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FOREWORD vii

Foreword

The National Science Education Standards was published recently by the
National Research Council, the operating arm of the National Academy of
Sciences and the National Academy of Engineering. That consensus document,
four years in the making, is designed to help the country reach an important
national goal—achieving scientific literacy for all students in the 21% century.
As the Standards reminds us, "scientific literacy enables people to use scientific
issues and processes in making personal decisions and to participate in
discussions of scientific issues that affect society."

The National Science Education Standards present a bold vision of a new
science education system. They identify what high school graduates should
understand and be able to do. They describe conditions that schools must create
to ensure that all students have the opportunity to learn and all teachers have the
opportunity to teach. They emphasize the importance of transforming schools
into educational communities where students actively engage in scientific
inquiry as a way to gain knowledge and an understanding of the world. And
they stress the importance of schools and school systems in which teachers are
supported and empowered to make decisions that are crucial for effective
learning.

In many school districts nationwide, scientists have assumed a key role in
science education reform. Through partnerships with academic institutions and
corporations, those scientists have assisted teachers behind the scenes and in the
classroom. The Standards envision an education system that invites a greatly
increased involvement of scientists and other members of the community in
constantly improving the system as a whole.

Copyright © National Academy of Sciences. All rights reserved.
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FOREWORD viii

As school districts undertake the challenge of implementing the
recommendations in the National Science Education Standards, they can benefit
by modeling their efforts on the extensive work the National Science Resources
Center (NSRC) has done in reforming elementary science education in school
districts across the nation. Science for All Children: A Guide to Improving
Elementary Science Education in Your School District presents the NSRC's
strategic planning model for bringing about districtwide elementary science
reform.

The NSRC has made many significant contributions to science education
reform since its inception in 1985. In addition to developing the Science and
Technology for Children program, an inquiry-centered science curriculum for
grades 1 through 6, the NSRC has been active in other areas of science reform—
including disseminating information on science teaching resources, preparing
school district leaders to spearhead science education reform, and providing
technical assistance to school districts. These programs have had a significant
impact on science education in many school districts throughout the country.

The NSRC's sponsoring organizations, the National Academy of Sciences
and the Smithsonian Institution, take great pride in the publication of this book.
The transformation of science education in America to enable all children to
achieve scientific literacy is a challenging task, and it will require strategic
thinking throughout the next decade. The well-tested plan of action contained in
this book will help make this task easier, and it should be welcomed by all those
interested in improving the science education of elementary school children.

Bruce M. Alberts

President

National Academy of Sciences
I. Michael Heyman
Secretary

Smithsonian Institution
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PREFACE ix

Preface

On behalf of the National Science Resources Center (NSRC), I am pleased
to introduced readers to Science for All Children: A Guide to Improving
Elementary Science Education in Your School District. This book is a flagship
publication for the NSRC. It marks the first time that the NSRC's model for
science education reform has been published and disseminated widely.

The NSRC's model is based largely on experience gleaned from two
primary sources. The first is the accomplishments of pioneering school districts
that put effective elementary science programs in place in the 1970s and 1980s;
the second is the NSRC's own work with school districts through our
Elementary Science Education Leadership Institute program. Through these
efforts, we have learned that it is essential to view the science program as a
cohesive system that includes the following key elements: a research-based,
inquiry-centered science curriculum; professional development; materials
support; appropriate assessment strategies; and community and administrative
support. These elements must work together to create an interdependent system.
The system can be modified to meet the needs of all kinds of school districts—
large and small, urban and rural. To illustrate the model's flexibility, the book
includes eight case studies showing how different communities have adapted
these elements to meet their specific needs.

Through the development of the Science and Technology for Children
curriculum, we have also learned much about the process school districts
engage in as they undertake an extensive science education reform effort. Our
field-testing program has
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PREFACE X

provided curriculum developers with numerous opportunities to visit school
districts in the early stages of reform and to discuss with them the challenges
they have encountered. This feedback enabled us to significantly improve the
quality of our science modules. It also reminded us that reform is difficult and
time-consuming. For this reason, school districts benefit enormously from the
support of organizations like the NSRC.

We have written this book for these and other school districts committed to
acting now to build an inquiry-centered science program. Experience has shown
that while enthusiasm is often the initial catalyst, the school districts that are
familiar with the issues surrounding reform move forward most effectively.
This book presents basic information about the philosophy underlying our
reform model, how to engage in a strategic planning process, and how to
establish and maintain each critical element of the science program. Our hope is
that school districts will find that the book helps them define an effective model
for science education reform and develop a strategic plan to implement the
model. The book also provides specific suggestions for overcoming challenges
that may arise.

This book is not intended to be a research document or an exhaustive
summary of the literature. Its primary goal is to stimulate change in the way
elementary science is taught nationwide. Readers are encouraged to consult
other publications, including those listed at the end of each chapter, that provide
further details on particular aspects of science education reform.

We would like to thank the NSRC's parent institutions, the National
Academy of Sciences and the Smithsonian Institution, for their vision and
support in helping the NSRC undertake this project. We look forward to hearing
from users of the book about its effectiveness, along with any suggestions they
may have for its improvement.

Douglas Lapp
Executive Director

National Science Resources Center
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INTRODUCTION 1

Introduction

The National Science Education Standards, published in 1996 by the
National Research Council, presents a strong case for the importance of
scientific literacy for all Americans. The Standards emphasizes that "everyone
needs to use scientific information to make choices that arise every day.
Everyone needs to be able to engage intelligently in public discourse and debate
about important issues of science and technology. And everyone deserves to
share in the excitement and personal fulfillment that can come from
understanding and learning about the natural world."

Scientific literacy is also increasingly important in the workplace. More
and more jobs require that people be prepared to think critically, solve
problems, and use technology effectively. Furthermore, we need a scientifically
literate public if we are to compete successfully in the global marketplace.

One proven way to achieve these goals is to begin to teach science in
elementary school, as early as kindergarten. Through a particular approach to
science education, called inquiry-centered science, children learn to ask
questions, experiment, develop theories, and communicate their ideas.

This book outlines a model of a science education system that fosters the
teaching of inquiry-centered science. The model, which is based on research
and practice, consists of five elements: a research-based, inquiry-centered
curriculum; professional development; materials support; appropriate
assessment strategies; and community and administrative support. These
elements all work together as a unified whole, yet each element is significant in
itself and must be understood on its own terms. Therefore, the book not only
explores each element but also describes how they work together.

Copyright © National Academy of Sciences. All rights reserved.
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INTRODUCTION 2

To further illustrate the ideas put forth here, the book includes a series of
case studies that show how the model is being implemented in different school
districts nationwide. The case studies provide evidence that by implementing
the National Science Resources Center (NSRC) model for science education
reform, school districts also go a long way toward implementing the
recommendations in the National Science Education Standards.

ORGANIZATION OF SCIENCE FOR ALL CHILDREN

This book is divided into three parts. Part 1: Building a Foundation for
Change explains the rationale for inquiry-centered science and provides some
basic tools for planning for such a program. It includes the following four
chapters:

Chapter 1: The Value Of Science Education

Chapter 2: How Children Learn

Chapter 3: Sharing the Vision of Exemplary Elementary Science
Chapter 4: Planning for the New Elementary Science Program

Chapter 1 opens with a discussion about inquiry-centered elementary
science and what the research says about its effectiveness. Chapter 2 explores
how inquiry-centered science builds on what we know about how children
learn. Chapter 3 presents an overview of the five elements of an effective
elementary science program, and Chapter 4 discusses how school districts can
begin the strategic planning process.

Part 2: The Nuts and Bolts of Change explains how to implement an
inquiry-centered science program by focusing on the five elements of the NSRC
model for science education reform. This section includes the following chapters:

Chapter 5:  Criteria for Selecting Inquiry-Centered Science Curriculum Materials
Chapter 6:  Professional Development for Inquiry-Centered Science

Chapter 7:  Establishing a Science Materials Support Center

Chapter 8:  Assessment Strategies for Inquiry-Centered Science

Chapter 9:  Building Support for the Science Program
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Science is for all students: First-graders discover the wonders of insects
during a science module on organisms.

Part 3: Inquiry-Centered Science in Practice is a collection of eight case
studies of efforts to implement the model of inquiry-centered science described
in Part 2. The school districts and programs profiled are Montgomery County
Public Schools, Montgomery County, Maryland; Spokane School District 81,
Spokane, Washington; East Baton Rouge Parish Public School System, East
Baton Rouge Parish, Louisiana; Cupertino Union School District, Cupertino,
California; Hands-On Activity Science Program, Huntsville, Alabama;
Pasadena Unified School District, Pasadena, California; City Science (San
Francisco Unified School District), San Francisco, California; and the Einstein
Project, Green Bay, Wisconsin.

Each of these districts came to reform in a slightly different way. Some
were self-motivated and began the reform process within their own school
districts; other reform efforts were spearheaded by a corporate sponsor. Still
other school districts worked with members of the scientific community through
a partnership with an aca
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INTRODUCTION 4

demic institution. Finally, some school districts joined together to form
consortia, another effective way to implement change.

Recommendations for further reading are included at the end of each
chapter. The appendixes provide additional resources. Appendix A describes
professional associations and government agencies involved in science
education reform. Appendix B describes exemplary elementary science
curriculum materials.

HOW TO USE SCIENCE FOR ALL CHILDREN

This book may be used by many members of a school district or
community, including teachers, administrators, school board members, parents,
and scientists. Therefore, readers may wish to focus on the sections of greatest
interest. For example, a school board president, a concerned parent, or a PTA
activist may choose to read Part 1 (Chapters 1-4) carefully. It presents research
data confirming the effectiveness of inquiry-centered science as well as other
arguments supporting teaching in this way. This section can help you build a
case to take to your school administration or community members.

Teachers and school administrators committed to inquiry-centered science
will find Part 2 particularly useful. Chapters 5-9 explain how to implement an
inquiry-centered science program. Important information about selecting
curriculum materials, creating opportunities for professional development,
setting up and maintaining a materials support center, and developing new
strategies for assessing student learning is included here.

Everyone involved in education will find Part 3 helpful. The case studies
explain how eight programs have implemented science education reform and
explore some of the "ups and downs" that school officials and community
activists have experienced along the way.

We hope that everyone who works with children and is interested in their
education will find this book both useful and informative. Furthermore, we
hope that it will inspire educators to become engaged in implementing inquiry-
centered elementary science programs in their school districts.
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1

The Value of Science Education

The utilization of subject-matter found in the present life-experience of the
learner towards science is perhaps the best illustration that can be found of the
basic principle of using existing experience as the means of carrying learners
on to a wider, more refined, and better organized world.

—John Dewey, Experience and Education, 1938

Every fall, several million children mark the beginning of their formal
education by entering kindergarten. These five-years-olds are full of enthusiasm
and excitement. They will ride the school bus like the big kids and have a
chance to see what school is all about. Parents, too, see this moment as a turning
point. School provides an opportunity for children to discover the answers to
questions they often ask, such as, How are rocks made? and Why do ships
float? All those close to children hope that school will continue to spark
children's natural love of learning.
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Teachers use many strategies to keep that love of learning alive. To
stimulate their students' natural curiosity, some teachers arrange field trips to
wetlands, rivers, and lakes as part of their study of natural ecosystems. To keep
young imaginations flourishing, other teachers bring duck eggs to school and
encourage students to care for them and imagine what the ducklings will be like
when they hatch. To instill a love of experimental inquiry, teachers use
materials such as batteries and bulbs or rocks and minerals as the starting point
for asking questions, experimenting, developing theories, and communicating
their ideas.

All of these learning activities are part of inquiry-centered science,
sometimes called simply inquiry. According to the National Science Education
Standards, inquiry involves "making observations; posing questions; examining
books and other sources of information to see what is already known; planning
investigations; reviewing what is already known in light of experimental
evidence; using tools to gather, analyze, and interpret data; proposing answers,
explanations, and predictions; and communicating results."! These activities are
deeply rooted in both the scientific tradition and educational theory.

Nonetheless, inquiry represents a new approach to science education to
many school districts and teachers. The reason that inquiry appears new is that
many districts have come to rely on textbooks as the major vehicle for
conveying information to students. While textbooks may include basic
information about a science subject, they typically overemphasize vocabulary
and factual information. Because teachers feel pressured to make sure that
students "get it all," they often ask students to memorize these words and facts.
Experience has shown that memorizing words and facts not only neglects the
most important parts of science but also seems boring and irrelevant to young
learners.

To illustrate some of the pitfalls of the passive learning environment
created by a textbook-driven science class, consider the following example,
which is excerpted from a monograph written by Howard Hausman, Choosing a
Science Program for the Elementary School:?

Twenty-six third-graders are seated at tables. The teacher asks Carla to read
aloud from page 56 of the textbook, which shows a picture of a farm with
animals and a windmill. Carla
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reads that the farm has many animals and that they need water. However, the
picture shows that there is little water on the land, implying that the water will
have to come from wells powered by windmills. She reads the question
directly from the textbook, "What does the windmill do?"

The teacher repeats, "Can anybody guess what the windmill does? Yes, Joey."
Joey, who has been skimming to the next paragraph of the text, says, "The
windmill turns from the force of the air and works a pumping machine. This
lifts water from the well into a water tank for the animals."

"Very good, Joey," says the teacher. "Now Carla, can you read the next
paragraph?" Carla proceeds to read: "The windmill turns from the force of the
air and works a pumping machine. This lifts water from the well into a water
tank for the animals." She reads on about windmills operating machines to
supply electric power. Then come other examples of "energy from moving air."
Several children are moving restlessly, playing with pencils and whispering.
The teacher calls for attention, as he has done twice before.

"What work was being done?" the teacher asks. No answer. "Did the wind do
any work?" "It blew a windmill," someone says.

The restless movements persist. There is another call for order, a period of
enforced quiet. The books are collected and shelved.
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THE LIMITATIONS OF TRADITIONAL CLASSROOMS

Why did this lesson fail to hold the children's interest? Why were the
children restless and seemingly unmotivated to explore the ideas presented
during the science lesson?

For one thing, the children did not do science. They did not examine
objects, observe phenomena, design experiments, collect data, or discuss their
ideas. There were no opportunities for independent thinking and problem
solving. Instead, they simply read about science. The children gained very little,
because the book they were reading was describing things they knew or cared
little about. Most children today have never seen a windmill firsthand and have
no idea what a pumping machine is. The fact that a windmill can generate
electricity is also meaningless to these children;
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to them, electricity is something that happens when they turn on a light switch.
"Work" and "energy" are abstract ideas that have never been made concrete or
meaningful to them. Because these ideas are beyond the realm of their
experience, the children have little desire to explore them further.

Experience is the key factor. Research on children's learning has revealed
that when children do not have firsthand experiences with the things they are
learning about in school, the information that the curriculum seeks to convey
will often not make sense to them. Jean Piaget, a Swiss psychologist, devoted
his life to observing children and drawing conclusions about their intellectual
growth. His work laid the foundation for further studies of how children learn, a
field that is now called cognitive science. One key finding that has emerged
from this work is that children learn actively and they do so through direct
experiences with the physical world.

Part of the pressing need for hands-on experiences stems from the fact that
as today's children grow, they have increasingly little contact with the natural
world. The lack of concrete experiences means that children have fewer
resources to draw on in their efforts to make sense of the world. This is a drastic
change from the way things were a few generations ago, when more children
lived on farms and had numerous opportunities to experience firsthand many
aspects of science, such as helping to plant crops and discovering the
importance of rains to the harvest. Children today may see such things on
television or explore these ideas by playing games on computer screens, but
they seldom experience them directly. As Philip and Phylis Morrison explain:3

In Abraham Lincoln's day, most of the students were from farm families. They
came to school knowing firsthand about birth and death, about the full moon,
about how to lever up a heavy rock, how to sharpen a blade, and how milk
soured. They didn't have to learn those things in school, because they
encountered them all the time. What they went to school to learn was symbols—
words and forms; how to read, write, and cipher; what scholars and leaders in
the past had said; how to express and reason about the world and themselves.
Children still come to our schools with plenty of knowledge. They bring a
wide visual acquaintance with the world
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near and far, a flood of images, fact and fiction. They see print everywhere,
too; signs and posters surround them; magazines and books are commonplace,
with all their pictures. Television has made the wide world familiar to children.
But what is deeply missing is an inner sense of the world's real constraints, of
the difference between desire and performance. Pushing a button is not like
leaning on a crowbar.

The symbols still need teaching; the three R's, the history, the maps, the tales
remain urgent. But they lack any foundation beyond word and image. The
schools have a big new task that they have not entirely realized: it is to bring in
the hands-on world, the real uncertain thing that induces questioning, that
stubbornly resists or wonderfully confirms what one does. What children need
is to grow plants (and see them wilt for lack of water), to complete the cycle by
planting the seed they themselves harvest from the plant they grew. They need
to build bridges of soda straws that can hold up the weight of many milk
cartons. They need to try which connections between bulb and battery produce
light, and for how long.

It would be an error to blame schools for our growing lack of physical contact
with the physical world, but an even bigger error not to do something about it.
We are in this bind together; it is the result of a maturing technological world
where production is taken farther and farther away from the consumer. The
capacity to judge from evidence when things are right, when they work or
when they don't work, doesn't apply only to circuits or other matters of science.
It also applies to political programs or to buying consumer goods. It is an
understanding that begins with active experience in the natural and
technological world.

So let us teach our children how to read, write and cipher—but let us also help
them explore something of how the material of world works. They need to
sense through hand, eye, and mind the limits of what can be done, and how
even within stern natural limits new opportunities can open.
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A GLIMPSE AT AN INQUIRY-CENTERED CLASSROOM

Many teachers across the country today are providing the kind of inquiry-
centered science experiences that the Morrisons describe.
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A PROBLEM-SOLVING INVESTIGATION

The students approach the problem by discussing how they could
use a model of a simple circuit tester—a battery attached to a bulb with
wires—as a tool to determine what's inside the mystery box. Perhaps, the
students reason, they could touch the wires to the terminals on the box to
see whether the device inside causes the bulb to light. Discovering
whether the bulb will light will provide the students with important
information about what's inside the box.

Proceeding according to their plan, the students touch the wires of
the circuit tester to the terminals on the box. The bulb lights up. From this
evidence, they conclude that a wire must be connected between the
terminals inside the box.

As the students work, their teacher circulates throughout the
classroom. She stops to talk with a pair of students. While she commends
them on their work, she suggests that they take their investigation further.
What kind of wire might be inside the box? Is it a copper wire or a
nichrome resistance wire? Or could there be a bulb connected to the
terminals inside the box? Would copper wire make the bulb shine more or
less brightly? The teacher recommends that the students think about
these questions, discuss possible explanations, and find a way to test
their ideas through experimentation. She also suggests that the students
record their conclusions, either through writing or drawing.

The students begin discussing the problem. Through the active
exchange of ideas, they conclude that a copper wire would produce a
brighter light than a resistance wire or a bulb. In earlier investigations,
they found that both resistance wire and a bulb conducted electricity, but
that neither allowed the bulb to burn as brightly as the copper wire did.
Therefore, it seems likely that either a resistance wire or a bulb is in the
box.

To test this theory, the students develop the following strategy: First,
they will place a piece of copper wire in the circuit tester and observe the
brightness of the bulb. They will hook up the circuit
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tester to the terminals on the mystery box. They will observe the
brightness of the bulb and see whether it is brighter or dimmer than
before. They will repeat this process with the resistance wire and bulb.
When the brightness of the bulb in the circuit tester matches that of the
mystery box, the students will be able to determine what's inside the box.

Testing copper wire with the circuit tester

Testing the mystery box with the circuit tester

The students begin working. They notice that the bulb in the circuit
tester shines more brightly than the one in the mystery box when copper
wire is connected in the tester. This comparison is clearcut, and the
students easily reach the conclusion that copper wire is not inside the box.
But comparing the resistance wire and the bulb proves to be more difficult.
In both tests, the bulb is shining dimly, and it is hard to see any differences.

After further deliberation, the students begin to develop their
conclusions. One student writes a summary indicating that the mystery
box contains either a piece of resistance wire or a bulb; the student
reached this conclusion because she could not tell, on the basis of the
"pulb test," which of these two devices is inside the box. Another student
draws a picture showing resistance wire; she feels confident that only
resistance wire could create such a dimly lit bulb. When the students open
the mystery box, they discover that a piece of resistance wire is inside.
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The boxed example (pp. 12-13) illustrates how some fundamental
concepts about electricity can be taught through an inquiry approach. The
students, who are in fifth grade, have already constructed simple circuits using
flashlight batteries, wires, and flashlight bulbs. They have also explored
electrical conductors and insulators. In this lesson, students continue their study
of electric circuits by teaming up in pairs and working with mystery boxes—
plain white boxes with two terminals on top that contain an unknown electrical
device. The students' challenge is to find out, through experimentation and
reasoning, what electrical device, if any, is connected to the terminals inside the
box.

THE BENEFITS OF INQUIRY-CENTERED SCIENCE

For many adults, science conjures up an image of a research investigator in
a white coat testing a mysterious substance in his laboratory. They see the
scientific process as esoteric, with results as elusive as the potions in the
researcher's test tubes. But, as the boxed example shows, science does not have
to be shrouded in mystery and assumed to be too complex for most of us to
master. Simply put, science is the process by which we discover how the world
works, "a way of thinking,... the method by which the creative mind can
construct order out of chaos and unity out of variety."* It is a process in which
children have been engaged virtually since they were born, and it is mirrored
effectively in inquiry-centered science programs. For that reason, it is not
surprising that in the second classroom described, children were still engaged in
the activity after an hour of intense work.

What conclusions about the value of inquiry can be drawn from the boxed
example? The following list describes several benefits of inquiry-centered
science:

1. The children are actively engaged. By working with batteries and bulbs,
the children were thinking, coming up with ideas, developing their
reasoning skills, and increasing their ability to solve problems. Piaget
discovered the importance of using materials as a vehicle for learning and
of providing a learning environment that is rich in physical experiences.
"Involvement," Piaget said, "is the key to intellectual development, and
for the elementary school child, this includes direct physical manipulation
of ob
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jects, the kind of manipulation so easily achieved in science lessons."

Benchmarks for Science Literacy, prepared by the American Association
for the Advancement of Science (AAAS), also shares this view: "For
students in the early grades, the emphasis should overwhelmingly be on
gaining experience with natural and social phenomena.... By gaining lots
of experience doing science, becoming more sophisticated in conducting
investigations, and by explaining their findings, students will accumulate
a set of concrete experiences on which they can draw to reflect on the
process."® In addition, the National Science Education Standards
establishes active learning as one of the underlying principles of science
education. The Standards stresses that "learning science is something
students do, not something that is done to them."’

Inquiry-centered science brings the real world into the classroom and
into children's lives. By bringing materials like batteries and bulbs into
the classroom, we are giving children the opportunity to experience for
themselves the work that scientists do. They can work with the tools of
science and develop their own questions and ideas. Jos Elstgeest, a
science educator from The Netherlands, defines this approach to science
education by identifying it as "a swing away from the factual syllabus.
Instead of teaching about scientific facts which are the result of the
scientific activity of others, it becomes an education through doing science.

A typical first-grade classroom today.
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Instead of trying to remember descriptions of the results of science, it
becomes learning how such results are obtained. Instead of hearing and
forgetting, it becomes doing and understanding."?

3. Inquiry-centered science promotes teamwork and collaboration.
Inquiry-centered science requires that students learn to work
collaboratively, a skill that increasingly needed not only in school but also
in the workplace. Corporate leaders have indicated that patterns in the
workplace have changed from individual problem solving to team
problem solving. By working together throughout school, students have
opportunities to learn from others and to discover that collaboration is
essential to effective problem solving.

4. The inquiry-centered science classroom accommodates different
learning styles. Howard Gardner has documented that people learn in a
variety of different ways, including through language, mathematical
reasoning, and visual arts. Gardner writes, "Genuine understanding is
most likely to emerge, and be apparent to others, if people possess a
number of ways of representing knowledge of a concept or skill and can
move readily back and forth among these forms of knowing. No one
person can be expected to have all modes available, but everyone ought to
have available at least a few ways of representing the relevant concept or
skill." Inquiry-centered science encompasses many learning styles and
gives children experience shifting from one mode to another. In addition,
students who may not learn most effectively through traditional vehicles—
such as reading or listening—have other opportunities to excel.

5. Inquiry-centered science encourages learning in more than one area
of the curriculum. Science can be a springboard for exploration in other
parts of the curriculum. For example, one student in our example recorded
her results in writing, an effective way to develop language arts skills.
The other student made drawings to describe her findings, making a link
with art. Students also may be called upon to graph their findings or
perform calculations to interpret their data; both of these activities show
the close link between mathematics and science.

6. Children's grasp of new concepts and skills is reflected in their work
during the activity. By observing her students as they worked with the
mystery boxes, the teacher was able to gain im
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portant information about what they really understood about the subject.
Instead of relying exclusively on tests at the end of the unit, she could
assess students' progress as they worked. She could use this information
to create additional lessons that related directly to concepts students found
hard to understand or to ideas they were interested in learning more about.

A key objective in science education is to improve students' thinking skills,
and traditional tests are often inappropriate for measuring such skills. Lauren
Resnick states that multiple-choice tests "can measure the accumulation of
knowledge and can be used to examine specific components of reasoning or
thinking. However, they are ill suited to assessing the kinds of integrated
thinking we call 'higher order."'® To measure the gains made during science
class, educators are beginning to recognize that alternative assessments are
needed. We will explore this issue in Chapter 8.

PROCESS SKILLS AND ASSESSMENT

Inquiry-centered science has been shown to foster the development of
certain skills needed for effective problem solving. These skills, often referred
to as process skills, include organizing information, thinking critically, and
applying knowledge to new situations. Inquiry-centered science fosters the
development of process skills because it provides a firm content base from
which children can draw.

Thinking skills cannot be developed in a vacuum; they evolve while
people work on an interesting problem. Resnick echoes this view when she
states, "Cognitive research has established the very important role of knowledge
in reasoning and thinking. One cannot reason in the abstract; one must reason
about something. Each school discipline provides extensive reasoning and
problem-solving material by incorporating problem-solving or critical thinking
training into the disciplines."!!

Other researchers have performed longitudinal studies in attempts to
measure the value of inquiry-centered science. For example, Arthur Reynolds
and co-workers at Northern Illinois University found that students who had
been taught science in inquiry-centered elementary school classrooms were
more success
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ful in middle school and high school science classes than were students taught
in more traditional ways, such as by reading a textbook.'? In addition, students
who had experienced inquiry-centered science were more adept at problem
solving than those who participated in traditional programs.

Inquiry-centered science offers students time to reflect and work independently.

Another researcher, Ted Bredderman, summarized and analyzed the
experiences of 13,000 students in 1,000 classrooms, as reported in 60 studies of
science learning.!> He found that with the use of inquiry-centered science
programs, students demonstrated substantially improved performance in science
process and creativity; improved performance on tests of perception, logic,
language development, science content, and math; and modestly improved
attitudes toward learning science. The benefits of inquiry-centered science for
economically disadvantaged students were pronounced.

In addition to fostering problem-solving skills, inquiry helps instill in
children a world view that reflects an understanding of the importance of
science to their everyday lives. Project 2061 of the AAAS has identified five
attitudes that children should acquire through science education. These attitudes
are 1) curiosity (questioning, wanting to know), 2) respect for evidence (open-
mindedness, willingness to consider conflicting evidence), 3) critical reflection
(weighing observations and evaluating what has been observed), 4) flexibility
(willingness to reserve judgment and re
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consider ideas), and 5) sensitivity to living things (respect for life and
environmental awareness).

Science educators hypothesize that students who experience inquiry
throughout school will become questioning adults, interested in hearing all sides
of an argument before passing judgment. They will be keen observers, adept at
evaluating what they have seen and drawing conclusions about it. Also, they
will be more concerned about the natural world and more committed to
protecting the environment than previous generations have been.

Although this hypothesis has not yet been tested on a large scale, there is
evidence that inquiry will result in these outcomes for one key reason: It
supports the way children naturally learn. Chapter 2 explores further the
relationship between inquiry and the way children learn by focusing on the
work of cognitive scientists. Their research underscores the value of inquiry in
fostering intellectual development.
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KEY POINTS

The inquiry-centered approach to science encompasses working with
materials, asking questions, planning experiments, interpreting data,
synthesizing results, and communicating those results.

Inquiry supports the way children naturally learn, a very strong
argument for using this approach to teach elementary school science.

Inquiry-centered science is easily integrated with other areas of the
curriculum, such as language arts and mathematics.

Inquiry accommodates different learning styles, giving students who
may not learn most effectively through reading or listening other
opportunities to succeed.

For Further Reading

American Association for the Advancement of Science. 1989. Science for All Americans. New
York: Oxford University Press.

American Association for the Advancement of Science. 1993. Benchmarks for Science Literacy.
New York: Oxford University Press.

Dewey, J. 1938. Experience and Education. New York: Collier Books.

Dow, P. B. 1991. Schoolhouse Politics: Lessons from the Sputnik Era. Cambridge, Mass.: Harvard
University Press.

Gardner, H. 1993. Multiple Intelligences: The Theory in Practice. New York: BasicBooks.

Harlan, W. 1985. Teaching and Learning Primary Science. New York: Teachers College Press.

Mechling, K. R. and D. L. Oliver. 1983. Handbook 1V: What Research Says About Elementary
Science. Washington, D.C.: National Science Teachers Association.

National Research Council. 1996. National Science Education Standards. Washington, D.C.:
National Academy Press.
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2
How Children Learn

But there is a strong hunch that the early learning, or lack of it, is crucial;
and where the early learning has been missed there is an equally strong hunch
that what was missed early cannot be faked or by-passed.

—David Hawkins, Daedalus, 1983

For more than 50 years, cognitive scientists have been observing how
children approach and solve problems. Their work has resulted in an impressive
body of research about the learning process. Building on and modifying the
foundation laid by Jean Piaget in the 1920s through the 1960s,' cognitive
scientists have been able to draw some general conclusions about what is
needed for effective learning to take place.

Cognitive science is a complex field. It is not our intention to explore all
aspects of the field or to give a complete history of it. Our goal is to show how
the findings of cognitive scientists support inquiry-centered science education at
the elementary level. We will focus on two principles that have grown out of
cognitive sci
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ence and have important implications for effective science teaching and learning.

1. As part of the learning process, children develop theories about the
world and how it works. We now know that children construct
understanding and develop theories about the world on the basis of their
experience. Lauren Resnick describes the process as follows: "Learners
try to link new information to what they already know in order to interpret
the new material in terms of established schemata."? The implication of
this for educators is that is important to begin building children's
experiential base in primary grades by providing research-based, inquiry-
centered experiences.

2. The development of the human brain follows a predictable path. The
developing biological structures in the brain determine the complexity of
thinking possible at a given age. Educators must be aware of stages of
growth and be prepared to teach what is developmentally appropriate for
children in each grade throughout elementary school.

Incorporating these two basic concepts of cognitive science into an
elementary science program can lead to the development of more effective
learning experiences. In the following sections, we will explore some of the
implications of these concepts.

THE ROLE OF INQUIRY-CENTERED EXPERIENCES IN
ELEMENTARY SCIENCE

Educators have long debated the relationship between hands-on learning
and book learning in the classroom. In the 1960s, some disciples of cognitive
psychologist Jean Piaget were advocates of pure "discovery" learning; taken to
the extreme, an advocate of this school of thought might suggest that the most
effective way for children to learn about buoyancy would be to give them a
basin of water and a variety of floating and sinking objects and have them learn
what they can from these materials. Left to their own devices, some children
may discover that some of the objects float while others sink. The teacher
would then be requested to help the children make sense of their findings.

Because experience has shown that most children need some guidance in
order to learn, by the 1970s, many educators believed that a more realistic way
to organize the classroom is through a
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combination of instruction and hands-on experiences.’ These educators
acknowledged that hands-on experiences generate excitement and enthusiasm
for children and provide them with valuable learning experiences. At the same
time, the educators had come to see that it is impossible to learn everything this
way; some things, such as the names of the planets and their position in the
solar system or the concept of life cycles, need to be introduced by the teacher.
The challenge for teachers becomes deciding how to integrate didactic
instruction and inquiry-centered experiences.

In the past, many teachers have tended to rely on books and pictures to
teach science concepts. When possible, some have used hands-on experiences
to reinforce that learning. The problem with this approach is that students may
have no real-life experiences that relate to this information. Children learn best
when they can link new information to something they already know.
Therefore, it is often most effective to introduce a new concept by providing
children with inquiry-centered experiences. By doing so, educators provide
students with a firmer foundation on which to attach the information they will
receive later on from other sources. Lawrence Lowery summarizes these ideas:
"Books are important. We can learn from them. But books can only do this if
our experiential foundation is well prepared. To learn geometry, we must have
experience handling geometric forms and comparing them for similarities and
differences. To learn about electricity, we must explore relationships among
batteries, wires, and bulbs."*

Furthermore, inquiry-centered experiences generate one of the most
essential ingredients of learning—curiosity. Jane Healy writes, "As well-
intentioned parents and teachers, we all sometimes end up taking charge of
learning by trying to 'stuff' [the child] rather than arranging things so that the
youngster's curiosity impels the process. Children need stimulation and
intellectual challenges, but they must be actively involved in their learning, not
responding passively."

Lowery believes that curiosity serves an even larger function. He describes
it as a "trigger" that helps build crucial connections in the brain. These
connections enable children to synthesize specific pieces of information, such
as observations of color form, and texture of an object, into the larger concept
of one object with
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all these attributes. According to Lowery, the ability to synthesize is the essence
of intelligence, and intelligence is the product of the quality and quantity of
connections in the brain. He believes that educators would do well to capitalize
on curiosity in the classroom because it sparks the formation of these
connections.

THE IMPLICATIONS OF COGNITIVE RESEARCH

Children have a strong, innate desire to make sense of the world—and for
good reason. With and array of sensory information flooding into the brain,
coupled with growing motor skills and cognitive abilities, it is imperative for
even the very young child to organize the data.

The way children begin to structure information in their minds depends on
a variety of factors, including their individual experiences, their temperament
and personality, and their culture. As these factors come together, children
develop unique and enduring theories about the world and how it works. For
example, a preschooler may observe that many living things, such as people,
dogs, cats, and birds, have the ability to move on their own. On this basis, he or
she may assume that one characteristic of living things is the ability to move on
their own. This notion, while partially correct, discounts plants—a whole other
world of living things. Yet to young children, this theory is satisfying, because
it organizes a portion of their experience in a way that makes some sense.

Researchers have explained this "theory-making" ability in children in
different ways. Howard Gardner has called such ideas part of the "unschooled
mind."® Resnick uses the term "naive theories”" and maintains that children use
such theories to explain real-world events before they have had any formal
instruction.” Gardner and Resnick agree that even after starting school, children
continue to hold on tightly to their early ideas and theories.

For example, consider Deb O'Brien's fourth-grade class in Massachusetts.®
In developing a unit on heat for her class, O'Brien began by asking students for
their ideas about heat. To her surprise, she discovered that after nine long
winters during which they had been told repeatedly to put on their sweaters
when they got cold, the students were convinced that the sweaters themselves
produced heat. This was their "naive theory." O'Brien decided to
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give the students a chance to find out for themselves whether sweaters actually
generate heat. She challenged her students to design an experiment to
demonstrate "sweater heat." The students put thermometers in their sweaters to
measure their temperature. Their hypothesis was that the temperature would
rise, indicating that the sweaters were indeed "warm."

O'Brien assumed that after observing a stable sweater temperature, the
students would realize their misunderstanding, and the class would move on.
But she was mistaken. Although the temperature of the sweaters stayed
consistently at 68 degrees Fahrenheit, the students did not accept this evidence
immediately. One student, Katie, wrote in her journal: "Hot and cold are
sometimes strange. Maybe [the thermometer] didn't work because it was used to
room temperature."

The students held to their beliefs through several trials. It was only after
they had done everything they could think of—from keeping the thermometers
in the sweaters for long periods of time, to moving the sweaters to another
location, to wrapping the sweaters in sleeping bags—that some children were
willing to consider other ideas about heat. In fact, Katie was one of the first to
recognize that heat does not come from her sweater but from the sun and her
own body.

This example is important because it illustrates how tightly children hold
on to their theories and how difficult it is for them to relinquish them, even in
the face of conflicting evidence. Nonetheless, O'Brien was able to help some
children replace one set of ideas with more accurate information. She did so by
following a clearly defined process. First, she allowed time for the children to
express their naive theories by discussing what they thought about heat at the
beginning of the unit. Second, she used that information to design the major
part of the unit—having the students devise experiments to test their theories.
Third, she let the students use their own firsthand experiences as a starting point
for reconsidering their old ideas and constructing new knowledge. Fourth, over
the long term, she encouraged the students to apply that information to new
situations. For example, next winter, when the children put on their sweaters,
they will know that the heat they feel comes not from the sweaters but from
their own bodies.
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Many educators and cognitive scientists believe that this four step process
is at the heart of learning. The process is based on a theory of learning called
constructivism. Constructivism promotes an important goal of science education
—in-depth understanding of a subject, often called conceptual understanding.
As Susan Sprague explains, "The constructivist model of learning contends that
each student must build his or her understanding. In such a process,
understanding can never be completed. Each student must work through his or
her path toward deeper and deeper understanding and skills."”

The process used by O'Brien has been refined and developed into a
learning cycle that can be incorporated into the science curriculum. The
learning cycle typically includes four phases.

1. Focus: Students describe and clarify their ideas about a topic. This is
often done through a class discussion, where students share what they
know about the topic and what they would like to learn more about. For
the teacher, this is a good time to develop an understanding of students'
current knowledge and possible misconceptions and to consider how to
incorporate this information into the planned lessons. This is also a time
to spark excitement and curiosity and to encourage children to consider
pursuing their own questions.

2. Explore: Students engage in hands-on, in-depth explorations of science
phenomena. During this phase, it is important for students to have
adequate time to complete their work and to perform repeated trials if
necessary. Students often work in small groups during this phase. They
also have the opportunity to discuss ideas with their classmates, which is
a valuable part of the learning process.

3. Reflect: Students organize their data, share their ideas, and analyze and
defend their results. During this phase, students are asked to communicate
their ideas, which often helps them consolidate their learning. For
teachers, this is a time to guide students as they work to synthesize their
thinking and interpret their results.

4. Apply: Students are offered opportunities to use what they have learned
in new contexts and in real-life situations.

As teachers begin implementing the learning cycle in their
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classrooms, they may notice that their students seem uncomfortable or reluctant
to acknowledge that their naive theories were wrong. These reactions are the
result of the internal conflict many students feel as they struggle to give up one
set of theories for another. For many students, confronting their previous
misconceptions and modifying them represents a difficult intellectual
challenge.'? Therefore, it is important that teachers be aware of their students'
struggle and be tolerant of this process and the frustration it may produce.

In phase 2 of the learning cycle, students engage in hands-on, in-depth
eplorations. Here, second-graders work together to investigate soil.

ENSURING THAT THE CURRICULUM IS
DEVELOPMENTALLY APPROPRIATE

While the learning cycle provides a framework for a pedagogical
approach, educators must still decide what content to include in the science
program. To do so, they must understand children's intellectual development.
Piaget's work with children resulted in a theory about intellectual growth that is
based on the premise that all children pass through the same stages, in
approximately the same order, as they develop. Although many researchers have
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questioned some of Piaget's ideas and postulated that he underestimated
children's cognitive abilities, his theories still provide basic guidelines for
educators about the kind of information children can understand as they move
through elementary school.

The essence of the model described below, developed by Lowery and
based on Piaget's work, is that we can maximize learning by presenting science
concepts to children in a way that will be meaningful at each developmental
level or stage.!" The model is based on the human need to organize the
information received from the senses in logical, coherent systems. For young
children, these systems may be as simple as sorting objects by color or shape.
The ability to sort and recognize patterns is particularly important, because
children must master these skills before they can learn to read.

Children learn at different rates, however, and not all children achieve
these milestones at the same time. In general, every class in a typical
elementary school spans at least a full grade of cognitive developmental levels.
The basic stages of cognitive growth, however, may be summarized as follows:

* Through the primary grades, children typically group objects on the
basis of one attribute, such as color. When discussing plants, primary
school students will be able to sort them by color or size, but they
probably cannot perform both steps at the same time. In fact, it is a
major cognitive leap when children, at about fourth grade, are able to
organize objects and ideas on the basis of more than one characteristic
at the same time. The significance of this information for educators is
that young children are best at learning singular and linear ideas and
cannot be expected to deal with more than one variable of a scientific
investigation at a time. For example, when observing weather, primary
school students can study variables such as temperature, wind, and
precipitation separately; it is not appropriate to expect them to
understand the relationships among these variables. By the upper
elementary grades, however, students will be able to consider such
phenomena as how wind influences the perceived temperature (the
"wind-chill" factor).

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/4964.html

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the
original typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be

retained, and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

HOW CHILDREN LEARN 29

Toward the end of elementary school, students start to make
inferences. To some researchers, this marks the beginning of deductive
reasoning. At this stage, students also realize that different plants or
different animals can be classified into subordinate categories. For
example, they understand that all crocodiles are reptiles but not all
reptiles are crocodiles. At this stage of development, students are ready
to design controlled experiments and to discover relationships among
variables. When investigating the frequency of pendulum swings
(number of swings in a minute) during a module on time, for example,
sixth-grade students can experiment by changing variables, such as the
length of the string or the mass of the pendulum bob, and then
determining whether one or both of these variables affect the
frequency of the pendulum swings.

From this point on, students' thinking processes continue to become
more and more complex. At the onset of adolescence, students not only
can classify objects by multiple attributes, they can also experiment
with different organizational strategies. For example, they can decide
how they want to organize a collection of plants. They may choose to
organize by color, size, shape, height, or leaf shape. They become
more adept at manipulating these characteristics, which means that
their scientific ~experiments can become increasingly more
sophisticated. By age 16, students can understand highly complex
organizational schemes, such as the periodic chart of elements and the
structure of DNA.

If these developmental steps are not reflected in science instructional
materials, there will be a mismatch between what children are capable of doing
and what they are being asked to do. For example, it is inappropriate to expect a
nine-year-old to understand the abstract concept of acceleration, yet some
fourth-grade science programs include this concept. When this kind of
mismatch happens over and over again, children do not learn as much as they
could about science. Equally important, they do not enjoy science. For some
children, this leads to feelings of failure and the development of negative
attitudes toward science. If we can modify the curriculum to accommodate
different stages of cognitive growth, we will take a big step toward solving such
problems.
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Inquiry-centered science provides an experiential base that children
can relate to information they are acquiring through other sources.
Because an experiential base is crucial for learning, it is appropriate to
place hands-on learning first, before other kinds of learning take place.

Children begin forming theories about the world long before they
have accurate factual information, and they hold on tightly to these early
ideas and theories. For this reason, educators need to be aware that it
can take children a long time and many different encounters with a new
concept to achieve conceptual understanding.

To facilitate conceptual understanding on the part of students, the
teacher needs to assume a new role in the classroom. He or she needs to
create meaningful learning experiences that enable children to construct
their understanding and deepen their knowledge of a subject.

The way to maximize learning at each stage of growth is to present
science concepts that are appropriate to the child's developmental level.

The learning cycle—Focus, Explore, Reflect, Apply—has been
applied in thousands of science classrooms. It is an effective way to
implement the findings of cognitive scientists.

For Further Reading
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3

Sharing the Vision of Exemplary
Elementary Science

The more we help children to have their wonderful ideas and to feel good
about themselves for having them, the more likely it is that they will some day
happen upon wonderful ideas that no else has happened upon before.

—Eleanor Duckworth, ''The Having of Wonderful Ideas' and Other
Essays on Teaching and Learning, 1987

Imagine a science classroom that is very different from the one that most
adults experienced as children. The teacher is using the learning cycle to
organize the science lesson. As a result, students are up and about, consulting
with their classmates about their thoughts and ideas. In addition to reading
books, students are mixing different kinds of soils to discover their properties,
observing the weather, and measuring the height of plants growing in the
classroom. All children, from the academically gifted to those with learning
disabilities, have a conviction that they can succeed in science class.
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The role of the teacher in such a classroom is very different from what
most people have come to expect. No longer the source of all knowledge, the
teacher is a guide who listens to what the children say, asks appropriate
questions, and designs activities to help these already curious children become
interested in learning more. As the National Science Education Standards
explains, "Teachers of science constantly make decisions, such as when to
change the direction of a discussion, how to engage a particular student, when
to let a student pursue a particular interest, and how to use an opportunity to
model scientific skills and attitudes."!

In classrooms similar to this one, students and teachers work together to
create learning communities. Creating one school, or even one classroom, that
reflects this vision is daunting; creating thousands of such classrooms in
districts of varying sizes and resources nationwide is even more challenging.
School districts may wonder where to begin. They are aware of their overall
goal; however, they cannot define the steps or processes they need to engage in
to reach it.

Fortunately, there is a growing consensus among educators about the
elements that are needed to create an inquiry-centered elementary science
program. Five essential elements have been identified and can be used to
construct a model that provides school districts with a concrete, systematic, and
clear-cut path to follow.

THE ELEMENTS IN THE STRATEGIC PLANNING MODEL

Inquiry-Centered Science Curriculum

Curriculum materials are the "meat" of the science program—what is
actually being taught to children. Although many different kinds of curriculum
materials can be used to implement inquiry-centered science programs, one of
the most effective approaches is to build the science curriculum around a series
of science modules, or units, each of which focuses on a different area of
science and technology. A science kit, specifically designed for each unit,
includes all the materials needed for a class of students to investigate a
particular science topic for six to eight weeks. Each kit comes with a
comprehensive teacher's guide, divided into 12 to 16 lessons, that describes the
activities to be completed within the

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/4964.html

SHARING THE VISION OF EXEMPLARY ELEMENTARY SCIENCE 34

module. Student activity books, with instructions for conducting investigations
and developmentally appropriate reading selections, are part of the kit as well.

Professional Development

Professional development is the process by which school districts prepare
teachers to introduce the curriculum materials in their classrooms. School
districts can use many strategies to enhance

EARLY EFFORTS TO IDENTIFY THE ESSENTIAL ELEMENTS
OF AN EFFECTIVE ELEMENTARY SCIENCE PROGRAM

The current science education reform movement is built on a
foundation laid in the 1960s. At that time, the post-Sputnik national
science curriculum reform movement produced elementary science
curriculum materials that emphasized student inquiry. A few school
districts started using these materials as the basis for inquiry-centered
elementary science programs. These districts included Mesa, Arizona;
Seattle, Washington; Schaumburg, lllinois; Fairfax County, Virginia;
Multnomah, Oregon; Minneapolis, Minnesota; and Anchorage, Alaska.
Today, these districts serve as a model for those just starting out.

Each of these districts initially worked alone and did not communicate
with other districts. When they began to share their experiences, they
were surprised to discover how similar their programs were. Each found
that in order to succeed, the district needed to incorporate the elements
described in this chapter into its science education reform plan. What
determined the differences were local politics in the school districts and
the resources available to them.

For Charles Hardy, former assistant superintendent of curriculum and
instruction in Highline, a suburb of Seattle, Washington, and chief
architect of its inquiry-centered elementary science program, the starting
point was teachers. A former high school chemistry and physics
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teachers' professional development. For example, as a way of introducing the
new science program, districts can hold workshops where teachers become
familiar with the science content of the module and discuss how to manage
materials such as chemicals, water, soil, and living organisms in the classroom.
Over time, districts can follow these introductory workshops with advanced
sessions, during which teachers can perfect new pedagogical strategies, such as
asking good questions, encouraging students to
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teacher, he came from a tradition of close interaction with his peers,
so he decided to try the same strategy at the elementary level. Every
opportunity he had, Hardy would go into classrooms to observe what the
children enjoyed doing and how the teachers interacted with the children.
Using these insights, he then worked with local teachers and curriculum
developers to create an inquiry-centered curriculum for the district. Soon
after, a materials center, which supplied teachers with the science
materials and supplies needed to teach the curriculum, was established.

"Teacher in-service education was—and continues to be—a strong
element in our program," Judi Backman, Highline's science coordinator for
more than 20 years, recalls. "We know that the only way for the program
to work is if teachers are familiar with the curriculum materials and
comfortable teaching them."

Highline's science program began with professional development
efforts and quickly expanded to include inquiry-centered science kits and
materials support. Now, because of increased national interest in inquiry-
centered science, Highline is developing new assessment strategies.

"We received a grant from the National Science Foundation to
develop assessment techniques more in line with inquiry-centered
teaching," says Backman. "When we started, we knew that paper-and-
pencil tests were not adequate, but they were all that was available. Now
we have some more options, so we are able to round out this element of
our program."
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initiate their own learning, and integrating science with other parts of the
curriculum. The more proficient teachers become in these areas, the more
effectively the science curriculum will be taught and the more children will learn.

Other strategies for districts to consider include recommending that
teachers attend programs sponsored by professional societies such as Sigma Xi
or the American Chemical Society and providing time for teachers to observe
more experienced teachers, attend talks given by other teachers, or work closely
with a more experienced colleague.

Science Materials Support

A materials support system is needed to ensure that teachers have access to
the science kits and everything else they need to present a module in the
classroom. By setting up cost-effective systems for supplying materials and
equipment, school districts can remove from teachers the responsibility of
inventorying and ordering the materials needed for the science lesson and place
it in the hands of support staff who are trained to carry out these tasks.
Implementation involves coordinating myriad details. It is crucial to plan the
materials support component carefully, because a well-functioning system is
essential for a successful science program.

Assessment

A system is needed to provide appropriate tools for teachers to use to
assess student learning. Assessments can include both traditional paper-and-
pencil tests and observations of student performance. The intent is to assess
what students truly know and can do as a result of their experiences with the
materials. Assessments also serve to guide instruction for teachers so that they
can develop more effective teaching strategies. These new approaches to
assessment are a departure from traditional testing, and teaching teachers how
to use them must be one goal of the professional development program.

Administrative and Community Support

Building support within the school system and the community is critical to
the success of the program. Essential elements of admin
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istrative support include the endorsement of the superintendent and assistant
superintendent of curriculum and instruction, as well as the involvement of the
director of the elementary science curriculum and all elementary school
principals. Without their support, it will be nearly impossible to address the
other four elements.

In addition, the program will be stronger if it has broad community
support. Keeping parents informed about the new science program is an
important part of building community support. Many school districts strengthen
community support by creating partnerships with local colleges and
universities, business and industry, or both. A local corporation may agree to
allocate space that can be used to house a science materials center. Scientists
and science educators from a local college or university can participate in the
professional development program. Corporations also may offer in-kind support
or provide a grant to get the science program started. Different kinds of
community partnerships will be discussed in Chapter 9.

The five elements just described make up the "system" needed for building
an effective elementary science program. More than 30 years of experience
have shown that addressing only one or two of these elements—the science
curriculum or professional development, for example—is not enough. All the
elements are equally important and must be addressed simultaneously over a
sustained period of time—at least five years—to ensure the institutionalization
and long-term success of the program.

This comprehensive approach to the development and implementation of
an inquiry-centered science program is called systemic reform. By viewing the
science program as a system that is made of individual elements, all of which
must be addressed simultaneously, school districts can create an environment
where all students have an opportunity to learn and all teachers are supported in
their teaching efforts.
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KEY POINTS

Creating an inquiry-centered classroom requires making significant
changes in the way students learn and the way teachers teach.

Five elements are central to the reform of elementary school science:
an inquiry-centered science curriculum, professional development,
science materials support, assessment, and administrative and
community support. Although each element must be considered
separately, they all must work together to create a new science education
system.
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4

Planning for the New Elementary Science
Program

It is a bad plan that admits of no modification.

—Publilius Syrus, Maxim 469, circa 42 B.C.

Planning is the process by which school districts determine how they are
going to bring inquiry-centered science to their students. A structured planning
process acts as a catalyst to change by focusing on the needs of students and
teachers and the best ways of serving them. By planning carefully, school
districts have a greater chance of successfully implementing the science program.

The planning process begins with people. As Robert Evans, an expert in
strategic planning writes, "[Most people] treat reform as a product and, focusing
on its structural frame, often overlook its human face. But change must be
accomplished by people.... To do this, we must broaden our perspective on
change and rethink the essentials of leadership."!

GETTING STARTED: IDENTIFYING THE STAKEHOLDERS

A core of committed people who are concerned about the status of science
education in their district often band together to initi
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ate a reform effort. They are sometimes called stakeholders, because they have
a "stake" in the success of the program. Often the stakeholders are spurred on
by a leader who has a vision of quality science education for all children and
would like to see it become the districtwide norm. The planning process begins
when the stakeholders come together to form a leadership team that will
spearhead the reform.

Who are the stakeholders in a typical community? They may include the
following:

Parents are an invaluable resource because they are invested in their
children's education. Parents will work hard to create an improved science
program if they are convinced that it's in their children's best interest. Some
parents may bring to the reform effort expertise in a certain area, such as
proposal writing. Parents may also serve as a link between the school and
community organizations that can be enlisted to support science education
reform.

Teachers have the job of nurturing children's natural curiosity and
facilitating the inquiry-centered program. It's essential that they be included in
discussions about the program and involved in decision making. At the start,
many may not feel comfortable teaching inquiry-centered science. To cope with
this situation, it's important to begin by identifying teachers who are familiar
with inquiry-centered science and including them in the planning effort. This
group of teachers can then work with those teachers who are less familiar with
teaching through inquiry.

School administrators (principals and assistant principals) manage the
school; their support is critical to the implementation of a new science program.
Principals and their staff oversee teachers and provide opportunities for them to
improve their teaching. Because principals work so closely with teachers, it's
essential that principals understand all that is involved in teaching inquiry-
centered science and be willing to support teachers in their efforts to develop
expertise in this area. Principals may also be asked to explain, or even justify,
the science program to parents, who view principals as their contact point in the
schools. The more supportive principals are, the more likely the success of the
reform effort.

The school district science coordinator or specialist coordinates all aspects
of the science curriculum. These individuals are usually fa
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miliar with current research in science education, as well as with strategies for
bringing about change in elementary science. In many school districts
nationwide, science coordinators have spearheaded the reform effort.

The superintendent has tremendous influence over any district program.
For example, each year he or she has the ability to allocate funds to initiate or
expand the science program during the annual budget cycle. If the
superintendent is convinced of the need for an inquiry-centered science
program, success is likely. The superintendent is also in regular contact with the
Board of Education and can take responsibility for keeping board members
informed about the implementation process.

Members of the business community can form partnerships with school
districts and assist with the reform effort by providing financial support for
establishing a materials center or purchasing curriculum modules. They also
may give interested employees time off from their job responsibilities so that
they can assist school districts with their reform efforts.

Scientists and engineers from college and university faculties, industry,
government laboratories, and science museums have a special interest in the
scientific literacy of the next generation. They can help with the reform effort in
many different ways, including assisting in professional development programs
for teachers, reviewing curriculum materials, and becoming community
advocates for the program.

Stakeholders may be spurred to action by many different factors. For
example, parents, concerned about the quality of science teaching in their
child's school, may bring this issue to the attention of other parents as well as to
teachers and administrators. Or through experience, teachers may come to see
that "learning through doing" is the most effective way to teach science. These
like-minded teachers may begin talking to each other and to their principals,
thus starting a chain reaction that results in the formation of a leadership team.
In some cases, a superintendent may convene a task force to assess the status of
the district's current science program. Finally, a university scientist or corporate
leader, disappointed in the quality of recent graduates, may begin to work
closely with local school districts to improve science teaching in
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the schools. These and many other scenarios can initiate a major science
education reform project.

UNDERSTANDING THE RISKS OF CHANGE

Before proceeding to the next step in the planning process, it's important
for leaders in the district to be aware that change is not accomplished without
some controversy and dissent. Researchers have found that people go through at
least six stages as they are introduced to an innovation and asked to participate
in its execution.? Typically, people start out feeling detached and unconcerned
about the proposed change. They then begin to want to know more about the
change and become concerned about how it will affect them personally. More
people may be willing to try the innovation at this stage, but they often feel
unsure about the change and their ability to be successful at it. As time passes,
an even greater number of people become committed to the effort and see
themselves as important players.

At the beginning of a reform effort, people in the district will be at
different stages of the change process. Some people may immediately recognize
the importance of the project and be ready to be team players and collaborators.
Other people may be more resistant to change and less interested in becoming
involved; some people may even be opposed to the project. The leadership team
should be prepared to accept this reality and to meet different stakeholders at a
level where they feel comfortable. By knowing "who's who" in the district, the
leader can set a realistic pace and bring on those who are ready first, while
giving the others more time to become familiar with the innovation. In a process
such as this, it's impossible to convince everyone that inquiry-centered science
is worth pursuing. A more realistic goal is to bring in enough people who
represent the stakeholders to create a "critical mass" of individuals dedicated to
the reform.

ORGANIZING THE LEADERSHIP TEAM

In forming the leadership team, it's important that all the stakeholders be
represented, but it's equally important that there be an appropriate balance of
team members. An effective leadership team might consist of the school district
science coordinator, the
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assistant superintendent for curriculum and instruction, an experienced
elementary school teacher, an elementary school principal, and a scientist from
the local community.

Although establishing a new science education program is a team effort,
the team does need a strong leader. This person must be knowledgeable about
elementary school science and how school bureaucracies operate. It's also
helpful if the leader has a track record working in groups charged with building
consensus around a shared vision. The ability to develop a vision and convey it
to others is an essential quality of leadership. "Vision grabs," write Warren
Bennis and Burt Nanus in their book Leaders: The Strategies for Taking
Charge.? "Initially it grabs the leader, [who then is able to get the] attention [of]
others [so that they] also get on the bandwagon." Furthermore, vision "animates,
inspirits, transforms purpose into action." This kind of energy is essential to
engage the leadership team in the complex planning process needed to put a
new science program in place.

A THREE-STEP STRATEGIC PLANNING PROCESS

With the formation of a leadership team and the development of a shared
vision, team members now must engage in an intensive strategic planning
process. There is a growing body of literature about the planning process, and
several useful sources are included at the end of this chapter. The essence of
this process involves three steps.

1. Perform a needs assessment. This step consists of becoming informed
about the status of the current science program in the district (i.e., the
internal environment) and then about what is going on elsewhere and
what resources are available (i.e., the external environment). Through
internal assessment, the district needs to focus on questions such as, How
much inquiry-centered science is already going on in the district? Are
teachers and administrators interested in pursuing inquiry-centered
science? Have students been enthusiastic about inquiry-centered science?
During the external assessment, the team should do extensive research on
inquiry-centered science. Issues that need to be considered at this stage
include what state frameworks are already in place, the National Science
Education Standards, the kinds of cur
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riculum modules available, opportunities for professional development
programs, strategies for establishing a science materials support system,
and opportunities for building support in the community. A subcommittee
approach to the needs-assessment phase is described in the following
section, "Planning Step by Step."

Articulate a districtwide vision for an effective science program. The
committee must articulate a vision that reflects the unique values and
beliefs of its district. The vision is the framework around which the
reform effort is developed. The vision leads to goal statements, which are
the foundation for the strategic plan. For example, a goal statement might
be "Transform the teaching of science to communicate the excitement or
relevance of science" or "Form collaborative and sustainable partnerships
between school districts and local corporations.” The goal statements
provide a sense of direction and identify the discrepancies between where
the district is and where it wants to be.

Teachers, administrators, and community activists engage in the
strategic planning process, an essential step in ensuring the
success of an inquiry-centered science program.
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3. Produce a strategic plan. The strategic plan is a five-year plan for each
of the five critical elements of a science program (i.e., curriculum,
professional ~ development, materials support, assessment, and
administrative and community support). In addition to defining long-term
goals, the plan identifies yearly targets for each element.

PLANNING STEP BY STEP

To create a strategic plan, a school district must go through each phase of
the strategic planning process for each element of its program. An effective way
to proceed is to divide the leadership team into several subcommittees and to
assign a chairperson for each group. Each chairperson has the responsibility of
recruiting an additional five to seven people to serve on the subcommittee.

Each subcommittee's job is to develop a plan for its element, using the
three-step strategic planning process described in the preceding section as a
guide. As each subcommittee works, it's crucial that the whole committee meet
regularly so that its members do not lose sight of the interdependent nature of
their endeavor.

The following paragraphs describe each subcommittee's role in the
planning process. These descriptions are meant to serve as examples of
strategies that some school districts have found effective. The message implicit
in each description is to proceed carefully. For example, most school districts
do not start by purchasing a full set of science curriculum modules all at once;
instead, they may begin by pilot testing one module per grade level. The
teachers and the committee can then meet to review the results of these trials
and make a joint decision about the logical next step. The same principle
applies to the other four elements. As commitment to the program grows, so
should investment in each of the program's distinctive elements.

Curriculum Subcommittee

The work of this subcommittee is twofold—to investigate the extent to
which inquiry-centered science is currently being taught in the district and to
identify curriculum materials that reflect the inquiry-centered philosophy. To
find out what is going on in the district, subcommittee members may visit
classrooms and contact
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principals. In the process, they may find teachers who are already teaching
inquiry-centered science and would be interested in becoming involved in the
reform effort. In this way, the leadership team can expand its base of support.

The next phase of this group's work, learning about the inquiry-centered
materials that are available, is more complex and will probably take more time.
The first step is for the subcommittee to become familiar with the National
Science Education Standards and to consider how their goals align with local
curriculum goals. From that point, there are many ways to look for available
curriculum materials. For example, if the group knows of a district that already
has an inquiry-centered science program in place, a few representatives could
visit that district and observe classrooms, review curriculum materials, and meet
with teachers and administrators familiar with inquiry-centered science.

In addition, several organizations, such as the National Science Resources
Center (NSRC), the Education Development Center, and the Lawrence Hall of
Science, can provide information about inquiry-centered science curriculum
materials. (Information about these and other organizations can be found in
Appendix A.)

After gathering this information and sharing it with the whole leadership
team, the subcommittee might develop a curriculum matrix. The curriculum
matrix is the framework for all that is taught in the science program. It's
sometimes divided into subcategories, such as life science, earth science,
physical science, and technology. The curriculum matrix should provide a
sequence of learning within each category that enables students to build on
previous learning and prepare them for subsequent explorations. The matrix for
the NSRC's Science and Technology for Children (STC) program is shown in
Figure 4-1.

As a way to begin developing the curriculum matrix, the subcommittee
might decide to purchase a few sample modules and to pilot them in selected
classrooms. This approach enables the sub-committee to offer the teachers it has
identified as interested and informed during its initial research the opportunity
to teach the modules and have some input into curriculum decisions. Figure 4-2
shows a sample sequence for the curriculum segment of the strategic plan.
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Sequence of STC Units

Organisms Solids and Comparing and |
Liguids Measuring |
4,
The Life Cycle Soils Changes Balancing and I
of Butterflies Weighing r_l
3 Plant Growth Recks and Chemical Sound ['
and Minerals Tests .

Development |
14
4 Animal Studies Land and Electric Motion and \!
Water Circuits Design |
5 | Microwords | Ecosystems Food Floatingand ||
Chemistry Sinking i

& Extperiments Measuring Magnets and The Technology
Time Motors ]

Figure 4-1. Curriculum matrix for the NSRC's Science and Technology for
Children program

Professional Development Subcommittee

The first step for this group is to learn about the professional development
program, sometimes called in-service education, for teachers currently in place
in the district. How many days per teacher has the district allocated for in-
service education? Is any time set aside specifically for science? Is there a way
to incorporate the professional development needs for teaching science into the
existing program? Has the group identified any principals who are particularly
enthusiastic about the possibility of a new science program? If so, would any of
them be willing to use some faculty meeting time for professional development
purposes? Once the decision has been made to purchase some kits for pilot
testing, this
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subcommittee must ensure that time is allocated to prepare teachers adequately
for introducing the new curriculum units.

Strategic Plan for Curriculum

Wisit classrooms and principals.

Identify interested and
informed teachers.

Identify available inguiry-
centered curriculum materials.

Visit classrooms in districts

already implementing inguiry-
centered science,

Organize a curricufum
committee to begin work on
the district’s curriculum
Matrix.

Select teachers, resources, and
grades for pilot testing,

Conduct pilot testing.

Review pilot results and make
recommendations.

Figure 4-2

Lack of sufficient time for professional development is an ongoing issue
for inquiry-centered elementary science programs. Therefore, program directors
need to be creative in finding ways to address the issue. For example, teachers
could use the time they have while their students are attending art, music, or
physical ed
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ucation for professional development efforts; arrange to have science when an
experienced colleague can visit the class to assist; or invite parent volunteers to
assist with materials management so that the teacher has more time to devote to
working with students on substantive issues. Figure 4-3 shows a sample plan for
the professional development element.

and lead weachers.

Introduce staff to inquiry-
centered science through formal
and informal presentations.

Coordinate professional
development activities with

Establish a short-term
professional development plan,

Identify outside sources for

professional development
opportunities,

Establish a long-term
professional development plan,

Figure 4-3
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Materials Support Subcommittee

This subcommittee has the responsibility of determining how to supply
teachers with the materials they need to teach each of the modules in the science
curriculum. This group will benefit greatly from a trip to an established science
materials support center. Some of these science materials centers are consortia
that serve more than one school district. If the district is near an established
materials center, the subcommittee may want to consider creating a consortium.

The subcommittee can also seek help from local business and industry
leaders in designing an effective science materials support center. For example,
local engineers may be willing to evaluate the situation and develop a plan that
meets the particular needs of the school district. Whatever approach is taken, it's
crucial for school districts to begin thinking about materials support at the very
beginning of the planning process and to be prepared to provide science
materials to teachers on schedule, even at the pilot stage. Figure 4-4 shows a
plan for this key element.

Strategic Plan for
Science Materials Support

Visit an established materials
support center.

Determine district’s initial
materials support needs,

Consule with local business
and industry leaders.

Develop a long-term plan for
effective science materials supporc

Figure 4-4
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Assessment Subcommittee

Although new strategies for assessing student learning may not be
introduced right away, it's important to begin thinking about assessment early in
the planning process as preliminary decisions about curriculum are being made.
Like the curriculum group, this subcommittee may want to find out whether
anyone in the district is using alternative assessments, such as performance-
based assessments or portfolios (a collection of student work viewed as samples
of student learning) in any of the subject areas. Some teachers in the district
may be knowledgeable about this subject and willing to share their expertise.
It's essential that the assessment subcommittee remain in touch with the
curriculum group and be familiar with the curriculum decisions that are being
made.

Program assessment is as important as individual student assessment.
Program managers must establish targets to ascertain whether the program is
moving along on course. To accomplish this, program managers can design
rubrics that chart where the program started (level 0) and where it is on the road
to complete implementation (level 5). The rubrics are a way to assess the
success of the program and to ensure that intermediate goals are met. Figure 4-5
outlines a sample plan for this element.

Administrative and Community Support Subcommittee

This subcommittee is charged with three tasks—developing a budget for
the new science program, securing funds, and building awareness of the value
of science reform within the school system and the community.

In developing the budget, the subcommittee needs to work with the school
administrator responsible for budget planning. It should consider the following
issues:

* The initial cost of science kits

* The costs of consumable materials needed to refurbish the kits

* Salaries for people who refurbish the kits

* Expenses associated with the ongoing professional development of
teachers
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Establish rubrics for each
Use rubrics to ensure that

Become familiar with performance-

based approaches to science

ASSELEMENT.

Ceonduct pilat testing with an
emphasis on alternative

Assessments.

Identify teachers
knowledgeable about
alternative assessments,
Review results of pilot testing
and make recommendations
for incorparation inte the
districowide assessment plan.

Figure 4-5
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Once initial financial estimates have been made, the subcommittee needs
to consider funding sources. In some school districts, the superintendent can use
some of the money set aside for textbooks to purchase science kits. School
districts can apply to the U.S. Department of Education's Eisenhower
Professional Development Program for funding for professional development
activities.

Even with these options, however, most school districts find they need
additional funds to establish and maintain an inquiry-centered science program.
Therefore, it's important to forge partnerships with influential people in the
community, such as corporate executives and university scientists. Corporate
sponsors can offer their expertise in planning and organizing programs as well
as financial assistance with certain parts of the program, such as the startup of
the science materials center. Universities can make in-kind contributions, such
as providing space for the science materials center.

Because community involvement will lead to a stronger program, this
subcommittee would be wise to begin "spreading the word" about the program.
One way to begin this effort is to have someone from this subcommittee make
presentations at meetings of local business and civic organizations. Or someone
may write an article for a local publication. Some school districts have found it
helpful to hold a "Family Science Night," where the whole family comes to
school and works on an inquiry-centered science activity together, in
conjunction with a meeting of a local parent-teacher organization. Figure 4-6
shows a sample plan for this element of the program.

THE IMPORTANCE OF FLEXIBILITY

As the district becomes more involved in reform, the planning team may
find that it has to modify its original plans as a result of unforeseen
circumstances. Flexibility is key. Although the plan provides a much-needed
blueprint for action and a clear path to follow, it's impossible to understand all
the variables until the program is actually in place.

Figure 4-7 (see pages 57-59) shows a completed strategic plan, with all of
the five elements laid out on one chart. It shows clearly how the parts are
connected and how many different activities are taking place simultaneously.
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business leaders and universicy

Establish a budget for the program
scientists,

considering the following:
— Initial cost of science kits

— Costs of refurbishing kit
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Figure 4-6
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THE POWER OF THE COMMITTEE

The Hinsdale School District in lllinois discovered that the inspiration
provided by a committed science supervisor and her science committee
was indeed what it took to bring inquiry-centered science to its students.

Here's how it happened. Mary Kelly, science supervisor for the
district, became interested in inquiry-centered science in the early 1980s
after studying some of the recent research about how children learn. She
brought this information to the attention of some of the principals in the
district and the superintendent, who encouraged Kelly to identify some
school districts that had put these ideas into practice. Kelly got in touch
with Emma Walton, then science supervisor in Anchorage, Alaska, and
Larry Small of the neighboring Schaumburg School District in lllinois. Her
discussions with Walton and Small helped Kelly realize the value of using
science kits as the basis for the inquiry-centered science program. With
their encouragement, Kelly found the courage to consider abandoning
textbooks altogether in favor of a modular, kit-based program.

But there were obstacles to overcome. The school board saw no
reason to make any changes, because the district's test scores were fine.
At that point, Kelly called together a committee of scientists to help
promote the idea of an inquiry-centered science program. Scientists know
that offering children inquiry-centered experiences at an early age
increases the probability that their interest in science will be sustained
throughout school. As it turned out, the support of the scientific community
was the added spark needed to convince the school board to try
something new.

At this juncture, Kelly faced a roadblock that school districts
embarking on reform today don't have to confront—a shortage of high-
quality curriculum materials. In the early 1980s, there were few science
modules available for elementary schools. So for Kelly to realize her
dream, she and her district had to begin to develop the modules
themselves.
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"We began writing the modules and setting up a centralized materials
center," recalls Kelly. "We phased in the program over a period of four
years. We now have four modules in place for each grade [K-6]. | conduct
the teacher training program for all the teachers using these curriculum
materials."

Although Hinsdale continues to use the modules they developed and
wrote, most educators advise school districts not to embark on this time-
consuming, difficult endeavor. Fortunately, districts can instead use one of
several commercial curriculum projects that are consonant with the
National Science Education Standards.

Over the past several years, Hinsdale's program has reached out to
neighboring districts; now 10 districts use the science modules and
receive supplies from the Hinsdale materials center. "It has proven more
cost-effective for districts to join us rather than start their own programs,"
says Kelly.

Although Hinsdale has a successful program in place, Kelly knows
her work is not done. "The science committee is active again," says Kelly.
"Our next goal is working on staff development so that teachers can
develop more sophisticated techniques to use in inquiry-centered
classrooms."
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e o A s P TR T

Strategic Plan for the
Elementary Science Program

Curriculum
Wisit classrooms and principals.

Identify interested and
informmed teachers.

Identify available inquiry-
centered curriculum marerials.
Yisit classrooms in districts
already implementing inquiry-
centered science.

Organize a curriculum
comimittes to begin work on
the district’s curriculum matrix,
Select teachers, resources, and
grades for pilot testing,
Conduct pilot testing.

Review pilot results and make
recommendations.

Professional Development

Become familiar with current
professional development activities.

Identify interested principals
and lead weachers.

Introduce staff o inguiry-
centered science through
formal and informal
presentations.

Coordinate professional
development activities with
pilot testing.

Figure 4-7
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Strategic Plan for the Elementary
Sclence Program continued

Establish a short-term
professional development plan.
Identify cutside sources for
professional development
opportunities,

Establish a long-term
professional development plan.

Science Materials
Support

Wisit an established materials
SUPPOIT CENLER

Determine district’s initial
materials support needs.
Consule with local business
and indusery leaders,
Develop a long-term plan for
effective science materials
support

Assessment

Classroom Assessment

Become familiar with performance-
based approaches to science
aAs5E55Ment.

Identify teachers

knowledgeable about

aleernative assessments.

Conduct pilot testing with an
emphasis on alternative
aSLESTMENES.
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Review results of pilot testing
and make recommendations
for incorporation into the
districtwide assessment plan.
Prepare teachers for
implementation of districtwide
plan.

Program Assessment

Establish rubrics for each
element of the program.

Use rubrics to ensure that
target goals are met

Administrative and
Community Support

Budgel Issues
Establish a budget for the program

considering the following:
= Initial cost of science kits

— Costs of refurbishing kits
— Salaries for refurbishing staff
— Expenses for professional
development
Consider additional funding sources.
Networking Activities
Make presentations at local
Hold a Family Science Might in
conjunction with the local
parcent-teacher organization.
Begin forging partnerships with
business leaders and university
scientists.
Establish multiple partnerships
with stakeholders.
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KEY POINTS

To implement an inquiry-centered elementary science program, it is
crucial to engage in a step-by-step strategic planning process for each
element of the science program.

One of the first steps of the planning process is forming a leadership
team consisting of a school district science coordinator, the assistant
superintendent for curriculum and instruction, an experienced elementary
school teacher, an elementary school principal, and a scientist from the
local community.

A strong leader who has the skills to build consensus and articulate
the team vision can spur the leadership team to action.

The leadership team needs to be aware that most people find change
difficult. Furthermore, people in the district will be at different stages of the
change process, a factor that must be taken into account in setting a time
frame for implementing the reform.

The result of the planning process is a sample plan for each element
and for the whole program. As school districts gain more knowledge, they
may find it necessary to modify their initial plans.

For Further Reading

Bennis, W., and B. Nanus. 1985. Leaders: The Strategies for Taking Charge. New York:
HarperPerennial.

Evans, R. 1993. "The Human Face of Reform." Educational Leadership 51: 19-23.
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Part 2
The Nuts and Bolts of Change
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MATERIALS

5

Criteria for Selecting Inquiry-Centered
Science Curriculum Materials

In schools—including good schools—all over the world, we have come to
accept certain performances as signals of knowledge or understanding. If you
answer questions on a multiple-choice test in a certain way, or carry out a
problem set in a specified manner, you will be credited with understanding. No
one ever asks the question, "But do you really understand?"

—Howard Gardner, The Unschooled Mind, 1991

School districts throughout the country observe a unique tradition every
few years: the review and selection of curriculum materials. The science
materials adoption committee, charged with the task of reviewing elementary
science curriculum materials, invites publishers to submit their materials for
consideration. Some publishers respond by supplying sets of attractively
illustrated, full-color elementary textbooks, sometimes with optional
videotapes, videodisks, or computer software. Other publishers offer a very
different kind of elementary science pro
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gram: a series of inquiry-centered science modules. The modular nature of these
materials allows teachers or school districts to build their own unique
curriculum by using a combination of modules from one or more of the
different programs available.

How can the science materials adoption committee choose among all these
different products? Are there any guidelines that the committee can use to make
this job easier?

The purpose of this chapter is to present three sets of well-tested criteria
that materials adoption committees can use as they review elementary science
curriculum materials. The first set concerns pedagogical appropriateness. This
category encompasses the following key questions: 1) Do the materials address
the important goals of elementary science teaching and learning? 2) Are inquiry
and activity the basis of learning experiences? 3) Are the instructional
approaches consonant with the goals of the program?

The second set includes information about science content. Criteria in this
category cover whether the materials are scientifically accurate and whether
they are developmentally appropriate. The third set concerns presentation of
information and format. These criteria refer to the clarity of the information and
how it is presented in the written materials. All three sets of criteria are based
on a chart used for reviewing curriculum materials developed by the National
Science Resources Center, which is presented at the end of this chapter. These
criteria are consistent with the National Science Education Standards. The
following sections explain the criteria included on this chart.

CRITERIA FOR JUDGING PEDAGOGICAL
APPROPRIATENESS

Pedagogical appropriateness is a broad subject, covering many aspects of
teaching. This discussion emphasizes three areas: addressing the goals of
elementary science teaching and learning, focusing on inquiry and activity as
the basis of learning experiences, and using an effective instructional approach.

Addressing the Goals of Elementary Science Teaching and
Learning

1. Do the materials focus on concrete experiences with science
phenomena? As discussed in Chapters 1 and 2, building students'
conceptual understanding requires ample opportunity for students
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to work directly with science phenomena. Through hands-on, inquiry-
centered experiences, students build their knowledge base.

Do the materials enable children to investigate important science
concepts in depth over an extended period of time? The materials
should give students an opportunity to study a single subject and its
related concepts in depth. For example, in a 16-lesson module about
butterflies, key concepts will include the life cycle of a butterfly and its
stages. Furthermore, teachers need to teach lessons from the science
module at least two times a week for six to eight weeks, depending on the
grade level, to achieve the appropriate level of depth.

Do the curriculum materials contribute to the development of
scientific reasoning and problem-solving skills? If the materials are to
accomplish this goal, process skills must be introduced in a logical and
developmentally appropriate progression. For example, in the early
primary grades (grades 1 and 2), children benefit from focusing on
observing, measuring, and identifying properties of concrete objects and
organisms, such as butterflies, or of easily observable phenomena, such as
weather. In grades 3 through 5, children can begin to deal with more
complex phenomena, such as electricity, and learn to seek evidence and
recognize patterns and cycles. By the time children reach grade 6, they are
ready to begin designing their own controlled experiments.

Do the materials stimulate students' interest and relate science
learning to daily life? Science programs should help students

A teacher uses a criteria checklist to evaluate an inquiry-centered
science module.
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become more acute observers of their world, better able to understand
phenomena and to identify patterns. For example, students may begin to
realize that the caterpillars crawling in their back yard in spring are part of
the life cycle of butterflies. In making these connections, students are well
on their way to seeing and appreciating the relevance of science to
everyday life.

To stimulate this kind of interest, the science program should make an
explicit effort to include materials students find intrinsically interesting,
as well as questions students can investigate on their own. Then, students
may choose to read a book on the subject or perform a home science
activity.

5. Do the materials build conceptual understanding over several lessons
through a logical sequence of related activities? To build conceptual
understanding, the curriculum materials must have a well-defined, logical
story line and engage students in activities that build on one another in a
related sequence. For example, in the second-grade Full Option Science
System (FOSS) module Pebbles, Sand, and Stilt, students begin their
study of earth materials by investigating the properties of rocks. Then,
they explore a specific kind of rock—river rock—that contains earth
materials of different sizes. Next, students investigate how people use
earth materials to construct objects; they make rubbings from sandpaper,
sculptures from sand, jewelry from clay, and bricks from clay soil. The
module concludes with an investigation of soil, which is made of the earth
materials students have already investigated.

In addition, as children mature, the amount of information they are
expected to master, as well as its complexity, should increase. The
curriculum matrix, the framework for the science program, will tell the
committee whether the program is designed in this way. For example, in
the Science and Technology for Children (STC) program, children study
Electric Circuits in fourth grade and Magnets and Motors in sixth grade.
The fourth-grade module focuses on the basic principles of electricity,
while the sixth-grade module shows how electricity and magnetism work
together in a motor. Providing children with a working knowledge of
electricity before they begin Magnets and Motors allows them to expand
their knowledge and reach for a higher level of understanding as they
grow older.

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the
original typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be

retained, and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/4964.html

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the
original typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be

retained, and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

hildren: A Guide to Improving Elementary Science Education in Your School District
) £ l#‘F“"lCF‘!Llﬂl
KIA FO

ECTING INQUIRY-CENTERED SCIENCE CURRICULUM 67

MATERIALS

6.

Does the instructional sequence include opportunities to assess
children's prior knowledge and experience? An effective way to ensure
that this issue is being considered is to look for evidence of the learning
cycle in the program. As discussed in Chapter 2, the learning cycle
encourages students to focus, explore, reflect, and apply as they study
science. During the focus stage, students have an opportunity to share
what they already know about a subject and what they would like to learn.
Students' responses will inform the teacher of the students' prior
knowledge and experience and about whether they have misconceptions
or particular interests that need to be addressed. In many curriculum
programs, there are opportunities to refer to students' prior knowledge as
they progress through the learning module.

Focusing on Inquiry and Activity as the Basis of Learning
Experiences

Does the material focus on student inquiry and engage students in the
processes of science? While students are working on inquiry-centered
activities, the processes of science should be evident. Examples of these
processes include observing and recognizing noticeable changes in
objects or phenomena, grouping objects by their properties, making scale
drawings, making predictions, and drawing conclusions from data.

Does the material provide opportunities for students to gather and
defend their own evidence and express their results in a variety of
ways? Young children can gather evidence through observations, and
they can defend their observations verbally, in writing, in drawings,
through simple graphs, or through dramatic presentations. Students in
fifth and sixth grade have opportunities to engage in these activities as
they begin planning and designing their own investigations. Older
children should continue to have the option of expressing their results in a
variety of ways—by making graphs or tables, through expository writing,
or by developing dramatic presentations, for example.

Using an Effective Instructional Approach

Does the material include a balance of student-directed and teacher-
facilitated activities as well as discussions? The com
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mittee should look for evidence that both student-directed and teacher-
facilitated activities are part of the program. Both approaches are
important, because students need opportunities not only to pursue their
own interests but also to learn concepts with the help of the teacher.
Effective programs offer time for individual and small-group explorations
of science phenomena, as well as for explorations and discussions guided
by the teacher to ensure that students have certain experiences and that
knowledge is being synthesized and understood.

2. Does the material incorporate effective strategies for the teacher and/
or students to use in assessing student learning? As will be seen in
Chapter 8, assessments in inquiry-centered science programs differ from
those in traditional ones because they stress the importance of using a
variety of assessments. For example, students may perform activities
similar to those done in the module, complete a writing assignment, or
complete a paper-and-pencil test to demonstrate what they have learned.
These different kinds of assessments provide teachers with ample
information about what students learned during the module and whether
learning goals were met.

3. Does the teacher's guide suggest opportunities for integrating science
with other areas of the curriculum? Science should be integrated with
other areas of the curriculum. During the kindergarten and first-grade
Insights module Living Things, for example, children observe plants and
animals both outdoors and in a classroom plant terrarium and then write
stories about their experiences, read books about terraria, and draw
pictures of the trees they observe. These activities connect science to
language arts and art. In a fifth-grade FOSS module entitled Variables,
students apply mathematics skills to science by graphing the number of
swings a pendulum will make in a unit of time. In a second- and third-
grade Insights module entitled Liquids, the teacher may invite a Red
Cross worker, a nurse, or an emergency medical technician to the class to
talk about drinkable, nondrinkable, and poisonous liquids, which creates a
link to social studies.

4. Do students have opportunities to work collaboratively and alone?
Corporate leaders have stressed the importance of teaching young people
how to work in a team and to make decisions by con
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sensus. For example, in the STC unit Balancing and Weighing, second-
graders work in pairs as they explore the relationship between balance
and weight. Teamwork allows students to learn group problem-solving
strategies and to work with members of the class they might not normally
seek out. After numerous experiences working together, students then
work individually to construct a mobile. This activity provides students
with time to better understand the concepts.

CRITERIA FOR JUDGING SCIENCE CONTENT

The following criteria address content issues that need to be considered by

the science materials adoption committee.

1.

Is the science content current and accurately represented? To be
useful, the scientific information in the program must be accurate and
reflect current scientific knowledge.

Does the content emphasize scientific inquiry? The vision presented in
the National Science Education Standards requires that students engage
in scientific inquiry to develop their understanding of science concepts.
Evidence of scientific inquiry includes "opportunities for students to ask
questions, plan and conduct investigations, use appropriate tools and
techniques to gather data, think critically and logically to develop
explanations based on what they have observed, construct and analyze
alternative explanations, and communicate scientific arguments."!

Is the content of the science program consistent with the National
Science Education Standards? The Standards specify the knowledge
and skills children at various levels should acquire in physical science,
life science, and earth and space science. They also include information
about what children should know in the areas of science and technology
and of the history and nature of science. Finally, the Standards include
information about how students can learn to use scientific knowledge to
make informed decisions.

Does the background material for teachers address the science
content that is taught, as well as common misconceptions? The
material should include the major points the teacher needs to know to
teach the lesson and should address common misconceptions. For
example, many students think that because oil is viscous, it also must be
dense, but this is not the case. Such misconceptions
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must be addressed in the materials so that teachers know how to deal with
these issues when they come up in class.

5. Is the treatment of content appropriate for the grade level?
Developmental appropriateness is an important issue that must be
addressed in evaluating elementary science materials. Both the depth of
treatment and the content must be appropriate for each grade. For
example, third-graders can observe the life cycle of plants, but they are
generally not yet ready to design controlled experiments to test the
variables that affect plant growth. That level of complexity is more
appropriate for sixth-graders. Similarly, second-graders can understand
that cars move fast or slowly, but they are not ready to understand
acceleration and Newton's Laws of Motion.

6. Is the content free of bias? The information presented in the program
should reflect different viewpoints and avoid personal opinions and
biases. If there are several sides to societal issues involving science and
technology, all perspectives should be addressed.

7. Is the writing style for students and teachers interesting and
engaging, and is scientific language used appropriately? Any subject
becomes more interesting when it is well-written, and science is no
exception. Students will develop a deeper understanding of a subject if the
language is engaging and if scientific language is used appropriately.

8. Is scientific vocabulary used to facilitate understanding rather than
as an end in itself? Learning scientific terms out of context does not help
students understand science. If these terms are put into a context, defined
accurately and appropriately, and used consistently, however, students
will be able to understand them.

9. Is science represented as an enterprise connected to society?
Opportunities for students to relate science to the real world enhance their
understanding of social issues. For example, as scientists raise concerns
about global warming and other environmental issues, it is important for
students to be knowledgeable about the underlying scientific concepts.

CRITERIA FOR JUDGING PRESENTATION AND FORMAT

The following criteria address issues related to the presentation and format
of the material.

1. Are the print materials for students well-written, develop
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mentally appropriate, and compelling in content? The committee
needs to assess whether the materials are written at the right level for the
designated grade and are interesting and informative for children.

2. Are the directions for implementing activities clear in both the
teacher's guide and student materials? For example, the instructions
should include step-by-step directions that are accurate and easy to
follow, suggestions for time limits, and the proper safety precautions.

3. Are the suggestions for instructional delivery in the teacher's guide
adequate? The curriculum materials should include information related
to procedural techniques. For example, do the instructions provide
detailed information about the best way to pour liquids or mix solids? Are
instructions about the best way to use a hand lens explained in both words
and pictures? This information helps ensure that the students will get
accurate results after they complete the experiment or investigation.

4. Are the materials free of ethnic, cultural, racial, economic, age, and
gender bias? Indications that these issues have been addressed include
pictures and photographs of children of different ethnic backgrounds,
frequent references to the active involvement of girls in science
investigations, and acknowledgment of the cultural diversity that can be
found in many classrooms nationwide.

5. Are appropriate strategies provided to meet the special needs of
diverse populations? The curriculum materials should acknowledge the
validity of different learning styles and include different kinds of learning
activities, such as those that emphasize visual learning, auditory learning,
and tactile learning. In addition, the materials must take into consideration
students with physical disabilities and those with limited proficiency in
English.

6. Are lists of materials for each activity provided, as well as a complete
set of materials and information about reasonably priced
replacement materials? Teachers cannot teach hands-on science
curriculum units without adequate materials. Therefore, it is essential that
the necessary materials be easily obtained and that the modules include
information about ordering replacement materials.

7. Are safety precautions included where needed? Attention to safety
issues is imperative. For example, if students are going to
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be working chemicals or heat, the use of goggles should be included in
the directions and any accompanying pictures.

8. Are instructions for using laboratory equipment and materials clear
and adequate? Clear and precise instructions for using scientific
equipment will ensure successful lessons, especially for teachers new to
hands-on science teaching. The instructions also should include necessary
safety precautions.

USING THE CRITERIA

Curriculum materials committees often find it useful to convert criteria
such as those discussed above into a checklist. The advantage of a checklist is
that at a glance, reviewers can tell what they should be looking for.

Figure 5-1 shows how the criteria discussed in this chapter can be
converted into an easy-to-use checklist for reviewers. A tool such as this one
can make the job of reviewing materials and making decisions about them much
easier.
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l. Do the materials focus on concrete experiences with science
phenomena?

2. Do the materials enable children to investigate important science
concepts in depth over an extended period of time?

3. Do the curriculum materials contribute to the development of
scientific reasoning and problem-solving skills?

4. Do the materials stimulate students' interest and relate science
learning to daily life?

5. Do the materials build conceptual understanding over several
lessons through a logical sequence of related activities?

6. Does the instructional sequence include opportunities to assess
children's prior knowledge and experience?

Focusing on Inquiry and Activity as the Basis of Learning Experiences

1. Does the material focus on student inquiry and engage students in
the processes of science?

2. Does the material provide opportunities for students to gather and
defend their own evidence and express their results in a variety of
ways?

Using an Effective Instructional Approach

1. Does the material include a balance of student-directed and teacher-
facilitated activities as well as discussions?

2. Does the material incorporate effective strategies for the teacher
and/or students to use in assessing student learning?

3. Does the teacher's guide suggest opportunities for integrating
science with other areas of the curriculum?

4. Do students have opportunities to work collaboratively and alone?

Figure 5-1
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Criteria for Judging Science Content

not from the

original typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be

retained, and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

1. Is the science content current and accurately represented?
Does the content emphasize scientific inquiry?

3. Is the content of the science program consistent with the National
Science Education Standards?

4. Does the background material for teachers address the science
content that is taught, as well as common misconceptions?

5. Is the treatment of content appropriate for the grade level?

6. Is the content free of bias?

7. Is the writing style for students and teachers interesting and
engaging, and is scientific language used appropriately?

8. Is scientific vocabulary used to facilitate understanding rather than
as an end in itself?

9. Is science represented as an enterprise connected to society?

Criteria for Judging Presentation and Format

1. Are the print materials for students well-written, developmentally
appropriate, and compelling in content?

2. Are the directions for implementing activities clear in both the
teacher's guide and student materials?

3. Are the suggestions for instructional delivery in the teacher's guide
adequate?

4. Are the materials free of ethnic, cultural, racial, economic, age, and
gender bias?

5. Are appropriate strategies provided to meet the special needs of
diverse populations?

6. Are lists of materials for each activity provided, as well as a
complete set of materials and information about reasonably priced
replacement materials?

7. Are safety precautions included where needed?

8. Are instructions for using laboratory equipment and materials clear
and adequate?
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KEY POINTS

Three sets of criteria are useful in evaluating elementary science
curriculum materials. The first set concerns pedagogical appropriateness,
which encompasses strategies for building conceptual understanding,
teaching science as inquiry, and applying effective instructional strategies.
The second set concerns science content, and the third, presentation and
format.

The curriculum materials should be consistent with the National
Science Education Standards.

Converting criteria into a checklist for reviewers is an effective way to
evaluate curriculum materials and make sound curriculum decisions.
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6

Professional Development for Inquiry-
Centered Science

If teachers are given choices—are allowed to make decisions—are, in
short, treated as both professionals and human beings—better teaching and
better programs result.... When teachers are not "locked" into programs—are
not tied into textbook-structured courses of study—their classrooms are alive
and stimulating.

—Ronald B. Jackson, Something of Value, 1973

With the curriculum selection process under way, it is time for the district
to begin to organize the professional development component of the program.
The initial goal of professional development is to introduce teachers to inquiry-
centered science teaching and familiarize them with the specific science
modules they will be teaching. This can be accomplished most effectively by
creating a collegial environment in which teachers feel comfortable sharing
ideas and working closely with experienced teachers.
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These don't sound like revolutionary ideas, but in fact they challenge some
basic premises on which the American public school system is based.
Traditionally, teachers have been assigned a classroom and have taught their
students alone, conferring with few people and making their own decisions
about how to implement the curriculum. Many teachers have become
accustomed to this autonomy, and some even equate it with professionalism.

Carl Glickman calls this situation the "one-room school” syndrome, the
tradition of isolationism created back in the days when teachers literally worked
alone in their schoolhouses without any contact with other teachers. This
tradition has lingered, and it manifests itself in today's schools by the tendency
not to "connect staff for purposes of sharing expertise, solving problems, and
pursuing improvement."! Given this context, a second, long-term goal of
professional development is to foster the development of an environment in
which teachers can learn and grow professionally.

This chapter discusses strategies that can be used to achieve these two
goals. The chapter begins with a discussion of the characteristics of effective
professional development programs for all teachers, from the novice to those in
the "competent” stage to expert teachers. It concludes with a discussion of some
strategies for professional development that have been successful in school
districts throughout the country.

CHARACTERISTICS OF AN EFFECTIVE PROFESSIONAL
DEVELOPMENT PROGRAM

The National Science Education Standards includes as part of its vision for
science education reform increased opportunities for teachers to grow
professionally throughout their careers. According to the Standards, "Teachers
should have opportunities for structured reflection on their teaching practice
with colleagues, for collaborative curriculum planning, and for active
participation in professional teaching and scientific networks. The challenge of
professional development for teachers is to create optimal collaborative learning
situations in which the best sources of expertise are linked with the experiences
and current needs of the teachers."?

Research and experience have shown that an effective way to introduce
teachers to an inquiry-centered curriculum is to have
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them experience each module in much the same way their students will. This
approach is based on the assumption that the constructivist learning model is
valid for adults as well as for children. Through the experience of working with
the materials, discovering how the investigations build on one another, and
encountering their own difficulties with the equipment or the concepts, teachers
not only prepare themselves to teach the module but also realize that they can
learn along with their students. Teachers who have made this discovery begin to
rethink their role in the classroom and view themselves less as lecturers and
more as learning facilitators.

The following list highlights strategies that have been effective in helping
school districts create innovative professional development programs. These
strategies will also help districts achieve the goals outlined in the Standards.

1. Provide continuous and sustained support for professional
development. School district administrators need to send a clear message
of support to teachers. The support must go beyond rhetoric and take the
form of stressing science as a basic in the school curriculum and of
providing teachers with a "safety net" so that they have time to grow
professionally. Teachers should have the opportunity to experiment with
different teaching strategies and to make mistakes without fear of
consequences, with administrators recognizing that this is an essential part
of their personal learning process. This learning process in not smooth,
and nobody will become an expert overnight. Teachers need to have time
to reflect on the new ideas that are being introduced and to assimilate
them at their own pace. They also need to be aware that because science
is considered a basic, they will be evaluated for their science teaching.

Other forms of support include providing teachers with the necessary
materials on time, offering graduate credit for attending professional
development classes, verbally praising teachers' accomplishments, and
publishing their achievements in school publications and the local media.

2. Provide teachers with time to engage in professional development
activities. It is crucial that administrators recognize the key role teachers
play in implementing a science program and give them the time they need
to become proficient. This means granting teachers time to participate in
professional development activ
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ities during the school day. Unfortunately, given the way time is
organized in the schools, this is no easy task.

Program directors and teachers need to be creative in the ways they
address this issue. For example, teachers could use the time they have
while their students are attending art, music, or physical education classes
for their own professional development; arrange to have science when an
experienced colleague could visit the class to assist; or invite parent
volunteers to help with materials management so that the teacher has
more time to devote to working with students on substantive issues. Other
strategies include communicating electronically with other teachers to
discuss science teaching strategies and encouraging students to assist with
materials management so that the teacher can work with other students
who have questions or need special help.

Teachers also have to be aware that involvement in the science

program may require them to make additional time commitments. For
example, they may need to attend summer institutes or after-school
meetings. The incentive to give extra time will be greater if teachers see
the administration working hard to make the school day more flexible to
accommodate effective science instruction.
Create an environment of collegiality and collaboration. Teachers can
benefit tremendously from professional relationships that enable them to
feel comfortable sharing ideas, acknowledging difficulties, and solving
problems they encounter in the classroom. Although a certain amount of
discussion usually takes place informally among teachers, the best way to
foster professional relationships is to institute some formal ways for
teachers to interact. In formalizing such discussions, it is crucial that
experienced teachers assume a leadership role. Discussions can wander
unless leaders are present to facilitate them. One obvious way to
formalize discussions is to address issues related to inquiry-centered
science teaching at faculty meetings. For example, in Huntsville,
Alabama, teachers found that their discussions during faculty meetings
helped enhance relationships among teachers, making these meetings
richer learning experiences.

Many districts have ensured that there will be opportunities for
teachers to share experiences by scheduling at least two meetings each
semester where they can discuss their progress in imple
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menting inquiry-centered science modules. Such meetings help new or
inexperienced teachers become more comfortable sharing problems and
better able to accept guidance from their more experienced colleagues.
Incorporate the change process into the professional development
design. In Chapter 4, we explained the stages that stakeholders typically
go through as they become familiar with an innovation. Teachers undergo
similar stages. For example, their initial reaction may be indifference to
the innovation; this is followed by a concern about how it is going to
affect them personally. As their familiarity with the program grows,
teachers become more invested in the program and more interested in
learning how to use it comfortably. At the final stage, teachers are
concerned primarily with how the new program is affecting their students
and with developing strategies to make the program even more effective.

Teachers and a scientist (right) collaborate to construct a motor during a
workshop on a sixth-grade module.
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Those responsible for designing the staff development program need to
be aware of these stages and of the position of their teachers on the
continuum of change. For example, if teachers in a particular district are
at the "indifferent” stage, the emphasis of the professional development
program should be on familiarizing them with the goals of inquiry-
centered science. If teachers are concerned about who will be responsible
for collecting the materials needed for the lessons, program designers
need to address this issue and suggest how the materials will be provided
and managed.

In most districts, teachers will be at different places along the
continuum. Some teachers may already be comfortable teaching inquiry-
centered science, while others may be afraid even to open the kit. In
situations like this, districts may consider "pairing" a more experienced
teacher with a less experienced one. This approach has been used in the
East Baton Rouge Parish Public School System; experience there has
shown that pairing increases the confidence and comfort level of the less
experienced teacher.

INITIATING PROFESSIONAL DEVELOPMENT AT THE
RIGHT TIME IN THE RIGHT WAY

Using the strategies mentioned above as a guide, the district must next
consider when to begin the professional development program, who should be
involved in the planning, and at what level of professional development to aim
the program. The best time to develop a professional development program is
usually during the six months before inquiry-centered modules are introduced in
the district. As part of the professional development plan, the school district
needs to determine how many schools are going to be phased in over a five-year
period, and at what pace. Most districts have found that it is better to start with
the teachers in a limited number of elementary schools and then to add more
schools in each subsequent year. Depending on the size of the district, it takes
between three and five years to introduce all the elementary school teachers in
the district to all the science modules and for teachers to become reasonably
comfortable teaching science through inquiry. In addition, fine-tuning
pedagogical techniques, learning more science content, and integrating the
science module with other areas of the
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curriculum are issues that need to be a continuing part of the teachers' lifelong
professional development.

The time frame for introducing the professional development program is a
complex issue related to the size of the district, the level of resources available,
and the current capacity of the district. All these factors must be taken into
consideration so that districts realize their long-term goal: to establish an
effective, thoughtful, and comprehensive professional development program.
Pressure to complete implementation should not interfere with realizing this goal.

It's also important to ensure that teachers become involved in the planning
of the professional development program and that they become key players in
the decision-making process. By making teachers partners in the planning
process, administrators can go a long way toward building trust and creating a
collegial atmosphere in which all participants acknowledge that they have much
to learn from each other.

LEVELS OF PROFESSIONAL DEVELOPMENT

In designing an effective professional development program, it's important
to understand the phases that teachers typically undergo in their journey to
become highly experienced elementary science teachers and the kinds of
professional development programs appropriate for each phase. Research has
shown that most teachers go through at least three phases: novice, competent,
and expert.? The three programs described below are tailored for each of these
phases.

Phase 1: The Introductory Program

An effective professional development program for novice teachers begins
with an intensive introduction to inquiry-centered science, often in the form of a
two- or four-week institute held the summer before the new curriculum is
scheduled to be introduced in the classroom. At the institute, teachers become
familiar with the science modules they will be teaching during the first six
months (usually one or two modules) and discuss basic issues, such as
managing the materials and organizing the lesson so that it can be completed in
a timely fashion. In a relaxed setting with their
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peers, teachers can share common concerns, including the likelihood of
increased noise in the classroom and how to relinquish a little control and let the
children pursue their own interests during the science lesson. Teachers can help
students pursue their own interests by providing them with opportunities to
work independently. For some teachers, encouraging independent work may
create a new set of challenges about how to maintain order in the classroom.

Teachers new to inquiry-centered science are especially concerned about
classroom management issues such as these, because one of the greatest
challenges of teaching science through inquiry is creating an environment
conducive to interactive learning. How, many teachers wonder, does one create
a setting where children feel challenged, eager to ask questions, and ready to
explore their ideas with their classmates? Experienced teachers have found that
establishing rules carefully is key; children must understand that they can talk
but not shout, that accidents with the materials may happen but they should try
to be careful, and that although they will be working independently or in
groups, they must be prepared to listen to the teacher at appropriate times.

It's hard for many teachers to give up their traditional ideas of an orderly
classroom. Consequently, even after attending an initial institute, teachers tend
to revert to their old teaching strategies. They may be reluctant to divide the
class into groups that are working independently. The first time they teach a
module, they will probably rely heavily on the teacher's guide and skip many of
the optional activities. These behaviors indicate that teachers are still learning
how to use the materials and have not yet assimilated them and made them their
own. This level of expertise is often referred to as mechanical use.

It's essential that teachers new to inquiry have support at their schools
throughout the school year. Particularly beneficial at this stage are opportunities
for mentoring sessions with more experienced teachers.

Phase II: The Competent Stage

When teachers begin to feel comfortable with the materials and are ready
to modify the lessons in a science module to reflect their
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students' particular needs and interests, they are at the competent stage. It takes
most teachers at least five years to reach this level of proficiency. At this stage,
the professional development program takes on a different cast. Teachers are
now interested in exploring in greater depth such topics as constructivist theory
and the learning cycle, cooperative learning techniques, assessment strategies,
and how to integrate science into other areas of the curriculum. Many teachers
are also interested in learning more about the science content of the modules
they are teaching. At this stage, the school should provide opportunities for
small discussion groups for teachers engaged in teaching inquiry-centered
science.

After being involved in these different professional development
programs, teachers may begin to develop their own ideas for additional
activities and extensions and look for other ways to modify the lessons. They
may begin experimenting with different kinds of assessments and, if students
are interested, with conducting a long-term class research project.

Phase III: The Expert Stage

The final phase in a teacher's professional development is the expert stage.
If we could peek into a highly experienced teacher's science classroom, we
would notice a few distinguishing features immediately. First, there is the sound
of "organized noise" in the classroom. Children may be moving about,
discussing ideas with classmates, and taking turns gathering materials at the
distribution center. The teacher is moving around, too, listening to students'
ideas, answering questions, and asking questions to help groups take the next
step in completing an experiment or organizing results. By now, the teacher is
not disturbed by the cup of water that spilled or the soil on the desktops. There
is energy and excitement in the room.

Such teachers have become what is called "expert." They have reached this
level through a combination of time, experience, their own enthusiasm, and
effective professional development, both in the school and outside. According
to the National Science Education Standards, "successful teachers are skilled
observers of students, as well as knowledgeable about science and how it is
learned. Teachers match their actions to the particular
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needs of the students, deciding when and how to guide—when to demand more
rigorous grappling by the students, when to provide information, and when to
connect students with other sources."*

The goal of professional development is to raise all teachers in a school
district to the expert level. Doing so requires time, commitment, and energy on
the part of both teachers and administrators. The next section explores a few
strategies for professional development programs that have helped teachers
grow professionally.

STRATEGIES FOR CHANGE

The professional development strategies listed below have been used in
many school districts throughout the country. These strategies have been tested
in a variety of settings and have proven to be effective in introducing large
numbers of teachers to inquiry-centered science.

Lead Teachers

Many districts have initiated their professional development programs by
beginning with a small group of teachers, called lead teachers or mentor
teachers, who have demonstrated interest and expertise in inquiry-centered
science teaching. This group is usually selected by administrators to represent
each grade level in the district. Identifying and training this group of lead
teachers is a key step in this professional development strategy.

Lead teachers can serve a variety of roles. In some districts, such as
Montgomery County, Maryland, and the East Baton Rouge Parish Public
School System in Louisiana, a cadre of lead teachers is responsible for
conducting professional development activities for other teachers in the district.
Those teachers also assist with materials support issues and are available to
respond to questions that other teachers have about the program. Some hold
workshops at faculty meetings. Others provide leadership at districtwide
institutes. Lead teachers may often be called upon to field-test new modules,
serve on curriculum selection committees, work with administrators to expand
or modify selected modules, or develop new approaches to student assessment.

Although the lead-teacher strategy has been successful in many districts,
some teachers and administrators have encoun
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tered obstacles in their efforts to implement it. For example, in Huntsville,
Alabama, teachers liked being introduced to the modules by fellow teachers, but
they did not want to view a fellow teacher as a supervisor. In addition, some
administrators have been unable to provide lead teachers with the time to
actually "lead." These teachers find themselves so busy with their own
classroom responsibilities that they don't have time to work with other teachers.
Without time to mentor other teachers, lead teachers can serve only a limited
function.

Schools nationwide are encountering the problem of teachers not having
time for professional development. Time will continue to be an issue in a
climate of budget cutting, especially in communities where parents exert
pressure on the system to limit the number of professional days for teachers.
Administrators and lead teachers committed to this approach must be aware that
they will be grappling with such issues as they strive to implement the science
program.

Partnerships Between School Districts and Research Scientists

In the 1960s, scientists' involvement in professional development consisted
largely of having scientists go into the classroom and take over the science class
for a specified number of lessons. To no one's surprise, teachers felt intimidated
by the scientists, and the scientists often didn't know how to present their
subject so that it made sense to their young audiences.

To overcome these concerns while still taking advantage of scientists'
expertise, many districts have developed innovative forms of teacher-scientist
collaborations. For example, the Pasadena Unified School District Science
Program (formerly known as Project SEED), a teacher-scientist partnership
between the Pasadena Unified School District and the California Institute of
Technology (CalTech), has perfected a strategy in which lead teachers work
collaboratively with scientists to introduce teachers to science curriculum
modules. Scientists also conduct sessions with lead teachers at institutes, where
the scientists serve as content specialists or in an advisory role, suggesting ways
to bring inquiry to the classroom. CalTech scientists also attend follow-up
meetings with teachers, where they are available to answer questions teachers
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have after working with the modules. This collaborative approach has also been
adopted by City Science, a partnership between the San Francisco Unified
School District and the University of California at San Francisco.

Some districts, such as Montgomery County, Maryland, have provided the
scientists with some training before they begin their work with elementary
school teachers. In a preliminary meeting, scientists learn about the concerns of
teachers and some pedagogical strategies. This training gives scientists
important background knowledge about teachers, so it becomes easier for the
scientists to provide appropriate support and knowledge.

Scientists at other institutions, such as science museums, can work with
teachers in a similar way. For example, the Buffalo Museum of Science in New
York has a partnership with the Buffalo School District, where scientists are
involved in professional development activities and in establishing a centralized
science materials support center. The Franklin Institute, in Philadelphia, played
a key role in introducing Philadelphia's public schools to inquiry-centered
science.

Partnerships with Business and Industry

Successful partnerships can develop between school districts and local
industrial corporations. These corporations frequently have expertise that can be
shared with teachers. Some corporate sponsors, such as Hewlett-Packard, have
created on-line computer networks to answer teachers' questions about the
particular topics their classes are investigating. Chapter 9 explores school
partnerships with business and industry in more detail.

Some school districts incorporate combinations of these models into their
professional development programs. For example, Montgomery County,
Maryland, and Spokane, Washington, use the lead-teacher approach but also
make use of university scientists for some portions of the professional
development program. Alternatively, a corporate partnership may assist lead
teachers by providing them with expertise in a particular subject area. In these
ways, school districts can modify these strategies to fit their needs.
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KEY POINTS

Professional development is key to the success of the inquiry-
centered science program. Creating an environment of collegiality and
collaboration, providing teachers with the time to learn, and designing the
program appropriately are among the strategies school districts have used
to ensure that the professional development program is effective.

Progressive levels of professional development can be designed for
teachers new to inquiry, for those at the intermediate stage, and for those
who have reached the expert level.

Several strategies, including the lead-teacher strategy, partnerships
between school districts and research scientists, and partnerships with
business and industry, have been used successfully in school districts
nationwide.
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7

Establishing a Science Materials Support
Center

If you want to encourage elementary school teachers to teach science
through inquiry, you have to provide them with the right stuff at the right time.
You have to give teachers a deal they can't refuse.

—Larry Small, ''Science Materials Support,' 1992

To teach inquiry-centered science modules, the teacher needs all the "stuff"
of science—containers, scales, chemicals, and living organisms. These
materials make science inviting to children and bring them into the world of
scientists and how they work.

In the past, teachers often had the responsibility of gathering the materials
outlined in the teacher's guide to teach inquiry-centered science. This did not
prove to be realistic or efficient, because few elementary teachers had the time
or the expertise to do this job well. Experience has shown that science will be
taught more effectively if science materials are managed by the school district
and made available to teachers when they need them. The
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most effective way for a school district to do this is to create a science materials
support center.

The purpose of such a center is to provide all the materials teachers need to
teach inquiry-centered science modules in "ready-to-use" condition. Although
the idea is simple, implementing it is not. The manager of a materials support
center must consider myriad details to ensure that elementary science teachers
receive what they need when they need it. Issues that must be considered
include how to manage large quantities of materials, replenish kits that have
been depleted of consumable supplies, keep the inventory of hundreds of items
up to date, order new supplies from the most economical sources, and ensure
that the kits arrive in the classroom on schedule.

Although there are other ways to support teachers with science materials,
the most-efficient and cost-effective approach is to establish a central science
materials center that is operated by the school district. Many school districts
engaged in reform have discovered the importance of this critical element.
George Hein, consultant for the National Science Resources Center's
Elementary Science Leadership Institute program, and Carol Baldassari and
Laura Hudson found that most districts that sent teams to the Leadership
Institutes between 1989 and 1995 recognized the importance of establishing a
materials support center and are taking steps to ensure that this element is in
place.!

Larry Small, the former science coordinator of School District 54 in
Schaumburg, Illinois, founded one of the first successful central materials
support centers. He recounts from his own experience why a central materials
center is so effective:

In the early development of our system, the materials were purchased by
central warehouse personnel and sent to the individual schools for storage in
the school's science "closet." The audiovisual materials were housed in each
school's library or resource center. Some science units were contained in one
box. Other units used baking soda, vinegar, soda straws, and other common
grocery store items. These items were purchased and stocked on the shelf of
each school's science closet. About midway through the first year of the new
program, the boxed unit had been used by one or two teach
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ers. Once the consumables had been used up, the science unit did not get
taught. The units that needed materials not contained in this box but on the
closet shelf had an even worse record of use. These units were never taught at
all.?

A central materials support center can solve most of the problems that
Small describes. Through central coordination across the district, important
tasks such as purchasing materials, keeping track of inventory, sorting and
packaging items, assembling kits, distributing kits to classrooms, and
refurbishing them for reuse can be accomplished efficiently.

Because there are so many benefits to this approach, the emphasis of this
chapter will be on describing how to set up a science materials support center
for a school district. The discussion begins with issues that need to be
considered in planning a materials support center and then focuses on expenses
associated with starting and maintaining the materials support center.

Some school districts, such as those that are very small or that cannot
afford to set up a centralized system or those that are managed by a site-based
approach, may wish to consider other ways to provide teachers with the science
materials they need. Therefore, the chapter concludes with a description of
alternative types of science materials support systems.

PLANNING A SCIENCE MATERIALS SUPPORT CENTER

The establishment of a systemwide science materials center should be one
element of the district's overall strategic plan. Plans for setting up the materials
center must begin early in the program, when the first curriculum modules are
being selected. As in all aspects of establishing the science program, it makes
sense to start small, circulating only a few modules to a few schools. If
procedures are established on a small scale, the materials center will be better
prepared to expand to handle more modules and more schools. Because of the
complexity of the tasks and procedures involved, establishing an efficient
materials center will take between three and five years. Maintaining the center
will be an ongoing effort.

The issues that need to be addressed are practical. For example, where is
the materials center going to be housed? How much
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space will be needed? Who will staff the facility? Is there money in the budget
for a separate staff, or will current staff members, such as the science
coordinator and his or her administrative assistant, have to assume additional
responsibilities? These issues are explored in more detail below.

Workers pack science kits at the science materials support center in
Montgomery County, Maryland.

Space

For a large school district, processing science kits requires a large space,
such as a warehouse or an unused school building. A single room in a school
building or the corner of a districtwide resource center will not be sufficient.
Small school districts, on the other hand, may find that one or two rooms in a
school building are sufficient. Ideally, the materials center will be in a large
space close to an outside entrance that can be used for receiving shipments of
materials and for moving science kits in and out of the building.

Despite careful planning, space has proven to be a problem in many school
districts. For example, Montgomery County Public Schools, in Maryland,
moved its center three times before the
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district found the right space. Spokane District 81 in Spokane, Washington,
encountered another kind of problem related to space. The warehouse
designated to store kits had formerly been used to store textbooks. Much to the
dismay of science program coordinators, there was not enough room in the
warehouse for the science kits because the textbooks hadn't been removed in
time. Program designers must anticipate the possibility of roadblocks such as
these, which can cause major setbacks in program implementation.

Management

In many school districts, responsibility for the science program is shared
by many players. For example, one office may be responsible for scheduling kit
deliveries, while another office is in charge of day-to-day operations. To
establish a well-functioning center, these offices must be able to communicate
and solve problems together.

Staffing

Most materials support centers begin with a small staff—perhaps a
manager and one full-time staff member or a few part-time employees.
Identifying a strong manager is crucial, because that person must oversee
operations: ensuring that the inventory is being kept up-to-date, that the kits are
ready to go out on time, and that pickup and delivery take place according to
schedule.

As more teachers begin using inquiry-centered science modules, additional
part-time employees may be necessary. Some large school districts, which may
package as many as 3,000 science kits a year, have called on high school
students and senior citizens to work during peak processing seasons. Both of
these strategies have worked well.

Inventory

Keeping track of the inventory and updating materials lists for the science
kits is part of the work of the materials center. The more specific the lists, the
better. Detailed lists help staff become aware of what they have in stock, what
items are being depleted, and what they need to reorder. Most school districts
have established formal procedures to ensure that supplies are reordered and
received before they are needed.
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Packaging

Preparing the kits for delivery is highly labor-intensive. At designated
times of the year, staff needs to be available to prepare the kits for the teachers.
Some districts may decide to manufacture the kits themselves; others focus on
refurbishing science kits that have been purchased from commercial suppliers.
In either case, the school district must be aware of its needs and plan ways to
meet them well in advance.

Scheduling

The schedule serves two functions: It specifies the date for the delivery and
pickup of science kits for teachers and the time the kits will be at the center for
refurbishing. Districts have developed different scheduling strategies. One
strategy that has been used effectively is placing science kits on a nine-week
schedule and sending them out according to subject area. This means that
schools participating in the program receive all the life and earth science kits at
about the same time and must be ready to return them at the end of nine weeks.
During the nine weeks that the life and earth science kits are in the schools, the
materials support center can refurbish the physical science kits so that they are
ready to go out at the beginning of the next nine-week cycle. Teachers are
responsible for preparing the kits for pickup and knowing where the designated
pickup point is.

Delivery

The plan must cover how the kits will be transported from the science
materials center to the schools. Some districts use the services established for
delivering multimedia materials and other supplies to schools for the science
kits. Other materials centers have created their own delivery systems. Each
district needs to consider which option best suits its needs.

Service

All teachers must feel confident that their materials will be ready when
they need them. When teachers need additional materials or encounter
unanticipated problems, they need to be confident that someone at the district
level is responsible for supporting them. In addition, teachers with materials
problems need to be able to ask lead teachers in their school to help them.
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Need for Special Handling Procedures

It is important that the materials support center have a plan for receiving
and maintaining the animals and plants used in the modules. The materials
center should also assist teachers by developing guidelines for maintaining
living organisms in the classroom.

Safety

Staff at the materials center should be aware of basic safety precautions,
such as providing goggles for students who will be working with chemicals,
even common ones such as salt and baking soda, and not using seeds that have
been treated with fungicides or pesticides. Guidelines on recommended safety
precautions should also be provided to teachers.

COST-SAVING MEASURES

Multiple Uses of Kits

In planning the materials support center, school administrators must
prepare realistic, cost-effective budgets. Operating a materials support center
does cost money. Districts must be prepared to invest in the science materials
for the kits, but once they make that commitment, they can save money by
using each kit several times each year and relying on cost-saving measures
when purchasing consumable materials.

To understand why using a kit at least twice during the school year keeps
costs down, consider the following example. Let's assume that a kit costs $400.
If 30 students, or one class, use that kit, the cost per student is $13.33. If you
take that same $400 kit and spend $100 to refurbish it, the total cost of the kit
increases to $500, but two classes, or 60 students, can use it. This means that
the cost of the kit per student decreases from $13.33 to $8.33. And if the kit is
used three times, refurbishment costs $200, but because 90 students can use it,
per capita costs drop to $6.66.

Refurbishing Costs

Many factors contribute to refurbishing costs. In figuring out these
expenses, the materials support center staff needs to consider personnel costs,
costs for consumable items such as chemicals and bat
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teries, and costs for lost or broken nonconsumable materials, such as graduated
cylinders and hand lenses. The two biggest operating expenses for a materials
support center are staff and replacing consumable and nonconsumable items.

To keep personnel costs down, many programs have a barebones staff and
rely on volunteers for additional help. Over time, however, as the program
grows and more kits are circulating throughout the system, more staff will be
necessary.

There are many ways for the materials center to save money in replacing
both consumable and nonconsumable items. Staff can purchase raw materials
directly from manufacturers or wholesale distributors. Although such materials
must be bought in bulk, purchasing items in this way leads to tremendous cost
savings. Working with more than one supplier for each item or kit and
negotiating the best price through a bid process can also save large amounts of
money. Through the bid process, districts may find local suppliers who can
provide better service at a lower price than national outlets. Some materials
centers have discovered that a local hardware or garden supply store can supply
certain items, such as potting soil and aquarium gravel, through special orders.
Local stores may also offer free delivery.

Finally, staff at science materials centers can be creative in their search for
inexpensive materials. In addition to local telephone directories, many centers
have found it wuseful to consult The Thomas Register of American
Manufacturers, a multivolume set of books that contains more than 50,000
product and service headings. This register may be available at the school
district purchasing office.

OTHER TYPES OF MATERIALS CENTERS

Although experience has revealed that for the average school district,
establishing a districtwide science materials center is the most effective way to
supply materials, there are other options. The list that follows identifies some
alternate strategies that have been used to supply materials to inquiry-centered
science programs. These approaches may be especially suitable for small
districts that can't afford to establish their own centralized system or for districts
that have adopted a site-based management system.
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Consortium-Based System

A consortium of school districts may decide to operate a science materials
center as a cooperative venture. Consortium programs generally charge
participating districts a fee based on the number of teachers and schools that
will be served. For example, the center in Huntsville, Alabama, charges
participating school districts a flat fee of $300 per teacher per year, as well as an
additional fee (about $6) per student for refurbishing. Other consortia, such as
the Einstein Project, in Green Bay, Wisconsin, charge a $100 rental fee each
time a kit is used. Consortia have the advantage of quantity purchasing
discounts. Small districts may find the consortium approach useful, especially if
a neighboring district has already established a materials center.

Site-Based System

This is a system in which all of the materials needed to teach science at all
grade levels are stored in one designated location within a school building.
Storage space may be set aside in the school's resource center or a storeroom. A
few schools have fully equipped science labs where teachers can hold their
science classes. Site-based organization has the advantage of ensuring that
materials are accessible to teachers throughout the school year. However,
problems can occur if maintaining the materials is seen as a teacher's
responsibility. If only one kit is provided for each grade level, teachers must
share the kit and someone must accept responsibility for refurbishing it.
Scheduling the use of the materials and ordering replacement items can become
burdensome.

Classroom-Based System

In this system, each classroom has all the supplies and print materials
needed for the curriculum. Such a system allows teachers flexibility in
scheduling when the science units will be taught throughout the year, because
all the materials are always at hand. This approach also has major
disadvantages. Teachers may have trouble finding space in their classrooms to
store the kits. They may not have the time to keep careful inventory records so
that sufficient supplies can be maintained, or they may not realize the
importance of reordering supplies in a timely fashion. Finally, there is a
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danger that the expense of maintaining materials will fall to the individual
teachers committed to teaching by inquiry. In the past, these problems often
resulted in the abandonment of inquiry-centered science programs.

WHERE TO GO FOR INFORMATION

For more information about how to establish a materials center, your
district may want to contact the Association of Science Materials Centers
(ASMC), c/o Science and Social Sciences Resource Specialist, Mesa Public
Schools, 143 South Alma School Road, Mesa, AZ 85120-1096, or call (602)
898-7815. ASMC members meet annually to share information about the design
of science teaching apparatus, sources of supply, and strategies for reducing the
cost of inquiry-centered science instruction.

KEY POINTS

Issues to consider in planning a materials support center include
space, personnel, inventory systems, delivery, refurbishing, and cost.

The most efficient way to supply materials to schools is through a
districtwide science materials center. This approach minimizes costs and
ensures that materials needed to teach science arrive in the classroom on
time, in a "ready-to-use" condition.

In some cases, other approaches may be useful. The consortium
approach may be particularly helpful for small districts, while the site-
based and classroom systems may be the only options in districts where
there is no financial or political support for establishing a science materials
center. However, there is no evidence that these systems can be
successfully maintained over time.
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For Further Reading

Harlen, W. 1989. Developing Science in the Primary Classroom. Portsmouth, N.H.: Heinemann
Educational Books, Inc.

Lapp, D. M. 1980. "The Need for Teacher Support Systems." The National Elementary Principal
January 61-66.

Loucks-Horsley, S., R. Kapitan, M. D. Carlson, P. J. Kuerbis, R. C. Clark, G. M. Melle, T. P.
Sachse, and E. Walton. 1990. Elementary School Science for the '90s. Andover, Mass.:
The NETWORK, Inc., and Alexandria, Va.: Association for Supervision and Curriculum
Development.

Small, L. 1992. "Science Materials Support," unpublished white paper by former science supervisor
for Schaumburg, I11.

The Thomas Register of American Manufacturers. New York: Thomas Publishing Company.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/4964.html

not from the

original typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be

retained, and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book

ASSESSMENT STRATEGIES FOR INQUIRY-CENTERED SCIENCE 100

8

Assessment Strategies for Inquiry-
Centered Science

Assessing science through paper-and-pencil tests is akin to assessing a
basketball player's skills by giving a written test. We may find out what
someone knows about basketball, but we won't know how well that person plays
the game.

—George Hein and Sabra Price,

Active Assessments for Active Science, 1994

Principals and science coordinators often hear teachers lament that
traditional assessments simply don't work in inquiry-centered classrooms.
"Paper-and-pencil tests only give information on part of what we teach," they
say. "We need something else to use to give us a better picture of what our
students know and are able to do."

Traditional tests—usually multiple-choice, short-answer tests given at the
end of a unit of study—cannot assess all the richness of learning that takes place
in the inquiry-centered science classroom. A multiple-choice test cannot
effectively evaluate whether
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students have learned how to design an experiment, make accurate observations
and measurements, analyze data, and reach reasonable conclusions. Multiple-
choice tests are also not very effective in assessing student understanding of
concepts such as buoyancy or the role bees play in the life cycle of plants.
Measuring students' grasp of these skills and concepts requires alternative forms
of assessment.

This chapter outlines several ways to structure assessment activities that
can effectively determine each student's progress toward the attainment of
science inquiry skills and concepts. To illustrate each form of assessment, we
have included examples from three curriculum programs—Full Option Science
System (FOSS), Insights, and Science and Technology for Children (STC).
Throughout the chapter, we will concentrate on how the teacher can assess
student learning on a daily basis.

The chapter also describes strategies that can be used to assess the science
program as a whole. We present guidelines school districts can use to determine
how the implementation of the science program is proceeding.

ASSESSING STUDENT LEARNING

Just as it is challenging to institute inquiry-based instruction in the
classroom, so is it difficult to incorporate new assessment strategies into
classroom evaluation. For this reason, it is reassuring to know that teachers need
not create new assessment strategies on their own. Many of the national
curriculum programs include such strategies in their teacher's guides. These
suggestions provide a good starting point.

Most teachers find it helpful to begin to use the new assessment strategies
slowly and carefully. It is neither necessary nor advisable to eliminate
traditional testing. In fact, one of the guiding principles behind assessment is
that the more diverse the strategies used, the more the teacher can learn about
each student. Over time, each teacher will discover ways to balance traditional
tests and alternative assessments to obtain a complete picture of how well
students are progressing.

Although the focus in this section is on assessment in the classroom, it is
important to recognize that assessment is a contro
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versial issue in science education. Within the classroom, using a range of
assessment tools provides information on both student learning and future
teaching strategies. Within a school district, however, standardized tests are
often used as a means of making schools accountable for student learning.

During an informal assessment for a module on ecosystems, a teacher talks
with fifth-grade students about their observations.

Our focus here is on helping teachers develop more effective strategies for
assessing student learning in their classrooms. The following assessment
strategies have been used effectively in many inquiry-centered science
classrooms throughout the country. Many of them have been incorporated into
national science curriculum programs.

Matched Pre- and Post-Module Assessments

Pre- and post-module assessments serve two important functions. The first
is to track how much students have learned during the unit. For example, the
teacher could ask a question or assign an investigation at the beginning of each
module to find out how
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much students know about the subject. At the end of the module, students could
answer the same question or perform the same investigation, enabling the
teacher to observe how their understanding of a subject has grown.

Such assessments can take many forms. For example, many modules in the
STC elementary science curriculum begin with a brainstorming session during
which children are asked what they know about a subject and what they would
like to learn about it. At the end of the module, they are asked the same
questions again, giving the teacher an opportunity to assess how much students
have learned over the course of the unit.

A pre-module assessment can also give the teacher information on what
questions students are interested in pursuing. As the class progresses through
the unit, the teacher can refer to the pre-module assessment to further refine
teaching strategies. The post-module data can then be used as a way for the
teacher to measure the success of his or her teaching strategies.

Other examples of pre- and post-module assessments include having
students write about a subject, draw a picture, or perform a simple experiment.
These devices give teachers important "before-and-after" information.
Figure 8-1 shows examples of pre- and post-module assessments.

The Insights elementary science program has a more formal pre-module
assessment. Each module in this program begins with an introductory
questionnaire that is linked to the goals of that module. The questionnaire may
include content-related questions as well as questions designed to assess
students' problem-solving abilities. At the end of the module, students complete
the questionnaire again; the two versions of the questionnaire provide teachers
with a written record of students' progress. Younger students complete the
questionnaire through interviews. Figure 8-2 shows part of an introductory
questionnaire from the Insights Reading the Environment module.

Embedded Assessments

These assessments are woven, or embedded, into the instructional
sequence in the module. They may be part of the activities that naturally occur
in a lesson or a logical extension of the lesson's
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Figure 8-1. Pre- and-post-module writing samples and drawings from the sixth-
grade module The Technology of Paper (STC) and the second-grade module
The Life Cycle of Butterflies (STC)
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Figure 8-2. Introductory questionnaire from the fourthgrade module Reading
the Environment (Insights)
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central activity. Embedded assessments are based on the assumption that
assessment and learning are two sides of the same coin. In fact, many educators
assert that from the students' vantage point, there should be a seamless flow
between instruction and assessment.! The biggest difference between an
embedded assessment and other learning activities is that the assessment is
designed to enable the teacher to obtain and record information about student
learning.

The following are examples of embedded assessments:

» After studying STC's Electric Circuits module for fourth-graders,
students are asked to wire a cardboard house. The activity enables the
teacher to assess whether students can apply what they have learned
about circuits to a "real-life" situation.

* Throughout the FOSS Paper module (a kindergarten unit), students are
invited to engage in discussions that reveal their understanding of key
concepts.

* At the end of STC's fifth-grade Food Chemistry module, students use
tests they learned about in the unit to determine which nutrients are in
a marshmallow.

Prediction Activities

A prediction is different from a guess because it is based on previous
experience and knowledge of a subject. By asking students to make predictions
at appropriate times, teachers can assess the science concepts their students
have mastered and how well they can apply that knowledge to a new situation.
For example, during a module on buoyancy (STC's Floating and Sinking),
students may be given an assortment of objects and asked to predict which ones
will float and which will sink. If students consider both weight and volume in
making their predictions, the teacher will know that students have gained some
understanding of the concept. If they guess randomly, they are telling the
teacher that they have a limited understanding of the concept. In either case, the
teacher has gained valuable information.
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Final Assessments

These assessments are used at the end of a science unit or module.
Although many find assessments include paper-and-pencil tests, they can take
many other forms. Example of final assessments are described below.

Hands-on Assessments. This type of assessment provides an opportunity
for teachers to observe how well students can perform an experiment similar to
one they worked on during the module. Hands-on assessments allow teachers to
see how students approach a problem, gather data, record results, and draw
conclusions from their findings. For example, after experimenting with water in
the FOSS Water module, students are given a new problem that must be solved
through experimentation. The Insights module Reading the Environment has a
hands-on assessment in which students are asked to design an experiment that
will help them decide what kind of stone to use for building in a city where acid
rain is a problem.

Another way to organize hands-on assessments is for the teacher to set up
stations throughout the room that offer a series of tasks for children to complete.
For example, after finishing a module on chemical tests, students may be asked
to perform a filtration task at one table, a mixing task at another, and data
analysis at a third table. By observing how the students go about the tasks,
reviewing the kinds of records they make, and checking their results, the teacher
will gain information about what the students have learned. This work can be
done individually or in cooperative groups.

Paper-and-Pencil Tests. These are questions included at the end of the
unit. The FOSS curriculum divides paper-and-pencil assessments into two
categories: pictorial assessments and reflective questions assessments. FOSS
pictorial assessments evaluate how well students can think through problems
that require both knowledge and the application of ideas to a new situation. For
example, pictorial assessments from the Water module include figuring out why
a plastic bottle of water left in the car trunk overnight cracked when the
temperature dropped and why water that spilled on the sidewalk seemed to
disappear.

Reflective assessments evaluate how well students can express
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themselves in writing, as indicated by the way students respond to problem-
solving questions.

In the STC module Measuring Time, students are asked to graph
hypothetical data, analyze data from a graph, and discuss in detail reasons for
the moon's phases. Activities such as these encourage students to go beyond
simply recalling isolated pieces of information and to think critically in
applying knowledge to new situations.

Science Notebooks. Students can be asked to prepare individual science
notebooks that include all the observations and records generated during the
module. The notebooks may include stories and poems (see Figure 8-3), record
sheets, charts, tables, and graphs. Drawings also reveal what students have
learned (see Figure 8-4). The teacher should assess the level of detail, use of
labels, and quality of explanations accompanying the drawings.

Science notebooks are useful for both teachers and students. Notebooks are
a powerful assessment tool for teachers and an effective way for students to
keep a record of what they have done in the module.

A portfolio is a selected group of student work. Students themselves can
select pieces that they feel represent significant learning. Usually, the teacher
and students work together to develop selection criteria, which may include
materials that were the hardest to do or projects that provoked the most
learning. Through this process, students have an opportunity to reflect on what
they've learned.

Informal Assessments

Many teachers also find it helpful to conduct informal assessments of
students' progress. These involve reviewing written materials, observing
students at work, and simply walking around the room and listening to students'
conversations. By asking the right questions, teachers can uncover students'
reasoning and the steps they used to solve problems. The questions that students
ask can also be a source of information about their understanding. In addition,
individual and group presentations can give teachers insights into students'
interpretation of what they have learned. Finally, questions posed by students
following presentations can provide opportunities to gather important
information.
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Figure 8-3. Writing samples from the second-grade module Soils (STC)
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Documentation and Record Keeping

One of the hardest parts of incorporating alternative assessments into the
inquiry-centered science program is developing an accurate record-keeping
system. Many teacher's guides include record-keeping charts that help teachers
focus on the goals of each assessment instrument.

For example, the STC program includes an observation sheet that teachers
may photocopy and use in evaluating each student. The sheet highlights each
module's key concepts and skills. For one module, Balancing and Weighing,
concepts listed include the relationship between the amount of weight and its
position on the balance beam, what is meant by the term "weighing," and the
relationship between weight and volume. Skills listed include performing
simple experiments with a balance beam, using an equal-arm balance, and
applying strategies for comparing and weighing to solve problems. Alongside
each of these concepts and skills is a space for the teacher to write observations.
Figure 8-5 is a sample recording chart from the STC program. The chief
advantages of this chart are that it provides a structure for teachers to use as
they experiment with new assessment strategies and it can be adapted to suit the
needs and record-keeping styles of different teachers.

The FOSS program includes a student worksheet with each of its
assessments. To help teachers interpret the results on these sheets, the teacher's
guide includes a chart that identifies the purpose of each question. For example,
teachers are told that the purpose of the question about the cracked water bottle
is to give students an opportunity to explain what happens when water freezes.
The purpose of the question about the water that disappeared is to determine
whether the students can explain how water evaporates. Figure 8-6 shows a
sample observation chart from FOSS's Water module.

The Insights program has four parts to its assessment framework: the
introductory questionnaire (pre-assessment), the embedded assessment, the post-
module assessment, and ongoing assessments throughout the module. The
teacher uses student profile charts to record the ongoing assessments and an
evaluation rubric to inform the analysis of the formal pieces. The rubric ranges
from "0" (no answer or "I don't know") to "5" (a complete and correct
response). Figure 8-7 shows the complete Insights rubric.
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Figure 8-5. Teacher's observation chart from the second-grade module
Balancing and Weighing (STC)
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Figure 8-7. Rubric for evaluating the introductory questionnaire in an Insights
module
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ASSESSING THE SCIENCE PROGRAM

In addition to assessing individual student progress with the new
curriculum, school districts need two different kinds of information to assess the
overall success of the science program. The first, and by far the most
challenging to acquire, is information about whether the science program is
resulting in significant changes in teaching and in student learning. The
National Science Education Standards address this issue and acknowledge the
difficulty in gathering this information, which needs to include the assessment
of student knowledge and skills over time as well as changes in students'
attitudes toward science. The second kind of information that school districts
need is a measure of how they are progressing in their efforts to address each of
the five elements of science education reform: curriculum, professional
development, materials support, assessment, and administrative and community
support.

George Hein, director of the Program Evaluation and Research Group at
Lesley College in Cambridge, Massachusetts, and evaluator of the National
Science Resources Center's (NSRC) Elementary Science Leadership Institute
program, developed five rubrics that districts can use to assess the progress of
their science programs (Figure 8-8). Each rubric corresponds to one of the
elements of an effective elementary science program. The rubrics begin at level
0 (no action has been taken) and end at level 5 (complete implementation).
Levels 2 through 4 describe the sequence typically followed in establishing a
science program: developing a plan, initiating a small-scale reform effort, and
expanding this effort each year.

Hein, Carol Baldassari, and Laura Hudson used the rubrics to determine
the progress that school district teams that have attended the NSRC Leadership
Institutes have made and to find out the paths they followed during their reform
efforts. By interviewing each team and applying the rubrics to the responses,
Hein and his colleagues determined that assessment has been the most difficult
element to implement. Curriculum development and professional development
have been easier to incorporate and have usually been done first. Establishing a
materials support system has been accomplished as funding and administrative
support have permitted.
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Five Rubrics Used to Assess the Progress of Science Programs
Levels of Curriculum Reform

Level 0

Level 1

Level 2

Level 3

Level 4

Level 5

Totally textbook-dominated program, no materials.

Some (any) inquiry-centered science curriculum units based on
individuals school (or teacher) decision.

District piloting inquiry-centered science curriculum units in part of
system, with textbooks still dominant.

Districtwide plan exists to introduce inquiry-centered science
curriculum into entire system and/or early stage of implementation.

Considerable progress in implementing inquiry-centered science
curriculum units in entire system and/or evidence that texts are no
longer used or are used primarily as supplements.

Systemwide implementation of inquiry-centered elementary science
program.

Levels of Professional Development Activities

Level 0

Level 1

Level 2

Level 3

Level 4

Level 5

No teacher professional development program.

Professional development program limited to introduction of hands-on
science curriculum units to some teachers.

A plan for professional development for all teachers and/or beginning
of development of teacher leaders exists. Evidence of other activities
(workshops, museum, college connections).

Implementation of first-level workshops for most or all teachers in the
district. A plan for advanced professional development activities for
teacher leaders exists. Ongoing classroom support for up to one-half of
teachers in district.

Implementation of first-level activities for all teachers and provision for
advanced professional development for all teachers. Evidence of
systematic connection between district activities and opportunities at
other institutions (museums, college, etc.). Ongoing classroom support
for most teachers.

Funded, coherent, continuous system for staff development articulated
with developmental needs of all teachers, curriculum implementation,
assessment, and other professional development activities.

Figure 8-8
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Levels of Development of Centralized Materials Support Systems
Level 0 No plans for a materials support system.
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Recognized need for a materials support system for science, chose
Level 1 school-based or individual teacher responsibility, or began planning for
center, but plans aborted.

Temporary system that includes ordering and refurbishing materials
Level 2 and supplies for pilot classrooms or schools, or in the planning stage for

districtwide system.

Beginning to implement systemwide materials support system, but

Level 3 current system only partial: insufficient staffing, funding, etc.
Level 4 Established districtwide materials support system.

Integrated districtwide math/science materials and professional
Level 5

development center; a functioning "teacher center."

Levels of Student Assessment

Level 0 No change, no plan for change.
Studying the issue, planning, changes driven by outside forces (new
Level 1
state mandates).
Some use of alternative assessment strategies in individual schools or
Level 2 by teachers using inquiry-centered curriculum materials. Policy of
acquiring curriculum materials that incorporate active assessment
strategies.
Level 3 Systematic professional development on assessment and/or teachers
developing active assessments.
Initiating systemwide implementation of active assessment tied to
Level 4 . . L .
grading practices and substituting for traditional, test-based grades.
Complete implementation of districtwide active science assessment,
Level 5 and/or new science assessment is part of large districtwide assessment

plan.
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Levels of Partnership Activities
No stakeholders from the community, including scientists or engineers,
Level O are working with the district for the sole purpose of supporting its
science program.
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Some stakeholders (scientists, engineers, parents, etc.) have been
identified, and relationships between them and teachers or principals in
some schools have been initiated. Their purposes may vary, or their
involvement may be short-term or event-specific

Level 1

Through a formal structure, district seeks to coordinate existing
Level 2 disparate efforts or to involve new institutions as partners to support the
inquiry-centered science program.

Partial plan for district, corporate, and/or university partnerships has

Level . L
3 been created and first steps have been initiated.
Level 4 District develops comprehensive plan with partners to secure
community support and financial assistance for systematic reform.
Level 5 Plan is implemented and maintained.
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KEY POINTS

New assessment strategies are needed for inquiry-centered science,
because traditional tests cannot assess the wide range of learning that
takes place.

Key strategies include pre- and post-module assessments,
embedded assessments, prediction activities, and final assessments.

If teachers are clear about the objective of an assessment, they will
understand why a particular type of assessment is being used. For
example, if a teacher wants to know whether students have learned how
to design an experiment, an appropriate assessment would be to ask
them to solve a problem through experimentation.

Five rubrics—one for each element of the science program—can help
school districts assess the progress they are making in improving their
elementary science programs.
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9

Building Support for the Science Program

...science education partnerships are a very flexible tool for bringing rich
scientific resources into the hands and minds of teachers and students.

—Art Sussman, Science Education Partnerships, 1993

Traditionally, public school systems have viewed themselves as insulated
islands within the community. The message they have sent is, "We are the
experts on education, and we know what's best for children." With the
exception of parent-teacher organizations, schools usually have had little
contact with the outside world.

During the 1980s and 1990s, however, some school districts have changed
their views about community involvement. They now see that in times of fiscal
constraints and increasing demands for scientific and technological expertise,
certain sectors of the community have much to offer the schools.

For the elementary science program, community involvement is the fifth
critical element in the science education reform effort. At first glance,
community support may seem like an
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"extra," an element that, unlike curriculum and professional development, is not
really crucial to the program. That perception, however, needs to be
reexamined. During the early stages of program development, the more
members of the community who are involved, the greater the likelihood that the
program will get off to a strong start. Later on, the more stakeholders who are
committed to the program, the greater the chance for its long-term survival.

This chapter will explore strategies for building support for science
education reform both within the school system and in the community. The
long-term goal for the science program should be to engage as many groups and
organizations as possible, each of which should be seen as adding a unique
value to the program.

We will begin by focusing on the school system. What can be done to gain
the support of teachers, principals, and school board members? Are certain
strategies particularly effective with these groups?

Then we will discuss how to build support in the community. How can
parents' interest be sparked so that they become advocates for the program, both
within the school and the community? How can school districts reach out to
business, industry, academic institutions, museums, and other community
groups that have a natural interest in improving science education in the schools?

BUILDING SUPPORT WITHIN THE SCHOOL SYSTEM

School districts are in a period of organizational flux. While many still
depend on a central office to make key decisions about curriculum, philosophy,
and pedagogy, more and more districts are decentralizing and placing more
control in the hands of individual schools. For the science program, this means
that teachers and principals within individual schools will be conducting their
own dialogues about the direction of the science program, the role of lead
teachers, and ways to integrate science with other areas of the curriculum. But
even as schools strive to become more autonomous, they will continue to need
the school system's support, especially if the district has established a science
materials support center.

To ensure the institutionalization of the science program over the long
term, all levels in the school hierarchy—teachers, principals, school system
administrators, and school board offi
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cials—must be convinced of the science program's importance. Moreover,
bringing disengaged teachers and administrators into the fold must be the
ongoing responsibility of the program's leadership team.

Below are some strategies that have been used in school districts
throughout the country. Each strategy emphasizes effective communication as
the key to reaching people and building positive attitudes toward the science
program.

Reaching Teachers

All effective science programs need a strong professional development
component. Most school districts offer workshops to provide elementary school
teachers with an opportunity to explore the concepts and skills stressed in the
science modules before they introduce the modules in the classroom. Although
an excellent beginning, this experience may not be enough to provide all the
assistance and encouragement teachers need.

Accordingly, many school districts set aside faculty meeting time for
discussion of inquiry-centered science. They have found this to be an effective
way to encourage teachers to share experiences and assist one another. In their
own schools, among colleagues, teachers often find it easier to express their
concerns, ask questions, and "settle in" to the science program. Finally, in their
own classrooms, teachers can experience the children's enthusiasm for inquiry-
centered science, which is also a strong motivational force.

Teachers will become more committed to the science program when they
discover that the district is committed to ensuring that the science materials will
arrive in their classrooms on time. When teachers are provided with the
necessary materials, have a chance to study the concepts and skills included in
the science modules, and have seen how excited their students are about the
program, the probability that they will engage themselves enthusiastically in the
new science program rises dramatically.

Reaching Administrators and School Board Officials

In many school districts, a leadership team is the prime mover behind the
science program. It often consists of school district ad
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ministrators (the science coordinator or assistant superintendent for instruction,
for example), principals, teachers, scientists, and parents. The leadership team
develops a strategic plan and works to ensure that it is implemented.

Many districts send staff to national conferences, such as NSRC's Elementary
Science Education Leadership Institute. These conferences provide
opportunities for information sharing and networking.

Sometimes, however, the superintendent and his or her staff or some
school board members may be uncertain about the value of the program. In such
cases, a plan to persuade this group of stakeholders is needed. An important
first step is to provide a common and shared experience for those stakeholders
who have been identified as important to the reform effort. Such an experience
could be a visit to districts with inquiry-centered science programs or
observations of inquiry-centered classrooms on videotape. Through such shared
experiences, school district leaders will develop a new vision for science
learning and a new context in which to develop the district's strategic plan.

Another proven strategy is to give school board members and the
superintendent's staff an opportunity to experience inquiry-centered science for
themselves. Bringing materials from an inquiry-centered science module to a
school board meeting, dividing the members into groups, and engaging them in
some of the
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activities in the science module has proved to be an effective way to convince
people of the importance of an inquiry-centered science program.

If time is limited, one approach to engaging this group in inquiry-centered
science is to divide the science module into a series of independent
investigations and to assign each investigation to a different group. After all the
groups have completed their investigations, they share their findings. They
discover that collectively they have explored the entire module and have been
able to observe the story line unfold and the concepts build. This experience,
called a jigsaw workshop, can be an effective way of introducing adults to
inquiry-centered science education.

BUILDING SUPPORT WITHIN THE WIDER COMMUNITY

Generating parent support is a first step in building support within the
wider community. Many parents are influential members of the community and
can be prime movers in generating enthusiasm for the program. In addition,
parents are a powerful voice within schools and can exert influence over their
programs through parent-teacher organizations.

Parents may also be members of the two main groups of stakeholders that
can provide special assistance to the science program—university scientists and
corporate leaders. As illustrated in the profiles in Part 3: Inquiry-Centered
Science in Practice, partnerships between school districts and local universities
and corporations can lead to greater political support as well as increased
funding for the science program. Such relationships are crucial to the program's
long-term success. At first, districts may begin with one partner, but over time,
they should continue to expand the number of partners because of the unique
contribution each one can make to the reform effort.

Reaching Parents

As mentioned earlier in this chapter, the local parent-teacher organization
is the major vehicle through which parents participate in school activities.
Because these organizations play such an active role in the schools, it is
important that they be informed about the science program and encouraged to
serve as advocates for it.
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One way to reach parents is to make a presentation at a parent-teacher
meeting. Jigsaw workshops work well with parents, too, because they allow
them to experience inquiry-centered science firsthand. Once the parent
organization is informed of the program, it may decide to sponsor other events,
such as a family science night or a science fair. At a Family Science Night,
parents work with their children on activities they have performed in science
class. At science nights and science fairs, parents can see the projects their
children have completed.

Creating an alliance of interested and committed parents can strengthen the
science program in many ways. Some parents may be scientists, and they may
offer to visit the classroom. Other parents may have access to laboratories,
nature centers, or museum exhibits and could help arrange field trips to enhance
the science program. Finally, parents may know community members who don't
have children in the schools but who have something to offer the science
program, thereby widening the scope of the program and those working on it.

Partnerships with Colleges and Universities

One goal of a school district-university partnership is to establish a means
through which the scientific community can contribute to the elementary
science program. Two models in California—the Pasadena Unified School
District Science Program (formerly Project SEED), and San Francisco's City
Science—are highlighted in Part 3 of this book. Such partnerships can be
beneficial to the school district, because the university can encourage its science
faculty to become involved in the program. The university may also be able to
attract additional funding.

Often the best way for scientists to become involved in science education
reform is by participating in professional development programs. In these
settings, scientists can help broaden teachers' content knowledge of a science
topic and help them better understand the rationale behind the investigations in
the science modules. To do this well, scientists need to understand the
challenges elementary school teachers face and the most effective ways to
engage children in learning through inquiry. Once scientists view teachers
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as professionals, there can be a mutual exchange of ideas, leading to meaningful
partnerships.

The involvement of university scientists has another benefit—the
enlistment of the academic community as an advocate for science education
reform within the school district and community. Many school districts have
well-organized parent groups that can be very effective in maintaining district
support for athletics and the arts. With appropriate support, scientists can serve
the same function for the science program.

An engineer works with a student in the classroom as part of a community
outreach effort.

Partnerships with Corporations

Like university partnerships, school district-corporate partnerships can
bring both expertise and financial resources to the school district. Corporate
sponsors may offer to help establish a materials support center, lend computer
expertise, offer human resources and technical assistance, or organize
professional development events such as summer institutes.

Corporate partnerships are sometimes initiated by corporations that are
concerned about raising the level of scientific literacy in the nation as well as
improving the quality of education in the school districts that are located in
communities in which they have corporate sites. In other cases, school districts
take the initiative to seek out local corporations that may have a particular
interest in science education.

School district-corporate relationships usually begin in the communities
where the corporation has its major plants or offices.
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After deciding on where they will focus their efforts, corporations develop
goals and a strategic plan for implementing their goals. For example, Hewlett-
Packard has stated that one of its goals is to "improve science and mathematics
proficiency significantly."! To realize this goal, Hewlett-Packard is
collaborating with 27 school districts, mostly in the western United States, to
help them improve their elementary science programs. In support of these
efforts, the corporation has given grants of $30,000 per year over a three-year
period to each of these school districts. However, Hewlett-Packard believes that
the involvement of its employees with the school districts is more important
than its financial contributions.

The Dow Chemical Company has made a commitment to work with 41
school districts near its corporate locations nationwide. In each of these
locations, many Dow scientists, engineers, and other employees are working
with school district personnel to introduce inquiry-centered science teaching
into elementary schools.

Merck & Co., Inc., has realized its commitment to science education
reform by establishing the Merck Institute for Science Education. The institute
is collaborating with five school districts on the East Coast and in Kansas to
establish and sustain effective inquiry-centered science programs by developing
partnerships with teachers, school districts, parents, and institutions of higher
education. The institute has established a resource center that is open to
interested school districts. The center houses inquiry-centered curriculum
modules that districts can borrow. District staff can also call the center for
advice and informal technical assistance.

Bristol-Myers Squibb and DuPont, while relative newcomers to the reform
effort, have already made significant contributions. Bristol-Myers Squibb is
working with seven school districts. In Buffalo, New York, Bristol-Myers
Squibb is contributing to the development of an effective materials support
system to equip Buffalo school teachers with the supplies needed to teach
inquiry-centered science. DuPont has developed a comprehensive plan and has
completed the first year of implementation for the entire state of Delaware.

The Bayer Foundation has made a commitment to raising public awareness
of the need for improving science literacy. In addition to working with consortia
of school districts in several com
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munities—in and around Pittsburgh, Pennsylvania; Elkhart, Indiana; and
Charleston, South Carolina—Bayer has launched an extensive public relations
campaign in support of science education. The campaign includes print ads,
articles in local and regional newspapers and magazines, and displays in airport
terminals.

School districts that are interested in initiating a corporate relationship
need to prepare well before approaching the corporation. They should analyze
the corporation's special concerns as well as the focus of its current
philanthropic activities to determine its commitment to supporting K-12
education. As part of the research process, a spokesperson for the school district
should develop a contact and begin cultivating a relationship with that person.
These initial informal discussions may lead to the development of a partnership
between the school district and the corporation. As the partnership evolves, it is
important that both groups (the school district and the corporation) work
together to develop goals and a strategic plan.

The efforts described here are only a few examples of the ways
corporations are becoming involved in elementary science education reform.
Numerous other partnership initiatives are under way through such groups as
the Business Roundtable, local chambers of commerce, and professional
societies such as the American Chemical Society, Sigma Xi, and the American
Physical Society. More corporations are becoming involved, and the number of
school district partnerships is increasing each year.

Partnerships with Museums

Science museums are another resource school districts can draw on as they
continue to develop their science programs. In addition to providing schools
with opportunities for field trips, science museums offer a broad range of
resources, from space for a science materials support center to facilities for
professional development. Many science museums throughout the country have
outreach programs that offer teachers professional development opportunities,
as well as science kits and other teaching resources that teachers can borrow.

For example, San Francisco's Exploratorium, a world-famous science
museum, has provided professional development oppor
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tunities for teachers since 1972. Its programs include summer institutes for new
and experienced teachers, workshops for teachers during the school year, and a
lending library of science kits that can be used in conjunction with
Exploratorium exhibitions.

The Buffalo Museum of Science and the Buffalo Public Schools in New
York have established a partnership called TEAM 2000. The goal of the
partnership is to implement an inquiry-centered science curriculum using
museum-based experiences, hands-on materials, and alternative forms of
assessment. Building on an earlier program funded by the National Science
Foundation designed to reach 500 teachers by the fall of 1996, TEAM 2000
proposes to reach all 1,500 teachers in pre-kindergarten through grade 8 by the
year 2000. The program has also made a commitment to purchase inquiry-
centered science materials, which will be housed in the museum's science
materials support center.

Informal Community Relationships

In addition to the formal relationships described here, there are ways for
the science program to make informal connections in the community. For
example, the coordinators of the science program can make presentations to
civic groups, such as the Lions Club or the Junior League. If these groups are
interested in learning more, they can participate in a jigsaw workshop. Another
way to enlist public support is to bring some classroom science equipment and
children to a local mall and present inquiry-centered science to shoppers. All of
these activities can heighten awareness of the science program.

As more and more people become excited about the science program, they
can be enlisted to spread the word to other members of the community. When a
broad base of support has been achieved, it is a sure sign that the program has
taken hold.
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KEY POINTS

Building support within the school district and the wider community is
essential to the success of the science program.

One effective way to introduce school administrators, parents, and
others to inquiry-centered science is by conducting a jigsaw workshop.

Through partnerships between school districts and universities,
scientists can participate in professional development programs and
become advocates for science education reform in the community.

Corporations can help school districts improve their science programs
by forging partnerships that assist with professional development and by
helping to establish science materials support centers.

Science museums, too, can be effective partners in science
education reform.

Building multiple partnerships should be viewed as a long-term goal
of the science program.

For Further Reading
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Introduction

In Parts 1 and 2, we described the rationale behind inquiry-centered
science and the five elements that make up the National Science Resources
Center's (NSRC) model for elementary science education reform at the district
level. One question remains: Does this model work?

The answer to this question lies in Part 3: Inquiry-Centered Science in
Practice, which explores how the model for science education reform is being
implemented in communities throughout the country. We have selected eight
programs that reflect the diversity of science education reform -efforts
nationwide. These programs are grouped under four categories.

Programs Initiated by School Districts

* Montgomery County Public Schools, Rockville, Maryland
* Spokane School District 81, Spokane, Washington

Programs Involving Corporate Partnerships

» East Baton Rouge Parish Public School System in partnership with the
Dow Chemical Company, Midland, Michigan

* Cupertino Union School District in partnership with Hewlett-Packard
Company, Palo Alto, California
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Programs Initiated Through Partnerships with University
Scientists

* Hands-on Science Program, Huntsville, Alabama, a consortium of
school districts in partnership with the University of Alabama at
Huntsville

* Pasadena Unified School District Science Program, formerly Project
SEED (Science for Early Educational Development), in partnership
with the California Institute of Technology, Pasadena, California

» City Science, a partnership between the University of California, San
Francisco, and the San Francisco Unified School District, San
Francisco, California

Programs Initiated by Consortia Serving Several School
Districts

* FEinstein Project, Green Bay, Wisconsin

These case studies illustrate several of the possible approaches for
communities interested in implementing inquiry-centered science programs.
Representatives of most of these programs were participants in the NSRC's
Elementary Science Leadership Institute program, where they were introduced
to resources, such as exemplary curriculum materials and professional
development models. In addition, participants were able to benefit from the
expertise of experienced science educators who had successfully introduced
inquiry-centered elementary science into their school districts. These leadership
experiences often proved to be turning points in the development of these
programs.

The case studies demonstrate some similarities among the programs. All
share a commitment to the five critical elements of an effective elementary
science program. Other themes, such as the importance of leadership, the role of
scientists in reform, and the contributions corporations can make, are also
common threads from story to story. What varies are the pace of
implementation and the relative emphasis given to particular elements.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/4964.html

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the

original typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be

retained, and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

mproving Elementary Science Education in Your School District

INTRODUCTION 137

Each story ends with a section called "Lessons Learned." These points
distill what the program staff have learned from their work thus far. Our hope is
that communities just starting out will benefit from the experience of others and
be encouraged to move forward with their own reform efforts.
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Montgomery County, Maryland

A LARGE SUBURBAN SCHOOL DISTRICT WORKS TO
BUILD A CADRE OF EFFECTIVE ELEMENTARY SCIENCE
TEACHERS

Culturally and economically diverse, Montgomery County Public Schools
is the nation's 11th largest school district. Extending from the borders of
Washington, D.C., to farmlands near Frederick, Maryland, the school district
serves 63,000 elementary students in 127 schools and has about 2,600
elementary teachers responsible for teaching science. The children come from
upper-middle-class neighborhoods as well as middle- and lower-income areas.
The overall minority enrollment is approximately 43 percent, and students from
more than 60 foreign countries are learning English as a second language.

The push for science education reform in Montgomery County began in the
1980s, when a group of community leaders expressed concern about the
elementary science program. Since that time, the county has made great strides
in its reform effort. The district has addressed curriculum selection,
professional development, materials support, and assessment. An inquiry-
centered science curriculum is in place, and the county has developed a cadre
of 68 lead teachers. In addition, teachers from 90 schools have been involved in
professional development activities. The program has a permanent materials
support center. Finally, performance-based assessments and scoring rubrics
have been created for each learning module in the science curriculum.

What happens when school administrators offer teachers state-of-the-art
science materials and intensive training, as well as the guarantee that they will
never have to go to the store again to buy cups, paper towels, or any other
supplies for their science lessons?
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In Montgomery County Public Schools, the result has been a powerful
partnership between teachers and administrators that has created an exemplary
inquiry-centered science program.

"We made teachers an offer they couldn't refuse,” explains William
McDonald, coordinator of elementary science. "We told them that not only
would we give them the best curriculum materials available nationwide, but we
also would make a commitment to provide intensive training in each module.
As a result, they have been receptive and enthusiastic."

Indeed, professional development lies at the core of Montgomery County's
science program. Everyone involved believes that the program must be driven
by teachers and that only through ongoing support will teachers become expert
and able to assume leadership roles among their peers. This conviction has
underscored the program since its inception.

THE FOUNDATION FOR REFORM

Montgomery County began its reform effort in 1988, when the
superintendent of schools convened a task force to assess the county's K-12
science program. Under the guidance of Gerard Consuegra, then coordinator of
elementary science, staff began reviewing and field-testing new curriculum
materials. By 1990, staff had selected one module per grade level to place in
every elementary classroom.

In 1991, the program received a boost in the form of a Teacher
Enhancement Grant from the National Science Foundation (NSF). The grant
enabled the county to set up an intensive professional development program
while the school system made the commitment to purchase the kits needed to
implement the new program. Also in 1991, Montgomery County sent a team to
the National Science Resources Center Elementary Science Leadership
Institute, where team members had time to plan and learn about the new
curriculum modules that were available.

Team members put the information they had gained at the Leadership
Institute to use almost immediately. They returned home and held their own
two-week summer institute in inquiry-centered pedagogy for a cadre of 40 lead
teachers as the first phase of their professional development program. This
initial training was bolstered by monthly meetings held throughout the school
year.
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Working with science educators and scientists from the community, the
lead teachers attended sessions on recent research in science education and
learned about examples of science curricula in the well-established school
districts of Mesa, Arizona; Anchorage, Alaska; and Schaumburg, Illinois. Lead
teachers also explored such topics as the nature of science, learning theory, the
constructivist approach to learning, cognitive development, integrating math
and language arts into science, and cooperative learning. Training emphasized
acceptance of a wide variety of learning styles and the importance of solving
problems within the rigor of scientific methodology. The institute also focused
on the necessity of bringing science to everyone, including children from
groups typically underrepresented in the science professions—females and
minorities.

Then teachers were acquainted with curriculum modules from several
national curriculum projects, as well as trade books to be used in conjunction
with the kits. The goal was for the lead teachers to field-test these modules in
their classrooms during the 1991-92 school year.

The following school year, an additional 28 lead teachers were added to
the project. All 68 lead teachers spent hours poring over curriculum materials,
field-testing modules, and considering whether the materials reflected the new
pedagogy and included examples of authentic assessments. Each month during
the school year, they met to discuss what was happening in their classrooms.
From this process, the lead teachers selected curriculum modules from a range
of national curriculum programs, including Science and Technology for
Children (STC), Insights, Creative Publications, and the Full Option Science
System. Choosing teaching materials from an eclectic assortment of curricula
has worked well in Montgomery County.

Assessment is also a key ingredient of the county's program. Teachers are
working to develop assessment strategies to measure not just what students
know, but also what they can do in science. Teachers are learning how to assess
student attainment of science process skills through performance-based
assessments, many of which are embedded in the modules themselves. In
addition, final performance-based assessments and scoring rubrics have been
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created for each module. These assessment strategies help prepare teachers and
students for the Maryland State Performance Program assessments, which are
given at the end of grades 3 and 5.

IMPLEMENTING AN AMBITIOUS PROFESSIONAL
DEVELOPMENT PLAN

By 1993, the lead teachers and NSF project staff were prepared to begin
their ambitious training effort. Their goal was for the lead teachers to train 280
teachers from 18 schools in 1993 and 560 teachers from 31 schools in 1994.
The plan is to train all Montgomery County elementary science teachers by the
1997-98 school year.

Working in conjunction with Thomas DuMars, NSF project specialist for
the county, the lead teachers conduct a week-long summer institute similar to
the one they attended. During the institute, teachers receive an initial overview
of the new modules; then they break into small groups by grade level, where
they have an opportunity to work closely with their peers and with the
experienced lead teachers.

"The teachers benefit from the camaraderie of the other teachers," says
Wanda Coates, a third-grade lead teacher. "When they go back to the
classroom, they experience a high level of success."

But the training doesn't stop after the summer institute. Teachers receive
three units throughout the year in 12-week cycles. Before receiving any
materials to support the module, all participating teachers are released from
class for a half day of training in the new module. Halfway through the teaching
cycle, teachers also attend an after-school support meeting. The purpose of
these meetings, Coates explains, is for teachers to go beyond the initial training
and discuss ways to extend the experiences, as well as to discuss any problems
teachers may be experiencing.

"Even teachers who are reluctant to teach science are able to follow the
directions and complete the lessons,” says Celeste King, a fifth-grade lead
teacher. "As a result, teachers who never taught science are now doing it."

The literature on professional development makes a strong case for
ongoing discussions among peers. What makes this possible in Montgomery
County is the high degree of administrative support for the efforts. Participating
schools release teachers so
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that they can attend these meetings. In addition, teachers can now receive
science content credit for attending the summer institutes. These benefits
provide added incentives for teachers new to inquiry-centered science to attend
the meetings and institutes.

Teachers aren't the only group that needs administrative support to make a
contribution to inquiry-centered science. Principals also need to be informed
about the new teaching strategies. "Principals were telling me that they also
needed opportunities to get together and talk," says McDonald. "We decided to
include them more."

So, starting with the summer institute held in 1995, the county offered its
first science training for principals. During the institute and four follow-up
meetings held during the 1995-96 school year, principals were given much-
needed information about the new pedagogy and the science modules. The
result has been more knowledgeable principals who are better equipped to
observe teachers engaged in inquiry-centered science and to offer constructive
advice and criticism.

BRINGING SCIENTISTS ON BOARD

Recently, the project has added a new dimension to training—scientists.
Through a partnership with the American Physical Society, Montgomery
County is working with 45 scientists who have been trained to work with
elementary school teachers. After attending a day-long workshop where
scientists are alerted to the issues facing elementary school teachers, the kinds
of curriculum materials they are using, and the role they can play in training,
scientists volunteer their time by participating in workshops designed to
introduce teachers to inquiry-centered modules. In that setting, scientists join
teachers as learners, model inquiry, and validate science as an interesting way to
explore the world.

"Science is inquiry," says Ramon Lopez, the director of education and
outreach programs for the American Physical Society and the creator of the
program. "Give scientists materials and they are off asking questions and
experimenting. We try to instill the same spirit into the teachers."

In addition to serving as a model for the pedagogy behind inquiry-centered
science, scientists can answer teachers' questions
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about content. Lopez recalls a moment during the meeting on the STC module
Electric Circuits when several of the teachers were puzzled by a phenomenon
they had noticed while making a model of a light bulb using nichrome wire.
The teachers had observed that if the nichrome wire was too long, the bulb did
not glow. They wondered why.

"That's a great question for physicists," says Lopez, "and they provided a
good, simple explanation. The teachers then responded by discussing how they
could use the information to extend the activity. It was a perfect example of
professionals interacting and providing expertise from their respective areas."

ESTABLISHING A SCIENCE MATERIALS SUPPORT CENTER

As part of Montgomery County's commitment to teachers, program leaders
established a science materials support center within the first two years of the
program. As in many school districts around the country, it was a challenge to
find a space large enough for such a facility. The materials center has already
been housed in three different spots. Now, however, it has found a permanent
home in an unused elementary school building in the western part of the county.
DuMars runs the materials center.

"There's a lot to do," DuMars says. "The logistics of picking up kits and
delivering them requires planning, not to mention constructing kits and
replenishing those that come back from the teachers."

One of DuMars's biggest discoveries is the importance of bidding to get
the best deals. "The big wholesale suppliers will help you keep your prices
down," he says. "And it is far cheaper to construct your own kits than to buy the
materials from the publishers." By cheap, DuMars means about $3 per child for
refurbishing for a whole year. And buying consumables, such as different kinds
of liquids, in bulk is another way to save money on some of the more expensive
items.

To help pack, ship, and refurbish approximately 3,100 kits three times a
year, DuMars depends on four full-time employees for assistance. Currently,
there are enough kits available for 150 teachers to teach a module
simultaneously.

Does the system work perfectly? No. Are there problems? Of
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course. But on the whole, teachers get the supplies when they need them so that
they can teach science on time.

"Teachers need to be educated, too," says DuMars. "Our teachers have a
tendency to hold on to the kits, which jams up the system. When the 12 weeks
are up, we need to have the kits back."

The project also realized that the support of secretaries and building
service workers is critical in getting the kits in and out of schools on time. To
help enlist this support, DuMars implemented training for these individuals
during the summer institute and maintains direct contact with them throughout
the year.

PLANS FOR THE FUTURE

In less than a decade, Montgomery County has evolved from a district
depending largely on textbooks to one using materials as a springboard for
inquiry-centered learning. Although the district has come a long way, much
work remains to be done. Even with an intensive professional development
program in place, many teachers have yet to be introduced to the science
modules. And those using the modules would like to reach the point where they
can tailor the science module to the interests of their class.

Montgomery County is also working to take greater advantage of computer
technology to enhance student learning in science. For example, the county is
working toward creating a districtwide telecommunications network, which will
enable students to transmit collected data and conclusions to their peers at other
schools. Some schools in the county already have this capacity. Students are
also using graphing software in their investigations and experimenting with
specially designed cameras, which offer innovative ways for students to
communicate what they have learned and to create student portfolios.

To continue to grow professionally so that they can use innovative
curricula and technology effectively, many teachers would like additional
training. "The training I have received is sufficient, but it is not enough," says
King. "I would like to have a stronger science background so I can answer my
students' questions more completely."

"We would all welcome additional training," says McDonald. "Our goal is
to raise all our teachers to the next level."
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Teachers need support and extensive professional development to
be prepared to teach inquiry-centered science effectively.

Operating an efficient science materials support center is difficult.
Teachers must assist materials support center staff by returning their kits
on time.

Involvement of principals and building staff is critical to the success of
the program.
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Spokane, Washington

A CITY SCHOOL DISTRICT STRUGGLES TO PUT THE
PIECES TOGETHER

Spokane is a socioeconomically diverse community located in the eastern
part of Washington State, close to the Idaho border. The school district has 35
elementary schools (K-6) and 800 elementary school teachers, and it serves
17,850 elementary school students. The population of the district is largely
Caucasian, with some Native Americans, Asians, and African Americans.

The impetus for reform in Spokane District 81 came from school
administrators within the district. The district's major focus to date has been on
curriculum selection, professional development, and science materials support.
The district has a module-based, inquiry-centered science curriculum, and the
majority of the district's teachers have been involved in professional
development activities. The district has established a science materials support
center, but it has been difficult to organize and maintain the center.

""Do the same creatures live in the little Spokane River as in the pond near
my house?" asked a fifth-grader in Lorna Spear's class in Spokane's School
District 81. "How can we find out?"

This question emerged from work on the module Microworlds, a Science
and Technology for Children life science unit in the district's new inquiry-
centered science program. The philosophy behind the inquiry-centered
approach is that as much as possible, children's interests and questions drive
classroom discussions.

In response to that question, Spear organized a series of field trips to try to
find out what kinds of organisms live in rivers and ponds. The class collected
specimens at both sites and took them
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back to the classroom, where they examined them under a microscope. They
discovered that different organisms live in different bodies of water, and they
concluded that this was largely due to the unique characteristics of each river
and pond.

Spear, a lead teacher in Spokane's science program, believes that children
need freedom to learn, so throughout the day, she gives them many choices. As
a result, children spend time working in groups and alone, reading, and
conducting scientific investigations. Spear has found that "children are more
self-initiated and creative without my intervention."

"All types of learning are welcome in my classroom,”" explains Spear.
"Another little boy was interested in exploring how the earth started spinning.
We brainstormed about the problem in class. Then I encouraged him to go
home and read about it. He came back to class with the same explanation that
astronomers have come up with—that the big bang set everything in motion and
gravity creates the pull among planets."

PLANNING THE SCIENCE PROGRAM

Learning experiences like these become possible when a school district
makes the commitment to implement an inquiry-centered program. Under the
direction of Science Coordinator Scott Stowell, Spokane's science program is
now entering its seventh year. Stowell and his colleagues used much of the
information gathered at the 1989 National Science Resources Center
Elementary Science Leadership Institute to develop a comprehensive K-6
science action plan.

The first phase of the plan called for an in-depth curriculum review and
development process. According to teacher Jane Gorder-Harrison, the
Leadership Institute made it "crystal clear" that a kit-based program was the
best approach. The science committee spent long hours wrestling with the
topics to be covered in the curriculum, getting input from teachers, and
developing a comprehensive curriculum matrix made up of life science,
physical science, and earth science strands, with special emphasis on
environmental issues and technology. Once the strands were established, the
district invited representatives from many companies to visit and present their
products. The district piloted many mod
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ules, rejected some, accepted others, and ultimately filled in the curriculum
matrix with modules from several national companies as well as some
developed at the district level.

PROFESSIONAL DEVELOPMENT ACTIVITIES

As the modules were being selected, Spokane's professional development
program also began to take shape. In June 1992, the district and its partners,
Eastern Washington University and Partners-at-Large, a coalition of business,
industry, and government agencies, received a five-year National Science
Foundation Teacher Enhancement Grant. Stowell and Robert Gibbs, a physicist
from Eastern Washington University, were named co-directors of the grant.

The following month, Stowell and Gibbs held the district's first summer
institute for lead teachers. The institute lasted four weeks and provided
professional development activities for 75 district teachers and 20 teachers from
private schools. The institute's sessions were conducted jointly by classroom
teachers and university scientists. The participating teachers now make up the
cadre of lead teacher, who, along with school principals, work with teachers
new to inquiry-centered science.

For the first three years of the project, typical staff development consisted
of either two 10-hour sessions of intensive study of two modules or attendance
at the 30-hour summer institute. The fact that teachers were given a choice
proved to be popular with teachers and a real strength of the program. In both
settings, teachers worked in groups and progressed through the lessons in a
module, just as their students would do. Instructors modeled appropriate
instructional strategies, such as implementing the learning cycle and asking
different kinds of questions. The summer institute also explored other issues
related to science education reform, including learning theory and assessment.
Teachers appreciated the presence of knowledgeable university scientists and
the opportunity to ask questions and learn more about the subject matter.

During the summer of 1993, 15 elementary schools sent 93 teachers to the
second summer institute, where lead teachers conducted many of the grade-
level workshops. Gorder-Harrison, one of the summer institute instructors,
recalls that "teachers start to

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/4964.html

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the
original typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be

retained, and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

SPOKANE, WASHINGTON 149

act like kids; they can't keep their hands off the materials." The teachers' interest
and enthusiasm soon spread to educators in schools not yet involved in the
program.

In fact, interest in the school district was so high that the remaining 20
schools in the district requested that they be brought into the program the
following year instead of being phased in over a two-year period as originally
planned. The administrators agreed.

SCIENCE MATERIALS SUPPORT—THE CRITICAL
ELEMENT

The decision to grant the schools' request was to create unforeseen
problems in another area of the program—the science materials support center.
Indeed, creating a workable materials support center is one of the real
challenges facing school districts engaged in reform. A district such as
Spokane, which serves 800 elementary school teachers, must supply kits to the
schools, refurbish them, keep track of inventory, and pick the kits up on time.
Although district leaders made every effort to plan up front and to consider
every detail in the structuring of the program, sometimes circumstances make
implementation difficult.

"Bringing in 20 schools in one year was too much," says Stowell. "We
didn't have the space we needed or the personnel to serve that many schools. All
the details need to be thought out carefully in advance."

The problems fell into several categories. One was space. A warehouse
formerly used to store textbooks had been designated to house the kits. But the
textbooks had not been removed in a timely fashion, so these wasn't enough
room for the kits. The reason this situation arose can be traced to some of the
challenges inherent in the process of planning and implementing a massive
reform effort.

"We had some changes in personnel," Stowell says. "I had been working
closely with the assistant superintendent on this project, but he retired. New
individuals came on board who were not familiar with the logistical support that
was needed. They were very supportive, but I guess I didn't articulate all the
details clearly enough for them during the transition. As a result, the pace of
moving the old textbooks out was not quick enough."
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The jurisdiction for the science materials support center did not fall solely
under Stowell's supervision, which compounded the problem. While Stowell
coordinated the scheduling of the science kits, another department was
responsible for operations at the science materials support center. So the issue
became one of communicating the need to that office and solving the problem
in collaboration with key individuals from other departments within the school
district.

PROBLEM SOLVING IS THE KEY

At this point, the district moved into a problem-solving mode. It had
commissioned a study of the materials support center in the summer of 1994 to
obtain all the information needed to get it up and running. Using the study's
report as a guide, the district brought in Robyn Norwood, an experienced
manager, to supervise the center.

"We completely reorganized the space," she says. "We took the books off
the shelves and made room for the kits. Once we had room to see what supplies
we had, we could see what supplies we needed to order."

To keep track of the vast number of supplies, from beakers to bottles,
wires to bells, tuning forks to radios, the staff at the materials center developed
an inventory sheet. The inventory sheet ensured that the kits would be ready
when the teachers needed them.

Along with keeping track of the inventory, Norwood and Stowell
developed a workable pickup and delivery schedule. Instead of having all the
kits delivered on an eight-week cycle, Stowell put them on six-, seven-, and
eight-week cycles. That way, the staff at the center could refurbish one group of
kits while another group was out with the teachers. The schedule also carefully
delineated which teachers were to receive kits during specific time periods.

With the inventory and schedule in place, Norwood then tackled the issue
of routing. Using the district's delivery system, she developed a routing system
where geographical quadrants were served on a Monday-Thursday and Tuesday-
Friday rotation system. Teachers who had requested kits knew exactly when to
expect them and where to pick them up. Implementing this schedule kept the
kits moving through the system smoothly.
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Spokane's experience underscores how critical a science materials center is
to the success of the science program. There are many details to attend to, and it
is easy to overlook one or two essential ones. When that happens, it doesn't take
long for problems to occur. The key to success is a well-thought-out plan and
strong management at the science materials support center.

MOVING FORWARD

With the science materials support center problems under control, science
program staff are looking forward to a smooth road ahead. The teachers, too,
have had additional time to fine-tune the skills they acquired during the
professional development programs. The lead teachers as well as classroom
teachers have been given the option of participating in advanced workshops.
Also, a subcommittee consisting of the original lead teachers has begun to
identify the essential learning goals for each module and to correlate them with
the goals defined in state and national standards.

Many teachers, however, are still struggling to learn the basics. Co-
Director Gibbs observed that much of the initial training focused on "nitty-
gritty" issues of materials management, classroom management, and
understanding the activities in the modules. Few teachers have reached the
"expert" level, where they are able to modify the modules, integrate them with
other parts of the curriculum, and bring in other materials to enhance the Kkits.
Although lead teacher Lorna Spear agrees, she also notes that the program "has
given teachers support and more time to talk to one another." Fostering collegial
relationships among teachers is one of the goals of the project and provides a
way for teachers to grow professionally.

At this point, however, Gibbs says that "we have been able to bring most
of our teachers to the level of mechanical use. That shouldn't be perceived as
negative. What it means is that we are teaching science significantly better than
we were before."
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The implementation process needs to be planned carefully. The pace
of implementation should not accelerate beyond the school district's
capacity to meet the needs of the teachers who will be participating in the
program.

The establishment of a well-functioning science materials support
center is critical. Teachers can't teach inquiry-centered science without all
of the necessary materials.

Science program staff must be realistic about the goals of the
professional development program. Most teachers will need to pass
through a period of "mechanical use" before they master all the fine points
of inquiry-centered science teaching.
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East Baton Rouge Parish, Louisiana

CORPORATE PARTNERSHIP AND AN EMPHASIS ON
STRONG PROFESSIONAL DEVELOPMENT SPEARHEAD
REFORM EFFORTS

The East Baton Rouge Parish School System includes 64 K-5 elementary
schools. There are approximately 40,000 students and 1,200 teachers in those
schools. East Baton Rouge's science program has focused on professional
development and devising effective assessments of student learning. The
program has been strengthened by a corporate partnership with the Dow
Chemical Company.

Sheila Emonet, a fourth-grade teacher at Lanier Elementary School, is a
1995 Presidential Award recipient who has earned national recognition for
excellence in teaching science. Around East Baton Rouge, however, she's best
known as the teacher who "does those bones."

A second-grade unit on bones and skeletons may be Emonet's greatest
claim to local fame, but here interest in inquiry-based science is broad and long-
standing. Mignon Morgan, science specialist for the parish, cites Emonet as a
pioneer in science education reform in the area. Long before science Kkits
became available, Emonet was bringing materials into her science classroom to
spark students' interest. Asked to describe the strength of hands-on learning, she
says, "It's not just me giving you information. Instead, the idea is 'Let's learn
together.' I make the learning mine as well."

Emonet has taught for 10 years. Across the parish at Tanglewood
Elementary School, Clydette Rispone, who has taught for five years, was also a
hands-on science teacher in the days when enterprising teachers made their own
science kits. She found teaching materials
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just about everywhere; for example, she collected seashells at neighborhood
garage sales. On her first day as a student teacher, she prompted a
brainstroming activity for a new module on Water, Air, and Weather by
bringing a fighting fish to class. Why take the trouble? "Hands-on activities,"
she states with conviction, "bring science to life."

GOOD TEACHERS: BORN OR MADE?

The enterprising spirit of Emonet and Rispone might make it appear that
good teachers are born, not made. While some traits may be innate, every
teacher needs support and ongoing learning opportunities. For this reason,
Morgan speaks with special pride of the parish's staff development program. All
teachers must have at least three hours of experiential training with a new
science module before they can check the kit out of the Science Resource
Center. That training is provided by master teachers from the system's own staff.

"For the first two years that we used the kits," Morgan recalls, "we invited
in company representatives or other professionals. They made wonderful
presentations. The teachers were enthusiastic. But three weeks later, they'd
come to me and say, 'Mignon, I'm not sure I can do it myself."

As a result, the training for each module in East Baton Rouge today is
done by teachers who have used the kit at least once in their own classrooms.
Approximately 10 teachers attend each of the day-long sessions. It's thorough
process. "We start," Morgan notes, "by opening the box." Working in pairs or
groups, the teachers go through every activity in the module. They not only
learn about the kits, they also have an opportunity to network with other
teachers in their school system. Equally important, they meet a local resource
person to whom they can turn when questions arise.

Another component of staff development is provided through a five-year
Teacher Enhancement Grant from the National Science Foundation (NSF). The
grant, awarded in 1993, targets teachers in kindergarten through third grade and
focuses on the physical sciences. Through this program, the parish has
developed a cadre of 32 mentor teachers in 16 schools. During the summer of
1993, the mentor candidates, which included Rispone, earned graduate credit in
physical science. Once the school year began, a team of science specialists,
including a consultant in assessment,

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/4964.html

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the
original typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be

retained, and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

EAST BATON ROUGE PARISH, LOUISIANA 155

visited their classrooms weekly to model effective teaching and to provide
feedback to the mentors-in-training. The teachers also attended monthly
seminars at the Science Resource Center. The same basic framework, consisting
of summer graduate work and training during the school year, continued in 1993—
94.

To launch the second phase of this capacity-building effort, the system
selected 34 lead teachers in 1995. After two weeks of summer training, each
lead teacher was paired with a mentor teacher at the same grade level in another
school. The two teachers then continued to work together for an entire year. The
mentors model effective teaching practices; the lead teachers try out new
techniques and receive feedback.

"OUR WHOLE THINKING HAS CHANGED"

For Rispone, participation in the mentoring program was an irreplaceable
experience. "Our minds work differently," she says. "Our whole thinking has
changed."

Student assessment is one area where changes in thinking are most evident.
Although hard data on student achievement are still being collected and
analyzed for purposes of the NSF grant, teachers see the advantages of hands-
on learning almost daily.

Emonet's experience with assessment has revealed "obvious differences”
between hands-on science and traditional textbook science. Students who have
engaged in hands-on learning are more enthusiastic and have more positive
attitudes toward science. Differences in written test results are less dramatic.
Nonetheless, hands-on science is miles ahead of the game. "We're doing more
writing," Emonet explains, "and the students have to record results and write in
their journals when they study electricity. In a hands-on classroom," she quickly
adds, "the students also have to construct an electric switch."

COOPERATION WITH THE DOW CHEMICAL COMPANY

The Dow Chemical Company, a major employer in East Baton Rouge, has
been instrumental in the progress achieved in the system in both science and
mathematics. As Morgan puts it, "They've been tremendous.”" Dow offered an
initial $15,000 grant to East Baton Rouge in 1992. The company made a
commitment to provide $40,000 annually for the next five years to purchase and
refurbish
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science kits and to provide other learning resources. Sue Blanchard, Dow's
training coordinator for human resources, was a member of the four-person
team that attended the National Science Resources Center (NSRC) Elementary
Leadership Institute in 1992, and she remains actively involved in the program.
Accountability is an important feature of the successful relationship that has
been established between Dow and school district leaders, she notes. The school
submits an activity report to the corporate offices yearly, and progress is jointly
evaluated.

The groundwork for such collaboration began in the early 1990s, when
Dow, Exxon Corporation, and Louisiana State University (LSU) formed a
public-private alliance for the purpose of preventing overlap in corporate
support for school programs. Representatives of Shell Oil Company, Ethyl
Corporation, and the local chamber of commerce soon joined the alliance.
Today, the alliance is working with 10 of the state's 64 parishes. Alliance
members meet with science and math supervisors monthly. The result,
Blanchard notes with satisfaction, is that "we're beginning to see much more
cooperation among the school districts." If, for example, there are one or two
unfilled spots in a training program offered by East Baton Rouge, teachers from
West Baton Rouge and Iberville Parishes are invited to fill them. These "win-
win" arrangements ensure that staff development is as cost-effective as possible.
The alliance is also exploring the use of the Internet and America Online for
staff training.

LSU's Louisiana Energy and Environmental Resources and Information
Center (LEERIC) has played an active role in science education reform in the
system and throughout the state. LEERIC staff member Emily Young was a
member of the 1992 NSRC Leadership Institute team. LEERIC functioned as
the materials center for three parishes during the first year of the program, and it
continues to serve West Baton Rouge and Iberville. LEERIC staff provide
supplementary teaching materials on request. They also provide a custom-made
list of resource books, trade books, and videotapes in each science Kkit.

A BALANCING ACT

Maintaining a large and rapidly growing program with multiple funding
sources requires the creative use of resources. For example, the NSF grant
provides training for teachers in grades K-3
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only, so the system must find additional support for training of a similarly high
caliber for fourth- and fifth-grade teachers. Moreover, the NSF grant covers
only the physical sciences, yet the science curriculum already includes earth and
life sciences.

Having a major role in ensuring that resources are well allocated and gaps
are overcome is Lola Soileau, science supervisor and principal investigator for
the NSF grant. Soileau is an advocate for elementary school science with the
board of education, which allocates funds to cover the cost of kits and supplies
that exceed the resources provided by Dow. In a time of fiscal constraints,
Soileau and her staff must balance science education reform goals with a dose
of realism. "It may not happen in five years," she admits.

But it will happen. Signs of progress are everywhere. One in four
elementary school teachers has been trained in at least one science module, and
four different hands-on modules are being used at each grade level. The Science
Resource Center is swamped with requests; each kit is used four or five times
yearly. At the halfway point of its five-year plan, the East Baton Rouge system
has made major strides in implementing elementary science education reform.

LESSONS LEARNED

Local teachers understand their colleagues' needs. Appropriately
trained, they are often more effective in leading staff development
programs than are publishers' sales representatives.

Mentoring programs that match a lead teacher with a less-
experienced teacher in the same school are a practical and effective
means of promoting individual teacher development.

Alliances between the public and private sectors, especially when
they benefit from a strong corporate presence, can be instrumental in
promoting science education reform.
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Cupertino, California

A SMALL SCHOOL DISTRICT BUILDS A STRONG
CORPORATE PARTNERSHIP

The Cupertino Union School District serves students residing in a 26-
square-mile area of northern California that includes the City of Cupertino and
parts of Los Altos, San Jose, Santa Clara, Saratoga, and Sunnyvale. The
district's 19 elementary schools have an enrollment of 14,500 and a teaching
staff of 523.

The major focus of the Cupertino Union School District has been on
curriculum selection, professional development, and building community
support. The district selected an inquiry-centered science curriculum and
instituted a comprehensive professional development program. Through a
strong partnership with Hewlett-Packard, both teachers and students have
benefited from the expertise of scientists.

In the summer of 1992, Marybarbara Zorio and her teammates came to the
National Science Resources Center's (NSRC) Elementary Science Leadership
Institute prepared to meet new challenges. "We had the new California Science
Framework under one arm and blank newsprint paper under the other," she
recalls. Zorio herself had been named district science resource teacher only two
days earlier.

The Cupertino team was not starting from scratch. The district had already
initiated hands-on science in some of its elementary schools. It had a long-
standing commitment to staff development. Equally important, the science
program had strong backing from a corporate partner, the Hewlett-Packard
Company. Under
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the Hewlett-Packard—Cupertino partnership, which began in 1987, 70 Hewlett-
Packard mathematicians and scientists visited students and teachers in two
different schools every week. Hewlett-Packard also offered science classes to
Cupertino teachers and administrators. And in 1992, Hewlett-Packard awarded
the district a three-year grant that would provide $30,000 per year for the
elementary science program. The district decided to earmark these funds for
staff development.

Mark Butler, a Hewlett-Packard scientist and member of the Leadership
Institute team, recalls the enthusiasm shared by his teammates early on. "It was
a great kickoff for the whole program,”" he recalls. Even though Hewlett-
Packard had been involved in science education reform in Cupertino for many
years, it was in the team-building environment of the Institute that the members
were able to "bond" and the program gained momentum.

TAKING STEPS TOWARD SCIENCE EDUCATION REFORM

At the Institute, Zorio, Butler, and their teammates drafted a three-year
plan for science education reform. "It wasn't written in cement. Sometimes we
had to change course," Zorio admits, "but we had a road along which we were
moving." The plan had a dual function: to meet local needs as well as the
criteria set forth in the newly issued California Framework.

A first step in the plan was to develop a system for introducing the key
science content areas. Cupertino decided to focus first on the physical sciences;
life science and earth science would be introduced in years 2 and 3,
respectively. A second step was to select the curricula. The California
Framework recommended five elementary science programs, including the
NSRC's Science and Technology for Children (STC) program. The district
invited representatives of these programs to make presentations concerning
their products. Selected modules were pilot-tested in winter 1993. Working as
partners, two teachers—a veteran science teacher and a less-experienced,
"science-shy" teacher—taught each of the modules under consideration for
adoption. The experiences of the two teachers combined, Zorio noted, gave the
team the needed "rounded perspective."
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STAFF DEVELOPMENT: "THE POWER HAS TO COME
FROM WITHIN"

Staff development might be described as the linchpin of science education
reform in Cupertino. The district's staff development plan, initiated well in
advance of classroom implementation of hands-on science, is centered on
learning by example. Teachers have the opportunity to experience the kinds of
instruction they are expected to provide to their students.

All of Cupertino's elementary school teachers had that experiential
opportunity on September 26, 1994, when Cupertino held its first districtwide
Science Learning Day. Teachers who had pilot-tested the kits chosen for
inclusion in the curriculum conducted walk-through of the materials for their
colleagues who would be presenting those modules in their classrooms in the
fall. In all, 13 different kits in the physical sciences were presented. The event
was highly successful, and a second Science Learning Day was scheduled for
May 1995.

One reason for the success of this event is that the planners tapped
expertise among the teachers. "The power of staff development has come from
within," Zorio comments. This approach has an added advantage: it is cost-
effective. Teachers familiar with the kits can replicate the sessions for their
colleagues throughout the year at convenient times, and they are close at hand
for follow-up consultations.

John Erkman, director of instruction since 1993, maintains that the
approach being used in training teachers in science fits well within the district's
overall staff development model. "We have a commitment to make sure we give
our teachers the best content knowledge balanced with the opportunities for
coaching, peer support, reflection, and practice that have to be in place to make
the content integral to the classroom experience," he says.

Elementary science education reform, the Cupertino planners know, is
much more than using kits and getting students involved in hands-on activities.
In Erkman's words, "It's bringing questioning and discovery into the classroom.
Our teachers must shift from being the 'fountain of knowledge' into being
people who guide the students in finding information. If our teachers are going
to make that shift, we've got to do more than simply say, 'Go ahead and do this."
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Mentor teacher Patti Holcomb, previously counted among the "science-
shy," attests to the impact of Cupertino's staff development program and the
paradigm shift to which Erkman refers. "The focus of our training," she recalls,
"was to make us more comfortable with our general knowledge of science. Part
of this is realizing that we don't need to have all the answers. What we do need
to know is where to go to find them."

THE HEWLETT-PACKARD PARTNERSHIP: "MORE THAN
MONEY ALONE"

The financial support of the Hewlett-Packard Company was instrumental
in getting the Cupertino program off to a strong start, and the district recently
received a second Hewlett-Packard grant. Nonetheless, in Zorio's words, it's
been "more than money alone" when it comes to the importance of Hewlett-
Packard in helping the district realize its science education goals.

For example, Hewlett-Packard consultants helped the district design its
materials center, where the science kits are stored. They also set up classroom
computers and are information resources for Holcomb and others. When a
difficult question arises in a module in STC's Magnets and Motors unit,
Holcomb's fifth-graders can communicate on-line with Hewlett-Packard staff.
Because of this close collaboration with a technology-based company, says
Holcomb, the students "don't feel like they're outside of science. They like the
feeling of being in the middle, rather than being on the outside looking in."

When the corporate partnership began, Hewlett-Packard gave Mark Butler
full-time responsibility for serving as a liaison between the school system and
the company. His job is to match Hewlett-Packard resources with learning
needs. One of the most productive matches has involved Chuck Morehouse, a
Hewlett-Packard physical scientist. As part of Cupertino's "Afternoon with the
Science Expert" program, Morehouse has met monthly with fifth-grade teachers
who are teaching Magnets and Motors. A second physical scientist is slated to
help out in a similar fashion with the STC first-grade module Solids and Liquids.

Morehouse is a central resource for all teachers. Under a new program,
Science Partners, that began in the 1994-95 academic
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year, Hewlett-Packard scientists volunteer to work with individual teachers in
their classrooms on a one-on-one basis. Eight Cupertino schools were involved
in Science Partners during its first year. Following a successful pilot test, the
project, Butler notes, will be "rolled out" so that there will be at least three or
four scientists in each of the district's 19 elementary schools. Hewlett-Packard
has also introduced the program in other school districts.

A BROADENING CIRCLE OF SUPPORT

At the NSRC Leadership Institute, the Cupertino team gained an
understanding of the importance of community involvement. Consequently, the
district formed two community task forces. The groups tackled important
questions such as, What does the community value in science education? and
What can we do to provide that to students? Both groups have become solid
advocates for science education reform—especially important resources in an
era of budget cutbacks.

Community scientists have also been drawn into the action; for example,
an environmental scientist from the City of Cupertino recently visited a
classroom to help students with a composting activity. The partnership
established with Hewlett-Packard has thus been complemented by a broadening
community partnership in Cupertino. Erkman sums it up like this: "Our teachers
have multiple layers of support—from mentors, lead teachers, and community
scientists."

By building an effective corporate partnership and focusing on staff
development, Cupertino has developed a broad base of support for its
elementary science program. This has enabled the school district to create an
elementary science program that meets exacting state standards, provides its
students with challenging opportunities in science education, and boasts a cadre
of enthusiastic, well-informed, and well-equipped teachers.
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Creative corporate partnerships with school districts can provide
opportunities for engineers and scientists to become directly involved in
school science programs.

School districts can tap local expertise by giving their own
experienced staff responsibility for professional development. This
increases the probability that staff will be enthusiastic about the program,
and it is also cost-effective.

Community task forces can offer a rich source of input into planning
efforts and broaden the base of support in the community.
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Huntsville, Alabama

A UNIVERSITY-SCHOOL DISTRICT PARTNERSHIP
CREATES A MULTIDISTRICT PROGRAM STEP BY STEP

The Hands-on Activity Science Program is a joint venture of the University
of Alabama at Huntsville and the following seven local school districts: Athens,
Decatur, Fort Payne, Huntsville, Madison County, Morgan County, and
Scottsboro. A total of 89 elementary schools, 1,665 teachers, and 41,850
students participate in the science program.

Planners of the Huntsville program have emphasized curriculum selection,
professional development, and materials support. A module-based inquiry-
centered science curriculum is in place, and program coordinators have
worked hard to cultivate a cadre of leader master teachers. A consortium-based
materials support center serving the seven participating school districts has
also been established.

John Wright has had an eclectic career. A scientist, university professor,
and former college president, he now has a new calling. As project investigator
of the Hands-on Activity Science Program (HASP), a joint venture of the
University of Alabama at Huntsville and seven school districts, Wright is a
crusader in the nationwide effort to bring inquiry-centered science to
elementary school children.

Fortunately, the project has received lots of help. HASP began as a
partnership with the local chamber of commerce, the Marshall Space Flight
Center, and the University of Alabama at Huntsville. Representatives from each
of these groups met with school representatives to determine how they could
improve the quality of precollege science education. The project received an
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initial boost when it obtained an Industry/School Partnership Grant from the
National Science Foundation (NSF) in 1990. The collaboration was further
strengthened by the formation of the Institute for Science Education, also in
1990. The institute is housed at the university.

The institute operates under the premise that the university will share its
resources as part of its commitment to improving precollege science education.
As Frank Franz, president of the University of Alabama at Huntsville, explains,
"The Institute for Science Education provides a linkage between the university
and K-12 education. The science program offers an important public service
and engages the university with the community."

As an experienced administrator, Wright brings to the reform movement
essential leadership qualities that enable him to build on a strong base of
community and administrative support. "I was comfortable talking to
superintendents and corporate executives," recalls Wright. "And we called the
state Department of Education when we needed their support."

A VISION FOR SCIENCE EDUCATION REFORM

The reason superintendents and state education officials found the HASP
team so persuasive was that its members had articulated a vision for science
education reform. Attendance at the 1991 National Science Resources Center
(NSRC) Elementary Science Leadership Institute was of key importance in the
development of this vision. Knowledge acquired at the Institute irrevocably
changed the course of Huntsville's program.

The Institute, Wright recalls, helped the team "reformulate and crystallize"
its thinking. As a result, the team reevaluated some key parts of its action plan.
"We originally saw hands-on science instruction as a way to supplement our
science curriculum," Wright recalls. But the experience convinced Wright and
his colleagues that effective science reform would require replacing the existing
curriculum with an inquiry-centered science program.

The decision to change to an inquiry-centered program also meant another
important step: developing a module-based curriculum program. Before they
attended the NSRC's Leadership Institute, Wright and his colleagues from
Huntsville were not aware
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that modules were available in the marketplace. In fact, they had assumed that
they would have to create the modules themselves.

"We had already arranged for teams of scientists and teachers to begin
working," recalls Arlene Childers, HASP associate director. But after reviewing
materials at the Institute, the team went home and spent the year assisting
school districts as they piloted modules in local classrooms. The program is
now built around a combination of modules from the Science and Technology
for Children (STC) program, Insights, and the Full Option Science System
(FOSS) program.

ESTABLISHING THE MATERIALS CENTER

While teachers were developing the program's curriculum matrix, HASP
team members were working on another key component of an effective
elementary science program: a central materials center. To determine the most
effective way to begin, the HASP team involved both teachers and engineers in
the planning process. Teachers visited a materials center in Mesa, Arizona, and
a team of engineers and teachers conducted a study on the best way to distribute
and refurbish the materials. The consensus from both groups was that a central
system was the most efficient way to deal with the materials component of
HASP's elementary science program.

To implement this recommendation, HASP started a materials center in the
Huntsville Chamber of Commerce building; later, the center moved to the
university. While the university provided the space, Huntsville and Madison
County agreed to use their districts' transportation systems to deliver modules to
the schools. With that partnership in place, HASP adopted a consortium model.
The program charges participating school districts approximately $6 per student
per year to refurbish the kits. In addition, each participating school district pays
a flat fee of $300 per teacher per year; this money is used to build the inventory
of modules.

This system has been highly successful. The consortium has worked so
well that five additional school districts—Decatur, Athens, Fort Payne,
Scottsboro, and Morgan Counties—have joined since the materials center
opened in 1991. "Establishing a materials center is a critical element that people
may wish to ignore," says Wright. "But it is crucial to the success of the
program.”
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CREATING A CADRE OF LEADER MASTER TEACHERS

As in many school districts engaged in reform throughout the country,
professional development is a key element in HASP's elementary science
program. HASP has enjoyed continuous support from NSF for its professional
development programs. Between 1993 and 1995, HASP had a Teacher
Enhancement Grant. The goal of this project was to train 126 Leader Master
Teachers (LMTs) who would assume leadership roles in their schools. The
teachers' training took place at a three-week summer institute and at sessions
conducted midway through the teaching of a module. Topics covered at the
training sessions included classroom management, science content related to the
selected modules, constructivist learning theory and the learning cycle, and the
use of questioning strategies designed to develop higher-order thinking skills.

"We had our first training in The Life Cycle of Butterflies, which created
excitement for both teachers and kids," says Joy Drummond, a second-grade
LMT in the Huntsville City Schools. "The kids were beside themselves, they
loved it so much. Their enthusiasm captured the teachers' imaginations and
made them excited as well."

In the early days of the program, familiarizing the teachers with the
modules and generating excitement were the chief priorities. Teresa Rollings,
science coordinator from Madison County Schools and one of the original
teacher trainers, recalls, "When the first group of teachers came to the initial
training session, many lacked science content knowledge. They were
particularly anxious about the physical science modules."

Time and experience with the modules have helped ease their concerns.
After receiving intensive training, teachers have become much more
comfortable teaching inquiry-centered science. Rollings notes that "teachers are
using the new questioning strategies and the four-stage learning cycle in other
areas of the curriculum. They have become used to children moving around the
classroom and working together in cooperative groups. And teachers are
discovering that integrating science with language arts and other curriculum
areas gives them enough time to teach all the subjects."

Pam Patrick, an LMT at the kindergarten level in the Huntsville City
Schools, uses science as the driving force in the
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overall curriculum. While her students studied the FOSS module Wood , they
also read about trees and animals that live in the forest and discussed the work
lumberjacks do. They even managed to talk about Smoky the Bear and the
importance of protecting trees from forest fires.

But Patrick's all-time favorite experience with this module came at the end
of the year. She bubbles over with enthusiasm as she describes how the
module's final activity created a memorable conclusion to her students'
kindergarten days: "At the end of the module, after studying different kinds of
wood and their characteristics, the children applied what they had learned to
make wood sculptures. We showed them how to hammer, and they would still
be hammering if we hadn't gotten out of school. When all the sculptures were
completed, we invited parents and the rest of the school to come see them. The
fifth-graders complained that the kindergarten children got to do all the fun stuff."

Yet in Patrick's school, older children have opportunities to show off, too.
After fourth-graders finish building their flashlights during the STC Electric
Circuits module, they come to the kindergarten class to show them how they
work. In these ways, HASP has fostered communication among the different
grade levels in the building.

THE STRUGGLE TO BECOME LEADERS

In addition to becoming proficient science teachers, HASP also expects the
LMTs to become leaders in their own schools. Most schools have two or three
LMTs, from K-1, grades 2-3, and grades 4—6. While most teachers find leading
their peers to be a challenge, Drummond and her fellow LMTs have discovered
two strategies that bring success—working closely with their principal and
planning carefully.

"Our principal was supportive, and she showed her support by giving us
faculty meeting time five or six times a year to give presentations on inquiry-
centered science," says Drummond. "We also made ourselves available during
the year to answer the teachers' questions."

Yet even with this support, Drummond admits that "teaching teachers is
hard. ... At first, the teachers didn't want to go through
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the whole module. They thought that doing one or two activities was enough."
With more experience, however, teachers have come to see that the way to
build a concept is by working through the whole module. And by completing all
the modules each year at each grade level, teachers help children gain a strong
foundation in science.

Patrick had a less positive experience. "We encountered resistance from
the teachers," she says. "I think that was partially because we came on too
strong at first. We gave teachers too much information too fast. The result was
overload, and a desire on the part of their teachers to go back to their rooms and
shut the door."

To try to rectify the situation, Patrick and her colleagues backed off during
the 1994-95 school year and decided not to initiate any faculty discussions,
though Patrick did continue to answer questions and help with materials
problems. This approach seemed to work better. By the end of the school year,
more than 75 percent of the teachers were using the modules.

"We learn and go as we can," says Patrick. "It is clear that the program has
made a big difference in children's attitudes about science."

FUTURE PLANS FOR HASP

In 1995, HASP received a Local Systemic Change Initiative (LSCI) grant
from NSF. Under it, HASP will work with five additional school districts and
build on the experience gained over the past two years. Participating school
districts will select teachers and release them from their teaching
responsibilities for a period of time so that they can work with the Institute for
Science Education and train all the teachers in their districts. The program will
further expand the number of school-based leaders.

While retaining successful components from the first grant, HASP has
modified the program on the basis of the experiences of the past two years. For
example, HASP learned that two years wasn't enough time to complete the
needed reform. The LSCI will allow five years for professional development.
Other realizations include the importance of cultivating teachers as leaders and
the need to train principals so that they, too, can be advocates for the program.
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"This is a rapidly changing field," says Wright. "We believe that HASP has
demonstrated its utility, but it is a living model that improves through
experience."

not from the

original typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be

retained, and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

LESSONS LEARNED

A strong base of community support from local business and industry,
local academic institutions, and the chamber of commerce can be
extremely helpful.

Teachers implementing reform activities need to be given
administrative support. In many instances, principals may need training to
help them understand the importance of identifying lead teachers who can
collaborate with teachers new to inquiry-centered science.

School districts should periodically revise their plans, incorporating
the "lessons learned" into the program.
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Pasadena, California

PASADENA DEVELOPS A MODEL FOR TEACHER-
SCIENTIST PARTNERSHIPS

The Pasadena Unified School District's 23 elementary schools (K-6) have
570 teachers and a student enrollment of 12,500. Forty-three percent of
students are Hispanic/Latino, 35 percent are African American, and 17 percent
are Euro-American. Inquiry-centered science is taught in both English and
Spanish. Pasadena's science program is a joint effort of the Pasadena Unified
School District and the California Institute of Technology. The program is
based on the premise that scientists can contribute much to professional
development activities for elementary school teachers.

The Pasadena Unified School District Science Program (formerly known
as Project SEED) is the brainchild of Jerry Pine and Jim Bowers, scientists at
the California Institute of Technology (CalTech). Pine is a physicist who has
been active in elementary school science education reform since the 1960s;
Bowers is a neurobiologist. In the mid-1980s, both men had children in the
Pasadena schools. They knew that science education in the elementary schools
could be better. On their own time, they began to visit exemplary elementary
science programs such as the one established in Mesa, Arizona. Experience told
them that a good deal of progress had already been made in elementary school
science reform. They wanted to move forward; they didn't want to reinvent the
wheel. So the two scientists formed an alliance with Michael Klentschy, then
associate superintendent for instruction in the Pasadena Unified School District,
and formulated a plan to introduce inquiry-centered science units into the
district's elementary schools.
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SCIENTISTS: THE HEART OF IT ALL

The involvement of CalTech scientists is at the heart of Pasadena's science
education program. At the beginning, the watchwords were "think small." They
approached Klentschy and secured his enthusiastic endorsement. Having gotten
the district's permission to begin a pilot program in one school, Bowers and
Pine then met Jennifer Yuré, a science teacher at the Eugene Field Elementary
School. During the next five years, Yuré recalls, they "just tried things out," as
they sought to determine the best way to introduce teachers to hands-on science.
"We finally came up with what we thought was the best model," she says. "It's
teachers and scientists working together."

It's "working together" that makes the Pasadena program unique. Many
programs use scientists as expert consultants; at Pasadena, scientists and
teachers work side by side. Rather than lecture, the scientists work as co-
facilitators with resource teachers as they train teachers in the use of the science
modules that make up the program. The unique training model was supported
by a five-year grant from the National Science Foundation.

CalTech's Leila Gonzalez first heard about the program from Bowers, then
her professor, when she was a postdoctoral fellow in biology in 1989. The
affinity was immediate. "Something inside me said, 'Yes. This is the way
science should be taught," she recalls.

Today, she works for the program full-time as a liaison between the
scientific and educational communities. The recruitment and training of
scientists are her major responsibilities.

Recruitment, Gonzalez admits, is not a hurdle, given the degree of local
support for the program. Volunteers include not only CalTech faculty but also
students, alumni, retirees, and parents. Aware of the need for female role
models in science, Gonzalez has made a special effort to recruit volunteers from
organizations such as the American Association of University Women. About
150 scientists currently participate in the Pasadena program.

All new recruits undergo an orientation at CalTech. They become
acquainted with the science kits and the structure of Pasadena's program. The
inquiry-based learning process itself, however, needs no introduction. "This is
the way you learn science as a graduate student," Gonzalez notes. After the
orientation, they can also
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check out kits from the science materials center; in addition, program staff are
always available for guidance.

Once the scientists are on board, their major responsibility is to participate
in the teacher training programs. Approximately 10 teachers attend each of the
day-long sessions, which are facilitated by a teacher-scientist team. The
teachers break into small groups, and the scientist circulates informally among
them. The scientists have two main responsibilities. One is to build the teachers'
confidence and make them feel comfortable with the subject. "Our thrust is to
support the teacher," Gonzalez emphasizes. "Science is a natural process, and
you don't need to be a scientist to teach science." All 570 elementary school
teachers in the district eventually underwent the training.

The other responsibility of the scientists is to model the scientific process.
"Sometimes teachers have difficulty believing that involvement in the scientific
process is more important than just knowing the facts," notes Yuré, who is now
coordinator of the Pasadena Unified School District Science Program.
"Teachers tell us that they have difficulty, for example, asking open-ended
questions. Thus, we ask the scientist to model this process." Scientists also help
the teachers keep the "big picture" in mind. Teachers learn to focus on the
purpose of experiments and the connection between them rather than on the
details.

After they've taught their first module, teachers return for a second training
session. These sessions are again facilitated by a teacher-scientist team. At this
point, qualms about classroom management have passed. Together, the groups
discuss topics such as assessment of student learning or a particular activity
within the unit.

IT "JUST CLICKED"

In some cases, the teacher-scientist relationship goes further. A scientist
may begin to visit the classroom of a teacher he or she met during a staff
development session.

Such was the case with Barbara Bray, a third-grade lead teacher at the
Field School, and scientist Josée Morissette who is completing her doctorate at
CalTech. They met, Morissette recalls, by "pure luck" as co-trainers of a
module called Clay Boats. The relationship "just clicked." Bray emphasizes
how easily Morissette has
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become a part of her classes. Before Morissette's visits, Bray recalls, the
children had a "whole stereotypical view of what a scientist was and what they
do. Josée changed that. The children feel comfortable having her in the room."

Exactly what happens when a teacher and a scientist get together? Each
learns from the other, and learning horizons widen. "Barbara knows what third-
graders will find appropriate,” Morissette notes. "She's also open to
brainstorming ideas about how to do things better." Having discovered, for
example, that Clay Boats did not include student activities that involved liquids
of different densities, Bray and Morissette decided to enrich the unit by adding
activities that involved such liquids as glycerin, alcohol, vinegar, and oil.
Moreover, the next time Bray presented the module at a staff development
session, she included information on the activities that she and Morissette had
jointly developed.

The advantages of the teamwork are obvious. Having a scientist in the
classroom, Bray believes, strengthens curricular integration. "We can use
science as a vehicle or catalyst for other things," she explains. Morissette points
to shifts in student attitudes. Students seem more confident. They are more
willing to try new things out, and they are more comfortable with "not always
knowing the right answer," she believes.

FOCUSING ON ASSESSMENT

Opportunities for growth remain, even for a mature program such as
Pasadena's. One current focus of staff development activities is assessment.

Assessment study groups have been formed for each grade level. Members
include a resource teacher from the Pasadena Unified School District Science
Program, a scientist, and three teachers who have extensive experience with the
kit for which assessments are being developed. Gail Baxter, a research
investigator from the University of Michigan, is a consultant to this grant-
supported program.

Assessments are needed for a variety of reasons. Some modules use
traditional paper-and-pencil tests, which do not adequately reflect inquiry-based
learning. In other cases, the teachers have enhanced the module, and active
assessments are needed to doc
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ument student performance in these new areas. Equally important, Gonzalez
observes, is that "in creating an assessment, teachers really get a feel for what's
important in the unit."

The study group meetings, Yuré explains, give teachers a chance to ask
basic questions: What do we want the kids to learn? What are they learning?
How are we teaching it? Morissette adds, "Once teachers get comfortable with
the units, they don't necessarily focus on the scientific principles. Designing an
assessment helps them get a grasp of the four or five key principles presented in
a kit."

The study groups have found that embedded assessments (assessments that
are woven into a class activity) are especially helpful, because they can give
teachers feedback about student learning while the module is still in progress.
This allows the teacher to modify the activities or teaching approach to meet
learners' needs. All assessment instruments are pilot-tested in the classroom.
Morissette, for example, has a key role both in the third-grade assessment study
group and in testing the assessments in Bray's classroom.

Scientists are an integral part of the district's science program. They are
present at the beginning, when new teachers open their first kits. They also
continue to be involved as teachers become more skilled at teaching science,
contributing their unique perspective to the development of performance-based
assessment tools. "The scientists are unbelievably dedicated to making a
difference in children's learning," says Bray. The program, she believes, is "not
turning students into scientists; it's letting them learn in a vital new way. And
it's a wonderful opportunity for teachers."
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Scientists and engineers can become involved in all phases of
planning and implementing an inquiry-based elementary science program.

Pairing teachers and scientists in the classroom can be a mutually
satisfying learning experience. Such relationships, however, cannot be
forced. They work best when they develop naturally over the course of
working together.

Teachers can benefit from the opportunity to work in small groups to
develop assessment tools. Many teachers find that focusing on
assessment enables them to better understand the scientific principles in
a curriculum module.
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San Francisco, California

A UNIVERSITY WORKS COLLABORATIVELY WITH A
CITY SCHOOL DISTRICT

The San Francisco Unified School District serves approximately 35,000
elementary students in 75 elementary schools. Students come from urban and
suburban neighborhoods across the economic spectrum. Eighty-five percent of
San Francisco's students are minorities, including African American, Hispanic,
and Asian. Thirty percent of the students come from families in which English is
not the primary language.

City Science is the story of a successful collaboration between the
University of California at San Francisco (UCSF) and the San Francisco
Unified School District. Between 1991 and 1995, City Science worked closely
with the district and made significant contributions to the professional
development of 100 teachers and the development of teacher-scientist
relationships. Bruce Alberts, then a faculty member at UCSF and now president
of the National Academy of Sciences, was instrumental in starting City Science.

The year was 1991. City Science, a project sponsored by the University of
California at San Francisco (UCSF) in collaboration with the San Francisco
Unified School District (SFUSD) through their Science and Health Education
Partnership (SEP), had just received funding from the National Science
Foundation (NSF) to implement a districtwide elementary science reform project.

City Science had developed a simple design for the program. Its goal was
to expand the use of hands-on, inquiry-centered science teaching in the district
by training a cadre of 100 lead teachers over four years. These teachers would
be responsible for bring
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ing the inquiry-centered approach to their schools. City Science also had
secured funding to hire a full-time science resource teacher who would provide
support to classroom teachers and be responsible for refurbishing the science
kits.

But plans have a way of changing once the work actually begins. When
City Science coordinators began implementing their program, other science
education initiatives were already under way. In 1990, the California State
Department of Education had published a radically different science framework,
which stressed the importance of teaching the "big ideas" of science, such as
energy and scale and structure. According to the district's adoption cycle, it was
slated to align its curriculum with the California framework by 1992.

Another influence in the district was the program sponsored by School in
the Exploratorium (SITE), a museum-based professional development effort.
SITE had been training district teachers for more than a decade through
intensive four-week institutes focusing on science inquiry. Finally, the school
district had established the San Francisco Science Leadership Project, a three-
year program designed to provide intensive training to 27 teachers who would
be charged with the task of bringing inquiry-centered science to their schools
and making key decisions about the science curriculum.

What proved to be the link among these program was the teachers, who
worked together and discovered how their teaching could be strengthened by
sharing ideas with their peers.

A PUSH FOR PROFESSIONAL DEVELOPMENT

When City Science began work on the NSF project in 1991, its main
vehicle for training was slated to be a kit-based curriculum program. Initially,
the teachers were intimidated by the kits. "It was like going to the dentist to get
the teachers to open the kits and get going," recalls Janice Low, former City
Science director. "It's very scary to change your whole program overnight—to
let the unknown into your classroom. Teachers wanted to improve their science
teaching, but they had to be encouraged to use the new curriculum units."

City Science coordinators decided to proceed slowly. During the summer
institute, the lead teachers used selected modules as a
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starting point to explore relevant science content, pedagogy, alternative
assessment strategies, and leadership development. They received stipends and
graduate credit for their involvement in the program.

At the end of the first summer institute, the teachers were given a full year
to assimilate what they had learned and to prepare themselves to work with
other teachers at their schools. Jan Tuomi, one of the program's founders, thinks
that giving the lead teachers time to learn was a significant factor in the success
of the program. The hiatus gave the participants an opportunity to practice what
they had learned: to refine their teaching styles according to principles of
inquiry-centered learning, to reflect on their classroom experiences, and to
crystallize their own thinking about the instruction they had received. As a
result, City Science alumni are now more effective and credible as coaches to
their peers.

Over the subsequent three years of the program, City Science also
discovered the importance of drawing on teachers from the city's other two
major science reform initiatives. Science Leadership Project teachers served as
mentor teachers for City Science summer institutes, and City Science teachers
participated in workshops held at the Exploratorium. Graduates of the
Exploratorium's programs also became involved in City Science and the
Science Leadership Project. In these ways, the three separate programs became
more united in their efforts and succeeded in training a large pool of teachers.

THE ROLE OF SCIENTISTS

Scientists had an integral role in the City Science program. After
considering several approaches, the program initially opted to team each of six
master teachers, one from each grade, with two UCSF scientists. During the
first summer institute, the scientist-teacher teams introduced participants to
inquiry-centered science modules. Over the subsequent three years, however,
teachers worked with only one scientist.

The SEP executive director and City Science's co-principal investigator,
Liesl Chatman, believes that scientists have much to gain from being part of
such a partnership. "It's not a partnership if the scientists aren't learning," she
says. "The scientists aren't just
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there to reform elementary science in the classroom—they're there to learn
something themselves.... When the benefit is all the way around, the
partnership becomes meaningful and sustainable."

Margaret Clark, SEP director and science coordinator for City Science,
was among the first scientists who worked with teachers. She found the
experience enlightening, giving her a "strong appreciation of teachers' teaching
skills and an understanding of how to facilitate learning." Clark also found that
"scientists are very good at making connections between major concepts and
daily phenomena, which is very important in making science relevant to both
teachers and students."

Teachers, too, found the partnership enormously beneficial. "Scientists put
more credibility into what we were doing," says Denise Ebisuzaki, a third-grade
teacher in San Francisco. "They were able to catch errors before we conveyed
them to students. For example, in one module, scientists helped us understand
that the teacher's guide had specified the wrong wire length to complete one
experiment. A mistake like that could make or break a lesson."

CURRICULUM ADOPTION AND ITS RAMIFICATIONS

In 1992, the district adopted module-based, inquiry-centered science
curriculum materials for all 75 of the district's elementary schools. The
materials support the core curriculum, which was developed in 1990. City
Science and district teachers collaborated on the final choice of curriculum
materials, which included modules from both the Full Option Science System
and Insights. At this point, the district faced a new challenge: How could all of
the elementary school teachers be prepared to begin teaching inquiry-centered
science? Where would the district find the resources for this enormous
undertaking?

To resolve these issues, the district asked City Science and its cadre of 100
lead teachers to join a smaller group of the SFUSD science leadership teachers
and mentor teachers to become presenters, mentors, and leaders in efforts to
introduce all of the district's teachers to inquiry-centered science. As part of this
development effort, the district hired an outside consultant who showed the
teachers how to organize workshops and gave them opportunities
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to practice on each other. "We told teachers that their experience with the
modules was invaluable," says Low. "They know the day-to-day difficulties of
working through the modules. Their experience gave them credibility with other
teachers."

In the end, the teachers' hard work paid off. "I loved taking a leadership
role and helping other teachers out," says Dan Brady, a third-grade teacher. "We
were able to introduce the teachers to the modules in a structured way." Low
concurs, noting that for the first time in the district's history, teachers were
given six professional development days over two years, which enabled them to
build a foundation for beginning to implement the modules. Low calls this
move "unprecedented" and a "big risk" for the new superintendent, who made
the final decision on the basis of his observation that a strong science program
often meant that the school was operating at a high level. Through the training
experience, City Science teachers grew as leaders, and the district teachers were
better equipped to teach the science modules.

MATERIALS SUPPORT

To further support the modular-based science program, SFUSD has
established a central materials management center. It asks the schools to take
more responsibility for their maintenance than other districts do, however. The
system works like this: Each school in the district is issued four modules for
every two teachers at each grade level. Generally, the kits contain enough
consumable materials for two classes to use before a refurbishment request is
sent back to the materials center. When the kits are ready for refurbishment, a
lead teacher or an administrative staff member completes the necessary
requisitions for the replacement materials. The materials are then sent back to
the school, again with a sufficient quantity of supplies for two uses. The kits are
kept at the schools, not at the materials management center.

Although the system has worked fairly well, some teachers point out that
not all of the problems have been worked out of the materials aspect of the
program. "The reordering process is time-consuming and burdensome," says
Brady. "I think it would be easier if the district created a new order form, where
we could check off what we needed instead of having to write it in. In my view,
the
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materials component is critical: without the supplies, teachers won't use the
modules."

FUTURE PLANS

In 1995, the UCSF and SFUSD received a five-year Local Systemic
Change Initiative grant from the NSF to continue and greatly expand the City
Science effort. The new grant will support the strengthening of leadership from
within the district. One of City Science's most important contributions to
science education reform was realizing that the district—not outside consultants
—must take the lead. "Establishing an appropriate leadership structure is key,"
says Chatman. "The district must come first."

The new grant will also strive to bring more teachers into the program and
to raise the level of inquiry-centered instruction by those already using the
modules. It also includes an important new feature—eight focus schools
designed to become models for science education reform at the school level.
Planners have to involve the whole neighborhood in the effort, including
parents, businesses, and other local resources.

City Science teachers and staff are looking forward to continuing the work
begun over the past four years. As she prepares to embark on the second phase,
Clark reflects on the program's progress to date. "Science education reform is
never really 'finished," she says. "Progress is ongoing. The real issue is to leap
from working with a small, committed group of teachers to going districtwide.
It's difficult to communicate with and motivate other teachers outside the small
group. It's a huge leap, and we're just at the beginning of that task."
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Although partnerships are an effective way to bring about change in
science education, the outside organization must learn how to collaborate
with the school district. Reform will be most significant when the district
assumes a strong leadership role.

Professional development is crucial, because it provides teachers
with the support they need to teach inquiry-centered science effectively.
Furthermore, teachers need time and additional training if they are to
become leaders of science education reform at the district level.

Forming partnerships between scientists and teachers can add an
important dimension to the district's professional development program.
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Green Bay, Wisconsin

THE EINSTEIN PROJECT BUILDS A SCIENCE PROGRAM
THROUGH COMMUNITY PARTNERSHIPS

A nonprofit corporation founded in 1991, the Einstein Project is a business
and community partnership that supports high-quality science, math, and
technology education in nine public school districts, the Green Bay Catholic
Diocese, and the Oneida Nation's Schools in northeastern Wisconsin. Over the
past three years, the project has served 75 schools, 1,900 teachers, and 25,000
elementary school students.

The program is founded on the belief that a long-term commitment,
volunteerism, and a few generous funders can get a science program off the
ground. The program's founders developed some innovative strategies for
procuring funds that other programs may want to consider using.

The Einstein Project did not have any support when it started—no funding,
no appropriate curriculum materials, no professional development program.
What propelled the project forward, according to Cecilia Turriff, one of its
founders, was "a vision." Having taught all her life, Turriff says that everywhere
she went, she saw a tremendous need for both good science materials and
expertise in the teaching of science. "I knew I was doing the wrong thing," she
says, "but I didn't know what was right."

Along with her scientist husband, David, Turriff assembled a group of
Green Bay public school teachers who were concerned about the lack of high-
quality science education in the area and arranged a meeting with Foth and Van
Dyke, a large architectural and engineering firm headquartered in Green Bay.
From that
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meeting evolved what was to be the essence of the Einstein Project: business
and education communities brought together in a cooperative effort. The project
soon spread to all the private and public school systems of Brown County,
Wisconsin, including the Catholic Diocese. Early on, it became clear that,
except for the Green Bay school system, no single school or business in the area
was large enough to support a substantial partnership. By banding together,
however, financial and human resources could be pooled that could make a
difference in the educational process.

David Ewald, district administrator of the Denmark, Wisconsin, Public
Schools and board president of the Einstein Project, says that when he thinks
back to that time, "I don't picture superintendents around the table. I think of
business people and teachers around the table." He attributes the project's initial
success to this core group of founders, their "strong, energetic leadership up
front who believed in an almost evangelistic sense that hands-on, inquiry-
centered science was the right thing."

SOLIDIFYING THE PARTNERSHIP

In May 1991, a board of directors was appointed with a representative
from each public school system, the Catholic Diocese, each of the three
institutions of higher education in the county, six local businesses, and the
Cooperative Educational Service Agency No. 7, the liaison agency between the
school districts and the state superintendent's office. Accommodation in the by-
laws of incorporation was made for up to 12 business representatives to serve
on the board. One of the first acts of the project's board of directors was to
apply to the Internal Revenue Service for 501(c)(3) status. This designation
enables the Einstein Project to receive federal and state grants as well as tax-
deductible charitable donations from businesses and individuals.

In the first year of operation, the Einstein Project applied for over one-half
million dollars of state and federal grant money and carried out a capital fund
drive in the business community for $450,000. Even before the official fund-
raising campaign was launched, several businesses began supporting the
project. Wisconsin Public Service, headquartered in Green Bay, made a
substantial contribution of time, materials, and money. Paper Con
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verting, Inc., also in Green Bay, made a donation that allowed the
implementation of programs to get under way. The Wisconsin Department of
Public Instruction awarded the Einstein Project a grant from its Science,
Mathematics, and Technology Grant Program to be used for operational
expenses, and the American Chemical Society awarded the project one of six
national grants to assist in the development of science partnerships.

Why were businesses and organizations willing to contribute time, talent,
and funds to support the Einstein Project? Many of these founders and
supporters seemed to understand that tomorrow's problem solvers are sitting in
today's classrooms. For example, Dan Bollom, president and chief executive
officer of Wisconsin Public Service, says, "['ve always been a strong proponent
of education. As a businessman and school board member, 1 feel there is so
much we can do to help students be better prepared for the future. The Einstein
Project will enable students to see the many possibilities awaiting them in the
world of science and technology."

One of the project's first activities was to test two nationally known hands-
on science programs—Full Option Science System (FOSS) and Science and
Technology for Children (STC)—at 10 schools. After evaluating these pilot
tests, the project's leaders decided to purchase, maintain, and distribute STC kits
to participating schools from a centralized resource center. In 1992 and 1993,
the project purchased between 100 and 150 kits. By 1994, the number of kits
was close to 300, and they were serving between 12,000 and 15,000 students.
Each school pays a $100 rental fee each time it uses a science kit. In 1995, the
project expanded to include FOSS's kindergarten materials. The goal for the
coming school year is to serve between 25,000 and 30,000 schoolchildren.

Teacher volunteers do the in-service training required before kits can be
rented. Diane McNeill, currently a science teacher at Edison Middle School in
Green Bay, was one of the first teachers to pilot-test the kits for the Einstein
Project, and she has been training teachers in their use ever since. McNeill says,
"I have done training at all of the summer academies [annual, week-long
teacher enhancement workshops aimed at science and math] as well as after
school and on Saturdays, all on my own time. When I ask myself why, the
answer is the kids. They're benefiting so
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much—and I want to help other teachers who want to become involved. I don't
want them to lose their enthusiasm." She adds that inquiry-based science
teaching has benefited her personally, as well. "It has improved all of my
teaching skills. I can relate using the inquiry-based method to many other
subjects."

"DOOR KNOCKING'" PRODUCES RESULTS

As Ewald says, there was a lot of "knocking on doors," especially in the
early days. As one of the main "door knockers," Cecilia Turriff found herself
spreading the word of the project's mission to anyone who seemed the slightest
bit interested. She went to local school boards, PTA and Girl Scout meetings,
meetings of the chamber of commerce, and business conventions. "My job was
to finagle," says Turriff, "and I did it well."

If businesses didn't have funds to donate, the project asked for free materials
—or materials at a discount—for the kits. The requests were met with a variety
of contributions. One business donated plant stands for the Plant Growth and
Development unit. One hundred buckets for use in the Chemical Tests units
came free from a plastics company in California. In addition to providing seed
money for project development and needs assessment, Wisconsin Public
Service funded the restocking of the Electric Circuits unit. When the project's
photocopying machine went on the blink, Turriff called a company in
Milwaukee that serviced the machine at a saving of about $600. (She says the
machine is clunking along to this day.) Finally, having identified the original
manufacturers of some key items in the STC science kits, the project was able
to go directly to the supply source itself. Motors for the Magnets and Motors
unit, which previously had cost $1.27 apiece, were obtained for a mere 20 cents
apiece, for example. Turriff estimates that between January and April of 1994,
she helped save the project more than $30,000 in supplies by getting them
donated or at reduced costs.

Even a building was, in a sense, donated by the community. In 1991, the
Einstein Project occupied a house located on the grounds of a local parochial
school. This house was—and still is—rented to the project for $1 per year in
exchange for the project using the school as a place to develop programs.
Originally used as
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the project's science resource center, today that building houses the Einstein
Project's four-person full-time staff.

VOLUNTEERS ARE KEY

In addition to the teachers who volunteer to do the training, an enormous
number of other volunteers augment the project's small staff. These dedicated
individuals put in hundreds of hours in the 3,000-plus-square-foot warehouse
space that currently serves as the resource center. Volunteers stock the new Kits,
refurbish the old ones, and prepare the bags of materials that go into the Kkits.
According to Project Director Jim Cornell, many of the volunteers are senior
citizens, "doctors, dentists, teachers, and people who just care enough to give
their time." For example, a retired carpenter came in and built an enormous
stand on which to grow plants. A retired dentist made balances for the
Balancing and Weighing unit.

The extensive use of volunteers also makes the project attractive to
funders. As Cornell explains, "It makes the project very attractive to people who
want to support it financially. They know that very little of their money goes
into overhead."

Anna Kim, a former clerk in the resource center, says, "A volunteer
network can play a big part in keeping a science resource center together.
Without this kind of community support, it would have been a struggle to make
it work." And the volunteers seem to get a lot out of their experience. According
to Kim, "They really enjoy it. They feel like they are doing something useful. In
time, they came to feel like family—second moms and dads."

LOOKING TO THE FUTURE

What does the future have in store for the Einstein Project? One of the
current priorities is to strengthen the use of computer technology. The project
has established a countywide bulletin board system, complete with electronic
mail, conferences in each major science discipline, and CD-ROM capability.
Students, teachers, scientists, and myriad project stakeholders may access the
bulletin board system with a local phone call from a modem-equipped
computer. On-line conferences, which are intended to broaden users' knowledge
base within a specific science discipline, are ser
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viced by one or more experts from the community. For example, professionals
from Green Bay's two largest hospitals service the medical conference, local
veterinarians tend the vet conference, and a high school biology class researches
questions posed by elementary school children in a life sciences conference. In
effect, the technology component provides a forum where individuals can sign
on electronically and talk to each other on-line, leave messages, read other
people's questions and answers, and establish a dialogue with an expert.

In addition, the project is working with teachers to identify science
modules that lend themselves to collecting and graphing data. The project plans
to facilitate the recording of the data on computer spreadsheets or databases so
that the data can be reproduced readily in text or graphic formats. This
integration of technology with scientific discovery will give students a better
understanding of how computers are used in business, industry, medicine, and
other fields.

The project also continues to confront financial realities. According to
Cornell, "Our ultimate goal is that the project will be nearly self-sustaining,
relying very little on repetitive cash contributions from local businesses and
individuals." But Cornell is quick to acknowledge the essential role the business
community has played in the project's growth. He says, "Without the belief and
commitment from this key segment of the community, the project could not
have moved from concept to reality. Their generous contributions of time,
expertise, and funds have rendered this a total community effort, one that has a
very high probability of continued long-term success."
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Enlisting local business and community support has many benefits.
Businesses can donate funds, but they are also a potential source of
materials, technical expertise, and guidance in the business world.

The program has benefited from a broad funding base that includes a
combination of federal and state grants, as well as contributions and in-
kind services from local businesses.

It is important to involve teachers in inquiry-centered programs every
step of the way. Teachers can help with program research and
development and in-service training, and they can serve as proponents of
the program.

An efficient, well-stocked materials center is essential and can be
kept running smoothly with the help of community volunteers.
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Epilogue

Nothing is in the mind that is not first in the hand.

—Aristotle, 384-322 B.C.

For more than a decade, the National Science Resources Center (NSRC) has been
actively engaged in elementary science education reform. During that time, we have
been fortunate to develop meaningful partnerships with more than 200 school districts.
From these partnerships have emerged a few "basic truths" about reform. Districts new
to this work may find that these truths become guideposts as they set out to bring inquiry-
centered science to their elementary schools.

Close partnerships between the stakeholders involved in science education reform
are preferable to the distant relations that were previously the norm.

Leaders in science education reform must work in teams characterized by concern
about elementary science education, consistency in the way they implement change, and
commitment to seeing the program through to completion.

Strategic planning serves as the umbrella for all the elements of reform. It gives
stakeholders a clear idea of where to go and the key things that must be done to get there.
This information establishes how each individual's efforts fit the goals and provides a
standard against which to measure how well the goals are being achieved.
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It is not enough to design a good curriculum; the processes needed to implement
that curriculum must be designed at the same time.

It is crucial for districts to begin with some concrete initiatives and to demonstrate
some successful results, even if they are small.

Teachers must be provided with the materials needed to teach inquiry-centered sci-
ence. Furthermore, leaders must be provided with opportunities for continuous profes-
sional development.

The publication of the National Science Education Standards has given new direc-
tion to the elementary science education reform movement of the 1980s and 1990s. For
the first time, school districts engaged in reform have clear-cut goals. The Standards de-
lineates what children should know and be able to do in science from kindergarten
through high school. The NSRC model for reform provides guidance on how to achieve
these goals. Of particular importance is the development of a shared vision of teaching
science through inquiry and the adoption of an implementation strategy that focuses on
the five key elements of reform—curriculum design, professional development, science
materials support, assessment, and administrative and community support.

Informed by the Standards and enlightened through experience, we are ready to
embark on the next decade of reform. New issues have emerged, and we are faced with
new challenges. For example, although the NSRC and other organizations have reached
several hundred school districts, our goal is to increase these numbers significantly so
that the majority of the nation's children have an opportunity to learn science through
inquiry. We must also work to improve the quality of inquiry-centered science in dis-
tricts that have already institutionalized reform.

Charles Hardy

Deputy Director

National Science Resources Center
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Appendix A

Professional Associations and U.S.
Government Organizations

The following associations and government organizations are involved in
science education reform and offer assistance relevant to elementary science
teaching.

American Association for the Advancement of Science (AAAS), 1333
H St., N.W., Washington, DC 20005; (202) 326-6400.

The largest general scientific organization in the country and the largest
federation of scientific societies in the world, with nearly 300 affiliated science
societies and organizations. Programs sponsored by the AAAS Directorate for
Education and Human Resources include the Annual Forum for School Science;
Collaboration for Equity in Science; radio programs "Science Update" and
"Kinetic City Super Crew" (the latter with teacher's guide, home activities, and
call-in); and project SLIC (Science Linkages in the Community) to train people
to teach science. Books in many fields of science and science education,
including IDEAAAS: Sourcebook for Science, Mathematics and Technology
Education (3"ed.), and the newsletter Science Education News.

Project 2061, a long-term science education reform initiative for grades
K-12, offers the following publications: Science for All Americans, on scientific
literacy; Benchmarks for Science Literacy, a curriculum design tool defining
expectations for science knowledge for grades 2, 5, 8, and 12; and other books
and computer-based materials on curriculum design, exemplary resources, and
research.
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American Chemical Society, 1155 16 St, N.W., Washington, DC
20036; (202) 872-4600.

Principal professional society of chemists, with 145,000 members.
Operation Chemistry (OpChem), funded by the National Science Foundation,
sponsors two-week workshops for teacher-training teams and subsequent
workshops nationwide for thousands of teachers. Offers Community Science
Grants for children and adults to explore hands-on science as teams. Publishes
curriculum guidelines, supplemental activities, audiovisual materials, and
WonderScience (activities magazine for upper-elementary students and adults
working together, published jointly with the American Institute of Physics);
produces videos and booklets supporting chemists who go into the classroom, a
newsletter, and posters.

American Geological Institute, 4220 King St., Alexandria, VA 22302;
(703) 379-2480.

Federation of more than 25 professional, scientific, and technical
associations in the earth sciences. Publications include Adventures in Geology, a
text-based approach to geology and science teaching for grades K-3 and 4-6;
and Earth Science Content Guidelines, a report, with activities, to guide the
inclusion of earth science content in the K-12 curriculum. Publications include
ideas and activities in the areas of solid earth, water, air, ice, life, and earth in
space.

American Indian Science and Engineering Society, 1630 30™ St., Suite
301, Boulder, CO 80301; (303) 492-8658.

Society of American Indian and non-Indian students, scientific
professionals, and interested corporations that provides programs for American
Indian students and their teachers to enhance student interest and abilities in
science. Works to link hands-on, student-centered science to culture and
community with uniquely Indian programs and curricula; science focus on
biology, human biology, environmental sciences, and science/ technology and
society. Programs include workshops at society meetings, technical assistance,
information hotline, and National American Indian
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Science Fair. Publications include curriculum units, teacher's guides,
audiovisual and computer-based materials, Winds of Change Magazine for
students, and a newsletter.

American Institute of Physics, American Center for Physics, One Physics
Ellipse, College Park, MD 20740-3843; (301) 209-3100.

Organization of 10 professional societies (totaling 75,000 members) and
19 affiliated societies in physics and related fields; concerned with collecting
and disseminating information about physics, physics education, and the history
of physics. Publications include Physics Education News, a semimonthly
electronic newsletter, and WonderScience, an activities magazine for upper-
elementary students and adults working together. WonderScience is published
jointly with the American Chemical Society.

American Meteorological Society, 1701 K. St., N.W., Suite 300,
Washington, DC 20006; (202) 466-5728.

Professional scientific society of more than 11,000 members; focused on
meteorology, climatology, and oceanography. Programs include two national
projects—Project ATMOSPHERE (meteorology and climatology) and the
newer Maury Project (oceanography)—to train K-12 teachers in these areas.
Training includes one-week institutes for master teachers and monitoring of
subsequent workshops nationwide in which the master teachers train other
teachers. Publications include teacher's guides, materials, hands-on activities
solely for use in the two projects; audiovisual and computer-based materials;
and a newsletter.

American Physical Society, American Center for Physics, One Physics
Ellipse, College Park, MD 20740; (301) 209-3200.

Principal professional society for physicists and physics students, with
more than 40,000 members; focused primarily on physics and on physics
education. Its Teacher-Scientist Alliance, a national cooperative effort operated
with the American Association of Physics Teachers, is designed to mobilize
scientists in support of efforts
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aimed at systemic reform of elementary science education. Scientists from areas
with school districts engaged in systemic reform are recruited, taught about
reform issues, and expected to recruit and teach other scientists in their areas.

The Annenberg/CPB Math and Science Project, 901 E St., NW.,,
Washington, Dc 20004; (202) 879-9600.

A project working in partnership with education, policy and civic
organizations to promote reform in math and science education. Funds a wide
range of programs, including Project PRISM, an extensive community outreach
campaign conducted and coordinated by the National Urban League; Science
Images, a series of videocassettes focusing on eight elementary and middle
school teachers teaching a specific science concept, produced in collaboration
with the North Central Regional Educational Laboratory; Private Universe
Teacher Workshops, a series of videocassettes demonstrating how students'
preconceived ideas can create barriers to learning, produced in collaboration
with Harvard-Smithsonian Center for Astrophysics; and The Synergy Project, a
series of videocassettes on the information needed for a strategic workshop for
senior-level policymakers and educational administrators, produced in
collaboration with the Education Commission of the States. Each videocassette
program comes with print materials, such as a source book, fact sheets, a
viewer's guide, or a workshop guide.

Association for Supervision and Curriculum Development
(ASCD),1250 N. Pitt St., Alexandria, VA 22314-1403; (703) 549-9110.

Educational association with more than 190,000 members. Disseminates
information on educational research and practice and conducts professional
development institutes of one to three days in major U.S. cities. Publications
include ASCD Curriculum Handbook, Brown's Directories of Instructional
Programs (annual guide to commercial materials), Only the Best (annual guide
to computer-based materials), Curriculum Materials Directory (annual guide to
noncommercial materials), Educational Leadership (journal), ASCD books, and
Hands-On Elementary Science (materials for 20 workshops).
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Association of Science Materials Centers, c/o Science and Social
Sciences Resource Specialist, Mesa Public Schools, 143 South Alma School
Rd., Mesa, AZ 85120-1096; (602) 898-7815.

Organization whose membership is made up of managers of districtwide or
multidistrict science materials support centers. Provides information and
technical assistance on how to establish and sustain a central science materials
support center.

Association of Science-Technology Centers (ASTC), 1025 Vermont
Ave., N.W, Suite 500, Washington, DC 20005; (202) 783-7200.

Worldwide organization of science centers and museums, planetariums,
space theaters, nature centers, aquariums, natural history museums, children's
museum, and other facilities, with more than 270 members in the United States
and Canada. Created and operates Youth ALIVE, a program for undeserved
adolescents (grades 5—12) delivered by nearly 50 museums that are members
of either ASTC or the Association of Youth Museums. Newsletter, directory of
programs, and "how-to" manual are available. The program provides hands-on
enrichment programs with structured opportunities for grades 5—S8, such as
clubs, camps, classes, workshops, and field trips, to heighten interest and
involvement of targeted adolescents in the physical sciences. Museums design
their own programs, often working with community-based organizations, and
seek minimum involvement of 120 hours per year for two or three years for
each student. ASTC provides technical assistance and professional development
for museum staff members.

Biological Sciences Curriculum Study (BSCS), Pikes Peak Research
Park, 5415 Mark Dabling Blvd., Colorado Springs, CO 80918-3842; (719)
531-5550.

Organization dedicated to leadership in science education through the
design, development, and implementation of curriculum materials. Extensive
programs and publications, including curriculum materials for K-12,
publications on science education reform, and a newsletter.
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Council for Elementary Science International (CESI), c/o Dr. Betty
Burchett, CESI Membership Chair, 212 Townsend Hall, University of Missouri,
Columbia, MO 65211; (314) 882-4831.

Professional organization with 1,600 members and a Division Affiliate of
the National Science Teachers Association, dedicated to stimulating, improving,
and coordinating science teaching (grades pre-K-8). Publications include source
books for teaching elementary science, research monographs on teaching
science, and file sheets.

Council of State Science Supervisors, c/o Dr. Thomas Keller, Council
President, Maine Department of Education, 23 State House Station, Augusta,
ME 04333-0023; (207) 287-5920.

Organization consisting of a science supervisor/specialist/consultant from
each of the 50 states, the District of Columbia, Puerto Rico, and Guam.
Coordinates members' work in creating curriculum guidelines, frameworks, and
standards within their respective areas, as well as information dissemination
efforts.

Education Development Center, 55 Chapel St., Newton, MA 02160;
(619) 969-7100.

International education research and development organization founded in
1958, with a Center for Learning, Teaching, and Technology among its
subdivisions. Publications include Insights, a comprehensive K-6 science
curriculum. Provides technical assistance to Statewide Systemic Initiatives in 24
states and Puerto Rico and assists several school districts in implementing
systemic reform.

Educational Equity Concepts, 114 E. 32" St., Suite 701, New York, NY
10016; (212) 725-1803.

National organization dedicated to producing educational programs and
materials free from bias concerning gender, race and ethnicity, and disability
and income. Organization has developed a physical science activity program
(for pre-K-3), with hands-on curriculum materials, audiovisual materials, and
facilitator note
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book. Staff development and parent training are provided. Also has developed a
physical science curriculum (for grades K-2 or K-3), a curriculum guide, and a
staff development guide.

Eisenhower National Clearinghouse for Mathematics and Science
Education, The Ohio State University, 1929 Kenny Rd., Columbus, OH
43210-1079; (614) 292-7784.

Funded through the U.S. Department of Education and administered by the
Ohio State University, the Clearinghouse aims to provide K-12 teachers with a
central source of information on science and mathematics curriculum materials.
Maintains a comprehensive collection of curriculum resources in many formats—
print, audio, multimedia, video, kits, and games. Publishes a detailed catalog,
ENC Online, available via modem (1-800-362-4448), Telnet and Gopher
(enc.org), and World Wide Web (http://ww.enc.org). Many other products and
services are available in print and electronic format, including a database of
federal programs, electronic visits to particular schools, and a reference service.
Information is also available via e-mail (info@enc.org).

ERIC Clearinghouse for Science, Mathematics, and Environmental
Education, The Ohio State University, 1929 Kenny Rd., Columbus, OH
43210-1080; (614) 292-6717, (800) 276-0462, (800) LETERIC (for new users).

Clearinghouse and international information network, 1 of 16 in the ERIC
(Educational Resources Information Center) system, which is supported by the
U.S. Department of Education. ERIC collects, catalogs, and provides access to
educational materials; offers reference and referral services; produces
bibliographic information; and maintains an extensive database of reports,
curricular and instructional materials, evaluations, and information on
programs, practices, and policies in science, mathematics, and environmental
education. Accessible and searchable on CD-ROM or over the Internet, through
e-mail (ericse@osu.edu), Gopher (gopher.ericse.ohio-state.edu), and the World
Wide Web (http://www.ericse.ohio-state.edu).
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Geological Society of America, P.O. Box 9140, Boulder, CO
80301-9140; (303) 447-2020.

Professional scientific society with more than 16,000 members. Sponsors
Partners for Excellence Program (PEP), a national network of people committed
to enhancing science education for children and fostering collaborations and
partnerships between teachers and scientists. Offers sessions for teachers at the
annual meeting and free PEP membership for teachers. Programs managed by
PEP include a national database of scientist partners (for grades K-12), scientist
mentors, and tours for students of the society's facility.

High-Scope Educational Foundation, 600 N. River St., Ypsilanti, MI
48198-2898; (313) 485-2000.

Research, development, training, and public advocacy organization
focused on bringing inquiry-centered science to grades K-3. Conducts K-3
workshop sessions at meetings and week-long K-3 science workshops.
Produces a teacher's manual that includes K-3 student activities.

Institute for Chemical Education, University of Wisconsin, Department
of Chemistry, 1101 University Ave., Madison, WI 53706; (608) 262-3033.

National organization based at the University of Wisconsin at Madison,
with a network of field centers and affiliates across the country devoted to
helping teachers at all grade levels (kindergarten through college) revitalize
science education. Offers two-week workshops at various regional sites, four-
week workshops in Madison, summer fellowships, and Chem Camps for
students (grades 5—S8). Publishes instructional materials for teachers, kits, and a
newsletter.

Lawrence Hall of Science, University of California, Centennial Dr.,
Berkeley, CA 94720; (510) 642-5132.

Science center involved in research in science and mathematics education,
teacher training, and curriculum development. Exten
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sive programs and publications, including two curriculum projects—Great
Explorations in Math and Science and the Full Option Science System.

National Association for Research in Science Teaching (NARST), c/o
Dr. John R. Staver, NARST Executive Secretary, Center for Science Education,
219 Bluemont Hall, Kansas State University, Manhattan, KS 66506; (913)
532-6294.

Professional association of more than 1,000 members worldwide designed
to improve science teaching through research. Holds an annual convention with
more than 200 research papers. Publications include Journal of Research in
Science Teaching and a newsletter.

National Association for the Education of Young Children, 1509 16"
St., N.W., Washington, DC 20036; (800) 424-2460.

Association of 75,000 professional educators and others involved in
preschool and primary school education. Publishes more than 100 books,
monographs, and other materials (catalog available) on early childhood
education and the journal Young Children.

National Association of Biology Teachers, 11250 Roger Bacon Dr., No.
19, Reston, VA 22090-5202; (703) 471-1134.

Professional society of more than 7,000 biology educators and
administrators representing all grade levels. Offers teacher training and
professional development, builds alliances between scientists and teachers,
promotes hands-on investigative biology, and develops curriculum and science
policy. Publications include monographs and special publications, The
American Biology Teacher (magazine), a newsletter, and a catalog of materials.

National Association of Elementary School Principals, 1615 Duke St.,
Alexandria, VA 22314; (703) 684-3345.

Organization serving 26,000 elementary and middle school principals in
the United States and Canada, with an affiliate in every
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state. Publishes the Principal (a magazine), a newsletter, and other publications.

National Center for Improving Science Education, 2000 L St., N.W.,
Suite 603, Washington, DC 20036; (202) 467-0652.

Division of The NETWORK, Inc., of Andover, Massachusetts, an
organization dedicated to science education reform. Provides guidance for
educational policymakers, curriculum developers, and practitioners by
synthesizing findings in policy studies, research reports, and exemplary
practices and by transforming them into practical resources, with one subject
area selected each year. Offers workshops by technical assistance teams.
Publications include curriculum guidelines, guidelines for policymakers,
information for parents, books, and monographs.

National Center for Research on Teacher Learning, Michigan State
University, College of Education, 116 Erickson Hall, East Lansing, MI
48824-1034; (514) 355-9302.

Research center supported by the U.S. Department of Education. Conducts
research on how teachers learn to teach and engage students in active learning,
with some projects specifically focused on science and mathematics.

National Center for Science Teaching and Learning, The Ohio State
University, 1929 Kenny Rd., Columbus, OH 43210-1015; (614) 292-3339.

Research center supported by the U.S. Department of Education. Conducts
research on noncurricular factors, such as organizational and technological
issues, that affect science students and teachers (grades K-12).

National Network for Science and Technology, 6H Berkeley Hall,
Michigan State University, East Lansing, MI 48824-1111; (517) 355-0180.

Network of land-grant universities, Cooperative Extension Systems, and
other organizations in all 50 states concerned with chil
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dren, youth, and families at risk. Promotes science and technology literacy.
Services include technical and program assistance for extension faculty and
collaborators to develop and implement effective programs, national and
regional training, research and development, and maintenance of an electronic
clearinghouse. For further information, contact by e-mail (nnst@mes.umn.edu)
or Gopher and Telnet (gopher-cyfernet.mes.umn.edu).

National PTA—National Congress of Parents and Teachers, 330 N.
Wabash St., Suite 2100, Chicago, IL 60611-3604; (312) 670-6782.

Organization dedicated to bringing parents, teachers, students, principals,
and administrators together with the goal of involving the community in school
activities. Works on child advocacy legislation through the Office of
Governmental Relations in Washington, D.C. Publications include Looking in
on Your School: A Workbook for Improving Public Education, National PTA
Directory (quarterly), PTA Handbook, PTA Today, What's Happening in
Washington (bimonthly), and a newsletter.

National Research Council (NRC), Center for Science, Mathematics,
and Engineering Education, 2101 Constitution Ave., Washington, DC 20418;
(202) 334-2353.

NRC is the operating arm of three honorary academies: the National
Academy of Sciences, the National Academy of Engineering, and the Institute
of Medicine. NRC's primary function is advising the federal government on
science and technology policy. It has become increasingly active in efforts to
improve science education and has been a leader in the development of
standards for precollege science education, publishing the National Science
Education Standards in 1995. NRC's Center for Science, Mathematics, and
Engineering Education is concerned with curriculum development and review;
educational policy; research, assessment, and evaluation; K-12 policy and
practice; and postsecondary policy and practice. The National Science
Education Standards project has a comprehensive outreach strategy to support
national, state, and local implementation of the Standards through leadership
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and resource development, partnerships and networks, and targeted symposia
and workshops. The National Science Resources Center, a joint program of the
National Academy of Sciences and the Smithsonian Institution, is concerned
with reforming science education and producing resources for teaching science.
Project RISE (Regional Initiatives in Science Education) provides scientists and
engineers with information and resources to assist them in contributing
effectively to K-12 science education partnerships.

National Science Education Leadership Association, P.O. Box 5556,
Arlington, VA 22205; (703) 524-8646.

A 1,200-member association of chairpersons, department heads, science
supervisors, coordinators, and other leaders in science education reform. The
organization's mission is to improve science education through leadership
development. Sponsors mini-conferences and leadership institutes. Publishes
Science Leadership Trend Notes, NSELA Handbook, and the Science Educator
(journal).

National Science Foundation, Directorate for Education and Human
Resources, 4201 Wilson Blvd., Arlington, VA 22230; (703) 306-1600.

The Directorate for Education and Human Resources of the National
Science Foundation, an independent federal agency, is a major force in science
education reform. The Division of Elementary, Secondary, and Informal
Education is concerned with curriculum development and teacher enhancement
in science, mathematics, and engineering. The Division of Human Resources
Development is concerned with broadening the participation of people in
underrepresented groups in science, mathematics, and engineering. The
Division of Undergraduate Education is concerned with teacher preparation.
The Office of Systemic Reform manages three large-scale reform projects: the
Rural Systemic Initiatives, Statewide Systemic Initiatives, and Urban Systemic
Initiatives. The Rural Systemic Initiatives Program supports efforts to make
systemic improvements in science, mathematics, and technology education in
rural, economically disadvantaged regions. The Statewide Systemic Initiatives
Program supports comprehen
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sive, systemic, statewide efforts to change educational systems and improve
science, mathematics, and technology education. The Urban Systemic
Initiatives Program supports comprehensive, systemic reform efforts in science,
mathematics, and technology education in large urban school systems.

National Science Resources Center, Smithsonian Institution, MRC 502,
Arts and Industries Bldg., Rm. 1201, Washington, DC 20560; (202) 357-2555.

Organization sponsored jointly by the National Academy of Sciences and
the Smithsonian Institution to contribute to the improvement of science
education in the nation's schools. Conducts workshops at National Science
Teachers Association and other meetings and holds two annual Leadership
Institutes to train teams across the country on science education reform issues
and methods. Publications include Science and Technology for Children, a
series of 24 core curriculum units (grades 1-6) in the physical, life, and earth
sciences and design technology; Resources for Teaching Elementary School
Science and projected companion volumes for middle and high schools;
Science for All Children: A Guide to Improving Elementary Science Education
in Your School District; and a newsletter.

National Science Teachers Association, 1840 Wilson Blvd., Arlington,
VA 22201-3000; (703) 243-7100.

Organization committed to improving science education at all levels (pre-
K through college), with a membership of 52,000, including science teachers,
supervisors, administrators, scientists, and business and industry
representatives. Holds one national and three regional conferences per year;
certifies science teachers in eight teaching-level and discipline-area categories;
has a computer bulletin board, an employment registry, nearly 20 award
programs for teachers, and award programs for students; and gives educational
tours. Publications include Science and Children (a magazine), NSTA Reports!
(a newspaper), curriculum units, supplementary activities, and other
instructional materials and publications.
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National Staff Development Council, P.O. Box 240, Oxford, OH 45056;
(513) 523-6029.

Organization responsible for providing assistance and support to local
school district staff responsible for the administration, supervision, and
coordination of professional development programs. Promotes public policy
favorable to the development of comprehensive districtwide professional
development programs and provides information on new professional
development models, theories of adult learning, planning and funding of district-
based programs, and relevant research. Publications include The Developer (a
newsletter) and Journal of Staff Development.

Northwest EQUALS, FAMILY SCIENCE, Portland State University,
P.O. Box 1491, Portland, OR 97201-1491; (503) 725-3045.

Regional site for the EQUALS and FAMILY MATH programs produced
by EQUALS of Berkeley, California, and the developer and national
disseminator of FAMILY SCIENCE, a national outreach program designed to
teach science by having children (grades K-8) and parents learn and enjoy
science together; modeled after FAMILY MATH and EQUALS, FAMILY
SCIENCE addresses the underrepresentation of women and ethnic and racial
minorities in the sciences by demonstrating the role science plays in daily life,
schooling, and future work. Publications include FAMILY SCIENCE, a book
about implementing the program.

Office of Elementary and Secondary Education, Smithsonian
Institution, Arts and Industries Bldg., Rm. 1163, Washington DC 20560; (202)
357-2425.

The Smithsonian Institution's central office for precollege education,
drawing on the entire Smithsonian complex of museums, exhibitions,
collections, and staff expertise to create a range of materials and programs.
Programs include summer seminars for teachers and Smithsonian On-line on
the Internet. Publications include supplemental curriculum materials, "Mystery
at the Museum" (a video game), Art to Zoo (a journal), and a newsletter.
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School Science and Mathematics Association, Department of
Curriculum and Foundations, Bloomsburg University, 400 E. Second St.,
Bloomsburg, PA 17815-1301; (717) 389-4915.

Organization for science and mathematics teachers (elementary science
through college) emphasizing integration of science and mathematics.
Publications include curriculum wunits emphasizing science-mathematics
integration, Topics for Teachers (a monograph series), Classroom Activities (a
monograph series), School Science and Mathematics (a journal), and a
newsletter.

Sigma Xi, The Scientific Research Society, 99 Alexander Dr., P.O. Box
13975, Research Triangle Park, NC 22709; (800) 243-6534.

Interdisciplinary honor society of more than 90,000 research scientists and
engineers affiliated with some 500 local Sigma XI groups. Programs available
through local Sigma Xi groups include teacher-scientist partnerships, speakers
bureaus, classroom demonstrations, curriculum development with teachers,
sponsorship of science fairs, lab visits for students, and scientist mentors for
students. Publications from Society headquarters include Scientists and Science
Education (annual report on the activities of the local groups), brochures to
promote scientist-teacher partnerships and scientist involvement in reform
efforts, and names and addresses of the officers of local Sigma Xi groups.
Publications and other materials from local groups include curriculum
guidelines and units, audiovisual and computer-based materials, and lab
equipment and supplies for loan or as a gift.

Society for Advancement of Chicanos and Native Americans in
Science, Applied Sciences, Trailer #5, University of California at Santa Cruz,
Santa Cruz, CA 95064; (408) 459-4272.

Society of 600 professionals in science and education striving to increase
the participation of Latinos and Native Americans in science. Programs include
teacher workshops at annual meeting. Publications include a newsletter, with a
section on K-12 programs.
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TERC, 2067 Massachusetts Ave., Cambridge, MA 02140; (617)
547-0430; e-mail: communications @terc.edu.

Nonprofit education research and development organization focused on
science and mathematics learning and teaching. Programs include The Hub, an
electronic source of materials and information. Publications and electronic
materials include National Geographic Kids Network, developed with the
National Geographic Society; LabNet, an electronic community of elementary
and secondary teachers that fosters science and mathematics teaching; Tabletop
Junior, software for visualization in data collection and analysis; Hands On!
(periodical on science, math, and technology education); and publications on
telecommunications.

Triangle Coalition for Science and Technology Education, 5112
Berwyn Rd., College Park, MD 20740-4129; (301) 220-0870.

Coalition with representation from more than 100 member organizations,
including business, industry, labor, scientific and engineering societies,
education associations, and government agencies. Works to link national
science education reform efforts with local schools and school districts.
Organization promotes collaborations and partnerships between teachers and
volunteer scientists through several hundred action groups and alliances.
Publications include Guide for Building an Alliance and Guide for Planning a
Volunteer Program, both of which address science, mathematics, and
technology education; numerous reports on reform efforts, state and federal
programs, and other issues in science education; and a newsletter.

U.S. Department of Education, Office of Educational Research and
Improvement, 555 New Jersey Ave., N.W., Washington, DC 20208; (202)
219-2050.

An office of the U.S. Department of Education that supports research and
disseminates information. This office sponsors 10 Eisenhower Regional
Mathematics and Science Education Consortia, which provide information,
technical assistance, and train
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ing to states, schools, and teachers to help improve mathematics and science
programs and adapt and use exemplary instructional materials, teaching
methods, curricula, and assessment tools. Located in Andover, Massachusetts;
Aurora, Colorado; Austin, Texas; Charleston, West Virginia; Honolulu, Hawaii;
Montpelier, Vermont; Oak Brook, Illinois; Philadelphia, Pennsylvania;
Portland, Oregon; and Tallahassee, Florida. Also sponsors the National
Assessment of Education Progress, which measures educational achievement of
students in grades 4, 8, and 12, and, for science, uses a hands-on task and
portfolio. Other programs include the National Diffusion Network, a system for
disseminating more than 70 programs, products, and processes in mathematics,
science, and technology education, 10 Regional Educational Laboratories that
do applied research and development in the areas of educational programs,
materials, and professional development.

U.S. Department of Education, Office of Elementary and Secondary
Education, 400 Maryland Ave., S.W., Washington, DC 20208; (202) 401-0113.

An office of the U.S. Department of Education supporting elementary and
secondary education through programs for compensatory education, school
improvement, and special student populations; the Eisenhower Mathematics
and Science Education State Formula Grants Program; and the Christa
McAuliffe Fellowship Program for outstanding teachers.

U.S. Department of Education, Office of Elementary and Secondary
Education, School Effectiveness Division, 600 Independence Ave., S.W.,
Portals 4500, Washington, DC 20202-6140; (202) 260-2666.

Division in the Office of Elementary and Secondary Education that
operates the Eisenhower Professional Development State Grants Program,
which supports teacher enhancement programs via state educational agencies.
Involved in both in-service and pre-service training.
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U.S. Department of the Interior, National Park Service, P.O. Box
37127, Suite 560, Washington, DC 20013-7127; (202) 523-5270.

The National Park Service's Parks as Classrooms Program arranges
workshops for teachers at more than 270 sites of the National Park Service to
encourage building curricula around National Park resources; many sites have
workshops focused at least in part on science.
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Appendix B

Exemplary Elementary Science
Curriculum Materials

The following curriculum materials meet the criteria outlined in Chapter 5.
Materials such as these can create a solid framework around which to build an
exemplary elementary science program.

Full Option Science System (FOSS). FOSS Program, Lawrence Hall of
Science, University of California, Berkeley, CA 94720. Phone: (510)
642-89411; fax: (510) 642-1055. Distributed by Encyclopedia Britannica
Educational Corporation, 310 South Michigan Ave., Chicago, IL 60604. Phone:
(800) 554-9862.

The FOSS program is designed to engage students in actively constructing
scientific concepts through multisensory, hands-on laboratory activities. The
K-6 curriculum comprises 27 modules: five kindergarten modules organized
under topics in the life and physical sciences; six modules for grades 1 and 2 in
the areas of life, physical, and earth sciences; and 16 modules for grades 3 to 6
in the life, physical, and earth sciences, as well as in scientific reasoning and
technology. Students in grades 1 and 2 explore three modules per year, while
students in grades 3 to 6 use four modules per year. A multimedia component is
available; it is marketed as the Britannica Science System. Development of the
FOSS program was funded by the National Science Foundation.
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Improving Urban Elementary Science (Insights). Education
Development Center, Inc., 55 Chapel St., Newton, MA 02160. Phone: (617)
969-7100 or (800) 225-4276; fax: (617) 965-6325. Distributed by Kendall Hunt
Publishing Company, 4050 Westmark Drive, P.O. Box 1840, Dubuque, IA
52004-1840. Phone: (800) 542-6657.

Insights is a curriculum program made up of 17 modules for grades K
through 6, each requiring six to eight weeks to complete. The modules help
develop students' understanding of science and encourage problem-solving
skills. Topics reflect a balance of life, physical, and earth sciences and can
integrate science with other areas of the curriculum, especially language arts
and mathematics. The activities in this program support cultural, racial, and
linguistic diversity. Funding was provided by the National Science Foundation.

Science and Technology for Children (STC). National Science
Resources Center, Arts and Industries Building, Room 1201, Smithsonian
Institution, Washington, DC 20560. Phone: (202) 357-2555; fax: (202)
786-2028. Distributed by Carolina Biological Supply Company, 2700 York Rd.,
Burlington, NC 27215. Phone: (800) 227-1150.

The STC program consists of a series of 24 inquiry-centered curriculum
modules for grades 1 through 6, with 4 units at each grade level. The modules
cover life, earth, and physical sciences and design technology. The
technological applications of science and the interactions among science,
technology, and society are addressed throughout the program. The modules are
designed to involve children in hands-on, inquiry-based investigations of
scientific phenomena. Development of scientific reasoning skills is emphasized.
Major support for the STC program has been provided by the National Science
Foundation, the John D. and Catherine T. MacArthur Foundation, the U.S.
Department of Defense, the Dow Chemical Company Foundation, and the U.S.
Department of Education. Other contributors include E. I. du Pont de Nemours
& Company, the Amoco Foundation, Inc., and the Hewlett-Packard Company.
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A

Active learning, 14-15
Administrative activities
strategic planning subcommittee, 51-53
support for inquiry-centered learning,
36-37, 124-127
support for professional development,
78-79
American Association for the Advance-
ment of Science, 196
American Chemical Society, 197
American Geological Institute, 197
American Indian Science and Engineering
Society, 197-198
American Institute of Physics, 198
American Meteorological Society, 198
American Physical Society, 198-199
Annenberg/CPB Math and Science
Project, 199
Assessment
in case studies, 140-141, 155, 174-175
coordination with curriculum planning,
51,67
as curricular component, evaluation of,
68
district-level issues, 101-102, 117
documentation, 113-116
embedded, 103-108, 175
at end of module or unit, 109-110
implementation of new strategies, 101,
117

informal, 110
of inquiry-centered science, 16-18
pre- and post-module, 102-103
prediction activities for, 108
rubrics for assessing the science pro-
gram, 118-120
sample programs, 101
science notebooks for, 110
of science program performance, 117
in strategic planning model, 36
strategic planning subcommittee activi-
ties, 51-52
Association for Supervision and Curricu-
lum Development (ASCD), 199
Association of Science Materials Centers,
98, 200
Association of Science-Technology Cen-
ters (ASTC), 200

B

Bayer Foundation, 129-130
Biological Sciences Curriculum Study, 200
Bristol-Myers Squibb, 129
Budget development and maintenance.
See Financial planning
Buffalo, New York, 87, 129, 131

C

Case studies, 135-190.
See also specific case studies
Children's love of learning, 7-8, 24
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Collaborative problem-solving

as benefit of inquiry-centered science, 16

as curricular component, evaluation of,
68-69
Colleges/universities
model collaborations, 136, 164-165,
177-178
support for elementary reform effort,
41-42, 127-128
Community
attitudes toward, in educational system,
122-123
collaboration for reform, case study of,
184-189
outreach, 126-132
stakeholders in reform effort, 39-42
strategic planning subcommittee, 51-54
support for inquiry-centered learning,
37,126
Computer technology, 144, 188-189
Conceptual understanding, 26, 66
Consortia
for materials support, 50, 97
model program, 136, 166
Constructivism, 26
Corporate support, 37, 128-130, 163
case studies, 155-156, 157, 158-162,
184-189
funding, 53
model programs, 135
nonfinancial, 50, 161-162, 187, 190
for professional development, 87
for reform effort, 41
routes to, 126, 128-130
Council for Elementary Science Interna-
tional, 201
Council of State Science Supervisors, 201
Critical thinking, 17
Cupertino Union School District, Califor-
nia, 135, 158-163
Curiosity, students'
as goal of science education, 18
intellectual development and, 23-24
as part of inquiry-centered learning, 23

Curriculum

acquisition practices, 63-64

checklist review, 72, 73-74

collaborative learning in, evaluation of,
68-69

coordination with assessment system,
51,67, 68

developmental appropriateness, 27-29,
65-66

evaluation criteria, 64, 73-75

interdisciplinary design, evaluation of, 68

materials requirements, 70-72

modular approach, 33-34

pilot testing, 45, 46, 47-48

presentation and format, 70-72

quality of writing, 70

safety issues, 71

science content, 69-70

science coordinator role, 40-41

selection process, case studies of, 140,
147-148, 159, 165-166, 180-181

sequential progression of, 66

strategic planning, 33-34, 192

strategic planning subcommittee, 45-46

support materials for teachers, 69-70, 71

See also Pedagogical appropriateness of
curriculum

Curriculum matrix, 47

D

Deductive reasoning, 29
Department of Education, US., 211-212
Department of Interior, U.S., 213
Developmental context
cognitive skills in primary grades, 28
curriculum design, 27-29
deductive reasoning skills, 29
evaluation of curriculum, 70-71
implications for education, 22, 27-29
theory-making ability, 24-25
Didactic instruction in inquiry-centered
teaching, 22-23
Discipline, 83
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Discovery learning, 22

District-level activities
assessment issues, 101-102, 117, 118-120
for building community support, 37
materials supply management, 90-96
model programs initiated by, 135
professional development, 34-36, 78-81
strategic planning, 39, 40-41, 45-53
support for inquiry-centered learning,

123-126, 182, 183
Dow Chemical Company, 129, 155-156
DuPont, 129

E

East Baton Rouge Parish, Louisiana, 85,
135, 153-157
Economically disadvantaged students, 18
Education Development Center, 201
Educational Equity Concepts, 201-202
Eisenhower National Clearing house for
Mathematics and Science Education,
202
Electricity, classroom activity on, 12-14
Engagement in science activity, 14-15
ERIC Clearinghouse for Science, Mathe-
matics, and Environmental Educa-
tion, 202
Experience
learning based on, 10-11
physical contact with natural world,
10-11
use of, in educational approaches, 22-23
Exploratorium, 130-131, 178

F

Financial planning
community collaboration for reform,
185-186, 189, 190
kit rentals, 186
managing multiple funding sources,
156-157
materials support, 95-96, 187-188
in strategic planning process, 51, 53, 54
FOSS. See Full Option Science System
Franklin Institute, 87
Full Option Science System (FOSS), 101,
108, 109, 113,214

Funding sources
community collaboration, 185-186
strategic planning, 53

G

Geological Society of America, 203
Goals of science education, 17-19

Goals statement, 44

Green Bay, Wisconsin, 97, 136, 184-189

H

Hewlett-Packard Company, 129, 135,
158-159, 161-162

Higher order thinking, assessment of, 17

Highline, Washington, 34-35

High-Scope Educational Foundation, 203

Hinsdale, Illinois, School District, 55-56

Huntsville, Alabama, 86, 97, 136, 164-170

I

Improving Urban Elementary Science
(Insights), 215
Individual differences in learning, 16, 28,
71
Inquiry-centered science
benefits of, 14-17, 30
classroom management issues, 83
development of process skills in, 17-19,
21-22
didactic instruction in, 22-23
evaluation of curricula for, 64-72
historical development, 34-35
learning activities in, 8
sample activity, 12-14
vs. passive learning, 8-10
In-service education. See Professional
development
Insights (assessment system), 101, 103,
106-107, 109, 113, 116
Institute for Chemical Education, 203
Interdisciplinary learning
as benefit of inquiry-centered science, 16
as curricular component, evaluation of,
68
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Lawrence Hall of Science, 203-204
Leadership
in obtaining support for inquiry-
centered science, 124-126
of reform effort, 42-43, 60, 191
training, 136
Lead teachers, 85-86, 139-140, 141-142,
148-149, 155, 157
leader master teachers, 167-169, 177-179
Learning cycle, 26-27, 30
classroom implementation, 26-27
consideration of, in curriculum evalua-
tion, 67
process, 26
Learning styles
consideration of, in curriculum design, 71
flexibility of inquiry-centered science, 16
Lessons, 33-34
Louisiana Energy and Environmental
Resources and Information Center
(LEERIC), 156

M

Materials support system, 36

advantages of district centralization,
90-91

alternatives to district centralization,
96-98

case studies, 143-144, 145, 149-151,
152, 166, 181-182, 187-188

classroom-based, 97-98

competitive bidding, 143

consideration of, in curriculum design, 71

consortium-based, 50, 97

delivery operations, 94

donated materials, 187

inventory, 93

management, 93

multiple use of kits, 95

packaging operations, 94

physical space, 92-93

professional association, 98

refurbishing of kits, 95-96

role of, 89-91

safe operations, 95
scheduling, 94
site-based, 97
special handling procedures, 95
staffing, 93
strategic planning, 36, 91-92, 98
strategic planning subcommittee activi-
ties, 50
Memorization, 8-9
Mentor teachers, 85-86
case study, 154-157
Merck & Co., Inc., 129
Modules, 33
pilot testing, 45, 46, 47-48
Montgomery County, Maryland, 85, 87,
92-93, 135, 138-145
Museums, collaborations with, 130-131,
178

N

National Association for Research in Sci-
ence Teaching (NARST), 204

National Association for the Education of
Young Children, 204

National Association of Biology Teach-
ers, 204

National Association of Elementary
School Principals, 204-205

National Center for Improving Science
Education, 205

National Center for Research on Teacher
Learning, 205

National Network for Science and Tech-
nology, 205-206

National PTA—National Congress of Par-
ents and Teachers, 206

National Research Council (NRC),
206-207

National Science Education Leadership
Association, 207

National Science Education Standards, 43,
46, 117

National Science Education Standards,
15, 33,69, 77, 84, 192

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/4964.html

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the
original typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be

retained, and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

220

National Science Foundation, 139, 148,
169, 207-208

National Science Resources Center, 46,
64, 139, 165, 191, 208

National Science Teachers Association,
208

National Staff Development Council, 209

Natural world, children's experience with,
10-11

Needs assessment, 43-44

Northwest EQUALS, FAMILY SCI-
ENCE, 209

Notebooks, 110

o

Office of Elementary and Secondary Edu-
cation, 209

P

Parents
in educational reform, 40
generating support for inquiry-centered
science among, 126-127
Pasadena Unified School District Science
Program, 86-87, 127, 136, 171-176
Passive learning, 8-9
limitations of, 9-10
Pedagogical appropriateness of curriculum
addressing the goals of elementary sci-
ence education, 64-67
focus of inquiry-centered activities, 67-70
Piaget, Jean, 10, 21, 22, 27-28
Pilot testing of curriculum, 45, 46
allocating time for, 47-48
Portfolios, 110
Presentation and format of curriculum, 64,
70-72
Principals, 40.
See also Administrative activities
Problem-solving skills
benefits of inquiry-centered science,
17-19, 21-22
collaborative, 16, 68-69
curriculum materials for development
of, 65

Process skills, 17-19
curriculum materials for development
of, 65
Professional development
administrative support for, 78-81
allocating time for, 48-49, 78-79, 86
assessment of current practice, 47-49
case studies, 141-142, 145, 148-149,
152, 154-155, 160-161, 167-169,
178-179
competent stage of inquiry-centered
teaching, 83-84
corporate participation, 87
environment for, 76-77, 79-80, 88
by experiencing curriculum, 77-78
expert stage of inquiry-centered teach-
ing, 84-85
funding for, 53
goals of, 76, 77, 85
good program qualities, 77-81
introductory program, 82-83
lead teacher model for, 85-86
levels of, 82, 88
scientist participation in, 86-87,
127-128, 172-173
stages of teacher involvement, 80, 88, 124
strategic planning, 34-36, 80-81
strategic planning subcommittee, 47-49
teacher participation in design of, 82, 163
through collegial interaction, 79-80, 81
time of implementation, 81-82
Project 2061, 18-19, 196

R

Record-keeping, assessment data, 113

Safety issues
curriculum design, 71
materials supply system, 95
San Francisco, California, 136, 177-182
School Science and Mathematics Associa-
tion, 210
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Science and Technology for Children
(STC), 101, 103, 108, 110, 113, 159,
186, 215
Science content of curriculum, 64, 159
evaluation of, 69-70
Scientist collaborators, 86-87, 127-128,
176
case studies, 142-143, 161-162,
171-176, 179-180
in implementing inquiry-centered pro-
gram, 126
in reform effort, 41-42
Sigma Xi, The Scientific Research Soci-
ety, 210
Society for Advancement of Chicanos and
Native Americans in Science, 210
Sociocultural factors
children's contact with natural world,
10-11
curriculum evaluation, 70, 71
Spokane, Washington, 87,93, 135, 146-152
STC. See Science and Technology for
Children
Strategic planning
administrative support, 36-37
administrative support subcommittee,
51-53
assessment subcommittee, 51
assessment system, 36
case studies, 55-56, 139-142, 147-148,
152, 159, 165-166
commitment of stakeholders, 42
community support, 36-37
community support subcommittee, 51-53
comprehensive approach, 37, 38
curriculum development, 33-34, 192
curriculum subcommittee, 45-46
financial planning, 51-53
flexibility in, 53, 169-170
goal statement, 44
leadership team for, 42-43, 60, 124-125
materials support subcommittee, 50
materials support system, 36, 91-96, 98

needs assessment, 43-44
pilot testing, 45, 46, 57-58
procedure, 45
for professional development, 34-36,
78-82
professional development subcommit-
tee, 47-49
role of, 39, 191
science materials support, 36
stakeholder participants, 39-42
subcommittee activities, 45-53
time line, 45, 57-59
Student behavior, 83
Superintendents, 41

T

Teacher activities
administrative support for, 36-37
evaluation of curricula for, 67-68
in inquiry-centered learning, 32-33
lead teacher model, 85-86
management of classroom behavior, 83
professional development, 34-36
scientist collaborations, 86-87, 127-128,
142-143, 172-174, 176, 179-180
in strategic planning, 40
training for reform, case studies of,
139-140, 141, 144
See also Professional development
TERC, 211
Testing, traditional approaches to
limitations of, 100-101
vs. inquiry-centered assessment, 16-17
Textbooks, 8-9
Theory construction
cognitive development, 24-25, 30
learning cycle, 26-27
as part of learning process, 22
Triangle Coalition for Science and Tech-
nology Education, 211

A\
Volunteers, 188

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/4964.html

not from the

original typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be

retained, and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book

CREDITS

222

Credits

Page 3: Eric Long, Smithsonian Insti-
tution/courtesy of National Science Re-
sources Center, Washington, D.C.

Page 13: Illustrations by Max-Karl
Winkler

Page 15: Eric Long, Smithsonian
Institution/courtesy of National Science
Resources Center, Washington, D.C.

Page 18: Eric Long, Smithsonian
Institution/courtesy of National Science
Resources Center, Washington, D.C.

Page 27: Rick Vargas, Smithsonian
Institution/courtesy of National Science
Resources Center, Washington, D.C.

Page 44: Eric Long, Smithsonian
Institution/courtesy of National Science
Resources Center, Washington, D.C.

Page 47: Reproduced with permis-
sion from National Science Resources
Center, Washington, D.C.

Page 65: Matt Smith/courtesy of
National Science Resources Center, Wash-
ington, D.C.

Page 80: Rick Vargas, Smithsonian
Institution/courtesy of National Science
Resources Center, Washington, D.C.

Page 92: Matt Smith/courtesy of
National Science Resources Center, Wash-
ington, D.C.

Page 102: Rick Vargas, Smithsonian
Institution/courtesy of National Science
Resources Center, Washington, D.C.

Pages 104-105: Student work by
Brandon Weiss and Luke Bostian/
courtesy of National Science Resources
Center, Washington, D.C.

Page 106-107: Reproduced with
permission from Reading the Environ-
ment, in Insights: An Elementary Hands-
on Science Curriculum. Published by
Education Development Center, Inc., New-
ton, MA 02160.

Page 111: Student work by Faith
Washington, Daniel Hall, and Lunden
Letofsky/courtesy of National Science
Resources Center, Washington, D.C.

Page 112: Student work by Shaughn
Bischoff, Alex Jaeger, Jenny Minnard,
Margaret Pace, Emilee Schultz, and Julie
Wilke

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/4964.html

not from the

original typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be

retained, and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book

mproving Elementary Science Education in Your School District

CREDITS

223

Page 114: Reproduced with permis-
sion from Balancing and Weighing, in the
Science and Technology for Children pro-
gram, National Science Resources Center,
Washington, D.C.

Page 115: Reproduced with permis-
sion from Water, in the Full Option Sci-
ence System curriculum program. FOSS
was developed at the Lawrence Hall of
Science, University of California at Berke-
ley, and is distributed by Encyclopedia
Britannica  Educational ~ Corporation
(EBEC), 310 South Michigan Ave.,
Chicago, IL 60604.

Page 116: Reproduced with permis-
sion from Reading the Environment, in
Insights: An Elementary Hands-on Sci-
ence Curriculum. Published by Education
Development Center, Inc., Newton, MA
02160.

Page 125: Matt Smith/courtesy of
National Science Resources Center, Wash-
ington, D.C.

Page 128: Mark Davis/courtesy of
National Science Resources Center, Wash-
ington, D.C.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/4964.html

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the
original typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be

retained, and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

NATIONAL SCIENCE RESOURCES CENTER ADVISORY BOARD

224

National Science Resources Center
Advisory Board

CHAIR

Joseph A. Miller, Jr.

Chief Technology Officer and Senior
Vice President for Research and Develop-
ment, E. I. du Pont de Nemours & Compa-
ny, Wilmington, Del.

MEMBERS

Ann Bay

Director, Olffice of Elementary and
Secondary Education, Smithsonian Institu-
tion, Washington, D.C.

DeAnna Banks
Beane  Project Director, Youth
ALIVE, Association of Science-

Technology Centers, Washington, D.C.

Fred P. Corson

Vice President and Director, Re-
search and Development, The Dow Chem-
ical Company, Midland, Mich.

Goéry Delacote

Executive Director, The Exploratori-
um, San Francisco, Calif.

JoAnn E. Demaria

Elementary School Teacher, Hutchi-
son Elementary School, Herndon, Va.

Peter Dow

Education Director, Buffalo Museum
of Science, Buffalo, N.Y.

Hubert M. Dyasi

Director, The Workshop Center, City
College School of Education (The City
University of New York), New York, N.Y.

Bernard S. Finn

Curator, Division of Electricity and
Modern Physics, National Museum of
American History, Smithsonian Institu-
tion, Washington, D.C.

Robert M. Fitch

Senior Vice President (retired), Re-
search and Development, S. C. Johnson
Wax, Racine, Wis.

Jerry P. Gollub

Professor of Physics, Haverford Col-
lege, Haverford, Pa.

Ana M. Guzman

Vice President, Cypress Creek Cam-
pus, Austin Community College, Cedar
Park, Tex.

Anders Hedberg

Director, Center for Science Educa-
tion, Bristol-Myers Squibb Pharmaceuti-
cal Research Institute, Princeton, N.J.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/4964.html

not from the

original typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be

retained, and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book

NATIONAL SCIENCE RESOURCES CENTER ADVISORY BOARD

225

Richard Hinman

Senior Vice President (retired), Re-
search and Development, Pfizer Central
Research, Groton, Conn.

David Jenkins

Associate Director for Interpretive
Programs, National Zoological Park,
Smithsonian Institution, Washington, D.C.

Mildred E. Jones

Director, New York City Urban Sys-
temic Initiative, Brooklyn, N.Y.

John W. Layman

Director, Science Teaching Center,
and Professor, Departments of Education
and Physics, University of Maryland, Col-
lege Park, Md.

Leon Lederman

Chairman, Board of Trustees, Teach-
ers Academy for Mathematics and Sci-
ence, Chicago, Ill., and Director Emeri-
tus, Fermi National Accelerator
Laboratory, Batavia, Ill.

Sarah A. Lindsey

Science Coordinator, Midland Public
Schools, Midland, Mich.

Lynn Margulis

Distinguished University Professor,
Department of Botany, University of Mas-
sachusetts, Amherst, Mass.

Theodore Maxwell

Chairman, Center for Earth and
Planetary Studies, National Air and Space
Museum, Smithsonian Institution, Wash-

ington, D.C.
Mara Mayor
Director, The Smithsonian Asso-

ciates, Smithsonian Institution, Washing-
ton, D.C.

John A. Moore

Professor Emeritus, Department of
Biology, University of California, River-
side, Calif.

Carlo Parravano

Director, Merck Institute for Science
Education, Rahway, N.J.

Robert W. Ridky

Professor of Geology, University of
Maryland, College Park, Md.

Ruth O. Selig

Executive Assistant to the Provost,
Smithsonian Institution, Washington, D.C.

Macxine F. Singer

President, Carnegie Institution of
Washington, Washington, D.C.

Robert D. Sullivan

Assistant Director for Public Pro-
grams, National Museum of Natural
History, Smithsonian Institution, Washing-
ton, D.C.

Gerald F. Wheeler

Executive Director, National Science
Teachers Association, Arlington, Va.

Richard L. White

Executive Vice President and Presi-
dent of Fibers, Organics, and Rubber
Division, Bayer Corporation, Pittsburhg,
Pa.

Paul H. Williams

Director, Center for Biology Educa-
tion, and Professor, Department of Plant
Pathology, University of Wisconsin, Madi-
son, Wis.

Karen L. Worth

Faculty, Wheelock College, and Se-
nior Associate, Urban Elementary Science
Project, Education Development Center,
Newton, Mass.

EX OFFICIO MEMBERS

Rodger Bybee

Executive Director, Center for Sci-
ence, Mathematics, and Engineering
Education, National Research Council,
Washington, D.C.

E. William Colglazier

Executive Officer, National Academy
of Sciences, Washington, D.C.

J. Dennis O'Connor

Provost,  Smithsonian
Washington, D.C.

Barbara Schneider

Executive Assistant for Programs,
Office of the Provost, Smithsonian Institu-
tion, Washington, D.C.

Institution,

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/4964.html

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the original
typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be retained,

and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

226

National Science Resources Center

The National Science Resources Center (NSRC) is operated by the
Smithsonian Institution and the National Academy of Sciences to improve the
teaching of science in the nation's schools. The NSRC collects and disseminates
information about exemplary teaching resources, develops and disseminates
curriculum materials, and sponsors outreach activities, specifically in the areas of
leadership development and technical assistance, to help school districts develop
and sustain hands-on, inquiry-centered science programs. The NSRC is located in
the Arts and Industries Building of the Smithsonian Institution and in the Capital
Gallery Building in Washington, D.C.

National Academy of Sciences

The National Academy of Sciences is a private, nonprofit, self-perpetuating
society of distinguished scholars engaged in scientific and engineering research,
dedicated to the furtherance of science and technology and to their use for the
general welfare. Upon the authority of the charter granted to it by the Congress in
1863, the Academy has a mandate that requires it to advise the federal
government on scientific and technical matters. Dr. Bruce M. Alberts is president
of the National Academy of Sciences.

National Research Council

The National Research Council was organized by the National Academy of
Sciences in 1916 to associate the broad community of science and technology
with the Academy's purposes of furthering knowledge and advising the federal
government. Functioning in accordance with general policies determined by the
Academy, the Council has become the principal operating agency of both the
National Academy of Sciences and the National Academy of Engineering in
providing services to the government, the public, and the scientific and
engineering communities. The Council is administered jointly by both Academies
and the Institute of Medicine. Dr. Bruce M. Alberts and Dr. William A. Wulf are
chairman and interim vice chairman, respectively, of the National Research
Council.

Smithsonian Institution

The Smithsonian Institution was created by an act of Congress in 1846 in
accordance with the will of the Englishman James Smithson, who in 1826
bequeathed his property to the United States of America "to found at
Washington, under the name of the Smithsonian Institution, an establishment for
the increase and diffusion of knowledge among men." The Smithsonian has since
evolved into an institution devoted to public education, research, and national
service in the arts, sciences, and history. This independent federal establishment
is the world's largest museum complex and is responsible for public and scholarly
activities, exhibitions, and research projects nationwide and overseas.
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