
and compelling, and appreciating the new questions and prob-
lems that arise.

Willingness to modify explanations: seeing new possibilities in
the data.

Cooperating in answering questions and solving problems: work-
ing together to pool ideas, explanations, and soltrions.

Respecting reason: valuing patterns of thought that lead from
data to conclusions and, eventually, to the construction of theo-
ries.

Being honest: viewing information objectively, without bias.
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Elementary school children also need to develop positive
attitudes toward science and toward themselves. Good elemen-
tary science programs strive to help children maintain or develop
a sense of awe, curiosity, creativity, and the use of scientific
resources to develop explanations about the natural world. Figur-
ing out what it takes for plants to grow, lighting a light bulb and
determining why it works one way and not anotherthese suc-
cesses, so unlike many outcomes of schoolwork, should make
children feel good about gaining more control over their world.

In addition to positive attitudes, a good science program can
help develop different kinds of skills. First, children can develop
laboratory skills, such as the ability to read a thermometer, use a
balance, and focus a microscope. Second, they can develop the set
of intellectual skills needed to apply the methods of science, such
as the ability to generate a hypothesis; design an experiment to
test the hypothesis; and collect, process, and interpret data. Third,
children can develop generic thinking skills, such as problem solving
and reasoning. Finally, science experiences can help children
develop reading, mathematics, and oral and written communica-
tions skills.

Good science activities begin with a question or a problem,
and skills are developed and applied by pursuing answers and
solutions. One way of organizing the necessary skills uses three
levels:

1. Information gathering (including research): an initial step
in answering scientific questions or solving technological prob-
lems. Some information-gathering skills are communicating, mea-
swing, and questioning.

2. Problem solving: the process of answering scientific ques-
tions and solving technological problems. Skills include the ability
to state questions, identify problems, develop hypotheses, predict,
infer, design experiments, and interpret data. New skills that are
technologically important include the ability to identify alterna-
tive solutions and to assess their costs, risks, and benefits.

3. Decision making: although not typically considered a
science skill, it warrants attention because it's an obvious exten-
sion of skills typically incorporated in scierice programs. Critical
and analytical thinking skills, for example, are in many ways the
basis for making decisions. Further, decision making is needed for
solving technological problems.

I
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TAKING ACTION ON WHAT WE KNOW

The very nature of constructivist science learning should
foster the development of scientific skills and positive attitudes.
Let's go back to Ms. Lopez's 2nd grade class to get an idea of what
good skill and attitude development can look like.

Ms. Lopez's sdence curriculum is built on topics ofhigh interest
to her 2nd graders, with development of the ten major concepts
worked appropriately into her activities. But fostering basic science
knowledge is only part of Ms. Lopez's plan for science education.
She knows that constructing knowledge from firsthand experience
while using the skills that scientists use in the process of doing
science helps students to develop valuable skills and dispositions
toward using science. Ms. Lopez relies not only on the children's
natural curiosity, but also on cooperative groups where the work
and the responsibility for getting tasks done are shared. Success,
pride, and a sense of accomplishment are experienced by all.

In her class's study of seed.s, Ms. Lopez pursues these skill and
attitude goals as she teaches major concepts such as diversity,
cycles, and structure and function. She began the seeds unit by
acknowledging that students needed to unbundle their previous
conceptions about seeds to begin to construct their own meaning
for the major concepts. After several weeks ofexciting exploration,
her 2nd graders had indeed accomplished this. And it was the
process of exploration and discovery in studying seeds that helped
to maintain their interest in science learning and their abilities to
untangle the mystery of their initial questions about seeds. In
addition, Ms. Lopez's inquiry style of learning opened the door for
further questions and ideas about how other things grow, what
other life cycles look like, and where else one can find diversityall
of which led to a quest for more science learning.

Knowing that they were truly behaving as scientists ai.:0
encouraged the students to develop scientific attitudes and skills.
Ms. Lopez continually minfr:ced this throughout the lessons by
sharing with them w fii; t t. lentists do exactly what the
children did in class: < look for answers by exploring
the question as i1. o . oserve and measure findings
carefully, comma h ., 4 both written and illustra-
tive modes, keep a , .4ta, know that it is acceptable
and helpful to cha.'. test and retest ideas, work with
others to find answers, and be willingito "1" original ideas. In
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addition, these tasks challenged the students to develop both
communication and manipulative skills.

It is not enough to assume that science education automati-
cally promotes the development of positive attitudes and valuable
skills, even if the program is a good one. Teachers, administrators,
and policy makers must plan for ways that learning science can
incorporate attention to the skills and attitudes we value.

LOCAL ROLES

Things to do now:

1. Review current curriculum goals and materials to check
that they reflect the importance of teaching attitudes and
skills. Where they don't, incorporate materials and strategies for
fostering positive attitudes and valuable skills. Curriculum guides
need to articulate how to integrate skill development with the
development of major scientific concepts. Give special attention
to how hands-on activities and the discussion of science and
technology issues can use and foster the skills of information
gathering, decision making, and problem solving along with sci-
entific habits of mind.

2. Be sure that programs that recognize excellent science
and technology education practices in schools and classrooms
also pay attention to the development of skills and attitudes.
Teachers or school programs that do a good job of developing these
attitudes and skills should be identified and used as models for
others to try.

3. Assess how well the development of attitudes and skills
is incorporated into daily instruction. (See Chapter 10 for spe-
cific strategies.) Use informal assessments such as skill and attitude
checklists to record student growth over time.

Things to do for the future:

1. Prepare teachers at both the preservice and inservice
level to advance the development of skills and attitudes by 01
helping them know what the skills and attitudes of science are,
and (2) showing them how constructivist science programs, in-
structional methods, and assessment strategies can be used to
reinforce the development of positive attitudes and valuable skills.
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2. Educate the community about the importance of skills
and attitudes, as well as knowledge goals, for elementary science
education.

STATE ROLES

Things to do now:

I. Include the goals of scientific skill and attitude devel-
opment in state curriculum guides.

2. Advise, monitor, and lend guidance to preservice and
inservice programs to encourage curriculum and instruction
that include the development of valuable skills and positive
attitudes. Work with state and professional organizations to pro-
vide inservice programs that emphasize these competencies.

3. Collaborate with universities, informal science educa-
tion centers, and other science resource centers to identify,
develop, maintain, and disseminate materials and programs that
promote skills and attitudes in classroom materials and for teacher
development. Promote constructivist science programs as a pow-
erful learning tool for generating positive attitudes and skill devel-
opment.

Things to do for the future:

Work with districts to produce state guidelines for incor-
porating skill and attitude development as part of the overall
goals of science education. Develop an agreed-upon set of terms
to describe desired results in these areas, and make sure that state
credentialing boards require methods courses consistent with the
sanctioned guidelines for incorporating skills and a:titudes. Then
inform district administrators about the new guidelines and ask
for their support by having them promote the guidelines at the
district level.

MODELS AND RESOURCES

A State Model: The New York Elementary Science Syllabus
includes a model for problem solving in its goals for elementary
school science instruction.
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A State Model: The California Science Framework includes as
goals for students science processes that are used by scientists,
including observing, communicating, comparing, inferring, and
applying. It encourages teachers to engage students in activities
where they have responsibility for tasks that call for development
and use of these processes. Further, the framework encourages
teachers to help children consider the values and ethics related to
the effects of science on society.

A Model Curriculum: Improving Urban Elementary Science,
a science curriculum currently under development by the Educa-
tion Development Center (EDC) and Sunburst, includes a balance
of attitudes, skills, knowledge, and values in its science content.

A Model Curriculum: The Kids Network, under development
by the Technical Education Research Centers (TERC) in collabora-
tion with the National Geographic Society, is a telecommunica-
tions-based science curriculum for grades 4-6. It intends
specifically to improve student attitudes toward science, giving
children skills that allow them access to science and that foster
scientific literacy. In Kid's Network activities, children are encour-
aged to ask meaningful questions, collect accurate data, organize
information, and use observations and data to answer questions.
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5.
View Science

Learning from a
Constructivist

Perspective

During constructivist learning, students have the
opportunity to verbalize, test, modify, and even
abandon their pre-existing ideas and adopt new ones.
Through learning tasks keyed to their developmental
levels, students have the chance to make sense of the
world by actively constructing meaning out of natural
phenomena and their everyday experiences.

WHAT WE KNOW

There are several good reasons for taking a thoughtful look at
the constructivist view of learning. First, we know that what is
already in the learner's mind matters. The constructivist para-
digm builds on this important understanding by paying atten-
tion to the prior knowledge that students bring to each
learning experience. A teacher who assesses what students al-
ready know by asking questions about friction, for example, may
find that one child understands it as "something," a force that
slows down the motion of another objectlike a bicycle in sand.
Further inquiry may demonstrate that the child falsely believes
that there is no friction when she slides down a schoolyard slide

C
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because of the fast speed. By using a constructivist orientation,
teachers give students the opportunity to verbalize their under-
standing of a given concept and then build on that framework to
help kids consider and test new ideas about the concept. Students
can construct a much truer understanding of the concept of
friction, for example, through tasks that match their cognitive
abilities; elementary age students can do so by exploring objects
in contact with one another, the generation of heat, and the
varying degrees of friction.

We also know that exemplary science learning is promoted
by both hands-on and minds-on instructional techniquesthe
foundations of constructivist learning. Hands-on activities are
critical for science learning, particularly because elementary stu-
dents are at the concrete stage of their cognitive development. But
often teachers don't use these activities to help students think
deeply about what they observe and experience. The minds-on
half of the constructivist equation is missing. There is a need to
do more than just science activities to promote higher order
thinking and student understanding of major scientific concepts.
For instance, students who are challenged to make a piece of clay
float in water will learn much from their trials about weight,
sinking and floating, surface tension, and densityall of which
will enhance their growing understanding of several major organ-
izing concepts, such as cause and effect, scale, and models. Stu-
dents will develop their thinking skills and assimilate new ideas
into their conceptual frameworks as they experiment with factors
like the boat's surface area, the amount of water displaced, and the
amount of cargo a boat can carry, and by asking questions of
themselves, their peers, and the resources (including the teacher)
they count on in the process of constructing new understandings.

Compare this example of constructivist learning with the task
sometimes used in science classes of following directions for
making a boat that floats. Hands-on activities alone can amount
to little more than busy work. We need to ask whether or not
instruction furthers students' conceptual understanding of how
things work. When science is taught and learned as a recipe,
learners fail to make meaning of the new ideas. Constructivist
learning happens when students develop new understandings as
a result of making sense of their own experiences. Indeed, individ-
uals learn by actively experiencing the physical environment and
through social interaction. In thiLway they construct their own

C
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knowledge. Constructivism includes the important hands-on
part of science instruction, but enriches learning by promoting
concept development and higher order thinking skills
through ample opportunities to engage in dialogue with the
teacher and peers. Thus, constructivism is markedly different
from teacher-dominated and -directed instruction, as well as an
important refinement of the hands-on, discovery-oriented in-
struction that has been prevalent in some science classrooms. As

Hawkins (1983) has stated:

A partindeed a major partof the structuring of our minds must
come from instruction. But this obvious statement leads much too
easily to notions that are, I believe, radically false. Instruction by a
teacher fails without a matching construction by the learner. . .

p. 73)

Children bring their own ideas to science lessons. For
instance, contrast the scientist's perspective of plants to a child's
view.

Scientist's Perspective: A plant is a producer.

Child's A plant is something that grows in a garden. Carrots
and cahoage from the garden are not plants; they are vegetables.
Trees are not plants; they are plants when they are little, but when
they grow up they are not plants. Seeds are not plants. Dandelions
are not plants; they are weeds. Plants . . . have multiple sources of
food. Photosynthesis is not important to plants (Osborne and
Freyberg 1985).

How do teachers help children Move their thinking so that it
is more aligned with the scientifically accepted view? In Ms.
Lopez's class (see Introduction, pp. xv-xvii), recall that the children
took several weeks to actively explore their ideas about seeds. They
started by listing what they knew about seeds, and from this
information Ms. Lopez made decisions about future activities for
the class. Using a combination of instructional techniquesindi-
vidual, small group, and large groupMs. Lopez encouraged the
children to share their perceptions, conduct experiments, ques-
tion each other's understandings, and gradually incorporate new
ideas. Throughout the unit of study, Ms. Lopez encouraged the
children to carefully reconstruct their knowledge of seeds and
plantsto make meaning of old knowledge and new information
from various sources, including experiments and dialogues with

C
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each otherand to gain more refined views of such major con-
cepts as diversity, life cycles, and structure and function

If students are not given the opportunity to express their
ideas, then they are only passively, if at all, confronting the
explanations of accepted science. Neither the students nor the
teacher is aware of a conflict if one exists. Passive science teaching
techniques simply "pour in" more information on top of pre-ex-
isting ideas. The students, in trying to assimilate the new informa-
tion, will assess whether or not it "fits." If it doesn't, students will
hold onto the notion already in place, thinking, "It's worked fine
so far," thereby rejecting the new, scientifically correct informa-
tion. Often they will retain the new information only as long as
needed to regurgitate it on tests.

Learning often involves conceptual change. When chil-
dren have the opportunity to test their ideas, they may not only
add to or extend their existing concepts, but may end up radically
re-organizing their conceptual framework. For example, a child
might know that you can grow fruits and vegetables from seeds
and may also understand that there are seeds inside fruits and
vegetables. In testing this notion, students might be surprised to
find no seeds upon cutting open a carrot! A knowledgeable teacher
will then provide ways for the student to investigate and propose
possible explanations why the carrota roothas no seeds and
where the seeds of the carrot plant might be found. Here, the
method by which the concepts of change, structure, and function
are introduced helps children to reorganize existing beliefs.

Constructivism asks us to rethink our assumptions about
learning and, consequently, about instruction. Learning is not
passive. On the contrary, the very nature of constructing meaning
Is that the students make links between prior knowledge and
newly generated ideas and do so in a process that involves contin-
ual checking and restructuring. No longer can we conceive of
instruction as something teachers do to or for students. Individu-
als as learners set their own goals and control their own learnings.
The final responsibility for learning rests not with the teacher, but
with the learner.

Finally, the end product of constructivist learning is much
more than rote memorization. Instead, it's understanding how
processes work, and why that information is useful. This leads the
children to ask, wonder, and answer, and then to ask again in a
way that is meaningful to them. It is the same type of understand-
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ing that eventually leads the scientist to describe and explain a
new set of phenomena and the engineer to develop a new and
useful application.

The constructivist view of learning clearly has implica-
tions for teaching strategies and the roles of both teacher and
student. The teacher becomes a diagnostician, a prescriber of
appropriate learning activities, and a facilitator of learning. The
role of students in this model shifts from "passive sponge" to
"active player," where they are responsible for their own learning
by developing their own theories, comparing their theories with
those of other classmates, and summarizing and displaying their
theories (Scott et al. 1987).

The constructivist view of learning is not a neat little
package that offers a pat formula for teaching science. It does,
however, call for an instructional model that is based on this view
of how students learn. Such a model is described in Chapter 6. The
remaining recommendations in this book regarding teaching,
assessment, and teacher development are all based on a construc-
tivist perspective.

TAKING ACTION ON WHAT WE KNOW

Few educators are currently using an instructional ap-
proach that accommodates the constructivist perspective. On
the contrary, constructivism is only now emerging from cognitive
research as a concept, and it baffles, scares, and even annoys a large
portion of educators. 'Ming time to elicit students' preconceived
notions and engaging students in in-depth exploratory activities
are new behaviors for many teachers who learned science and how
to teach it in conventional ways. It's therefore important to
prepare teachers so that they feel comfortable and supported in
doing the type of instruction that echoes a constructivist ap-
proach. For examples of what this would look like, see Figure 5.1.

How can we help teachers adopt a constructivist view so
that it plays a viable role in their instructional practices? Start
by spelling out the benefits of constructivism in an appealing,
nonthreatening way to all educators, and to elementary teachers
in particular. Then work toward narrowing the gap between the
constructivist view and the science goals 'le hold for students by
familiarizing teachers with this learning process. Make it clear
that the constructivist perspective permeates all new curricu-
lum approaches, not just those for science. This is especially true
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Figure 5.1
Are You Using a Constructivist Approach?

You're well into constructivist teaching if yos.

Encourage and accept student autonomy, initiation, and leadership.

Allow student thinking to drive lessons. Shift content and instructional
strategy based on student responses.

Ask students to elaborate on their responses.

Allow wait time after asking questions.

Encourage students to interact with each other and with you.

Ask thoughtful, open-ended questions.

Encourage students to reflect on experiences and predict future
outcomes.

Ask students to articulate their theories about concepts before pre-
senting your understanding of the concepts.

Look for students' alternative conceptions and design lessons to
address any misconceptions.

(Source: Brooks 1990)

for "whole language" curriculums, which stress beginning with
children's own experiences, active learning, and constructing
one's own meaning. Helping elementary teachers see connections
across disciplines will prevent them from viewing each curriculum
area as separ Ite, requiring them to once again do different things.

Teachers need to know about children's early views of natural
phenomena. Once aware of children's common (mis)conceptions
related to such concepts as those described in Chapter 2, teachers
will begin to understand and recognize children's alternative
frameworks. Efforts to map children's conceptions of science con-
cepts are cited in the Key References section of this chapter.

One of the most effective strategies for fostering constructivist
learning is to use an instructional model that advances concep-
tual change (see Chapter 6). Such an instructional framework
would then need to be used with instructional m iterials and
strategies that reflect the constructivist view of tig, both
within the science program and across the curriculum.

A wide variety of instructional materials lend themselves to
constructivist teaching, including some veteran programs from
the 1960s. How is a constructivist approach similar to, and dissim-
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ilar from, the earlier hands-on programs? Let's examine one such
program, the Science Curriculum Improvement Study (SCIS), to
see. At first glance, there are great similarities between SCIS and
the constructivist learning and teaching model. First, there is a
curriculum parallel: Both focus on teaching for depth rather than
breadth, for instance, by stressing major concepts. Second, there
is an instructional similarity: Both use a learning-teaching cycle
that begins with children engaging in concrete activities before
exploring a concept abstractly. In both, there is then opportunity
for children to apply their new knowledge in different contexts,
cementing their new conceptual frameworks.

For many SCIS teachers, especially those who use the SCIS
program as a framework rather than a curriculum that is followed
step-by-step, the differences between the SCIS approach and con-
structivism are subtle rather than striking. What are some differ-
ences? First, the teacher has to play the role of diagnostician,
assessing children's prior knowledge and making judgments about
activitiesincluding some that may not be in the SCIS curricu-
lumthat can help children think anew about a concept. Second,
the teacher does not introduce the concept; rather, he introduces
new information and poses challenging questions, facilitating the
children's active construction of a concept. This may take consid-
erable timelonger than what many SCIS teachers typically
allowbecause when children are forced to move ahead faster
than they can accommodate new information, they resort to
memorizing the information and forcing it into their conceptual
frameworks, which are left unchanged. Finally, the developers of
the SCIS program chose to build units of study directly on the
major concepts they believed were important. While we believe
science programs should be conceptually rich, organizing around
major concepts is only one method. Being sensitive to "the child's
cut, iculum" is another. There are many topics or themesseeds,
for examplethat can be taught to children with opportunities to
give up old ideas and develop new understandings, while studying
topics that are inherently interesting to them.

As the results of cognitive research become more known and
accepted, more curriculums and materials are apt to use a construc-
tive approach to science education. For example, as noted in the
Models and Resources section of this chapter, some newly devel-
op:id, NSF-funded projects have a constructivist perspective con-
sciously imbedded into their materials.

53

70



ELEMENTARY SCHOOL SCIENCE FOR THE '90s

State science specialists need to promote the usefulness of
the constructivist approach so that its meaning and techniques
penetrate the collective consciousness of educators and the
public. As a first step, formulate and identify the terminology and
intention of this meaning-centered approach in terms of curricu-
lum. While we don't want to create the buzzwords and holy grail
of fads in instructional methods, it is necessary to produce a
lexicon that educators and others can use to share and refine their
craft. This means more extensive presentations, publishing, and
policymaking that focus on how classrooms will benefit from a
constructivist approach.

Next, look at state and local guidelines for elementary
science curriculum and instruction, and make sure that they
advocate a constructivist view of learning. To be effective, this
effort must provide concrete, visual examples of how instruction
will differ from (and improve) current practice to help classroom
teachers develop the understanding and skills to make meaning-
centered science a reality at the elementary school level.

Inservice programs for classroom teachers as well as ad-
ministrators will need to be established to help schools adopt
the constructivist approach. The character of such training
ought to accentuate the performance-oriented skills elementary
teachers already possess, like arts education. Some elementary
4. achers and their principals may already be familiar with the

ential meaning of constructivist learning through hands-on,
inquiry-based programs, though they may not be familiar with the
term uconstructivism." inservice programs need to model the
essence of this approach by having teachers use their prior expe-
riences and ideas about scientific phenomena in learning new
ways to teach science.

LOCAL ROLES

Things to do now:

1. Promote the benefits of employing constructivist
perspective across the curriculum, and for science instruction in
particular, to teachers and administrators.

2. Establish a teacher support group whose members are
interested in constructivism. Read and discuss articles, share re-
sources and classroom experiences, and so on.

7 1.

54



VIEW SCIENCE LEAR! :AG FROM A CONSTRUCI1VIST PERSPECTIVE

Things to do for the future:

1. Develop inservice programs for teachers in which they
learn to facilitate students' constructing meaning in a variety of
situations.

2. Videotape lessons of teachers who use constructivist
methods, and use them as learning and promotional tools in
professional development projects for teachers, administrators,
and the community at large.

3. Work with administrators and school board members
so that they observe early trials with these techniques to witness
how well they work and how different they look from current
practice.

4. Acquire or develop instructional materials that align
with science and technology goals and promote constructivist
learning.

STATE ROLES

Things to do now:

Identify instructional materials, including software, that
stimulate learning by meaning and through experiences, rather
than by rote. Develop a list and distribute it through appropriate
channels. Provide opportunities for school people to see and
experiment with sample materials.

Things to do for the future:

1. Collaborate with state professional associations to begin
to develop a cadre of specialists and lead teachers who can advo-
cate and start constructivist-oriented staff development efforts in
regions throughout the state.

2. Identify exemplary teachers, schools, and districts as
models to demonstrate for others in the state the effectiveness and
benefits of putting constructivist teaching into practice.

3. Work with universities to offer preservice programs that
feature constructivist learning theory and techniques.

. i : r)
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MODELS AND RESOURCES

The following models and resources will prove useful for
schools and teachers making an effort to further constructivist-
inspired instruction.

A Book: In Children's Ideas in Science, Rosalind Driver and her
associates (1985) cover children's ideas about a wide r.nge of
natural phenomena, illustrating how ideas change and develop
via teaching. Although it focuses on middle and secondary science
education, elementary teachers will find the book's insights help-
ful.

A Local Model: Shoreham-Wading River School District in
Long Island, New York, is a suburban-rural district of about 2,000
students that integrates a constructivist orientation across the
curriculum. The district prepares teachers to ask questions rather
than disseminate information, pose contradictions rather than
point out mistakes, search for student hypotheses instead of
explain standard theories, and press students to use past knowl-
edge rather than assume they come to class with blank slates.
Students often work in small groups to solve self-generated prob-
lems, make journal entries, and design and conduct research. At
the elementary level, the district employs a science resource
teacher who offers assistance with organizing resources, planning,
and instruction.

Model Curriculums: The National Science Foundation (NSF)
has funded eight major (and several other) elementary materials
development programs that lean toward constructivist instruction
(see Chapter 6). Many of the elementary curriculums sponsored
by the NSF in the mid-sixties also had a constructMst bent. The
new CD-ROM Science Helper, asxmbled by Mary Budd Rowe,
compiles excellent lessons from these materials that contribute to
constructivist learning.

An Association: The Association for Constructivist Teaching
in Worthington, Massachusetts, identifies and disseminates effec-
tive constructivist practices in both the professional cultures of
teachers and the learning environments of children. Members
receive a quarterly newsletter, The Constructivist, and have an
annual conference.

An International Project: The Children's Learning in Science
Project, based at the University of Leeds, England, probes student
understanding of scientific concepts and develops, implements,

. tJ
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and evaluates teaching strategies that promote better conceptual
understanding in science.
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6.
Use a

Constructivist-
Oriented

Instructional
Model to Guide

Learning

C Dod instructional models promote the same
mechanisms that scientists use when they "do science"
by inviting children to take a more meaningful look
at their world and then challenging them to make
sense of and take action on what they are learning.

WUAT WE KNOW

Vie need to re-examine instructional frameworks that fos-
tr/ passive, individualistic, and competitive learning and that
tU; not take into account the many different styles of student
learning. We need to ask whether instruction that is characterized
ay lectures, teacher demonstrations, and text readings furthers the
onstructivist learning that we value for science education. Exem-

Mau teaching models promote what we value by providing useful
opportunities for learners to articulate, test, share, and act on their
ideas and findings.
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Sound instructional models promote the notion that science is what
scientists do, as well as what they know. Beyond the grades students earn
by memorizing new information, such models value how well students
use their new knowledge and incorporate it into their old views.

Noteworthy instructional models for scfence and technol-
ogy learning need to be consistent with the way scientific and
technological investigations are typically carried out. No one
enjoys or learns from being told how things are; most people learn
by finding out for themselves. Solid instructional models have
students doing science and technology by engaging them in the
acts of exploratory investigations, constructing meaning out of
their findings, proposing tentative explanations and solutions,
exploring concepts again, and then evaluating concepts in refer-
ence to their own lives. Our model (Figure 6.1) reflects these
characteristics in a four-stage format in which students:

Accept an invitation to learn;
Explore, discover, and create;
Propose explanations and solutions; and
Take action on what they learned.

SCIENCE

Originates in
Questions About the

Natural World

Methods of Inquiry

Explanations for
Phenomena in the

Natural World

Personal Actions
and Social

Applications

Figure 6.1
The Teaching Model

,Explore, Discover, Create.

Propose Explanations and
Solutions

Take Action

TECHNOLOGY

Originates in
Problems of Human

Adaptation
in the Environment

Problem-Solving
Strategies

Solutions to Human
Problems of
Adaptation

Personal Actions
and Social

Applications
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Although the four stages are presented sequentially, the prac-
ticing scientist or engineer rarely, if ever, follows the model step
by step. The figure, with its arrows and loops, illustrates the
complex nature of scientific investigations and technological
problem solving. In the classroom, after initial engagement, the
children and teacher may perform exploratory investigations,
propose and invent tentative explanations or solutions, and ex-
plore concepts several times before coming to the last step: taking
action on what they have learned. Even then, the explorations and
refinements continue.

Imagine the excitement of the research scientist who finds
himself or herself fully engaged in the investigative process. We
can promote that same exhilaration in kids with science learning
that employs the type of model proposed here.

Stage 1. The process begins by engaging the learner with an invita-
tion to learn. It may be sparked by a child's spontaneous question or
by a teacher-generated question about the natural world (science)
or a problem in human adaptation (technology) that's elicited by
events such as the Exxon Valdez oil spill or the Armenian earth-
quake. Such events stimulate immediate questions that students
and teacher may ponder together. It includes the recognition of
prior conceptions and beliefs held by children by giving them time
to communicate through discussion, illustrations, and writing
about their impressions and understandings of the quution or
problem at hand. In the case of an oil spill, for example, teachers
might find that students believe that animals and birds affected by
the spill can take care of the oil on their fur and feathers simply by
washing themselves off in the water. This knowledge gives the
teacher important clues as to what activities might be important in
the second stage.

Stage 2. In the explore, discover, and create stage, children might
engage in focused play, collect and organize data, or experiment
with materials. Chiidren try to answer their questions using mate-
rials they've collected or have been provided, share their findings
with each other, and then try other experiments to settle arguments
or to continue investigating an idea. The exploration process pro-
vides a built-in opportunity for constructive playan ideal vehicle
for the informal investigation that allows for the testing of ideas.
The whole process should build on children's natural curiosity
about the world around them. In this model, prescriptive classroom
experiments, such as demonstrations of a concept already "taught"
by the teacher, take a back seat to those activities that help kids
discover an unknown effect or law for themselves (in spite of the
fact that many experiments do need to be carried out under con-
trolled conditions).

;
I
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Let's nurture the precious place that discovery holds in the world
of science by providing the types of learning experiences that honor
it, while recognizing that the experiences are specifically planned
to allow the children to hone in on particular concepts.

For example, children may try floating feathers from sea gulls on
water and note what happens: the length of time the feathers float,
what they look like when they are wet, how well they float, and
how long it takes them to dry off. Students can then compare these
findings with feathers soaked in diluted motor oil.

Stage 3. As learnerspropose explanations and solutions that are based
on their own observations, they construct a new view of the concept
under study. Students are therefore changing their prior concep-
tions based on the new information gained through exploration
and discovery. They persuade themselves, as well as their peers, that
the new conception is based on convincing data from activities
about which they have firsthand knowledge.

In the case of oily feathers, students will undoubtedly form an
opinion about bird feathers coated with oil and the inability of
water to fully dissolve the oil. Here they may be drawn again into
Stage 2 of the model as they try to answer questions about how to
remove the oil from fur and feathers.

Stage 4. The process of constructing a fresh view prepares students
to take action on what they learned, and doing so demonstrates that
they have truly integrated the newly discovered information and
proposed explanations into their existing conceptual frameworks.
The teacher has not taught a particular concept but, rather, has
provided appropriate activities, questioning, and the environment
in which the children have constructed a new conceptual under-
standing. Regarding the oil spill, students may decide to take action
by writing letters to officials of oil companies that contain recom-
mended solutions (and their rationales) for future oil spills, or they
n ight write Congress to express their opinions about related poli-
cies, noting how they arrived at their opinions (i.e., their conceptual
understandings).

Figure 6.2 is a more detailed depiction of the instructional
model, with teaching examples for both science and technology.
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Teaching Examples
for Science

Figure 6.2
The Teaching Model

Stages in the Teaching Examples
Teaching Model for Technology

Invitation

Observe the natural world Observe the human-made world
Ask questions about the natural world Recognize a human problem
State possible hypotheses Identify possible solutions

Explorations, Discoveries, Creations

Engage in focused play
Look for information
Observe specific phenomena
Collect and organize data
Select appropriate resources
Design and conduct experiments
Engage in debate
Define parameters of an investigation

Brainstorm possible alternatives
Experiment with materials

Design a model
Employ problem-solving strategies

Discuss solutions with others
Evaluate choices

Identify risks and consequences
Analyze data

Proposing Explanations and Solutions

Communicate information and ideas Construct and explain a model
Construct a new explanation Constructively review a solution
Evaluation by peers Express multiple answers/solutions
Determine appropriate closure Integrate a solution with existing

knowledge and experiences

Apply knowledge and skills
Share information and ideas
Ask new questions

Taking Action

Make decisions
Transfer knowledge and skills

Develop products and promote ideas

Note: Although this figure has two distinct columns, a review of teaching
examples clearly shows that science and technology are intertwined;
many of the examples could easily be placed in both columns. Commu-
nicating information and ideas, for example, is as much a pan of science
as it is a part of technology.
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The instructional framework proposed herein serves as a guide
for teachers to use while creating lesson plans and, at a macro level,
unit plans. What does this instructional model look like in action?
We have already seen one example, that of Ms. Lopez, who used
the model to plan a flexible sequence of activities on seeds for her
2nd graders (see Introduction, pp. xv-xvii). Recall that she began
by informally assessing her students' knowledge about seeds,
planned a series of exploratory activities, and worked with the
children to design experiments that produced information that
they could incorporate into their developing science conceptual
frameworks. While tbc children amassed a wealth of information
about seeds through the carefully planned activities, Ms. Lopez
kept them focused on major conceptual ideas, such as those
mentioned in Chapter 2. It was the ma/or ideas she sought to
nurture in the children, knowing that they could use these ideas
to make sense of a potential factual overload and, perhaps, also
uncover links to such non-science areas as mathematics and social
studies.

We get another view of the instructional model by visiting Mr.
Clark, a 4th grade teacher and colleague of Ms. Lopez.

For a number of years, Mr. Clark has taught a popular unit on
batteries and bulbs that his college methods instructor introduced
to him. In most years, the unit was simply great fun for his
students. Sometimes it lasted up to six or eight weeks, with a few
students pursuing activities throughout the rest of the school year.
In other years, the magic just wasn't there and the activities lasted
only a few weeks. This was perplexing to Mr. Clark, but even more
bothersome was his persistent hunch that while the kids generally
had Pr and learned a lot about electricity, he was unsure what
the kids really understood. Did all ofthcm have an accurate notion
of electrical circuits, resistors, and the differences between parallel
and series circuits? In spite of an eloquent defense to his colleagues
(and in a few cases to parents and children!) over the importarwe
of this unit and the need for children to engage in the processes of
science, the picture did not seem complete.

This year was to be different, however. At meetings at the
beginning of the school year, Ms. Lopez shared with her colleagues
some information and activities she became acquainted with
during a summer science education institute two years ago. She
introduced Mr. Clark and the other teachers to the elements of
constructivist learning and the four-step instructional model, and
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she gave them examples from the seeds unit she had designed and
taught last spring. Mr. Clark saw a way to refine his batteries and
bulbs unit. As he studied Figure 6.2, he saw how he could provide
more structure to what sometimes turned into nothing but fun
discovery activities. For example, he realized that alter students
had explored an idea through concrete activities, he could probe
their thinking and have them post on classroom walls the dia-
grams of circuits that worked and those that didn't, so that they
all could discuss what constituted a circuit. Even more important,
he saw how he could get the children to focus on a major concept,
like systems, through activities on the subconcept of circuits. To
help with his planning, he set up a large chart on butcher paper,
like that in Figure 6.3, and began to list possible activities in the
two columns. Eventually, he developed several charts. One detailed
the general flow of possible activities over the length of the unit.
Others detailed a sequence for just one day. Some focused on only
one stagefor example, exploration, since he believed that the
children needed more time on this stage.

StaRe

Figure 6.3
A Framework for Planning

What the children
will do

What the teacher
will do

Invitation

Explore

Explain

Take action

.4 s he redesigned the unit from what he had done in previous years,
Mr. Clark knew a good starting point would be for students to
struggle with understanding what defined a circuit. Later he would
tie this understanding to the concept of a system. In the initial
lesson, besides creating an operational definition of a circuit, he
wanted to watch students engage in the processes of observation,
inference, and cominumcation. He knew some students would
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become frustrated with their initial efforts, so he made a conscious
attempt to promote the attitudes of persistence, desiring knowl-
edge, and cooperation in discovering and sharing information. On
the first day of the unit, each child was presented with one battery,
one bulb, and one wire. The invitation to learn was, "How can
you make this bulb light?'

In teams of three, the children worked to discover a solution to
the problem (question). One child in each team was charged with
keeping a record of all of the team's creations and inventions,
regardless of whether or not they worked. Another child was
designated as a reporter and posted the team's findings on news-
print with a large-scale drawing of each attempt. The cooperative
learning skills that Mr. Clark had taught the students earlier in
the year really paid off. The drawings were referred to time and
time again when the students looked for new ideas to solve the
problem of how to make the bulb light. The drawings also served
as a means of communication to explain their trials. Mr. Clark
pointed out that scientists keep track of their successes and failures
because they learn from both.

The children's first attempts generally included ideas that the
battery was the source of power, the light bulb the object, and the
wire some type of connector .o the object.

Mr. Clark used questions like, "How many ways can you light
the bulb?" to promote observation and to encourage testing of
student ideas. He encouraged the children to note which parts of
the battery and bulb were "hooked up" in each of their trials,
especially when they managed to light the bulb. Mr. Clark knew
that the following issues would need to be dealt with as the first
few teams discovered a solution:

I. The solution would spread like wildfire throughout the class-
room and be copied by other students. While this in itself is a
powerful learning tool because it allows children to "get off the
starting block" at about the same time, Mr. Clark wisely threw
out another challenge so that the children who finished first
still had much to do. In searching for multiple ways to light
the bulb all students were treated to the discovery that there
was not only one right answer. When they looked at each team
report, they noticed some regularities, some things that worked
and others that did not. They also were surprised to find tha
some strategies they thought would work did not.
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2. Some of the successes were due to chance. Perhaps a student
used the rim of the battery insteae of the top or bottomon
some batteries that will work just as well as connecting the
wire to the bottom. The bulb lit unexpectedly. So careful
observation ana drawings as a means of communkation
needed to be encouraged.

Recognizing these two issues, Mr. Clark really needed to pose
questions as he went along. Asking how many ways students could
light the bulb enticed students to be creative. Once they had learned
the overriding principle of circuits, they might be more creative
than they would have been in a more traditional experiment. For
instance, students have been known to take off the metal jacket
on the battery to discover that the zinc "innards" anywhere on the
sides of the battery work just as well as the bottom. With this
lesson, Mr. Clark made it possible for student3 to forget the "one
right answer" approach ofmost problem-solving efforts. The result
was myriad creative triessome that worked, others that didn't.
The more successes students aperienced, the more they tried to
find other ways to light the bulb.

Being successfd at lighting the bulb was only one part of the
process of developing the concept of a circuit. Mr. Clark knew that
students needed to hone their model by proposing explanations
and solutions to the concept they were constructing. Additionally,
the principle of the circuit as part of a system needed to be
developed. This was done by integrating the concept of circuit as
a system into a set of words that covld be used to communicate
ideas about systems and extend those ideas to other, more compli-
cated circuits. When Mr. Clark and his students reviewed all of
the reports, isolated the ways that worked, and tried to figure out
why same strategies failed, they were on their way to a more
scientifically correct understanding of circuits.

The students needed to articulate their findings for themselves
and to others. Mr. Clark had students duplicate their solutions
with the same materials and instructed the teams to carefully draw
a model and then write down what they had observed about the
successful model. If they needed words to describe what they had
done, he suggested some.

From looking at their work and that of others, Mr. Clerk's
student teams noticed regularitiespatternsthat would predici.

C



Use A Cotanwowisr-Ontaw 1NsreucnoNAI. MODEL TO GUIDE LIMNING

whether a bulb would light or not. From these regularities, student
teams would articulate the rules they observed. This process took
several class periods to accomplish. When they were finished,
every student understood the concept of a circuit, could call
it by name, and could infer from a diagram if a circuit was
complete.

If Mr. Clark had not refined his inquiry-discovery approach,
only some of his students would have achieved the conceptual
learning outlined above, and fewer would have been able to put
the concept of circuit into the larger conceptual picture of systems.
And if traditional teaching techniques had been usedif Mr. Clark
had merely demonstrated how circuits are madestudents may
have learned one way of lighting the bulb and some textbook
definitions of the parts of a circuit, and most would have forgotten
the vocabulary very quickly. They would have been robbed of the
excitement of finding out for themselves and forfeited the intrigue
of discovering that circuits can be made in at least four different
wayssometimes even six or more, depending on how adventure-
some they were and how tolerant Mr. Clark was. Most important,
they likely would have failed to construct a mental model of the
circuit, and their ability to apply the concept to other situations
or diagrams would have been quite limited.

TAKING ACTION ON WHAT WE KNOW

How can schools adopt the effective instiuctional model
presented in this chapter? For starters, educators a: all levels need
to be aware of insZructional models that foster higher order think-
ing and concept development through constructivist learning. It
iS not enough to encourage all teachers to be process-oriented.
There must be opportunities for teachers to learn how to introduce
and exploit exploratory activities within the instructional model
proposed nere. School administrators need to lend their support
ano reward teachers who are taking risks to use these practices.
Administrators need to know good science teaching when they
see it, given their roles as evaluators and instructional leaders.
Sufficient implementation and follow-up time are needed to help
teachers make the significant changes involved. Teachers need
support that will enable them to feel good about taking the time
to learn and use the teaching techniques used by Ms. Lopez and
Mr. CI irk.

qIt
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LOCAL ROLES

Things to do now:

1. Involve key playersadministrators, principals, teachers,
parents, the communityin developing and promoting an in-
structional model that promotes the same mechanism that scien-
tists use to do science.

2. Work with teachers to evaluate materials currently in
use to determine how (or if) they can be used in this model. Where,
for example, do the current textbooks fit?

Things to do for the future:

1. Make available materials that support the adopted in-
structional model. (See descriptions of new materials in the
Models and Resources section of this chapter for more detail.)

2. Identify or develop staff development resources that
help teachers adopt the instructional model by structuring an
ongoing inservice program that allows teachers to experience,
understand, and practice it, as well as to be coached in actually
using it. The training should include cooperative learning, ques-
tioning techniques, assessment in the service of instruction, and
the role of teacher as facilitator. Administrators ca) dromote this
by recognizing teachers who become co-learners with students.
Create the expectation that all teachers who have been trained to
use the model will do so.

3. Institute a support system, like peer coaching, where
teachr-c work together to look at their successes and difficulties
with L. new instructional model. The nature of support will need
to change over time. Initial support, for example, might address
issues such as teacher concern over proposed instructional
changes. Later on, support efforts could focus on managerial tasks
and implications for student needs.

4. Design assessment strategies that match and support the
adopted model of instruction. These might include portfolios of
children's work, documentation of systematic observations of
children 's performance, and notes from discussions with individ-
uals or grnups of children.

3. Manage curriculum and materials in districts so that they
match and support the adopted instructional model. In addition
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to appropriate materials, provide for a petty cash fund to facilitate
use of the model, especially for some instances of "taking action"
where students may need to do things like send letters about an
environmental issue to the mayor.

6. Arrange partnerships with labs, universities, or science-
oriented business firms. Visits by students or by their staff to
classrooms can bring science to life, helping children see how
scientists and engineers go aboUt their work.

STATE ROLES

Things to do now:

1. Institute staff development initiatives that train teachers
about the how and why of using an instructional model that
promotes high-level conceptual development. Gear the training
toward the philosophy of teachers as facilitators of knowledge.
Make svre that staff development covers use of strategies like
questioning techniques, cooperative learning, learning style
awareness, and assessment in the service of instruction.

2. Convey expectations and support of excellence in sci-
ence education to faculty and parents. This means public sup-
port for effective instructional models that emphasize more
in-depth exploration of concepts rather than covering a multitude
of topics superficially. If effective, this should lessen the pressure
on teachers to finish the science textbook by the end of the school
year.

3. Incorporate the adopted instructional model into state
curriculum guidelines. Curriculum must be linked closely to an
instructional model, otherwise there is a risk that teachers will
teach but students will not learnat least in the sense that we have
presented in this chapter. Without this linkage, students may, at
best, only memorize information without understanding it.

Things to do for the future:

1. Encourage college and university programs to introduce
instructional models that help prospective teachers learn teach-
ing methods that parallel the scientific investigative process.

2. Recommend that college and university programs de-
velop undergraduate science courses that employ an instructional

r
()
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model that corresponds to how scientists do science. If such
courses were to use the model discussed in this chapter, teachers
would have experienced good teaching for themselves, unlike
current practice.

MODELS AND RESOURCES

A Model Curriculum: Improving Urban Elementary Science, a
curriculum currently under development by the Education Devel-
opment Center (EDC), uses an instructional-learning framework
similar to the one in this chapter. The framework guides learners
through four phases: getting started, experiencing and discover-
ing, processing for meaning, and extending ideas.

A Model Curriculum: Science for Life and Living: Integrating
Science, Technology, and Health is currently under development by
the Biological Sciences Curriculum Study (BSCS). It incorporates a
five-step instructional-learning modelengagement, exploration,
explanation, elaboration, and evaluationcompatible with the
model described in this chapter.

A Model Curriculum: The National Science Resources Center
at the Smithsonian Institution is currently developing a curricu-
lum entitled Science and Technology for Children, which pro-
motes an inquiry-oriented teaching model similar to the one
proposed in this chapter.

A Center: The Center for Teaching Thinking at The Regional
Laboratory for Educational Improvement for the Northeast and
Islands in Andover, Massachusetts, specializes in infusing the
teaching of thinking across the curriculum. The Center provides
training, assistance, materials, and other resources to educators
throughout the country.
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7.
Assess What

Is Valued

Do we assess what we value? Not really. We tend to
test what is easiest to measure: factual knowledge.
Testing what we valuea full understanding of
sclence knowledge and the ability to apply it,
problem-solving and thinking skills, and a positive
attitude toward scienceis a much taller order. To
meet the goal of scientific literacy, we must start
testing what really matters.

WHAT WE KNOW

Many factors covered elsewhere in this booktime, teachers'
basic science knowledge, lack of exemplary teaching materials and
traininginterfere with the teaching of what we say we value in
science education. And this di repancy between what we say and
what we do is even greater when it comes to assessment. What
results is a sizable assessment challenge.

To deal with this challenge, we first need to address the
discrepancy between what we say we value in science educa-
tion and what we teach. Indeed, ask teachers and administrators
at the elementary level what should be taught in science, and they
will often instinctively answer, "knowledge, skills, and attitudes."
However, a quick look at their curriculum would most likely reveal
a textbook-driven focus on the traditional content of facts and
name;. Moreover, other valued outcomeslike concept develop-
ment and the ability to apply science knowledge, practice a variety

"
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of science process skills, and develop scientific attitudessome-
how get lost in the "make sure to cover all of the important facts"
shuffle. Yet these broader outcomes must be addressed if we are to
remain serious about developing scientific and technological lit-
eracy and achieving our long-term national goals for science
education at all grade levels.

Likewise, there is a discrepancy between what we say we
value and what we assess, despite the growing consensus of
teachers, districts, and states about what's really important in
science education. Think back to almost every science test you've
ever taken. What do you remember? Most of us visualize a sea of
multiple-choice questions that probed for scientific facts. These
recall tasks had little relation to our daily lives, nor to scientific
literacy. In all likelihood, they did not analyze and test for impor-
tant facts and concepts, much less for thinking and problem-solv-
ing skills.

Things haven't changed that much. Teachers' tests still tend
to be saturated with items that merely require factual recall. Such
methods are the favored assessment choice for many ma. lns: (1)
a "right answer/wrong answer" mentality, which makes measure-
ment easy; (2) not knowing alternatives to the right/wrong ap-
proach and needing to base grades on something; (3) fat textbooks,
an already crowded curriculum, and multiple-item, quick-an .wer
tests that compete for teaching time; (4) inadequate preparation
for teaching and assessing science; and (5) limited resources: time,
energy, and funds.

If we consider how many "right" answers are awarded because of a good
guess or incorrect assumption, or, even worse, the number of "wrong"
answers tallied because of knowing too much about a given topic, we
are compelled to think again about employing right/wrong answer ap-
proaches to assessment.

_

To declare, however, that all science tests are si.nply designed
to probe for trivia is to denigrate the efforts of hard-working,
overworked teachers. Perhaps we need to step back and ask if what
is currently assessed is what is valued by teachers and students
alike. Can we assume that the omitted outcomes are not important
to them? Indeed, many of our assessment problems are a result
of how science is perceived by the public and by teachers. We
tend to teach how we've been taught. Stereotypes persist in
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sciencethe imprint on our brain stubbornly insists that facts and
figures are science. The problem inherent in this notion is the
continual explosion of new knowledgethat there is simply too
much knowledge to cover it all in the limited amount of time
allocated to science, nor should we even try. In fact, the stereotype
supports our contention that it's much more important to teach
and test the major concepts, themes, and skills of science, and the
relationship of science and technology to our daily lives.

The bottom line is that assessment that leans heavily on fact
regurgitation does little to foster the other things we value:
understanding of scientific concepts and of the ways scientific
inquiry responds to questions about the world around us, the
ability and disposition to use problem-solving skills, and the
clarity to appreciate and pull from the shelves of our minds what
is learned in science for use in our daily lives. We need to continue
to work within the constraints of our particular system to improve
our assessment strategies.

Although there is broad consensus that scientific and technological
literacy for all citizens is highly valued, the direction of most assessment
efforts to date has not reinforced this value.

TAKING ACTION ON WHAT WE KNOW

How can we begin to effectively assess what we value? By
using assessment tools that measure:

Factual and conceptual knowledge, including:
facts about the child's immediate natural world, like
knowing that the moon passes through cycles and about
elm trical circuits, disease, and nutrition;
knowledge about technology, like gears and pulleys, the
development of health care systems, and the design of
various inventions like a device to collect seeds;
concepts that scientists use to explain observations about
the natural world, like how an animal's structures are
related to the particular structure's function and how a
simple machine is an example of a system; and
knowledge about the scientific venture, its philosophy as
a way of knowing, and its history, like the evolution of

I .
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the view that the earth was the center of the universe to
our present concept of the solar system.

Skills inherent in doing science in the dassroom, including:
use of the tools of science, learned through science labo-
ratory activities, like focusing a telescope on the moon
and weighing objects with an equal-arm balance;
intellectual skills used in applying the methods of science,
like the ability to develop a hypothesis about the moon's
phases; to design an experiment that is a valid test of that
hypothesis; and to collect, produce, analyze, and present
data; and
the general thinking skills used in reasoning and problem
solving in science, like considering how to clean up an oil
spill and determining which brand of paper towel is a
better buy.

The development of a variety of attitudes related to science,
including:
scientific "habits of mind," like skepticism, tolerance of
ambiguity, and respecting reason; and
positive attitudes toward science, which will lead to a
willingness to apply science knowledge and science-based
skills outside the classroom.

Is it really possible to assess this wide a variety of outcomes?
Here's an example of how Ms. Lopez did so in her seeds unit:

Ms. Lopez had many opportunities for evaluating growth of
understanding fnr individual students or groups of students. Each
student gave an oral presentation about a seed she had found and
examined; participated in a group that was asked to write, graph,
or confer with Ms. Lopez; and shared in whole-class activities in
which each student question or statement was an indication of
progress (or lack of progress). Ms. Lopez was interested in several
different types of understanding: Did the children develop an
understanding of the role of seeds and their various properties in
propagating plants and in providing food for animals and hu-
mans? More important, did they develop an understanding of some
of the nine organizing concepts that had been illustrated through
the study of seeds? Were they more adept at using a lens and at
measuring length, weight, and volume? And did they develop some
sense of systematic observation, recording, and analysis of data
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as they collected seeds, otganized their collection, and genninated
the seeds?

What if language arts assessment ended with learning to identify the
letters of the alphabet? Students acquired the factual knowledge, but to
what end?

Note that in this definition of what we ...Que, testing for
knowledge means more than testing only for disconnected facts,
as illuminated by our alphabet example. When we start to ask,
"What purpose can there be in testing only for facts?" we will
conclude that there is little purpose. Facts will remain forever lost
in the crevices of our minds unless we connect them to meaningful
concepts. The problem is exacerbated by the ease, simplicity, and
efficiency with which knowledge of facts can be assessed. Many,
perhaps most, assessment efforts unfortunately end there. Ade-
quate assessment of the other outcomes may require observation,
open-ended responses, and testing items that allow multiple an-
swersassessment techniques that are explored in Chapter 9.

LOCAL ROLES

Things to do now:

1. Clarify the most valued goals. Carefully define the over-
arching goals that are most valued for each grade level to delineate
a framework for what should be assessed. When completed, share
the framework with school and district personnelcurriculum
directors, principals, science specialists, teacherswho can then
be helped to plan, teach, and assess programs with the new
framework in mind. Also inform parents, school boards, and the
local community of the rationale behind the new direction in
assessment.

2. Determine whether or not current assessment practices
measure identified goals and values for science education.
Before even beginning this task, examine the curriculum to ensure
that the valued content is there in the first place. (See Chapters 2
through 4.) Analyzing assessment practices for whether they mea-

l'. '1
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sure depth of knowledge, usable skills, critical thinking skills,
positive attitudes, and meaningful application can then follow.

3. Encourage teachers to think of assessment as an ongoing
process, part of their instruction: It is a guide both to their own
instruction and to their students' understanding of what they are
learning.

Things to do for the future:

1. Develop or adopt assessment techniques that match
what is valued in science learning and that reinforce the goals
of science education. For example:

Assess knowledge through techniques that probe for depth
of understanding of facts, concepts, and the ability to use
problem-solving skills.

Assess skills through hands-on performance tasks in which
student competencies and reasoning skills become appar-
ent.

2. Set aside time for developing techniques that really do
assess what we value. The prevailing philosophy is that such
development can be squeezed in after school or during the sum-
mer. But this task will require more than a casual effort. Careful
thought and working on the issues a few at a time can contribute
to success.

3. Raise the education and larger community's awareness
of the problems with traditional tests and of issues in the
comparison of test scores. Make a case for the usefulness of
alternative perspectives and strategies for assessment, demonstrat-
ing whenever possible.

Ly making a concerted, continuous effort, schools, principals, and teach-
1 ers can begin to employ the type of assessment strategies that will assess
I what is valued.

- - -
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STATE ROLES

Things to do now:

1. Incorporate all of the dimensions of science that are
valueddepth of knowledge, science process and general think-
ing skills, and positive attitudesinto statewide assessment tools
and efforts. Good assessment strategies at the state level are
paramount because they tend to drive local science programs and
local assessment. If states stop at assessing only factual knowledge,
teachers and schools notice, and there is little incentive to focus
on other valued outcomes. By acknowledging a broader view of
assessment, states can motivate local pioneers to follow their lead,
since no system wants to come up short by doing poorly.

2. Support local school districts to clarify what they value
and to design assessment strategies that are parallel. This can
best be achieved through a combination of clear expectations and
directionand enough assistance to do the job well. This assis-
tance can include institutes for learning about and developing
assessment strategies, test banks, and other t.elp to promote suc-
cessful local efforts.

MODELS AND RESOURCES

Assessment practices are still in their infancy. We are only now
beginning to realize the potential effectiveness of assessment as a
tool for examining long-term student progress, providing impor-
tant insight into how students think, and illustrating how they
engage in science. It is therefore not surprising that few well-tested
assessment models exist that we can recommend as exemplary.
There are, however, some prototypes that have been tried at the
time of this writing. Two of these are major efforts by a local district
and a state education agency to build assessment tools that mea-
sure what they value for elementary school science. While char-
acterited by the agencies as program evaluations, stime of their
activities appear to be adaptable kir the elementary classroom.

A Local Model: In spring 1988. the science department of the
Minneapolis Public Schools conducted an assessment of the K-6
science program. Testing in IS classrooms in 14 schools, 410
students took part l'he purpose of the assessment was to test
whether the existing curriculum builds, as it is intended to, a set
of experiences that torin the basis of concept development and
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teach the process skills necessary for investigation and experimen-
tation, and to what extent it promotes students' confidence in
their ability to do science.

The content and process portions of the test were given using
a paper-and-pencil format and were administered to students
individually. Approximately half of the students took each form
of the laboratory test. This test was administered in student pairs
to gather information about the students' ability to observe and
describe objects and events, classify objectives, and perform inves-
tigations. Students were divided among 12 stations and were
rotated from station to station (hence the assessment's name: the
Circus Model). At one station they observed a Cartesian diver and
wrote down what they observed. At another, they classified pic-
tures of dogs and justified their classification system. Another
example of a station was a "feeling box," at which students were
asked to describe a certain object among several in the box and
explain what they thought it was made of.

Approximately 50 students were given an individually admin-
istered interview to assess their experimental design skills in a
problem-solving setting. Students were shown two brands of paper
towels and asked which of the two paper towels was best. They
were then directed to select from the array of materials and
supplies available and make a fair test to find the answer to the
question. The interviewer coded the students' responses and be-
haviors with special attention to their ability to corm...A variables.

Results of the assessment are available from the Minneapolis
Public Schools.

A State Model: The New York State Department of Education
is currently conducting a large-scale, statewide assessment of its
K-4 science program with seven instruments, of which two are
required. The first required instrument is a 45-item written test,
which includes 29 multiple-choice items that focus on the princi-
ples of matter and i 6 items that examine processes that can be
assessed using paper and pencil. The second required instrument
is a five-item, station-to-station, problem-solving performance
test. The remaining instruments are an assessment of students'
attitudes toward science, a classroom cavironment survey for
students, and one survey each for teachers, principals, and parents
and guardians.

The assessment effort is designed to (1) measure K-4 science
learning, (2) tie assessment items to the state syllabus, and
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(3) provide each school with an item analysis that identifies which
science learning strategies are working well and which could be
improved.

Two hundred thousand students participated in the first
round of testing, which was completed in spring 1989. The sizable
effort, particularly with respect to administering the performance
test, was accomplished through a turn-key training program in
which trainers at regional service centers (Board of Cooperative
Educational Services) trained staff at each school. Results of the
assessment are available from the department, which is also plan-
ning to disseminate the process through a systematic training
program.
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8.
Connect

Curriculum,
Instruction,

and Assessment

Assessment can mean so much more than something
teachers do tc students at the end of a unit of study. A
fuller picture would show assessment as a process that
weaves like a thread through all phasesbeginning,
middle, and endof student learning. We can learn to
use assessment in the service of instruction when we
deliberately connect it with teaching and learning,
using assessment activities in ways that are
indistinguishable from instruction.

WHAT WE KNOW

Authentic assessment of science learning is tied to curric-
ulum and instructional goals. As true as this statement seems, it
is far from a reality in most science programs. Part of the reason
lies in the external measures of science learningbenchmark tests,
state-mandated tests, and state and local assessmentsthat con-
tinually barrage schools and teachers. It's not uncommon for
schools and states to judge the quality of their entire science
program on one or two external measures like the SAT and the
Iowa Test of Basic Skills. This practice promotes a vicious cycle in
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which teachers and schools, consciously or not, tailor their
curriculum to what is tested, instead of the other way around.
And because factual knowledge without conceptual under-
standing is the focus of what is typically measured by stan-
dardized tests, curriculums Lick the other things we value:
concept development, science process and thinking skills, and
scientific attitudes.

To promote these valuable goals of science education, future
assessment efforts will need to use strategies that measure the
attainment of them. Data from a fuller assessment effort can then
be used to help redesign science curriculums and instruction that
are more congruent with intended outcomes. Here assessment
becomes a tool for broadening rather than narrowing the scope of
the curriculum. It supports evolving, not stagnant, classroom
activities that highlight important ideas, concepts, skills, and
relationships. It also allows for matching curriculum to the
strengths and problems of a particular community or region,
thereby increasing the appropriateness of science for all students.

Reforms in assessment in Great Brit&n reflect this broader view of testing.
Their system addresses both the smprovement of instruction and the need
to tie assessment to instruction.

Our model builds on a view of continuous assessment
using strategies . tat help teachers monitor the full range of
student learning and adjust instruction accordingly. This
means:

Student competence to perform science-related skills is
assessed through hands-on activities, such as finding an object's
mass, determining which paper towel is the most absorbent, or
predicting which substancea piece of wax paper or plastic
wrapsupports the largest amount of water.

Teacher questions that require students to justify and
defend, two important science thinking skills, play a role in
good assessment. For instance, in a class where students have been
comparing seedlike objects and real seeds, the teacher might give
students Redhot candies (which look like small red seeds) and ask
that they be placed in either the seed pile or nonseed pile. Students
are then asked to produce a convincing argument to justify and
support their decision.

)
t
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There is value in considering how a student approaches
an assessment task, how a hands-on activity was carried out,
or how an answer was obtainedas well as the product of that
assessment: the correctness of the answer. Focusing on the
process yields a world of information about how children think.
Reflect on this example:

A group of children were shown pictures with stick figures pointing
in different directions: up, down, and sideways. They were asked
to indicate which figure pointed to the earth. A number ofchildren
chose the figure that pointed directly ahead. Asked why, they said
that trees, houses, and people are all part of the earth. Those who
indicated that the earth was above them said that they were not
sure where the earth stopped! Yet another sutprise came when some
of those who chose the right answer, the figure pointing at the
ground, said they chose it because the ground was dirt and that
dirt and earth were the same.

The right answer/wrong answer assessment mode seems less
useful as we learn how kids formulate their answers. Yes/no and
multiple-choice items provide no insight into how children ap-
proach a problem, whether they are relying on rote memory, or if
they really understand the concept behind the question. Indeed,
note tlic wealth of information the teacher would have missed had
he stopped with a single answer for the question above. We need
to ask: What is most important in assessment? Are we only
rewarding students who are adept at memorization? In the exam-
ple above, might it be worthwhile to base assessment on which
student provided the most thoughtful answer, rather than merely
the right one?

Good assessment exercises are indistinguishable from
instructional tasks. Review the example below and ask whether
a clear line can be drawn between the assessment and instructional
activities in Ms. Lopez's class.

Ms. Lopez was almost finished with her unit on seeds. After
observing many objects, some seeds and some not, students com-
piled the following list of characteristics that had to exist for an
object to be called a seed:

1. It would grow if planted in the right environment.
2. It always contained a baby plant.
3. It always had a skin over the outside.
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4. It could either be like corn, one solid unit with a baby plant on
one side, or it could be like a bean, two halves with a baby
plant in between.

S. It can't be black. (They were convinced that there were no black
seeds.)

6. There was a whitish spot on one end.

On the day Ms. Lopez was to complete the lesson, John brought
a small piece of a blue plastic berry basket to class. John stated
emphatically, "This is a seed. It's one piece, like corn. See, it has
skin." (He peels a small piece of plastic from the surface.) "It's not
black and it has a spot on one side. See the bump? That's the baby
plant."

After much discussion, the class decided to plant the blue
"seed." John observed, "This seed is like an acorn; it wil I take about
six weeks to sprout, and school will be over by then."

One by one, the students reviewed everything they ever knew
about seeds, and the plastic berry fragment flt the model they had
painstakingly constructed. Finally, in desperation, the class de-
cided to bum the "seed" to see if it smelled like burning seed or
plastic. Ms. Lopez, glad to oblige, suggested that not all plastic, or
for that matter, seeds may smell alike when burned. However, an
experiment was planned and executed, and John's seed indeed had
a burning plastic smell anyone could recognize.

Clearly, Ms. Lopez was able to assess knowledge, skills, and scien-
tific habits of mind more effectively during this exchange than if
she had given the students a traditional paper-and-pencil test. By
having to justify their conclusions, her students were forced to
reexamine their seed model. In the end, they had to design a fair
test for a hypothesis and alter their model based on the test results.

This is what good science assessment is really about: measur-
ing depth of understanding as well as simple mastery of knowl-
edge, using a variety of formal and informal techniques.

F uture assessments will be conceived as an Ongoing, yclic.al process in
which assessment feeds, informs, shapes, and improves urriculum and
instruc tional decisions.
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TAKING ACTION ON WHAT WE KNOW

How can we adopt this new model of assessment? What needs
to happen? First, we ought to help teachers and administrators
view assessment as something that includes, but goes beyond,
testing of factual information. Second, we need to embrace the
notion that the primary role of assessment is to inform teacher
decision making for both curriculum and instruction. This will
require continually gathering assessment information that would
be routinely and seriously considered in decision making.

Next, reinforce the fact that assessment can better improve
and be tied to instruction when it ls used for a variety of
purposes, including:

Assessing student understanding before, during, and
after instruction. Assessing students' prior knowledge and skills
before instruction demonstrates the conceptions students bring
with them and sets the stage for future learning activities. Whatif
anymisconceptions to dispel, which instructional strategies to
choose, how best to group students during team learning, and
what laboratory or hands-on skills have already been mastered are
important pieces of information to gather before instructinn be-
gins. Here is how Ms. Lopez did this:

Before beginning the seeds unit, Ms. Lopez had invited the class
to talk about seeds by asking: "What are some examples of seeds?"
The children were eager to contribute ideas and called out many.
She mentally noted which of the children hung backsome might
be shy; some might be unsure of what a seed is. Later, she would
find other, unobtrusive ways to probe the understanding of some
of these children individually.

She noted something interesting about the set of answer: the
students had given: They seemed to associate seeds with things
they ate. She thought she could build on that when : he was ready
to introduce the idea of seeds as having concentrated energy to help
plants grow. The children also seemed to associate seeds with
plants. But their conceptien of seeds had limitations. The teacher
made a mental note to bring a coconut, a pine cone, and some
peppercorns to school .

When the 15-minute activity NALS finished, Ms. Lopez had
done several things: She knew what the children understood in a
general way, and she had some ideas about which ones might
require some extra help later on. She also perceived which children

r
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seemed to have a lo of ideas, and later, when the children would
work in small groups, she would try to have each group include
one of these children. She had identified some "hooks' to the
childre0 own understandings and experiences that she could
capitalize on later. All this, and the children didn't even know it
was an assessment!

During instruction, students' adeptness at carrying out ac-
tivitie., understanding of major scientific concepts, and individual
progress, as well as general needs, can all be determined. Teacher
assessment strategies may include systematic student observation,
asking probing questions, listening to small-group discussions,
and reviewing student journals ard write-ups of observations and
procedures. Low student understanding, poor skill development,
and persistent misconceptions are all signals for teachers to rein-
force instruction with alternative methods. For example:

Alter several weeks of working with seeds, Ms. Lopez wants to
assess whether the children have developed good ideas about
testing factors that are important in plant germination and
growth. As the children set up various conditions, she notes that
some are having difficulty weighing soil and solid fertilizer and
measuring water and liquid fertilizer. She takes tin:e to work with
the children on these skills until they have mastered them.

After instrtiction, when most attempts at assessment begin
and end, three well .concelved strategies can be used: (1) perfor-
mance-based activities in which individual students or working
groups are asked to ptrform tasks that employ skills and concepts
they should have learned, (2) paper-and-pencil tests that require
students to justify answers and develop convincing arguments for
particular points of view, and (3) more standard multiple choice
and essay examinations, which are valid and useful, especial)/
when used with other assessment techniques.

Motivating students and (re)defining student roles. Even
simple assessment strategies, like asking intriguing quest:ons, can
work to motivate kids to want to learn more. Effective assessment
may also help teachers cast roles for stuuents in cooperative wurk
groups. As students deal with provocative se:entitle problems in
such groups, they will be even more motivated and productive.
And isn't motivation for learning one of the true benefits of
students taking responsibility for their owl, learning?

1 C.
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Communicating and documenting. Communicating to
students their teachers' expectations about what is to be learned,
and sharing with parents and the greater community the docu-
mented results of what was gained through the science program,
are but two exam..',s of how assessment can serve as an ideal
vehicle for comr ,unication.

In the classroom, good assessment can be a powerful tool for
focusing instruction and providing information to both teachers
and students about learning progress. Incorporating assessment
into instruction in thoughtful ways can provide teachers with the
feedback needed to help their students and to communicate with
others. Following is one example of such practice.

Students were asked to keep a journal noting physical and behav-
ioral characteristics of crayfish. Observations, along with other
information from reference materials, were used to create "the life
story" of a crayfish. The teacher periodically read the students'
journals and could follow up with feedback on what areas they
still needed to work on.

Outside of the classroom, the results of assessment can be
highlighted to convey the benefits of useful information learned
and skills gained, which ultimately serves to promote the impor-
tance of science education for the general well-being of society.

^ - ^ - - - - - - _ ^ _

State and national efforts should provide teachers with the necessary skills
and time to design and implement assessment models that use good
science teaching techniques such as hands-on activities. Using assess-
ment in this manner would result in dramatic change in elementary
science programs.

LOCAL ROLES

Things to do now:

1 . Involve teachers and administrators in all stages of goal
setting, assessment development, and subsequent evaluation of
assessment results.

2. Provide inservice programs that help teachers re-exam-
ine their assessment techniques! Help them develop the neces-

f x1
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sary skills and attitudes to implement the type of assessment
strategies advocated in this book. Focus attention on improving
the kinds of curriculum-embedded and teacher-constructed tests
most often used in the classroom. Use a set of questions such as
those on page 102 of Chapter 9 to help teachers analyze their tests.
Use other assessment checklists, such as those developed by some
states and by the National Science Teachers' Association, to look
at what is taught and how it is measured (see Key References at the
end of Chapter 10). Many of these devices also enable curriculum
developers, curriculum coordinators, and classroom teachers to
get help in assessing outcomes that are not covered by conven-
tional testing procedures.

Consider offering the following staff development opportu-
nities:

A "how to" session on connecting assessment to curricu-
lum and instruction; offer it as an inservice, but also use
the information when developing curriculum guides,
scope and sequence, or working with teachers to design
science activities;

Review the science learning prccess, with attention to an
exemplary instructional model like the one proposed in
Chapter 5 of this book, giving special emphasis to how
teachers can and should evaluate student learning in a
continuous manner.

3. Sensitize teachers to develop a fuller understanding of
assessment by asking the following questions during routine
supervisory conferences or in informal observation. Some ques-
tions might be: What were students learning? How did you know?
Did you use information about what students were or were not
learning to tailor instruction? How could you have done so?

Things to do for the future:

1. Move beyond curriculum guides that focus only on
content. Though helpful, documents on what ought to be taught
fall short of supporting effective assessment. Instead, develop
guides that provide (1) recommendations that map out the over-
arching goals and objectives; (2) suggestions for how local districts
can adapt, modify, or design their own goals; and (3) a plan that

1 f: 5
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spells out the "how to's" of implementing an assessment cycle.
Then use information gleaned from assessments to update the
curriculum.

2. Help administrators alter a commonly held mindset
that the textbook equals the curriculum. Give them opportuni-
ties to view curriculum development as a process that unfolds over
the long term, relying on various methods of goal assessment a:.
well as the informed judgment of staff members to determine
science content and teaching methods.

3. Identify or develop assessment strategies based on cur-
riculum and instructional strat^gies, such as cooperative learn-
ing, that tie nicely to assessment. This is not easy, so provide
inservice opportunities to help tc4chers learn them well.

4. Research, identify, and disseminate effective testing
practices that tie assessment to curriculum and instruction.

STATE ROLES

Things to do now:

1. Assume the role of trend setter by promoting assessment
that informs curriculum and instruction. States should be sen-
sitive, however, about getting too far ahead of their constituents.
Districts may become overwhelmed by the sheer volume of work
and either refuse to take action on new assessment recommenda-
tions or look for easy ways around them. To avoid this, look at the
total curriculum structure as a cycle of planning, implementation,
and assessment.

2. Seek input from classroom teachers, administrators, and
representatives from higher education to decide on outcomes
that must be achieved when students complete the K-12 se-
quence. These outcomes should form the core of the state's
assessment model. Then make a commitment to an assessment
effort that examines these valued outcomes and is also reflected
in the state's curriculum framework.

3. Sponsor workshops, seminars, and other opportunities
in which teachers, science supervisors, principals, and other local
leaders can learn about and experiment with assessment models
and strategies that link closely with curriculum and instruction.
Assist them in implementing the models and strategies in their
districts.

89



EWAINTARY SCHOOL Sama Fat ThE '90s

Thinp to do for the future:

1. Publicize results of assessment efforts, not school by
school, as some states have done, but by goals. State and local
leaders alike need to measure up to an assessment program driven
by a broader set of goals. The high profile of state leadership can
provide constructive pressure in setting a new direction in assess-
ment.

2. Establish a curriculum review cycle to follow the progress
of districts that have chosen to experiment with good assessment.
Not only could this prove a useful evaluation of the effort for the
districts, but it will produce models for consideration by other
districts as well.

MODELS AND RESOURCES

A Nat mai or State Model: In Great Britain, assessment
reforms address both the need for monitoring and improving
instruction. Various instructional strategies include systematic
teacher observation, student profiles over time, and structured
tasks administered one-on-one or in small groups. The use of
assessment strategies is accompanied by specific teacher training.
(See Department of Education and Science and the Welsh Office
1987, and Woolnough and Allsop 1985, in Key References section.)

A Report: The National School Roards Association is currently
finalizing a publication on assessment and its relationship to
accountability. It promotes the need to look beyond standardized
testing to other measures of school effectiveness and to consider
different ways of reporting to the public. The report will discuss
proposals of the National Assessment of Educational Progress,
some state and local models, and implementation strategies for
accurate accountability.

A State Model: Although focused on the secondary level, the
Connecticut State Department of Education's efforts to develop a
performance assessment are also of interest to elementary educa-
tors. The state is collaborating with other states as well to design
a series of assessment tasks that will ask students to work individ-
ually and in groups to frame problems, collect data, and analyze
and report their results. One goal of the assessment is to shift the
emphasis in teaching from imparting facts to facilitating concept
and skill development.

*%1
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9.
Use a Variety
of Assessment

Strategies

There is an endless variety of ways to assess science
goals, most of them far superior to single-answer,
paper-and-pencil tests. We must broaden our view of
assessment and try other approaches if we truly want
assessment to serve instruction.

WHAT WE KNOW

The last two chapters have set the stage: We need to assess
what we value, and we need to tie assessment much more closely
to curriculum and instruction. But how? Essentially through ex-
perimenting and selecting more thoughtfully among an array of
alternative assessment strategies. We now need to ask, "Which
assessment strategies further the types of curriculum and instruc-
tion that promote exemplary science learning?"

It is truly an exciting time to be talking about assessing science
learning in elementary schools. Not only have we begun to reach
consensus on the true goals of science education, but educators
throughout the world are developing and experimenting with new
and different ways to assess those goals. The fact that there is little
research to confirm the value of one approach over another can
be viewed in a positive light. It is not appropriate to apply pressure
to teachers to use specific assessment strategies. Rather, it is a time

r:
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to encourage exploration and experimentation mid to engage
educators at all levels in the effort.

Pushing beyond our confined image and practice of assess-
ment reveals a wide array of possibilities:

Self-reports. Easy to design self-reports can be used for older
elementary students as pre-tests to assess prior knowledge of a
subject, concept, or process. They also help to develop students'
ability for self-evaluation.

Multiple-choice tests with justification. Students indicate
which answer they think is correct with a short justification
explaining why.

Concept mapping. Students draw diagrams that illustrate
connections, hierarchical relationships, and sequences. These can
be used as either pre- or post-assessment tools.

Drawings. Students draw their perceptions and understand-
ings of a particular learning. Drawings are a useful alternative for
students who have difficulty with writing.

Problem analysis. Data and a problem to solve are presented
to students, who attempt to describe and analyze the situation and
offer explanations.

Research analysis. Students are presented with outlines of
original research, which they are asked to analyze and evaluate.

Practical laboratory tests. Stations are set up with practical,
hands-on tasks. Students can work alone, in pairs, or in groups to
demonstrate skills and solve laboratory-related problems.

Games and simulations. Valid strategies for assessing student
learning, these techniques are interesting and fun, and they some-
times help students forget that they are learning in the process.

Testing outdoors. Like testing for lab skills, testing outdoors
serves as a vehicle for testing real understanding of environmental
phenomena.

Computer-based assessment. Computers are important tools
that are now being used for assessment as well as instruction.

Other tests. Take-ilome tests, cooperative tests, assignments
to make or construct something, and open-book tests are but a few
examples of alternatives to traditional testing.

And we needn't feel limited to formal assessment approaches.
Informal approaches have also been used successfully to assess
suence learning. Methods of informal assessment include teacher
observations of student work, their participation in both large-and
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small-group discussions, and how they set up and conduct exper-
iments. Profiles of student performance over time can be devel-
oped with data gathered from a variety of sources. Student journals
can be used to reveal much about their thinking and their devel-
opment of knowledge, skills, and attitudes.

With such an interesting array of formats, the compelling
question becomes, "What can best be assessed in which ways?"
Assessing knowledge requires somewhat different choices than
assessing science skills, and assessing attitudes and scientific habits
of mind still others. What do we know about how to make
appropriate choices?

Assessing Knowledge
Knowledge is the easiest goal to measure, and it's the

assessment task teachers generally feel most comfortable with.
Assessing knowledge usually entails making a decision about
which categories of science knowledge to measure and then select-
ing specific information to be represented on a test. Tests for
knowledge have the advantage that they can be administered
easily, with paper and pencil, to groups of children. Further, if the
items are well constructed, they can be interpreted with reasonable
certainty. A correct answer indicates that either the student knew
what was required for the answer or was able to figure it out, given
the information.

Assessing knowing in this way does not have to be restricted
to memorizing factual information for regurgitation on a test. Here
is an example:

Which of the Miming is not a seed? Why?

a. nut
b. pebble
c. eg
d. acorn

Here, an understanding of the concept of seed is required to
respond to the "why" question, although making the correct
choice may be relatively easy.

Multiple-choice test questions are here to stay, given their
usefulness in assessing some kinds of knowledge. Elementary
teachers, though, aren't as compelled to use multiple-choice tests
as secondary teachers or those conducting large-scale testing.

1 i
94



USE A VARIETY OF ASSESSMENT STRATEGIES

Because they have fewer students, elementary teachers have the
opportunity to go beyond multiple-choice testing and make as-
sessments more useful for their teaching.

There are some ways, however, recognizing their limitations,
that we can continue to use multiple-choice tests and at the same
time move in the direction of more valuable assessment. Pincus
Tamir, of the Hebrew University in Jerusalem, has explored an
interesting variety of paper-and-pencil tests to assess different
outcomes. In his manuscript, "Innovative Testing in Science"
(undated), Tamir presents some useful suggestions along with
commonsense approaches for improving multiple-choice assess-
ment. Specifically, he looks at the issue of why students choose
one answer over anoth?rthe rationale behind their decisions. He
demonstrates how paying careful attention to three considera-
tions can help turn multiple-choice questions into effective diag-
nostic tools.

1. Correct vs. Best Answers

Most multiple-choice tests are designed so that one option is
correct and the remaining optionsthe distractorsare incorrect.
This type of assessment requires little more than factual memori-
zation. However, by asking students to choose the best rather than
just the correct answer, they must carefully analyze the options
presented and then select an answesthat Vest fits the context and
data given in the test item's stem. The process of choosing the best
answer requires that students demonstrate a wide range of cogni-
tive abilities. It also lets teachers look at how questions were
answeredthe reasoning behind students' choiceswhich, ac-
cording to new research, may be even more important than
selecting the correct answer. Let's look at the possibilities with a
ty pical test item:

The dry weight of corn plants at the erd of their growth is six tons per
acre. All of this crop was produced from

a. water and minerals absorbed from the soil (1)
1. minerals from the soil and oxygen from the air (13)
c. water and minerals from the soil and carbon dioxide from the air (64)
d. water, minerals and organk substances from the soil (22)

is the best answer. The percentage of students whe, chose
each option is shown in parentheses. If the open-ended question,

1 1 2
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"How has all this crop been produced?" was asked instead, "by
photosynthesis" would have been the correct answer. By employ-
ing the "best answer" approach, students needed to know that
carbon dioxide from the air is a raw ingredient in photosynthesis,
and to rule out the idea that plants absorb organic nutrients from
the soil. Additionally, they needed to understand that the infor-
mation in option (a) is not incorrect, but that it did not reflect the
best answer to the question. The distribution of answers yields
some interesting diagnostic information for the teacher: 22 per-
cent of students think that plants get their organic matter from
the soil and 13 percent confuse photosynthesis with respiration.

2. Construction of Diagnostic Multiple-Choice Items

Diagnostic multiple-choice items can be developed by using
as distractors either known misconceptions or students' answers
to open-ended questions. Many examples of students' misconcep-
tions exist in the research literature (see Helm and Novak 1983)
that would pass for excellent distractors for a variety of scientific
topics. When there are none or not enough, teachers can collect
answers to open-ended questions, analyzing them for patterns of
fallacy. These can then be used on subsequent multiple-choice
tests.

3. The Us'. of Justifications

A relatively small amount of research has been done on the
use of justificationsin which students give reasons and argu-
ments for the answers they chosefor multiple-choice tests. The
reason for this is twofold: (1) Many educators avoid using justifi-
cations altogether because they negate the advantages associated
with purely objective items, and (2) educators reason that justifi-
cations are the domain of essay questions. But there are several
good reasons for using this approach with multiple-choice items:
Justifications force students to seriously examine the data in each
option, students will at least attempt to learn topics and concepts
more deeply if they know they will have to justify their answers,
and teachers will gain valuable insights into students' conceptions
and reasoning patterns. In addition, research suggests that even
for best-answer, multiple-choice assessment, many students still
do not really understand the topic under study.

1 i :.;
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These are ways to improve on conventional metho Is for
knowledge testing. But even more unconventional ways are called
for if we are to see assessment as:

Continuous rather than clone only after a unit of study;
Probing the depth and breadth of student understanding;

and
Providing opportunities bor students to creatively apply

their knowledge.

Diagnosing students' "entry position" for learning science
is an important role for knowledge assessment. There are ways
this can be done in an informal, yet valuable waythrough
teacher observation, for instance. Ms. Lopez probed her students'
prior knowledge about seeds by asking the question, "What are
some examples of seeds?" at the onset of the unit (see Introduc-
tion, pp. xv-xvii. She noted some interesting characteristics of the
answers called out by students. The children associated seeds with
plants and things they ate, for example. There were, however,
limitations in their notions about seeds, and lots of reasons why
students categorized one thing as a seed and not another. Ms.
Lopez used these observations in future lessons. During her infor-
mal assessment activity, she also observed differences in the con-
tributions made by individual children; these notes, too, were
helpful in subsequent classes, especially in grouping the children.

Journals kept by students are an excellent way of tracking
their development of scientific understanding over time. In
one situation, students were instructed to observe their pets during
a unit on animals and to make journal entries about what they
saw. By checking student writing, the teacher easily noted which
ones were paying attention to significant information and going
on to make appropriate inferences about animals. The teacher
could tell which students were learning about structure and func-
tion and about changethe two organizing concepts that the unit
was focused on. Students who observed and discussed the cyclical
nature of certain aspects of animal behavior were obviously using
more developmentally complex forms of analysis than students
who simply noted that their hamsters were brown.

This section has explored several ways of broadening our
approach to knowledge assessment. But with a holistic view of the
goals for elementary school science in mind, we also need to
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expand our concept of assessment to include a focus on skills and
attitudes as well.

Assessing Laboratory Skills, Science Intellectual Skills,
and Generic Thinldng Skills

Assessing laboratory skills requires that the distinction be
made between knowing about how to do something and
actually being able to do it. To assess whether in fact children
know how to do somethinglike find the mass of an object or the
temperature of a liquidrequires that they be observed doing it.
Thus skill assessment is inherently more complicated than knowl-
edge assessment, particularly in terms of the logistics required to
set up appropriate situations. Paper-and- -ncil tests are a poor
substitution; hands-on assessments are called for. In addition,
students report that they enjoy practical tests and prefer them to
paper-and-pencil approaches (Tamir undated).

We have to think twice about producing students who can competently
determine temperatures on a paper-and-pencil test but would fail at
actually being able to use a mercury thermometer. Only through hands-on
laboratory skill exercises can we assess the latter.

Measuring science intellectual skills and generic thinking
skills poses an even greater challenge than testing for labora-
tory skill. Science intellectual skills require students not only to
draw on a multitude of generic thinking skills, but also demands
the capacity to appropriately select and perform lab skills, usually
in the process of solving a problem. For example, when asked to
find the mass of liquid contained in a beaker, the student needs to
be a competent user of a balance and also must possess the
thinking skills to design a suitable strategy to determine the mass
of the liquid apart from its container.

If hands-on activities are the most appropriate way to
assess mastery of certain skills, two basic assessment formats
can be used. In individually administered assessments, stu-
dents can (a) perform a specified task while an evaluator awards
points against a prepared, competency-based checklist; (b) be
interviewed with some predetermined questions, with additional
questions being used to probe the thought process that produced
the child's initial answer; or (c) undergo an oral examination using
real-life situations or materials. Group-administered assessments
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are based on written responses from students who (a) are shown
an experiment, set of materials, set of objects, and so on, and asked
to do something with what they observe (e.g., predict, describe,
explain); or (b) rotate from station to station in a laboratory
setting, completing specified tasks.

The outdoors can provide an excellent environment for
assessing sldll development. Appropriate outdoor assessment
activities might include observing differences between north- and
south-facing slopes, examining brown spots and other unusual
markings on plants, and observing the activity of honeybees or
other insects or animals. However, the benefits of assessing from
the real thing instead of models or makeshift environments in the
classroom must be weighed against the discip:ine, organization,
and control issues related to outdoor assessment. To facilitate a
smooth operation, teachers can make a preparatory trip to the
chosen site to catalog important phenomena. Logistics can be
smoothed out in a variety of ways. For example, "stations" can be
numbered and 3" x 5" cards used to give directions and pose
questions to groups or to individual students.

Hands-on tasks can be used to avess skill development in
many other ways. It is unfortunate that they are used so rarely.
Because hands-on and field activities are so labor-intensive, paper-
and-pencil activities are often substituted for them. By succumb-
ing to easy assessment strategies, however, we run the risk of
gathering misleading results. For example, in their program assess-
ment using hands-on tasks, the Minneapolis public schools found
that students able to read a stylized thermometer on a paper-and-
pencil test often couldn't read a real thermometer. The New York
State assessment had similar findings.

One labor-efficient strategy is to use reusable kits to conduct
certain assessments. This saves teachers considerable time and
effort. In addition, teachers can set 1. testing situations that
address more than one skill, although 'mportant to observe a
student closely to determine which skill(s) are lacking and ob-
structing the successful completion of the task, and which are not.

Skill assessment does not always have to occur in a formal
setting. Informal assessments can occur during instruction as well,
especially when students are engaged in hands-on activities.
Teachers can make notes with anecdotal observations of student
behavior, which they can use to monitor progress and skill devel-
opment over time, as well as to adjust instruction.
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Assessing Attitudes and Dispositions
In Chapter 4 we discuss the importance of developing in

children positive dispositions toward science. In addition, we talk
about the desirability of developing scientific habits of mind, such
as:

desiring knowledge
being skeptical
relying on data
accepting ambiguity
willingness to modify explanations
cooperating in answering questions and solving problems
respecting reason
being honest

Assessing these attitudes, however, poses a sizable assessment
challenge, one for which there are no readily available tor valid)
approaches.

Probably the best way to assess attitudes is to observe student
behavior over time (keeping informal records of student behav-
iors, responses, and remarks) and examining student choices and
completed work for indicators. Pausing once in a while to answer
questions such as the following can also provide information on
student attitudes:

Do students appear to enjoy developing methods for solving
problems?

Do students depend less on wild guesses and more on
calculated estimations when faced with the kinds of large-number
problems found in concept application?

Do students appear to enjoy applying their estimating skills
to computational problems in math?

During discussions, are students able to offer their own
ideas? Do they question other people's idea ! well as their own?

Do students ask thoughtful and interest +rig questions related
to the materials being studied?

Do students smile when they are at woik?

Beyond traditional knowledge assessment, what strategies did
Ms. Lopez use to determine what students learned about seeds and
how seeds grow? She assigned an ongoing performance activity in
which students planted seeds and recorded their growth. They then
weighed the pots and cooperatively decided how much soil to put
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in each (controlling variables). Students measured the height of
their plants over time until all were more or less of uniform height,
and they accounted for the amount of water each p:atit received.
They then attempted to draw conclusions.

Throughout this process, Ms. Lopez had many opportunities
to assess students, both formally and informally. For instance, she
noted which students kept a journal, which groups made an
attempt to compare their data with those gathered by other groups,
and how well students understood the validity of their data and
could account for the differences among group results. Ms. Lopez
also noted which students learned weighing and measurement
skills; she then went on to do more formal assessment of these
skills by setting up practical 'cab tests in which students had to
perform weighing tasks. She made opportunities for and observed
her students' ability to talk 'about discrepant eventswhy one
plant was short, wide, and green, while another was long, skinny,
and yellow. She also checked on her students' ability to use
language arts skills to describe procedures, observations, and
conclusions as well as math skills to display data.

When the class moved on to similar challenges in its next unit,
Ms. Lopez noted whether students were able to apply the knowl-
edge and skills they had learned in the seeds unit. She noted their
difficulties with perception and facts. By employing this compre-
hensive assessment strategy, Ms. Lopez was able to enrich the
science curriculum and instruction as well as integrate language
arts and mathematics with science without denigrating any one
discipline.

TAKING ACTION ON WHAT WE KNOW

It's both limiting and unfortunate to view assessment as
something that remains hidden in a closet until the end of a
unit or, worse yet, the end of the year. Exemplary formal and
informal assessment practices are continuous. Science leaders at
both the state and local levels must start considering strategies for
creating and supporting a continuous assessment cycle in class-
rooms. And assessment needs to be done for all the important
goals of sciencenot only to find out what kids know, but to
discover whether they can use the new information, how they
think, and what attitudes and beli:fs they hold about science and
their ability to use it.
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How can we promote the use of alternative assessment
strategies? Before answering this question, let's acknowledge that,
although some research is currently under way, we still do not have
many real examples that can be advocated with surety. However,
examples exist that have much promise and are worth pursuing.
Also, uncertainty is not without merit; it's one of the characteris-
tics that makes assessment an adventure for all educators. It's
anybody's guess what assessment breakthroughs may lie around
the corner. At the very least, these strategies call for educators to
become more sophisticated in their view of testing and assessment.

The immediate issue is for science leaders to act on two major
tasks. First, we need to improve current assessment instruments
so that they reflect the recommendations highlighted in this
book. Ask the following questions of current tests:

Are there problems that require students to think about and
analyze situations?

Does the test feature sets of problems that call for more than
one step in arriving at a solution?

Are problems with more than one correct solution included?
Are there opportunities for students to use their own data

and create their own problems?
Are students encouraged to use a variety of approaches to

solve a problem? For example, at the initiation of the seed unit,
Ms. Lopez might ask: "Where can we look for seeds to bring to
class?"

Are there assessment exercises that encourage students to
estimate their answers and to check their results?

For science specifically, we would add:

Is the science Information given in the problem story and
elicited in the answer accurate?

Are there opportunities for assessing skills, both in the use
of science tools and in science thinking, through exercises calling
for hands-on activities?

Are there exercises included in the overall assessment strat-
egy that need to be carried out over time?

Are there problems with purposely missing or mistaken
information that ask students to find the errors or critique the way
the problem is set up? (What is wrong? What is difficult?)

Are there opportunities for students to make up their own
questions, problems, or designs? For example, asking students to

1 (1)
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design a seed that has more than one dispersal feature (Ralzen et

al. 1989, p. 66).

Second, science leaders need to legitimize experimenta-

tion with a variety of alternative, informal assessment tech-

niques. We need to promote informal assessment strategies that

are both systematic (carried out on a regular hasis) and compre-

hensive (covering all students)not just random observations by

teachers.
Teachers need to be given opportunities to carry out informal

assessments on a regular basis with all students. Doing so will help

to make informal assessments reliable because, just as with paper-

and-pencil tests, replication breeds reliability. Inaddition, teachers

will agree with the justifiability of informal assessment when they

witness for themselves the powerful role it can play in the instruc-

tional decision-making process. For example, teachers can cull

valuable information even from simple, quick, informal assess-

ment like observing how well students respond to a problem-solv-

ing task. It's this kind of recognition that will help give informal

assessment the legitimacy it deserves.
Teachers can use informal assessment findings for grading as

well as communicating student progress to parents. Methods of

informal record keeping and scoring might involve teachers pre-

paring a file or record book that contains categories for a variety

of valued competencies like information gathering, problem solv-

ing, and decision making capacity. Scoring systems and/or anec-

dotal entries can be set up for each category.

Alternatives to traditional testing need to become an explicit part of

assessing student achievement and progress, both in the classroom and 1

for large-scale testing purposes.

However, we can't realistically expect teachers to seek out or

develop new types of assessment when they have not been ade-

quately prepared to do so. Preservice as well as inservice programs

must be established to train and support teachers in developing a

variety of formal and informal assessment tools.
For science educators, the conundrum is "Wheredo we start?"

First, we need to acknowledge that individual schools constitute

the basic unit for improving the assessment of science education

goals within districts. Then go forth slow'. j, gradually looking

1 2

103



EumarrARY SCHOOL SCHNCE FoR THE '90s

beyond the paper-and-pencil tradition by experimenting with a
few new assessment techniques. Make notes, adopt what works,
discard what doesn't, and report back to state-level decision mak-
ers who need more local data to influence new directions in
assessment. Although this advice sounds simplistic, districts and
schools often attempt too much too quickly and, for lack of a
readily apparent audience, keep the results to themselves.

LOCAL ROLES

Things to do now:

1. Legitimize the use of a variety of assessment strategies
to monitor the progress of science learning. Send a clear message
to teachers that it is not only okay to use forms of assessment other
than paper-and-pencil, short-answer tests, but that a variety of
assessment sources should be used. Teacher observation, when
done systematically and comprehensively, is valid and important.
These messages need to be sent to administrators and parents as
well, so they begin to expect that student grades are based on more
than test scores. Sponsor forums for parents and the community
to talk about alternative assessment strategies.

2. Encourage teachers to examine their current tests. To do
so. they can use criteria they develop themselves or the questions
listed on page 102.

3. Provide staff development opportunities in science as-
sessment. Action can't stop with the message, though. Teachers,
administrators, and parents all need to learn about the why's and
how's of good assessment, and they need to learn about different
things in separate sessions. Teachers can benefit from seeing
examples of diverse assessment approaches, understanding what
makes them good, and working with their own curriculums to
design alternative assessments. They especially need exposure to
strategies for assessing goals other than knowledge, since these are
rarely assessed. And they need to understand and practice informal
assessment approaches that can make their collection of informa-
tion more systematic and valid.

4. Support both formal and informal assessment efforts of
teachers in the elementary science program. Teachers need
support, time, and resources to employ the new types of assess-
ments recommended in this guide. One way to support them is

1
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by designing, with teacher assistance, assessment strategies that fit
with the school or district science curriculum. Encourage teachers
to work together to try out and refine their assessment stiategies.
Arrange for helpers when teac7 iers want to use individual or
small-group assessment strategies (these might be aides, parent or
other volunteers, or high school science students). Convene infor-
mal discussion groups in which teachers bring their new assess-
ment data to work together to understand what they are learning
and how they can make their assessments more useful.

Things to do for the future:

1. Expand the district or school's approach to assessment
through a gradual effort to add measures of goals other than
knowledge and strategies that are informal in addition to formal.
Plan for the adoption of a variety of assessment strategies that
contribute to a profile of a student's progress, both within a grade
and throughout his years in school.

2. Work with professionals at both the state and national
levels to develop and identify a variety of exemplary formal
and informal assessment tools. Provide opportunities for teach-
ers to work with others outside the district to keep their vision of
assessment current with a broadening national vision.

STATE ROLES

Things to do now:

I. Examine the tests given to students within the state.
Establish your own criteria or use the list of questions on page 102.

2. Use available talent from local school districts, higher
education, and other states to introduce science educators to
alternative approaches to assessment. Set up institutes and
forums to discuss the issues and learn what others are doing. Urge
local districts to participate in an ongoing cycle of assessment
planning, implementation, review, and renewal.

3. Grant waivers from the state science testing program (if
one exists) to districts that want to experiment with alterna-
tive forms of assessment. Set up a mini-grant program to support
experimentation, requiring clear documentation of what was
done and with what results.

1 4,
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Things to do for the future:

1. Develop, identify, and make available to local districts
a variety of exemplary informal and formal assessment ap-
proaches. It is essential that the approaches reflect current re-
search and the fuil spectrum of assessment, including
performance-based testing.

2. If a state testing program exists, expand it to incorporate
strategies that assess the full range of science education goals.

MODELS AND RESOURCES

Although the movement to create alternative forms of assess-
ment is growing, there are still few models that can be readily
adopted. We note in Chapter 7 the efforts of the Minneapolis
Public Schools and the New York State Department of Education.
The hands-on performance portions of their assessments provide
useful prototypes for a.ternatives to traditional assessment strate-
gies.

As we note in Chapter 8, educators in Great Britain are in the
forefront of thinking about and designing alternative assessments.
Wynne Harlen's (1983) book, Guides to Assessment in Education:
Science, describes a number of different approaches, among them
observing in normal and special situations, summarizing achieve-
ments, and keeping different types of records. Pincus Tamir's work
(undated), referred to earlier in this chapter, provides examples of
paper-and-pencil assessment to use with older elementary chil-
dren.

Another source of good alternative assessment tools is the
Children's Learning in Science Project (CLIS) at the Centre for
Studies in Science and Mathematics Education at the University
of Leeds, England. Its useful publication is Paul Scott's (1987) A
Constructionist View of Learning and Teaching in Science.
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10.
Assess Programs as

well as Students

Though important, assessing learning outcomes alcne
fails to yield the knowledge we need if we want to
improve outcomes. Assessing other aspects of the
science programexpectations for science learning for
all students and for particular groups; program
features, resources, and training available to teachers;
and the level of access to science education for all
studentswill produce a more solid information base
on which to make decisions about program needs and
future directions.

WHAT WE KNOW

Consider the following scenario:
Scores on the district's achievement test battery have just come out,
and one outcome worth noting is that the elementary schools have

wide-ranging scores Pr science. In fact, scores within schools we
even more spread apart than those between schools, yet some
schools are clearly doing a better job with science than others.
There are several possible next steps: (1) get the lower achieving
teachers and schools to make a concerted effort to improve test
scores by cramming, engaging in test preparation activities, and
so on; (2) immediately schedule focused staff development efforts
for the teachers and schools that are doing least well; and (3) iden-
tify and examine in a systematic way an array ofprogram features

2 5
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that might influence the quality of science teaching, such as
teacher expectations; resources and their availability; student,
teacher, and administrator characteristics; and what is actually
going on in classrooms.

Obviously, the last choice is the best. This exaggerated sce-
nario makes the point that what we know about science pro-
grams is often as important as, and sometimes more important
than, what we know about science learning.

If we know for a fact that student learning in science is rarely
assessedor rarely assessed wellthen it should come as no
surprise that examining the quality and characteristics of science
programs is done even less frequently. Yet there are at least four
important reasons to do so:

Most educators, parents, and policy makers value the quality
of resources, people, and activities that constitute children's learn-
ing experiences, and they have an interest in knowing more about
them;

Given the narrow range of learning outcomes that we cur-
rently measure in science, assessing program features would give
educators a broader way of looking good, thereby lessening the
obsession to perform well on tests;

Although it is still unclear exactly what program character-
istics lead to science learning, information about science programs
can provide clues about why certain learning outcomes occur; and

There is no way to determine why some learning outcomes
might be particularly high or low unless there is info;.:nation about
what was going on in those classrooms or schools (Raizen et al.
1989).

The idea of program quality "indicators"a word used
more and more often by policy makers, especially at the state
levelcan help address the issue of program assessment be-
cause of its usefulness in identifying a program's features.
These features can then be arrayed with learning outcomes to say
what a program is like. When assessment systems include not only
the narrowly defined learning outcomes of our current tests, but
also indicators such as the resources available to teachers, their
preparation and opportunity to improve their knowledge and
skills, the expectations they hold for student learning, and what
they actually do in their classrooms, a more rounded picture of
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"how we're doing in science" is achieved. In addition, indicators
give many clues as to how to improve current programs.

Literature on science education and schooling suggests three
areas as targets for program assessment:

Access to science knowledge: the extent to which students
have opportunities to learn various kinds of knowledge and skills.
This includes hands-on activitiesand materials, time to learn, and
knowledgeable teachers. Such an assessment involves disaggreat-
ing data to find out how these vary across population groups (e.z.,
girls and boys, minority groups, low achievers).

Press for science learning: the schools' expectations of how
well students will achieve in science and the degree to which
teachers, students, and administrators act on these expectations.
These include clear, informed, and solid goals for science learning,
and expectations that all students will achieve the goals, including
girls, minorities, and students with consistently lower achieve-
ment, as well as those who appear more able or focused on a career
in science.

Teaching conditions: the circumstances that enable and
empower teachers and administrators to implement science pro-
grams that maximize access and create high expectations for
student learning. These include opportunities (especially time) to
create, select, plan for, and deliver good science curriculums and
to do so collaboratively with other teachers; adequate programs
ane program materials; opportunities for professional develop-
melic; and involvement in decisions about science programs
(Raizen et al. 1989).

TAKING ACTION ON WHAT WE KNOW

What can we do to make science program assessment a
routine practice at both the local and state level? Start by
encouraging district and state evaluators to include a descrip-tion of science program indicators in their assessment of sci-
ence. This means helping them broaden what they measure
beyond student learning outcomes (although, as we've argued
earlier, these indicators in themselves need to be expanded from
scores on tests assessing memorization of facts to include other
ways of measuring additional outcomes). Assessments should also
include program variables. Working with evaluators to establish a
beginning set of indicators is important, since they can't measure

. I
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everything (and will probably start by saying they can't measure
anything else), and you'd want them to focus on things that most
influence science learning. Also, consider working with them to
develop a way of reporting indicators alonr with science learning
outcomes that helps consumers of the informationpolicy mak-
ers, administrators, and the publicget a better handle on what's
going on in the science program and thereby make more informed
decisions about science education.

Assessing access to science knowledge is an important dhnen-
sion of program assessment. Knowing about the following tangi-
ble characteristics of the science program can contribute to
improvement goals:

Instructional time devoted to science;
Classroom assignment practices (ability-grouped or mixed

instructional groups) and the curriculum associated with each
ability group;

Availability of high-quality instructional materials, labora-
tories, computers, and equipment, as measured against explicit
standards that match curricular goals;

Teachers' qualifications and experience in srience;
Use of science specialists or resource teachers;
Availability of academic support programs (tutoring,

afterschool remediation, etc.);
Parents' involvement in science instruction or science activ-

ities;
Opportunities for staff development in science; and
Staff perceptions about the importance of science for all

students.

There are many formats for program assessment, whether
done by external evaluators or through self-assessment. Some
groups have developed guidelines for schools or districts embark-
ing on self-assessment. The National Science Teachers Association
(1989), for example, has a plan for self-assessments that includes
checklists for principals that cover an array of program character-
istics. The state of Virginia has a resource guide that can be used
both by external evaluators and local assessment teams (Virginia
Department of Education 1986). The guide includes a data-collec-
tion and analysis plan; questionnaires for administrators, teachers,
students, and parents; and a structured classroom observation
instrument. School districts such as Weston, Massachusetts, have
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periodic self-assessments of curriculum areas that include external
review teams and internal study of their programs.

Students can provide valuable feedback about what they like
and do not like about a science program. Figure 10.1 is a survey
used by the Minneapolis Public Schools.

Figure 10.1
Student Evaluation

1. Place an "X" under the column below that best describes how
you liked the unit on seeds.

Liked It Liked It It was O.K. Disliked It Disliked It
a Lot a Lot

Why did you place an "X" inhere you did?

2. Describe what you liked best about learning about seeds.

3. What part of learning about seeds did you not like?

4. Circle the number which best describes how you feel about
the unit on seeds.

Easy 1 2 3 4 5 Hard

Boring 1 2 3 4 5 Exciting

Interesting 1 2 3 4 5 Uninteresti,-

Wow!! 1 2 .3 4 5 Yuk!!

j. ,
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We also need to get a more in-depth picture of science
program implementation. This can be accomplished by examin-
ing whether a science program's key features are being used by
teachers and schools, and why or why not. Such an assessment
was done in Jefferson County, Colorado, using the tools of the
Concerns-Based Adoption Model (Loucks and Melle 1982). The
district had revised its elementary science curriculum, using a
comprehensive :nff development plan and support system to help
teachers in- new program. As teachers in more than
80 elementav . ; were helped to change their science teach-
ing or, in some tr ,es, to start teaching science, their Stages of
Concern and Lew, of Use of the new curriculum (Figure 10.2)
were monitored. These concepts allowed district science leaders to
learn how teachers' needs changed over time, what they were
actually doing with the new program, and what kinds of help they
needed.

Another way of determining the effect of the staff develop-
ment program on teachers was to look specifically at how they
implemented the various components of the curriculum. To do
this, the district sdence leaders defined the program carefully,
describing in 12 components what they expected to see happening
in the school and claceroom (Figure 10.3). Through interviews and
observations, they assessed the extent of implementation for each
teacher, as illustrau . ,n Figure 10.4, a summary chart for a single
school. (Each bullet :.] represents a single teacher.) Using these
data along with thost ,or Stages of Concern and Levels of Use, the
science leaders could monitor the progress of their science pro-
gram and examine how it had been implemented two and three
years after the initial staff development. This program assessment
allowed them to make sense of their achievement test scores, as
well as to troubleshoot and determine where particular help and
support were needed (Hall et al. 1980). The definition of 12
components was built into a handbook for principals that helped
them observe and talk to teachers as they monitored use of the
program. The handbook also includes strategies that can be used
to increase teachers' extent of implementation (Jefferson County
Schools 1979).
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Figure 10.2

Stages of Concern: Typical Expressions of Concern
About the Innovation

Stages of Concern Expressions of Concern

6 Refocusing

5 Collaboration

4 Consequence

3 Management

2 Personal

1 Informational

0 Awareness

I have some ideas about something that would
work even better.

I am concerned about relating what I am doing
with what other instructors are doing.

How is my use affecting kids?

I seem to be spending all my time in getting
material ready.

How will using it affect me?

I would like to know more about it.

I am not concerned about it (the innovation).

Levels of Use of the innovation: Typical Behaviors

Leves of Use Behavioral Indicators of Level

VI Renewal

V Integration

IVB Refinement

IVA Routine

III Mec hanical

Frorn Hord et al. 1987

The user is seeking more effective alternatives
to the established use of the innovation.

The user is making deliberate efforts to coordi-
nate with others in using the innovation.

The user is making changes to increase out-
comes.

The user is making few or no changes and has
an established pattern of use.

The user is making changes to better organize
use of the innovation.



Figure 10.3
Components of the Revised Jefferson County

Elementary School Science Program (Grades 3-6)

1. The recommended percentage of teaching time during the day is
devoted te science. An average of 15% of the student's day (10% for third
grade) should be devoted to science.

2. Science is taught according to the district guide. During the school
year the teacher teaches all units, all objectives of each unit, and 90% of the
activities.

3. Students' learning is assessed according to the district science guide.
According to a review of each unit, the teacher uses the guide assessments
with students 85% of the time.

4. Basic skills, as differentiated by the continuum in each curriculum
area, are being integrated into the science program. The basic skills keyed
in the guide are being introduced or stressed in their subject area time
allotment while they are being reinforced during science instruction.

5 The outdoors is used as a classroom when recommended. When-
ever outdoor activities are -ommended as part of a unit, they are always
included.

All materials, equipment, and media are available. Appropriate
commercial guides and the district guide are available for use. Enough
materials are available for individual or small group usage. A storage system
of logical sequence is established.

7. Principals have arranged for release of teachers for the total in-
service training package and have allocated financial support to the program.

8. Long- and short-range planning is evident. The year's schedule is
written out and being implemented by the teacher or the team. This schedule
reflects attention to seasonal demands, sharing of materials, and maximum
utilization of space and personnel. Before each unit is taught, overall
planning for that unit takes place.

9. Class time in science is used effectively (time on task). At least 75%
of the class time is devoted to exploration, pupil interaction, recording data,
discussions and listening to each other. An efficient management system for
distribution and clean-up of materials is evident.

10. Teacher-student interaction facilitates the program. Using the
students' language, the teacher shares with students the objectives of the
units. Di scussic n techniques include: neutral rcwardi ng, wait time, questions
above recall level, maximized use of student-student discussion, and data
sharing.

11. The classroom environment and arrangement facilitates student-
student interaction in small groups. Furniture and materials are arranged in
order to facilitate small group interaction. Student behaviors include sharing
of materials, listening to each other, working together toward a group goal,
and interacting with each other (cooperative learning). Students are task-
oriented most of the time.

12. The instruction in one classroom follows the stages of the learning
cycle in science: exploration, concept formation, concept application.
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Figure 10.4
Sample Building Summary Sheet

2 cc 5

I. rime is devoted to science.

2. Science is taught according to
R.1 Guide.

I. Assessment of pupil learning. ,
4. Integration of basic skills.

5. The outdoor classroom is used as
recommended.

i
b. Recommended materials,

equipment, and media are available.

7. Inservicing and finandal
arrangements have been made.

8. Long- and short-range planning.

9. Use of t lass time.

10. Teacher-pupil interaction
fac ilitates program.

+

1 1 . Classroom environmnt
facilitates program.

,

12. Instruction is sequenc ed to
facilitate the guided-inquiry
learning approach.

= one teac her

Se hoot Winter Elementary teat heir All grade 3, 4. 5 6 teauours

:;
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LOCAL ROLES

Things to do now:

1. Work with district evaluators to develop a list of pro-
gram characteristics that can be examined along with student
learning data for reporting on program quality and planning for
improvement. Get input from teachers and administrators as well.
Use these indicators in your next evaluation.

2. Work with interested teachers to develop a component
checklist that defines the critical components of the science
program, especially those that should be evident in the classroom.
Conduct a study of the implementation of those components to
help in planning for improvement. (See Loucks and Crandall 1982
to help develop component checklist.)

3. Work with principals to help them look for indicators of
good science teaching. Encourage that, to drop in on science
classes and use the component checklist noted in Item 2 (above)
to make informal observations.

Things to do for the future:

1. Develop a method to represent the quality of the science
prcgram to the community, school board, parents, and educators.
The chosen vehicle needs to describe not only what the children
are learning, but the features of the program as well. Describe
program components in detail, and report change over time. Do
not use to compare schools. An added benefit: Use for regular
progress reports of the program.

2. Pay special attention to equity issues in designing, imple-
menting, and reporting assessment information. Be sure to dis-
aggregate data to get at the problem of great differences in access
and expectations for different groups of students.

STATE ROLES

Things to do now:

Work with interested local science leaders to develop a set
of indicators for quality science programs. Some might reflect
ideas in this book, like curriculum organized around concepts,
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ongoing staff development, and a variety of approaches to student
assessment.

Things to do for the future:

Educate state policy makers about the importance of indi-
cators other than learning outcomes to assess the quality of science
education. This can be done through presentation of program data
along with outcome data and illustrations of how different pro-
gram features accompany similar or different learning outcomes.

MODELS AND RESOURCES

A Local Model: The Jefferson County, Colorado, Public
Schools' science department monitored the implementation of its
revised elementary school science curriculum. The monitoring
included examination over time of teachers' Stages of Concern,
Levels of Use, and use of the program's 12 components. The
program evaluation is described in Loucks and Me lle (1982).

A Local Model: The Weston, Massachusetts, Public Schools
have a unique program evaluation model that has the simulta-
neous goals of collecting good program data and enhancing com-
munication and trust among the staff, scholars, school
community, and the public. These groups are all represented on a
review committee, which investigates issues generated by program
staff, administrators, and parents. Using analysis of background
materials and staff observations, interviews, and discussions, the
committee dubs a report, which is used to build consensus among
the staff about the contents of the final report.

A State Model: The Virginia State Department of Education's
model for program assessment focuses on those elements believed
to create a more effective learning environment. Either external
evaluators or local school/community assessment teams can use
its guide, Science Education Program Assessment Model: A Resource
Guide (Virginia Department of Education 1986), which contains
questionnaires for a variety of audiences and a structured class-
room observation instrument. It also offers a set of model criteria
that schools can compare their results to.
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11.
View Teacher

Development as a
Continuous Process

Teacher development is a long and complex task. It no
more ends with preservice than learning stops at the
end of one's formal education. To cultivate quality
educators, teacher development needs to be an
ongoing, well-planned effort in which a variety of
organizations collaborate to de. velop and support the
best teachers possible.

WHAT WE KNOW

Without a doubt, teachers are at the core of meeting the
goals of education. The proceis of teacher development, there-
fore, deserves considerable attention. The challenge for the
edtnition community is to find and employ the best methods
whereby a college student, with years of both exemplary and faulty
learning experiences, can develop into a professional who creates
ideal learning opportunities for children. To teach and assess the
1,".nd oi science illustrated throughout this book requires a multi-
fneted repertoire of knowledge and skills that can be used to help
chldren develop fundamental understandings of life, physical,
spice, and earth sciences, and scientific habit: of mind. This
charge, along with the continually changing naiure of our scien-
tific knowledge base, requires a new way of thinking about teacher

I", 1014
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development. Unfortunately, many elementary teachers have
alarming gaps in what is needed to teach science. They do not
know the content of science nor the methc s for teaching science
well. We therefore need new approaches of promoting the profes-
sional growth of teachers, especially in the science education
arena.

From undergraduate liberal arts couriework through staff
development for the most seasoned teachers, teacher learning
needs to be continuous. With continuous learning as the norm,
both prospective and current teachers can be helped to integrate
and appropriately apply all of their learning experiences over time.

Here's a scenario that typifies most current teacher develop-
ment practices:

As a prospective elementary school teacher, Adam attended an
undergraduate school, taking liberal arts courses until beginning
his professional education course sequence. He was not particu-
larly interested in science, preferring language arts and reading.
The two science courses required for graduation were not at all
connected to any of his education courses. After student teaching,
Adam was certified to teach because, after all, wasr't he now "a
teacher=able to take full responsibility for teachirs an ever-
broadening variety of increasingly complex content areas to a
classroom brimming with children anxious to learn? After stum-
bling through his first year, learning on the job through trial and
error, Adam found a wide range of staffdevelopment opportunities,
including university coursework that would lead to another degree
and a smorgasbord of district-sponsored inservice workshops.
Adam routie took courses that aligned with his particular areas
of interest: language arts and reading. He rarely chose science-re-
lated inservice opportunities, and so he, like many of his col-
leagues, was hardly prepared to teach science. When a new science
program wa- introduced, the one after-school inservice that was
offered bareiy familiarized him with the new materials.

This scenario reflects the fragmented, discontinuous, and
sporadic nature of current teacher development. It demonstrates
why many elementary teachers are not well versed in science and
science teaching. Through no fault of their own, they are not at
all sure of the kinds of development they need to do their job well.

The implications of cases like this one are enormous. Con-
sider, for example, the unfortunate circumstances that often sur-
round unequipped new teachers, who struggle for the first year or

(-1
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two to handle a classroom only to abandon teaching altogether.
Teachers who do persevere devote their efforts to the areas that
interest themand, most often, science is ignored. One-shot
workshops that accompany new science texts or programs are
hardly enough to do more than frustrate any teacher attempting
to use an activity-based curriculum. Finally, and most important,
students suffer. They receive minimal, if any, science instruction
from people unprepared to make it the rich, intellectually sthnu-
lating, and exciting experience it can be.

The perspective on teacher development proposed in this
book is built on a norm of continuous learning. This learning
can begin during the undergraduate years. Preservice coursework
needs to illustrate how content xnowledge connects to pedagogi-
cal knowledge. When done well, undergraduate science courses
use an experientil, constructivist approach to learning, helping
students to do sceInce and think aLut science. as scientists do. They
concentrate on in-depth development of scientific p.inciples and
the processes of science, rather than a multitude of facts.

An illustration of such a course is introductory geology at
Carleton College in Northfield, Minnesota. Its goal is for students
to act as scientists and perceive science as a way of behaving rather
than as a body of knowledge. A typical textbook introduction to
geology would begin with the earth and its place in the solar
system and progress through matter and minerals, rocks, geologic
cycle and geologic time, the evolution of the lithosphere, and
geology and industry. Instead of using this textbook orientation,
Audents are 8iven a series of problems that require them to learn
about various aspects of geology in order to solve them.

For example, the class might go to a river where several large
gullies were apparently caused by erosion. Teams of students
attempt to determine what is happening. Then the teams convene
to discuss their observations, air their questions, and decide what
further observations and information are needed. Back on campus,
class meetings focus on gaining more information about the topic.
Students discuss whose responsibility it is to stop erosion, how it
could be stopped, and what scientific technology is available to
stop it. In this way, knowledge is built, used, and applied to the
same kind of problems for which students will need science in the
future.

In addition to meaningful undergraduate coursework, note-
worthy clinical experiences for teachers in training range from
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short, focused observations and one-on-one tutoring in claw:-
rooms to planning and teaching small groups, well-supervised
student teaching experiences, and internships. To help preservice
teachers make meaning out of the acts of teaching and learning,
these practical learning experiences must occur before, durin& and
after prospective teachers engage with information about child
development and pedagogy. The settings for these experiences
gradually move from the university campus to the school, with
expert teachers in schools taking on increasing responsibility for
modeling good teaching practices and overseeing the learning of
prospective teachers.

The first two years of teaching deserve particular attention
because new teachers still have much to learn, and most of
them need heip learning it. Being a new teacher is difficult, but
there are various ways to successfully support them in their work.
Less demanding teaching assignments and mentors who exem-
plify good teachingespecially constructivist science teaching--
are two good examples. Besides serving as models, mentors
provide support for the constant learning of new teachers as they
become more and more comfortable in their classrooms.

The continuous learning perspective is invaluable for in-
service teacher development as well. For new and veteran
teachers alike, sporadic inservice workshops do not work. All
staff development efforts need to be part of developmentally
sequenced plan that addresses new and improved teaching strat-
egies and expands the base of content knowledge. In-depth train-
ing needs to be followed by coaching and other opportunities to
engage with colleagues in learning about the changes teachers are
making in their classrooms.

A commitment to continuous leurning also 141eans that
teacher development strategies need to start fr: ;- where teach-
ers are. Whether in the early undergraduate ym or after 20 years
of teaching, teachers have different amounts of knowledge about
science, learning, and teaching. Whereve: staff development
starts, we know from research on learning that true understanding
and the ability to apply knowledge in adaptive and flexible ways
require long-term study and multiple opportunities for applica-
tion and practice. Well-planned, continuous teacher development
is the only answer.

Finally, if teachers are to be good models for kids, they, too,
need to be learnerspreferably learners who demonstrate a love

4 4 I.
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for learning and a hunger for knowledge. By exhibiting and
fostering such behaviors, schools can become wholesome and
exciting learning communities.

TAKING ACTION ON WHAT WE KNOW

To realize this vision of teacher development, organizations
that prepare and support the ongoing development of teachers
need to build appropriate structures and strategies. Here's how:

First, universities need to coordinate efforts between their
science and education faculties. Science courses taken by pro-
spective teachers need to incorporate the major organizing prin-
ciples of science and technology and be taught in ways that model
the processes of science. State science leaders can push for such a
focus by asking that certification include courses taught in a way
that models the process of science. It is essential that professors of
education know that the goals of science education are to engage
students in the process of science to facilitate concept develop-
ment and to incorporate an understanding of the nature and
processes of science and technology. Keeping this perspective,
science education professors should model and reinforce peda-
gogy that helps preservice teachers reach these goals. Prospective
teachers who have experienced good science teaching (i.e., who
have learned science by doing science) have real experiences on
which ko base their learning of good science pedagogy.

Universities and schools, too, need to collaborate. Clinical
experiences help prospcctive and new teachers make meaning of
the ideas and skills they need to become expert teachers. But
appropriate illustrations can be developed only if university fac-
ulty members and supervising teachers work together to develop
settings in which what is being taught in college classes or student
teaching seminars is illustrated in classrooms. At some universi-
ties, for example, at least half of the clinical professors' time is
spent in schools, where they are available for regular consultation
with student teachers. Professors can teach demonstration lessons
for both new and experienced.teachers and work with faculty on
planning and implementing a variety of school reforms. Collabo-
rative structures, such as professional development schools, can
provide a setting in which teachers have dual responsibilities for
educating students and collaborating with university faculty in
educating and mentoring new teachers (Holmes Group 1986,
Schlechty et al. 1988). 1 .1 i
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Next, special beginning teacher programs should help new
teachers gain the knowledge, skills, and confidence they need
to take responsibility for a classroom full of kids. This calls for
programs that are imbedded in the culture and reality of schools
and provide (1) a mentor with the expertise to work closely with
the new teacher, (2) time for both mentor and new teacher to
observe each others' classrooms and discuss their observations,
and (3) less difficult assignments for beginning teachers so they
have ample opportunities to experiment and grow.

Staff development programs for teachers should include
opportunities for them to begin where they are and get the
input and support needed to make significant changes over time,
based on district expectations for curriculum delivery and com-
munity expectations for education. Planning for this should have
a long-term perspective and be based on teacher, program, and,
ultimately, student needs. Appropriate approaches arc discussed
in the next section.

Finally, an organizational commitment is nee led to the
idea that the school is a learning community for the adults as
well as the children connected to it. This creates expectations
by teachers, administrators, and the community that teachers will
continually add to their base of knowledge and skills. It allows
teachers to return from workshops on constructivist learning and
not be plagued by pressure to cover the textbook or have students
succeed on fact-based tests. It also reinforces norms of experimen-
tation and risk-taking, vital to both science learning and learning
to be a better teacher.

LOCAL ROLES

Things to do now:

1. Form a principal/teacher advisory committee to compile
and define staff needs and forward its requests to the district, state,
local universities or colleges, and intermediate service agencies. In
addition to requests, include some analysis of student learning
opportunities and community desires for science learning. These
staff development needs can be used for future planning and
enable a broader development process to begin or continue.

2. Excite the superintendent, school board, all curriculum
departments, and principals about science by updating them

,17
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on current science content with training that follows the recom-
mended constructivist approach. Demonstrate how they can pro-
mote continuous learning by teachers so that science
opportunities for children can broaden and deepen.

3. Send out science news about such things as eclipses,
lift-offs, tracking of weather, and individual classroom science
activities to make science an integral part of each day and help
keep science excitement alive. This promotes the idea that teachers
can and should be learners along with their pupils.

4. Recognize teachers who add to their base of knowledge
and skills so that peers and the community are aware of their
endeavors. Institute an annual Continuous Learning award for the
person who exhibits the most love of learning and hunger for new
knowledge.

Things to do for the future:

1. Work with local universities and colleges to develop a
model preservice program that reflects the reforms recom-
mended in this book. Encourage development of science courses
such as those described for use with both undergraduates and
inservice teachers who want to increase their knowledge of science
content. Encourage education courses that are co-planned and
co-taught by exemplary teachers and professors.

2. Begin a mentor program by identifying exemplary teach-
ers, training them in adult learning and supervision strategies, and
providing them with sufficient release time. Arrangements with
local colleges and universities can be made to offset some of the
costs if these mentors also serve as clinical professors or supervise
student teachers.

3. Replace sporadic inservices with long-term programs
that are carefully planned to develop new and improved teaching
strategies; expand the base of content knowledge; and deal with
local issues of implementation, program support, and integration
of technology.

4. Develop and offer varied opportunities that stimulate,
excite, and interest teachers. Institutes, sabbaticals, peer coaching,
teacher-as-researcher programs, and supported study or inquiry
are some examples.
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STATE ROLES

Things to do now:

1. Examine current state-supported preservice and inser-
vice programs to determine whether they support norms of
continuous learning or whether they serve to separate science
from pedagogy and preservice from inservice, and if they model
one-shot learning opportunities or long-term, ongoing efforts.
Encourage more collaboration within universities and between
universities and schools by requiring it for grants, adjusting certi-
fication requirements, and so on. Encourage ongoing inservice
opportunities by requiring extended training and follow-up sup-
port in grants, school improvement plans, and curriculum devel-
opment and implementation efforts.

2. Identify and recognize exemplary teachers. Make their
ongoing pursuit of knowledge a part of the selection criteria.

Things to do for the future:

1. Design and implement a model for a well-planned,
clearly defined staff development program that affords oppor-
tunities for continuous learning for teachers in their efforts to
become more proficient in teaching science. This program needs
to be both in-depth and long-term. Support and reward districts
that provide continuous staff development programs that have
long-term impact. Encourage other districts to follow suit.

2. Ask national bodies such as the National Science Foun-
dation, the American Association for the Advancement of
Science, and the National Science Teachers Association to hold
institutes to update the knowledge and skills of local science
leaders and teachers. Include ideas such as the major concepts of
science, science disciplines such as astronomy, and issues in sci-
ence teaching such as teacher development and assessment of
student learning. Offer extended institutes during the summer and
shorter ones during the school year. Use teacher advisory groups
to suggest the content, skills, and strategies they want.

3. Initiate dialogue between colleges and districts to find
means of making continuous teacher development effective, con-
venient, and valued. Convene conferences in which collaborative
efforts within and outside the state are featured and in which

-1 ,1

127



ELEMENIARY SCHOOL SCIENCE FOR NE '90s

participants can explore how they work. Include models of in-
service teachers working as clinical faculty for universities. Also
examine the idea of professional development schools, inviting
several people who have designed and implemented them to come
and describe how they work.

4. Initiate dialogue between university science and educa-
tion faculties. Sponsor confm.ences that feature collaborative
efforts, with opportunities for participants to explore how they
work. Illustrate alternative organizational reward structures that
allow such collaborative efforts to thrive.

MODELS AND RESOURCES

A University Model: The University of Northern Colorado
has a model preservice program, Science and Mathematics for
Elementary Preservice Teachers, which is supported by a five-year
grant from the National Science Foundation and combines con-
tent and methods courses. Exemplary mentor teachers from the
state's school districts work "on loan" with university faculty and
bring the classroom into the college learning environment. The
program employs a constructivist orientation, which is built
around the expectation that teachers link instruction to students'
developmental processes of shaping their own scientific notions.
The project's science courses use such teaching strategies as inquiry
and hands-on activities. These strategies are then evaluated and
modified or expanded by students in methods courses.

A University Model: The University of New Hampshire offers
a five-year teacher education program in which seasoned teachers
play a major role in preservice instruction and taking the initiative
in curriculum change efforts. The university also places students
in collaborative action research projects that focus or improving
the supervisory skills of principals and teachers working with
preservice teachers.

A University Model: The University of Wyoming's Wyoming
Center for Teaching and Learning coordinates most of the teacher
development for the small and distant districts of ihe state. Work-
ing with preservice and seasoned teachers alike, the program
integrates content and methods courses and helps teachers to
employ an interdisciplinary approach to teaching science.

A Local Model: Carroll County, Maryland, schools have
launched a comprehensive staff development effort to improve
both the instructional strategies and science content expertise of
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their elementary teachers. The Carroll County program aims to
help teachers implement a hands-on, process-oriented elementary
science program and also addresses the issues of available class-
room time for science instruction and methods for innovative
assessment in the service of instruction.

Teachers were paid to attend a two-day summer workshop
during which they experienced for themselves many of the activ-
ities they would be teaching in the classroom. They were grouped
by grade level and trained by well-prepared peers on the first day.
Day two of the workshop was conducted by an outside consultant
who had ample classroom experience. After nine weeks, a one-day
follow-up seminar helped teachers to resolve problems encoun-
tered in teaching the new program. Coaches from the University
of Maryland's graduate school of education were used during the
two-year implementation phase to give constructive feedback and
help teachers with lesson plans and other instruction-related
information. Forty-four exemplary teachers went on to participate
in a graduate course in which they were trained in all grade levels
of the elementary science program. These teachers then became a
valued resource for other faculty.
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12.
Choose Effective
Approaches to

Staff Development

Effective approaches to teacher development mirror
what we know about learning; they are continuous,
build on learners' current knowledge and skills, and
include sufficient intensity and practice that new
learnings can become part of teachers' ongoing
practice.

WHAT WE KNOW

An analysis of research and experience in staff development
(Loucks-Horsley et al. 1987) suggests that programs that effecti qely
support teacher growth have the following characteristics:

Content that is either based on research or has demonstrated
its effectiveness in schools and classrooms;

Opportunities for teachers to work together as they learn,
plan to use, and implement their new knowledge and practices;

Opportunities for teachers to participate in decisions about
what they will learn, how they will learn, and how they will use
what they learn;

Norms that support experimentation and risk taking;
Time for teachers to participate fully in the learning experi-

ence, to practice, to master new behaviors, and to incorporate new
practices into their teaching routines;

1 1
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Integration of staff development into other initiatives of the
school or district, with a connection between individual, school,
and district goals;

Leadership that provides direction and clear expectations,
coupled with ongoing support for teachers to learn and to use what
they learn;

Appropriate and sufficient incentives and rewards; and
Designs based on knowledge about learning and the process

of change.

All of these characteristics are critical to the success of staff
development. Yet the last is of particular interest here, since it is
closely connected to our perspective of science learning. Although
the implications of current cognitive research for adult learning
strategies are not entirely clear, the constructivist perspective
suggests some ways in which teacher learning mirrors the learning
of students. It follows, then, that staff development should have
much in common with what we described earlier as good science
teaching. Among the characteristics they share are:

Active learning techniques;
Attention to what teachers already know (i.e., their current

conceptions of science, of teaching, and of learning);
Sufficient time to consider new ideas and "try them on" for

fit; and
Multiple opportunities to observe and then apply new

knowledge in practice.

Thus, effective staff development can be an excellent model
for good teaching.

TAKING ACTION ON WHAT WE KNOW

A constructivist-driven teacher development model suggests
a certain course of action that is unlike tradit. anal (primarily
one-shot, workshop-oriented) staff develonment approaches.

Attention should be paid to prior teacher knowledge.
Teachers at all levels of preparation come to teaching with their
own experiences and observations of what works with children,
what should be taught, and what instructional strategies work
best. Preservice teachers, for example, may assume that engaging
students with a good dose of creativity and enthusiasm is in and
of itself enough fuel to ignite the learning fire. Experienced teach-
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ers may accept that engagement is essential to good learning but
might also believe that reading about sdence qualifies as a stand-in
for the exploration stage of the learning model. How can we begin
to help teachers actively reconstruct their views about teaching
and learning science if we don't attempt to pinpoint the prior
knowledge teachers bring with them?

Concepts should be developed and introduced over suffi-
cient periods of time. Just reading or hearing about new concepts
is rarely enough to advance authentic learning. Teachers need to
participate in multiple, interactive, collaborative experiences. For
example, rather than learn about the topic of pond life via a
one-time, facts-to-be-learned presentation, teachers can work in
small groups to share what they know and then, visiting an actual
pond, work together to reconstruct their views. This type of
learning will allow them to develop their understanding of such
concepts as diversity and systems over time.

Theory should be tied to experience by using learning
activities that make abstract concepts personal. Such experi-
ences are the catalysts that help teachers learn. Follow this with
activities that give teachers time to reflect on their experiences.
Then introduce new information that prompts teachers to focus
on the formation of abstract concepts and generalizations. To
continue with our pored life example, teachers can design aquari-
ums for their classrooms so they (and their students) can observe
and answer questions that relate to pond life. They can also divide
readings, relate the readings to what they observe, and share their
findings with each other. Concept development continues in this
phase as teachers digest new information. The instructor slowly
adds fuel as discussions turn to formal theories such as food webs,
interdependency of pond organisms, ecosystem factors that en-
able pond life, and so on. Learners can personally experience
concepts when the methods of experiential engagement and
exploration, along with theory conceptualization and the peda-
gogical techniques of small working groups, are employed. Here
theory ties closely to experience.

In the final step, teachers should have opportunities to try
out developing concepts by making multiple applications in
their classrooms. Teachers need the chance to experiment with
new concepts and techniques with their students. At meetings
held after their trials, teachers can compare successes and strategies
about back-to-the-drawing-board activities.

4
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As a follow-up, a long-term plan should be instituted for
supporting novices. Give teachers a voice in how this process will
work. They may elect to form support or check-in groups, desig-
nate those who are most expert as mentors, or continue to refine
applications with their original work group.

This model suggests that we view the teacher development
process, from beginning coursework through inservice opportuni-
ties, from a constructivist perspective that encourages teachers to
explore, experience, and incorporate new strategies. Teachers need
to decide when, how, and under what conditions these new
strategies should be used. This approach prepares teachers to deal
with increasing classroom diversity and a multitude of daily deci-
sions. It also allows them to construct an evolving instructional
theory in the classroom, regardless of which science curriculum
they use.

Learning More About Science
In Chapter 11, we note that most of today's elementary school

teachers have limited knowledge of science. They were not re-
quired to take much science as undergraduates, and the courses
they did take were not taught in a way that allowed them to
develop concepts they would need to teach. In addition, few
elementary teachers consider science their favoritc subject, and so,
when given the choice of a potpourri of inservice offerings, they
don't choose to learn more about science. This may also be because
the offerings don't promise to help them much in the long run.

What would a good science offeringwhether at the pre-
service or inservice levellook like? Such a course, institute, or
workshop would:

Be taught in a way that reflects constructivist learning.
This means learners would do science by pursuing real questions
about tlw natural world and mixing investigative methods with
knowledge about the important facts and concepts of science as a
discipline. Depth of content rather than breadth of coverage
would lead to desirable concept formation instead of rote memo-
rization of science trivia.

Use an interdisciplinary approach so that a geology
course, for example, would incorporate biology, chemistry, math-
ematics, and physics. Teachers will then see the interrelationships
that occur naturally in the real world and are not separated into
disciplines.

150
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Include historical and philosophical assumptions and
contexts. Some early philosophical theories can help us under-
stand present-day laws and ideologies, including a few of thc
misconceptions students (and teachers) bring to class. For in.
stance, Aristotle believed that forced motion is maintained by
force. Buriden's impetus theory developed from Aristotle's notion
anzl maintains that the impetus is an internal source of force that
maintains the motion. These views contrast with Newton's laws,
which sugrst that an object in motion tends to stay in motion
unless a force acts upon it.

Help teachers relate science content to technological and
societal issues, thereby connecting science to the real world and
how we live in it. A unit on waste pollution, for example, might
consider an alternative to the present use of styrofoam materials.

Use instmtional strategies like cooperative learning, wait
time, discussion techniques, inquiry, problem solving, and assess-
ment, so that teachers witness for themselves how these methods
serve as important vehicles for science learning.

Introduce problem solving as an active means for learning
the important facts and concepts of science.

Require collaboration among faculty from several disci-
plines or fields. Whatever course is being taught would benefit
from a number of perspectives, especially when instructors maxe
it a point to connect content of different disciplines. This can be
done using a life science/physical science team or a science/peda-
gogy team.

As an example, the introductary geology course at Carleton
College of Northfield, Minnesotadiscussed in Chapter 11
could be use c. as the basis of a teacher workshop in geology that
incorporates the model described herein at either the preservice
or inservice level:

It might begin the same way, with groups of participants
embarking on a field trip to a river where gullies were apparently
formed by erosion. Participants would work to solve the problem
of identifring and explaining what is happening. They would
observe, wonder, ask questions of each other, and discuss what
additional information is needed. This phase represents the invi-
tation and exploration stages of learning, and the instructor uses
the activity as an inPrmal assessment of previous !earnings and
views about geology, erosion, the action of rivers, and so on.

A 1 1
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Back at the workshop, with the instructor's help and resource
books, teachers gain additiona; information on the topic. The
instructor uses the questions raised as a guide to decide if the class
needs to return to the area, visit a different one, conduct an in-class
water erosion activity, or view a media presentation. Interactions
between participants and the instructor, with materials, and
among participants are all helpful for information gathering. The
process helps participants to further define concepts and begin to
form explanations. At this point, it's appropriate to introduce the
history of the area in terms of both geological and human impact.
The instructor might opt to bring in a social science instructor, a
senior citizen, or a local businessperson who could discuss the
impact of the geological development. Connections between what
was, what happened and why, and what might be needed can be
introduced with the best pedagogical strategies. Wait time during
questioning and small- group discussions can be important here.

The instructor uses a culminating activity to assess the efrec-
tiveness of the instruction, focusing on the level of new knowledge
gained, pmblem-solving abilities acquired, and participants' con-
cept formation. A it., debate on how the community might work
together to stop erosion, and how new technologies might help,
would be an excellent vehicle for such an assessment

This course models for teachers hi w children need to be
learning in their classrooms. It weaves together important science
knowledge, skills, and attitudes, and uses different approaches to
assessment. Employing a variety of instructional strategies helps
make learning science an enjoyableeven excitingexperience
for students and teachers alike.

Learning More About Learning
What teacher development approach would foster a rich

undcntanding of how children learn? Such a course, institute, or
workshop would:

Extend over a long period of time, encouraging develop-
ing teachers to incorporate into their knowledge bases an expand-
ing picture of how children develop and learn. They are
continually involved in constructing a more elaborate under-
standing of children, how they most effectively learn science, and,
subsequently, what instructional strategies are most appropriate
to use and how and when they could be used best.

rt3
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Provide teachers with knowledge about the complete
range of theories and research on children's learning, including
developmental findings from research on social learning, behav-
iorism, and more recent work in cognitive learning theory. Con-
structivism has had and will continue to have an important impact
on elementary school science and how it is taught. Teachers need
to understand the theory behind constructivism and see the
implications it has for curriculum, instruction, and assessment.

Be simultaneously rich in theory and research and expe-
rientially based. Coursework in how children learn must allow
preservice teachers to work directly with children during science
learning to see how to apply the theoretical principles they are
learning. Constructivism provides a model of how such a course
might be framed. Early in the course, for example, participants
might visit classrooms to observe how children learn science. They
share observations and discuss in teams which of the instructional
strategies and techniques worked and which did not, as well as
why and how they worked. At this point teachers are ready to learn
some new information, perhaps something about developmental
learning theory, that will enhance their developing concept of
how children learn.

Not confine learning about learning to courses devoted
solely to theories of learning. For instance, in some buildings
teachers may form collegial teams to share their insights into how
children learn science and to invite expert guests to share with
them aspects of how children learn. '-zachers could examine
curriculum materials and see how the instructional format reflects
one or more learning theories. The format for the Elementary
Science Study units is quite different from the materials for Sci-
ence: A Process Approach. A major determinate of those differ-
ences lies in the different theories of learning that the curriculum
developers used to structure activities.

Schools and districts can choose among several approaches
for teacher development that can incorporate these characterisdcs
(see Sparks and Loucks-Horsley 1989 for detailed discussion):

Training with coaching. Most frequently equated with
staff development, this approach can result in demonstrable
changes in teacher behavior and, subsequently, in the behaviors
of children. The model includes development of the theory and
rationale behind the new behaviors to be learned, demonstration

.4
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or modeling, practice in training settings, and guided practice or
peer coaching in the classroom with supportive feedback from a
colleague. The process of peer coaching is particularly important
in helping teachers change their teaching practices, in providing
them with opportunities to discuss their changing ideas about
teaching, and in giving them the psychological support they need
to persist in learning (Joyce and Showers 1988).

Observation and assessment. This anproach involves care-
ful observation of teaching with attention to certain behaviors and
an open discussion of the results. The model is labeled in various
ways, primarily as forms of supervision and coaching. Teachers
agree on a focus for the observations, with the observer recording
behaviors as they occur. A conference follows, in which the
observations are discussed, strengths and weaknesses assessed, and
goals set for the future. Both the observed teacher and the observer
can gain insight into effective pedagogy and how to incorporate
it into daily teaching practice.

Inquiry. This approach incorporates such practices as action
research and reflective inquiry. Teachers, alone or collaboratively,
decide what problem or situation they are interested in examining,
gather and analyze data, and interpret the results in light of
changes they might make in their classrooms or in school practice.

Individually guided staff development. In this approach,
teachers, individually or in collegial teams, identify their interests
and concerns; establish a goal; and seek input by way of
coursework, workshops, library research, field trips, and other
forms of self-study to reach the goal.

These approaches to staff development can complement, and
in some cases replace, the traditional inservict workshop. When
well designed, they can help teachers increase their knowledge of
science, learning, and teaching in ways that they can apply directly
to classroom teaching.

LOCAL ROLES

Things to do now:

1. Examine current staff development offerings to deter-
mine whether they have the characteristics described in this
chapter. Consider adding components to increase learning.

PP.
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2. Consider alternative approaches to inservice workshops
that either replace or complement the workshops. Peer coaching,
a teacher-as-researcher program, individually guided staff devel-
opmentall can extend and reinforce important learnings.

3. Make better use of internal expertise. Identify exemplary
science teachers to test new programs and become trainers for their
peers. Have high school science teachers teach science content to
elementary teachers. Prepare teachers to be good staff developers
by helping them use a constructivist perspective to design and
deliver their instruction.

Things to do for the future:

1. Work with local universities to change the nature of
their science and education coursework. Develop collaborative
programs using exemplary science teachers, school settings, and
different approaches to teacher preparation.

2. Develop closer links with the community to bring teach-
ers real-world experiences from which to learn. Contact local
businesses and industries, and work with science professionals to
plan inservice offerings and placement opportunities.

STATE ROLES

Things to do now:

1. Promote good staff development by making school and
district inservice coordinators and science leaders aware of the
characteristics of good staff development programs and alterna-
tives to inservice workshops. Give examples of how to change
current practice.

2. Model good staff development practices in state-spon-
sored events, institutes, and teacher enhancement programs. In-
corporate alternative approaches such as coaching and teacher
inquiry.

Things to do for the future:

1. Target grant monies to schools and districts that incorpo-
rate characteristics of good staff development into their program
plans.
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2. Identify exemplary staff development programs am!
practices, and put them "on the road.170 Maintain an up-to-
date listing of staff development offerings in districts in the state,
and develop networks for sharing expertise.

3. Work with universities to improve the quality of course
teaching. Provide opportunities to learn about exemplary prac-
tices, share expertise, and design alternative strategies.

4. Begin a statewide Alliance for Science Education within
your state. Contact university scientists, science educators, and
professional scientists employed by businesses about building a
program that improves learning opportunities for teachers.

MODELS AND RESOURCES

An Association: The Association for Constructivist Teaching
is a professional educational organization that identifies and dis-
seminates effective constructivist practices for student and teacher
development. The Association provides its members with re-
sources, an annual conferenre, professional networks, and a quar-
terly newsletter.

A Book: In Enquiring Teachers, Enquiring Learners: A Construc-

tMst Approach to Teaching, Catherine T. Fosnot (1989) shares an
innovative model of teacher education in which, rather than being
spoon fed, the learner is engaged in questioning, hypothesizing,
investigating, imagining, and debating instructional strategies.
Fosnot includes detailed "how to" course descriptions on topics
such as activities that engage teachers as learners.

A Teacher Education Model: The teacher education program
at Michigan State University is designed to prepare teachers who
are skilled in teaching for conceptual change. Using a course of
study that promotes conceptual change in the prospective teach-
ers themselves, the program is based on recent cognitive research,
especially research currently under way at Michigan State.

A Teacher Education Model: Science methods courses at
Purdue University use the Generative I :.,rning Model to help
prospective teachers construct knosw mir al science teaching.
(Use of the four-stage teaching mr..- > -,t. ?bed in Kyle et al.

1989.)
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13.
Provide Teachers
with Adequate

Support to
Implement Good
Science Programs

Science programs won't move very far off the launch
pad if encouragement and the tools of the trade are
missing. The best science teaching occurs when
teachers have the organizational, psychological, and
material support needed to do their jobs well.

WHAT WE KNOW

In Chapters 11 and 12 we explore the types of teacher devel-
opment activities that prepare teachers to teach science well. Yet
even well-prepared teachers need additional supports in the areas
of organizational structure, materials management, and psycho-
logical nourishment that sustain the belief that science is indeed
valuable and they can do a good job teaching it. Before we examine
these supports, let's look at the current conditions that inhibit
elementary teachers from teaching science well (Weiss 1987).
They include:
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The uncertainty with which most teachers approach teach-
ing science;

The emphasis in elementary schools on language develop-
ment and math, and the lack of attention given to science;

The lack of a well-defined elementary science program with
all the curriculum and support materials needed for the instruc-
tion of good science lessons;

The lack of a well-planned staff development program
geared to the improvement of science teaching; and

Teachers' feelings of not being appreciated, of being isolated,
and of being out of control regarding decisions about how best to
teach the children for whom they are responsible.

Many of these issues can be addressed by taking a critical look
at the organizational structures and supports (or lack thereof) in
schools. It's critical that these systems work for teachers because,
of all the factors involved in the teaching of science, the most
important is the classroom teacher. Teachers need to be valued
in demonstrable ways. In the business world, for instance, it is
known that valued workers are more productive. This is no differ-
ent for teachers. They are critical to their students' success.

There is little definitive research on how organizational struc-
tures influence the quality of science teaching. But we do have
documentation on educational quality, teacher professionalism,
policy implementation, effective schools, and educational
changeall of which are directly related to the issue of teacher
competency. This research suggests that high-quality education
occurs in environments in which teachers are supported in five
important ways:

1. Clear purposes and outcomes. Expectations for program
goals and outcomes help teachers stay on course and move to-
gether in a productive direction. Standards of excellence for cur-
riculum, instruction, and assessment should all be articulated.
Who should establish program goals and outcomes? Though
several national frameworks exist (AAAS's Project 2061 and the
National Center's work are two examples), states may provide the
most appropriate direction given their control over so many of the
variables that can enhance or detract from good science teaching.
In states with a history of local control, or that do not possess a
goal-setting capacity, districts can set purposes and outcomes for
science learning. r

(.1 1,1

142



PROVIDE TFACHERS WITH ADEQUATE SUPPORT To IMPLEMENT G000 Samcs PROGRAMS

2. Resources and their allocation. What happens in the
elementary classroom is directly influenced by available resources,
time, and staffing. To adequately prepare students to become
scientifically literate, students need to spend between 120 (K-3)
and 300 (4-6) minutes per week on science and technology edu-
cation. Right now, students are spending only 100 minutes or less
per week learning science. We therefore need to make science a

priority by allocating more time for science education. And to

make that time worthwhile, there needs to be additional attention
to staff development, adequate materials and equipment, and
adequate facilities; these factors contribute to good science teach-
ing, and all will require more resources.

3. A rich zonception ofstaff development. Our new vision
of exemplary science education requires a comprehensive teacher
development strategy that continually confronts a complex range
of issues linked to the district's overall goals and priorities (Odden
and Marsh 1988). Disconnected staff development offerings will
need to be replaced with an orchestrated set of courses that tie
together state, district, and local frameworks for curriculum, in-
struction, and assessment. Involving groups of teachers or, better
yet, all teachers within a school, in the same training, constitutes
a critical mass that can help changes get implemented and then
maintained. State and district science leaders as well as principals
and other administrators can benefit from leadership develop-
ment efforts. They can learn the delicate balance between alter-

nately doling out support and applying appropriate pressure to
struggling staff members.

4. Organizational norms that support constructivist learn-
ing. The constructivist science that we propose in this book
requires that the classroom become a place for experimentation,
risk taking, questioning, and collaborative problem solving. This
can evoke more than asmall amount of anxiety for many teachers.

But if schools encourage and expect teachers to engage in these
behaviors, the chance that they will develop their science teaching
skills becomes much greater.

S. Involvement in decision making. Teachers who are
knowledgeable and skilled in the teachingof constructivist science
are In the best position to decide what should be taught and when.
Clearly, they know their students better than anyone, and they
need autonomy to make critical decisions, adjusting instruction
to students' developmental needs, current understandings, and

1 C)
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interests. We know from research that involvement in decision
making can heighten teachers' ownership in their programs
(Lightfoot 1983) and even reduce absenteeism and teacher turn-
over (Darling-Hammond 1986).

This is not to suggest that individual teachers should have
total autonomy over their students' science education. For one
thing, most elementary teachers are not skilled in teaching con-
structivist science, nor are they committed to doing so. Typically,
elementary teachers are better prepared in and favor the areas of
language arts and reading. Further, teachers have neither the time
nor the expertise (nor, oftentimes, the interest) in determining
scope and sequence for their grade level, for their elementary
schools, or for their district's 1(42 science education program. Nor
are they up to date on what makes good science curriculum and
instruction and what materials and programs are available to
support them.

That said, teachers can and should help make decisions about
science programs and curriculum, especially decisions that di-
rectly affect their students. Involvement of teachers on commit-
tees and task forces is critical if these decisions are to result in
doable programs. At the school and grade or teaching team level,
teachers can make program implementation decisions, including
how and when to introduce new curriculums, how best to struc-
ture and deliver staff development, who should be teaching what,
how teachers can support each other's teaching, and what special
adaptations are needed for their students. Such decision-making
prerogatives not only build ownership in teachers, but also the
commitment to develop their own knowledge and skills to im-
prove their teaching.

TAKING ACTION ON WHAT WE KNOW

Organizational Support
District and building administrators can demonstrate organ-

izational support for teachers by sending a clear message that the
elementary science program is a priority and by articulating clear
expectations, purposes, and outcomes for the program. There is
general consensus that people are more productive in their work
environments when they know the what, how, and why of the
structure, practices, and parameters within which they operate.
For example, teachers can be more productive if they know which

i".
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organizing principles the curriculum is built on and what instruc-
tional model supports the chosen principles. The development of
clear purposes and outcomes helps teachers gain a sharp focus on

the common agenda.
Organizational support should also include actions by prin-

cipals and others responsible for science education that help
elementary teachers in their efforts to teach good science. For
instance, administraturs can:

Stop a teacher in the hall and ask how his science unit is
progressing, what kinds of questions the students are asking, or
what type of investigations they are developing;

Provide teachers with information about science opportuni-
ties, such as nE w programs, conferences, meetings, and inservice
workshops, and make funds or substitutes available so teachers can
participate in pairs or teams;

Create opportunities for teachers to share what they learn
through both outside activities and their own experimentation;

Take over a class for teachers so that they can coach their
peers, team teach, or observe exemplary science teaching;

Advocate science education by keeping the media aware of
exciting things that are happening in the classrooms;

Provide teachers with a petty cash fund for science activities;
Organize a science field trip for teachers on a Saturday, and

make it fun and exciting;
Start some faculty meetings with a short, engaging science

activi ty;
Arrange for local scientists or science teachers to make

presentations to classes;
Arrange to have student presentations of science activities

featured at a P.T.A. meeting;
Support teachers in extracurricular science activity projects

such as Invent America!, science olympiads, or energy fairs;
Make it clear that science teaching (and the mess that goes

with it) takes precedence over the needs of the custodians; and
Nominate leading teachers for the new Elementary School

Presidential Awards in science.

C
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Figure 13.1
Roles for Principals

(Adapted from Mechling and Oliver 1983)

Here are some important roles for principals:

The principal as science leader. Principals demonstrate leadership in
and positive attitudes toward science education and communicate
their interest in science to teachers and others.

The principal as curriculum analyst Principals investigate their own
science programs in terms of goals, teaching strategies, typical learn-
ing experiences, evaluation plocedures, and so on.
The principal as a force in the selection or development of a new
science curriculum: Principals provide leadership in curriculum
choice or development. As a driving force and catalyst, they push to
get the process going and keep it on track.
The principal as provider of the wherewithal: Principals seek funds to
purchase science supplies and equipment, cover costs of staff devel-
opment, and ensure that supplies are readily available for teacher use.
The principal as provider of inservice instruction:Principals take the
lead in providing inservice experiences in science for their teachers.
The principal as a monitor ofprogress in .science programs: Principals
give their science programs periodic checkups to determine their
va I id ity and continuing effectiveness.

The principal as troubleshooter Principals deal effectively with prob-
lems that arise in the science curriculum, like teachers having diffi-
culty fitting science into their crowded day, over-reliance on reading
as a method of teaching science, classroom noise, and inconvenient
schedules or access to materials or equipment.

Administrators can help teachers becomecompetent deci-
sion makers by creating opportunities and structures in which
they can become involved in decisions about implementing
curriculum, instruction, and teacher development. For exam-
ple, teachers should be given a chance to collaborate on their own
professional development. They should be provided opportunities
to share expertise, coach their peers, solve problems, and pursue
their own improvement. Time and settings can be arranged for
them to share their knowledge about how students learn, what

-)IJ
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teaching approaches work in different areas of science and tech-
nology education, and what topics and themes might be appro-
priate vehicles for teaching the major concepts, skills, and
attitudes that we recommended earlier in this book. A climate that
communicates that everyone has something to learn and that
everyone can benefit from others' experience is essential.

Funds for teacher release time can be (re)allocated for staff
development by:

Establishing more personal professional days;
Arranging for roving substitute teachers to release teachers

for an hour of peer observation, team planning, and so on;
Specifying early release days on a regular basis;
Hiring teachers with expertise on an extended contract for

work in the summer with district personnel and principals; and
Combining several classes to release teachers.

Teachers who demonstrate excellence in teaching con-
structivist science should serve as workshop planners and
leaders and demonstrate classroom teaching. They should plan
for teacher development by working with district personnel, board
members, principals, peers, and the community. Administrators
can showcase lead teachers by recommending them to the state
for recognition, using them as key committee members, and
publicly recognizing their expertise.

Teachers should be systematically rewarded for good sci-
ence teaching and an ongoing commitment to their own
learning. Both external and intrinsic rewards are appropriate
motivators for teachers to continue their professional develop-
ment. Effective staff development systems provide a variety of
options for rewards: additional pay and opportunities to train
others, to travel, and to work collaboratively. Intrinsic rewards are
probably even more powerful. The opportunities we have listed
above should spur teacher.; to share ideas; reach out for innovative,
effective teaching practices; and increase the knowledge of their
cre iighly rewarding and motivating when a teacher masters
a &ching strakgy and then goes on to become a teacher of
tuch.IL..s. Such personal success reaffirms the belief that one can
make a difference in the lives of children as well as idults.
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Psychological Support
Teachers feel supported in environments that ct ampion

openness and have norms that encourage them to t. a experi-
menters, risk takers, and team players. Doing science is a way
of knowing about the world around us. In the elementary grades,
good science teaching encourages students to wonder, to explore,
and to develop conceptions of how the world works. To teach
science effectively, teachers need the license to investigate, try new
ways of doing things, and work with others to share and solve
problems. Strategies that help teachers themselves become science
students will effectively support science education.

Psychological support is also demonstrated when teachers feel
that their concerns and needs are being taken care of. In Chapter
10, we describe seven stages ofconcern that can be used to monitor
changes in how teachers feel about their science programs. These
stages are also useful to pinpoint teachers' needs and questions sothey can be responded to. For example, when teachers have
management concerns, they can use help with making better use
of time, getting and organizing materials, and managing class-
room activities. Since it's possible to predict how concerns will
change over time, one can design an implemeatation effort that
addresses teachers' needs as they emerge through materials, work-
shops, in-class assistance, and so on. It's usually a relief to teachers
when administrators assure them that change takes time and
perfect performance is not expected overnight. Being sympathetic
to individual concerns and havingthe right kind of help availablewhen it's needed are what we mean by psychological support.
Material Support

To teach science well and avoid frustration, teachers need
appropriate and easily accessible resources. Needed support in-
cludes providing materials for teaching, creating an environment
that sustains a constructivist science program, allowing time to
prepare for teaching good science, and considering options for
teacher assistan-e, like having a science resource teacher available.
Consider implementing one or more of the following ideas:

1. A resource list, perhaps taken from the National Science
Resources Center's (1989) Science for Children: Resources for Teachers,
of curriculum and material vendors, publishers, and distributors,
complete with addresses, phone numbers, and prices. The re-
sources selected should reflect program goals. The list must be
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easily accessible (e.g., included in curricuium guides or the like)
and be updated yearly.

2. An In-house news vehicle such as a newsletter or electronic
mail. This can serve several important functions: to announce
workshops and new resources; to organize for materials manage-
ment; to create opportunities for teachers and others to share
ideas; and to alert people to relevant current events, problems, and

so on.
3. An organizing system for media resources (e.g., films,

videos, computer software) that are used in the science program.
A list of all items used by grade level in the program is essential.
Additionally, a "prepare ahead of time" list can help with teacher
preparation and organization. The title, order number, and loca-
tion (central distribution media center, school media center, indi-
vidual kits) all need to be clear and accurate. A budget that provides
for aoequate copies of any one title ensures that use will occur at
the best learning point for students instead of whenever the title
is available.

4. A system of storage and retrieval for all printed materials
that includes information on when and how to use them and
where to get supplementary resources if they are not provided.
One person in charge (teacher, media specialist, principal, district
person) prepares and monitors an inventory that is ready, appro-
priate, and available for use. Laissez-faire or honor system ap-
proaches often lead to disappearing materials and a greater drain
of funds.

5. A system for purchasing, packaging, storing, and
replenishing hands-on science materials. Considerations for
such a system include:

Reusable materials that can be recycled for a number of years
if not broken or lost. Kits need good packaging if they are going
to last. When pun 'lasing a program, examine its packaging; do
not accept inadequate materials. If packaging your own kits, buy
the best boxes possible.

Storage areas in each building or central to the district. These
need to be sufficient to prevent teachers from getting damaged test
tubes, shattered light sources, and crushed materials boxes.

A retrieval/inventory system handled by one individual. The
program will not be taught if materials are not complete, easy to
assemble and get, or damaged. Inventory lists, including the
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number of each item per classroom, are needed on all kits at the
beginning of each unit in the curriculum guide.

Consumable materials need to:
be listed byunit and by all units for theyear in curriculum
guides;
have local sources identified;
be budgeted for each year, with yearly totals given to the
principal for budget planning; and
have a replenishment system in which teachers know
who buys, with what money, on what person's request,
with how much lead time, and so on.

Each district and school is responsible for deciding how to
best manage science equipment and materials. A materials
support system helps make science instruction easier. When or-
ganized at the school level, the librarian might house and manage
the materials. Or one teacher or a school secretary might assume
the responsibility for ordering, storing, and disseminating materi-
als, when provided the time to do so.

A disixictwide system for materials management is most
cost-effective. This may involve a central science kit system or
science center where supplies of commercial kits or locally devel-
oped materials and other items are stored and resupplied. This
allows for bulk purchasing and sharing ofequipment and supplies.
Sharing materials .:!I mean a wider range of units available for
students. Another .. &vantage of establishing a science center is that
it serves as a tangible foca! point of the elementary science pro-
gram for teachers, administrators, and the community, thereby
promoting science education. Materials such as posters available
from the U.S. Forest Service, to be used by a large number of
teachers, would have a home in the science center. Through such
a centralized system, districts can maximize working with private
industry to develop materials and kits for units like mining and
minerals. A well-organized central program in which staff rou-
tinely update materials and sign out materials systematically can
go far to optimize the use of resources for science teaching. (For
examples of such systems, see the Models and Resources section.)

ONE PLAN OF ACTION

There are many possible ways to begin to design or overhaul
an elementary school science program. Under Local Roles and
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State Roles, we describe many starting points for and components
of long-term change. Here, however, is one quick start-up strategy
for a district that wants to start tomorrow to make a difference in
science learning. This strategy includes:

1. A shared leadership team of selected teachers and ad-
ministrators who assess the current state of science teachingand
resources, select a science program, oversee training and support
for teachers, monitor progress, and communicate regularly both
inside the system and with the community.

2. An existing, exemplary science program selected from
among those recognized by NSTA in its Focus on Excellence
Program, the National Diffusion Network, or those described in
the National Science Resources Center's (1989) Science for Children:

Resources for Teachers (see Models and Resources section for more
information), and adapted for use with the particular student
population and resource base.

3. A set of pilot teachers who, with help from the program's
developer, spend a year mastering the program and being prepared
as a training and support cadre for full implementation.

4. A two-year training sequence for all, with the first year
having up to three days of release-time workshops in which
teachers learn how to teach the units, and with the second year
having up to three days devoted to improving teachers' under-
standing and skills in constructivist teaching, cooperative learn-
ing, and approaches to assessment.

S. A support structure that provides teachers with all the
materials they need for teaching and makes individual help and
coaching available to them on a regular basis.

6. A program of awareness and training for people other
than teachers (such as principals, library and media specialists,
and resource teachers) to orient them to the new program, how it
relates to other programs, and the support roles they need to play.

Others may want to begin their efforts to improve supportfor
science teaching in different ways. Below are some roles that local
and state educators can use to begin on the road to long-term
change.

LOCAL ROLES

1. Carefully plan and develop an elementary science cur-
riculum. Specify what is to be taught, the strategies to be used,
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and the time frame for teaching the curriculum. Include on the
development committee teachers who, although they may not be
expert science teachers, recognize the importance of teaching
science well. Also include principals and district administrators.
Consider exemplary district programs, programs from the Na-
tional Diffusion Network, and curriculum currently under devel-
opment for adoption or adaptation. Review materials, make visits,
and try out sample units to help make a decision.

2. Develop policies and procedures, and articulate them to
teachers. Clearly defined procedures help to ensure that staff
members will be treated fairly and equally. Trust is fostered when
teachers know what to expect and what is expected of them.

3. Plan for and implement a materials management sys-
tem. Design a system appropriate to the schools' and district's
resources, science curriculum, and staff capabilities.

4. Recognize the principal's role in supporting an elemen-
tary science program. Provide principals with special training in
that role, including enough about the curriculum and instruc-
tional strategies for them to recognize it in classrooms and help
teachers find help if they need it. Encourage principals to allow
for release time through schedule manipulations and to set a
climate that includes the expectation, encouragement, and praise
for teachers to teach science well. Principals can encourage staff
members to share their knowledge and experience by inviting
them to form collegial teams, recommending that they take lead
roles on district committees, and involving them in decisions
about implementing the science curriculum.

5. Promote collaboration as a means of personal support
for teachers. Provide opportunities for teachers to work together
as ihey try new activities and solve problems as ther arise. Encour-
age or require teams of teachers (or teachers and administrators)
to attend the same inservice programs so that whole groups of
teachers have similar orientations and experiences.

6. Provide leadership in making teachers comfortable in
their roles as experimenters, risk takers, and team players.
Provide support for alternative teaching strategies, give encourage-
ment rather than criticism when activities fail, and make time for
educators to meet in groups to develop cooperative and team
efforts.
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STATE ROLES

1. Make routine budget allocations and press tor addi-
tional funds for staff development to support good science
teaching. Pay special attention to the training of those responsible
for science education in districts, with the expectation WA they
will create similar opportunities for their teachers and administra-
tors.

2. Conununicate with local administrators and others re-
sponsible for science education about the availability of fed-
eral funds that are allocated exclusively to improve 1(42 science
and mathematics teaching. Encourage local educators to use these
pass-through monies in ways that will enhar^^ psychological,
material, and structural supports for teachers.

3. Ensure that all state frameworks and guidelines justify
and support constructivist science as described in this book. It
is often more convincing when classroom or district personnel can
cite an authoritative source to justify a particular approach to
teaching.

4. Develop and support regional science education net-
works within your state where teachers and others can periodi-
cally gather to discuss problems and new strategies. Select topics
of particular interest to elementary teachers, such as iorif.va ve

curriculum materials or understanding space probes.
5. Explore networking via electronic communication.

With orly a few current uses around the country, electronic
communication holds promise for the future. The McGraw-Hill
MIX system, for example, is popular with some states already
developine statewide or regional bulletin boards.

6. Create and presclt awards in a meaningful ceremony
for exemplary science teaching at the elemeotary level, much
as the Presidential Awards competition does. I .1 some states, the
governor, the state corn missionei of education, or the state board
of education recognizes exemplary teach( Me National Science
Foundation is awarding grants to K-12 teachers in each state for
excellence and leadership in mathematics and science. State sci-
ence personnel usually administer this program, with a substantial
monetary award given to the ft. nalist in eaca state. Conside
developing a similar state program

7. Work with appropriate legi lative botiws to pass legisla-
tion that affirms the need and value of elementary school
science programs. Included in such legislation could be provis-

I °alI
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ions for curriculum improvement, staff development, and release
time for teachers and othes to work together for self- and school
improvement.

8. Disseminate media releases that reaffirm the research
that thinking, reasoning teachers planningtogether provide a
statewide basis for improving schools. Highlight efforts in
which teachers are involved in meaningful ways to improve
science programs in their buildings and districts. Focus attention
n instances in whh teachers share leadership in their schools

;,nd where science h a priodilr

MODELS AND RESOURCES

A Resonrce Guide: Science for Children: Resources for Teachers
is a publication of the National Science Resources Center (NSRC).
'The guide lists curriculum materials, supplementary materials,
at 4ources of information and assistance thatcan ;le very helpful
in supporting a constructivist-oriented science program. The
NSRC also sponsors summ-* institutes for school district elemen-
tary science leadership teams.

A Source of Exemplary Programs: The National Science
Teachers Association's Search for Excellence in Science Education
Pragram has districts where strong teacher development
ani support systems art leading to effective science education in
eicaentai y schools. Descriptions of these programs are published
periodically in the NSTA's (1985, 1988) Focus on Excellence Series.
Examples of several .;upport efforts are described below.

A Sours,: of Exemplary Programs: The National Diffusion
Network disseminees several exemplary elementary science pro-
grams, each w ith its own materials and teacher training and
support compouetrs. Prognms that supportconstructivist science

Conservat an for Children (San Jose, California); Hands-
On Elementary Silence (Frederick, Maryland); Life Lab Science
Program (Capito!a, California); Marine Science Project: FOR SEA
(Poulsbo, Washington); and STARWALK (Peoria, Illinois). (See
Lew .s 1988 for snore on these innovative programs.)

A Resource for Principals: The National Science Teachers
Anociation, with finding from NSF, is sponsoring a nt.mber of
Regiona! Scien-c Leadership centers across the country to support
pnncicals as leo ie3 for science education. The PAL centers con-
duct two-day training sessions in which principals can learn about
han-or. science. receive materials, and prepare to train and
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support teachers within their schools. The project, directed by Ken
Mechling and Donna Oliver (1983), is located at Clarion State
University in Pennsylvania.

A Material Support System Model: The elementary science
program in Carroll County, Maryland, has a unique materials
support model. Each spring, Carroll County teachers receive an
order packet for science materials. The packet is set up as an
inventory control vehicle for the kits, which house all the neces-
sary materials for curriculum activities. (Early in the program, the
science supervisor shopped for necessary curriculum materials.
The contents of the Carroll County materials kits are now provided
by a commercial vendor.) Principals have the responsibility of
providing appropriate amounts of the cost-per-student allotment
for science. If teachers do not have the necessary materials, the
science supervisor is informed. Live materials for activities are
provided in house. A high school science teacher works part time
with student aides to maintain cultures and live specimens, pro-
viding them to elementary teachers as needed.

A Material Support System Model: In Anchorage, Alaska,
more than 1,000 teachers in SS schools get needed supplies for
science from a central system that manages purchasing and dis-
semination of equipment and material supplies. Materials are
circulated to teachers on a prearranged schedule. Early in the
school year, teachers complete a form that alerts the science center
to their needs. Teachers teach at least four science units a year
one hour a day, three days a week. Teachers are encouraged to use
additional resources and develop interdisciplinary connections to
the science unit. The materials for each unit are assembled into a
kit at the science center and then delivered to the teachers as
scheduled. The kits remain with each teacher for six weeks.

The center's staff orders and stores all materials needed to
teach the units, assembles class-sized sets of materials; maintains
a truck delivery route so that teachers receive materials when they
need them; and inventories, cleans, and replenishes all materials
when they are returned. This cost-effective sharing system allows
for a wider range of units to be taught. Moreover, duplication of
costly materials can be kept to a minimum. Another plus is that
the science center serves as a concrete focal point for the elemen-
tary science program. Teachers, administrators, and the commu-
nity have become aware of the strong science program in place
and how it facilitates good science teaching.

V
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A Material Support System Model: An example of a support
system for teachers in a small, rural school is Westford Elementary
School in northwestern Vermont. Two summers ago, the Parent
Teachers Group (InG) donated $2,000 to purchase supplies for the
elementary science program. A committee of parents and teachers
worked together to select and order basic materials for the class-
rooms. The principal offered support by locating a small, centrally
located utility space to house the materials. Other townspeople
helped by donating storage shelves for the space and by purchas-
ing and labeling storage containers for the new materials.

The teachers use a simple sign-out system to keep track of the
equipment. Volunteers inventory and help with the upkeep of the
storage area. This year the PTG again donated money. Additional
supplies, as well as science resource materials that will support
teachers in implementing their newly adopted science curriculum,
are being purchased. This is one example of science being widely
supported in a small community.

An Association for Sdence Leaders: The Leadership Institute
for Science Education (LISE) Center is a professional development
and resource center of the National Science Supervisors Associa-
tion (NSSA). Through a national cadre of trained science leaders,
the LISE Center provides programs and resources to promote
leadership development and teacher advocacy for science educa-
tion. Among its seivices are institutes, conferences, seminars, and
leadership publications.

Institutes for Science Leadership: The National Science Re-
sources Center (NSRC) has a program of summer Elementary
Science Leadership Institutes that prepare leadership teams
teachers, science supervisors, school system administrators, and
scientiststo organize elementary science program improvement
eff^rts for their local school districts.

A Model for Teachers Supporting Teachers: The PACT Pro-
gram in Jefferson County Schools, Colorado, places teachers in the
roles of university clinical faculty, mentors for beginning teachers,
and instructors for district inservice activities. Exemplary class-
room teachers are chosen by Metro State College, the University
of Colorado at Denver, and the Jeffco School District for a one-year
leave of absence. During that time, PACT teachers teach at the
university and mentor two preservice teachers. They also conduct
district inservices and consult with principals about curriculum
and instructional issues. A I -
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American Association for the
Advancement of Science
(AAAS)

1333 H St., N.W.
Washington, D.C. 20005
(F. James Rutherford, Chief

Education Officer and Project
2061 Director)

Anchorage School District
P.O. Box 196614
Anchorage, AK 99519-6614
(Emma Walton, Science

Coordinator)
Association for Constructivist

Teaching
Prentice Rd.
Worthington, MA 01098
(Catherine Fosnot, President)
Biological Sciences Curriculum

Study (Bscs)
830 N. Tejon, Suite 405
Colorado Springs, CO 80903
(Rodger W. Bybee, Principal

Investigator, Science for Life

and Living)
California State Department of

Education
Publications
P.O. Box 271
Sacramento, CA 95802-0271

Carleton College
Department of Geology
One N. College St.
Northfield, MN 55057
(Ed Buchwald, Professor)
Carrol County Public Schools
55 N. Court St.
Westminster, MD 21157
(Gary E. Dunkleberger and Brian

L. Lockard)

CD-ROM Science Helper
University of Florida
Room 302, Norman Hall
Gainesville, FL 32607
(Mary Budd Rowe, Project

Director)
Connecticut Department of

Education
P.O. Box 2219
Hartford, CT 06145
(Joan B. Baron, Director of

Program Evaluation)
Conservation for Childien
John Muir Elementary School
6560 Hanover Dr.
San Jose, CA 95129
(Marilyn Bodourian, Project

Director)
Denver Audubon Society Urban

Education Dissemination
Project

975 Grant St.
Denver, CO 80203
(Karen Hollweg, Project Director)

Department of Education and
Science and the Welsh Office

National Curriculum Council
Room G-1
45 Notting Hill Gate
London, W 113 JB England
Education Development Center

(EDC)
55 Chapel St.
Newton, MA 02160
(Karen Worth, Judith Sandler,

Principal Investigators,
Improving Urban Elementary
Science)

Florida Department of
Education

444 FEC
Tallahassee, FL i2399
(Jack Hopper, Elementary Science

Consultant)
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Full Option Science System
Center for Multisensory Learning
Lawrence Hall of Science
University of California
Berkeley, CA 94720
(Lawrence F. Lowery, Project

Director)
Hands-011 Elementary Science
Education Department
Hood College
Frederick, MD 21701
(Dean A. Wood, Project Director)
Humanities and Technology

Association
Department of Technology
Northein Kentucky University
Nun Dr.
Highland Heights, KY 41076
(James Gray, Editor)

Indiana Department of
Education

Room 229 Statehouse
Indianapolis, IN 46204
(Wry Colglazie, Science

Coordinator)
Invent America!
United States Patent Model

Foundation
Courthouse Square
510 King St.
Alexandria, VA 22134
Jefferson County School District
1829 Denver West Dr.
Bldg. 27
Golden, CO 80401
(Harold Pratt, Executive Director

for Science and Technology;
Susan Shiff, Staff Development
Academy)

Leadership Institute for Science
Education (LISE) Center

Copernicus Hall, Room 227
Central Connecticut State

University
1615 Stanley St.
New Britain, CT 06050
(Kenneth Russell Roy, National

Director)

Life Lab
1156 High St.
Santa Cruz, CA 95064
(Roberta M. Jaffe, Lisa Glick, Gary

Appel, Project Directors)
Marine Science Project FOR SEA
Marine Science Center
17771 Fjord Dr., N.E.
Poulsbo, WA 98370
(Laurie Dumdie, Project Director)
Mesa School District
Science Resource Center
143 Alma School Rd.
Mesa, AR 85202
(Susan Sprague, Joanne Wolfe)
Metropolitan Toronto School

Board
45 York Mills Rd.
Willowdale, Ontario M2P 1B6
Canada
Michigan State Department of

Education
P.O. Box 30008
Lansing, MI 48909
(Mozell Lang Science Specialist)
Michigan State University
Department of Teacher Education
Erickson Hall
College of Education
E. Lansing, MI 48824

Minneapolis Public Schools
801 Broadway, N.E.
Minneapolis, MN 55413
(Joseph A. Premo, Science

Consultant)
Mt. Diablo Unified School

District
1936 Carlotta Dr.
Concord, CA 94519
National Association for

Science, Technology, and
Society (NASTS)

Pennsylvania State University
117 Willard Bldg.
University Park, PA 16802
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National Astrophysics Center
Harvard University
60 Garden St.
Cambridge, MA 02138
National Diffusion Network
Office of Educational Research

and Improvement
US Department of Education
555 ..;ew Jersey Ave., N.W.
Washington, DC 20208-1525
National School Boards

Association
1680 Duke St.
Alexandria, VA 22314
(Adria Thomas, Director of

Research and Information
Services)

National Science Resources
Center

Arts and Industries Bldg., Room
1201

Smithsonian Institution
Washington, DC 20560
(Douglas Lapp, Executive

Director; Joe H. Griffith, Project
Director, Science and
Technology for Children)

National Science Teachers
Association

1742 Connecticut Ave., N.W.
Washington, DC 2000
New York State Department of

Education
Washington Ave.
Albany, NY 12234
(Douglas S. Reynolds, Chief,

Bureau of Science Education)
Oregon State Department of

Education
700 Pringle Pkwy., S.E.
Salem, OR 97310
(Raymond E. Thiess, Specialist,

Science Education)

PAL Project
Clarion State University
Peirce Science Center, B-45
Clarion, PA 16264
(Ken Mechling and Donna

Oliver, Project Directors)
Fittsbm gh Public Schools
341 S. Benefield Ave.
Pittsburgh, PA 15213
Pittsburgh Regional Center for

Science Thachers
Carnegie Institute
4400 Forbes Ave.
Pittsburgh, PA 15213
(Jane Conrad)
Purdue University
School Mathematics and Science

Center
W. Lafayette, IN 47907
(William C. Kyle, Jr.)
Pyramid Films and Media, Inc.
114 W. Frcnt St.
Media, PA 19063
The Regional Laboratory for

Educational Improvement of
the Northeast and Islands

Center for Teaching Thinking
300 Brickstone Sq., Suite 900
Andover, MA 01810
(Jill Mirman Owen, Robert

Swartz, Directors)
Roundout Valley Central School

District
Box 9
Accord, NY 12404
(James Vertucci, Director of

Instruction)
Science through Science,

Technology, and Society
(S-STS) Group

Pennsylvania State University
117 Willard Bldg.
University Park, PA 16802
Schaumburg Science Program
District 54 Elementary Schools
Schaumburg, IL 60172
(Larry Small)
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Shoreham-Wading River
Central School DLstrict

Shoreham, NY 11786-9745
(Martin Brooks, Assistant

Superintendent)
STARWALK
Lakeview Museum Planetarium
1125 W. Lake Ave.
Peoria, IL 61614
Teacher's Clearinghouse for

Science, Technology, and
Society

The New Walden Lincoln School
One W. 88th St.
New York, NY 10024
Technical Education Research

Centers, Inc.
1696 Massachusetts Ave.

Cambridge, MA 02138
(Robert Tinlwr, Project Director,

Kids Network)
Tennessee State Department of

Education
214 Co.dell Hull Bldg.
Nashviiie, TN 37219
(Geraldine Farmer, State Science

Consultant)
University of New Hampshire
Department of Education
105-B Morrill Hall
Durham, NH 03824
(Sharon Oja, Professor)
University of Northern Colorado
Science and Mathematic:, for

Elementary Preservice Teachers
Rose Hall/Mass. Department
Greeley, CO 80639
(Henry Heikkinen, )irector)

University of the State of New
York

State Education Department
Publications Sales Desk
Room 171, Education Bldg.

Addition
Albany, NY 12234
University of Wyoming
Wyoming Center for Teaching

and Learning
Box 3992
Room 406, Wyoming Hall
University Station
Laramie, WY 82071
(Vince Sindt, Director; Peter

Ellsworth, Coordinator)
Urban Coalition
8601 Georgia Ave., Room 500
Silver Spring, MD 20910
Virginia Department of

Education
P.O. Box 6Q
Richmond, VA 23216
(Joseph D. Ex line, Associate

Director for Science)
Westford Elementary School
Brookside
Westford, VT 05494
(Maim Carlson)
Weston Public Schools
444 Wellesley St.
Weston, MA 02193
Wisconsin Department of

Pub li: Instruction
Publications Department
P.O. Box 7841
Madison, WI 53702-7841
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