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Preface

Learners may believe what they see, but they actually
understand what they do. This second edition of
Teaching Science for All Children extends our belief be-
yond the successful features of the original textbook.
Understanding is easy to describe in theoretical
terms but difficult to achieve with the limits and
daily pressures of the classroom. The popular con-
cept-turned-slogan of “hands-on learning” is often
supported by teachers but misunderstood or mis-
used. It is important that the children’s hands stimu-
late their senses but perhaps more important that
children’s minds be strongly connected to what their
hands do. Hands-on, minds-on learning can be effec-
tive, but only if both occur. This edition helps users
learn how to ensure that what children’s senses “see”
helps them create understanding from what they do.
This book expands our original constructivist ap-
proach to help you to help students make important
learning connections by stimulating and guiding
their thinking.

Our mission as science teachers is to find effective
ways to help learners construct their own under-
standing by connecting their many ideas into a fabric
of concepts, attitudes, and skills that carries meaning
for them personally and academically. Additional
goals of this mission are to fulfill the National Science
Education Standards (NSES). This edition has been
rewritten to apply those content standards in many
ways in order to stimulate an awareness in learners
of the history and nature of science, to develop skills
in using science inquiry processes, and to bring about
an understanding of the complex interrelationships
among science, technology, and society.

The philosophy that guides our book is one of pro-
moting the concept of whole science by making certain
that the ideas, skills, and attitudes of science all are in-
cluded in the experiences that teachers offer learners.

xii

Whole science is based on the constructivist belief that
knowledge exists only in the minds of learners and
that they must create those understandings from
their own experiences. This approach was developed
in the preservice teachers’ courses at our universities
several years ago, and the methods were refined and
expanded with recent funding from the National Sci-
ence Foundation during the Lead Teacher Project at
Ohio University. The project involved dozens of prac-
ticing elementary, middle school, and special educa-
tion teachers who taught science. The lead teachers
tested in their own classrooms and helped to im-
prove the ideas and activities that are included in this
book. As leaders in science education reform, they
shared these same ideas and methods with hundreds
of other teachers. All of the ideas, methods, and ac-
tivities have been tested extensively; they can and do
work if you are willing to accept as evidence signifi-
cant gains in pupil science achievement, skills, and
attitudes.

We have constructed our book to help you connect
the important parts of science, first by helping you to
understand the holistic nature of science teaching
and later by helping you to develop your own im-
pression about how learners construct their under-
standing. The science goals, planning techniques,
and teaching approaches provided in our book sup-
port this conception of constructivism. Dorothy
Gabel, editor of the Handbook of Research on Science
Teaching and Learning (Macmillan, 1994), recently
identified the most promising and effective research-
based teaching strategies and practices for science.
Our textbook has incorporated those strategies and
practices into its chapters and science lessons. For ex-
ample, in this edition you learn how to use wait-time
and the strategies of a learning cycle and cooperative
learning. Analogies are used within chapters to assist
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conceptual understanding, and the tool of concept
mapping is illustrated and used as a lesson design,
teaching, and assessment tool. Teaching for concep-
tual understanding is emphasized throughout, and
problem solving is a common technique emphasized in
the assessment tools for our science lessons. Science-
technology-society is included in each lesson, and the
technique of using discrepant events is featured as a spe-
cial teaching method. Real-life situations and uses are
emphasized where they logically fit within lessons.
Each chapter begins with a scenario, a story that
sets a visual context for the chapter’s message. The
scenarios, all factual, help to create a vicarious expe-
rience through a short story related to the chapter.
This experience should give you an advanced orga-
nizer (a mental framework) for understanding parts
of the chapter that may be new or difficult to you. We
hope these features will help you to construct your
own understanding of the material in our book.
Within each chapter we have added visual aids—
figures, tables, exhibits, and photographs—to rein-
force the ideas presented. Sometimes we include
relevant exercises that you might want to try. The fea-
ture What Research Says supplements the chapters
with a brief authoritative report taken from the recent
research. Another feature we have added is Teachers
on Science Teaching. These supplements are written by
teachers to give an applied view on each chapter’s
topics, with classroom uses described by some of our
country’s finest teachers. Of course, we close each
chapter with a customary summary. Discussion ques-
tions and ideas for class projects are included; many of
these are field based to complement any early field
experience or internship that instructors may prefer.
Additional readings contain annotations for further
study on the important topics of each chapter.
Experiment with how you use this book—we
have written each chapter to stand alone, though we
have organized this book in a linear way. In Part [ we
provide a foundation for science, learning, and liter-
acy in four chapters. Then, in Part II, Chapters 5
through 8, we focus on preparing elementary and
middle school lessons. In these chapters we explore
constructivist lesson planning and assessment, ways
to create and maintain a safe science classroom, the
characteristics of effective science materials and pro-
grams, and ways to use a variety of resources (in-
cluding technology) for science teaching. Safe science

xiii

is featured in Chapter 6, but also integrated through-
out our textbook, and included in each lesson.

Part III, Chapters 9 through 11, is devoted to a va-
riety of teaching methods and teacher skills. These
chapters include learning cycle and inquiry teaching
methods, effective questioning techniques, and effec-
tive uses of traditional strategies and materials such
as demonstrations and science textbooks.

Our book contains more than 60 complete science
lessons, found in Part IV, and organized among the
disciplines identified by the NSES: life, physical, and
earth and space. Each lesson is correlated with the
grade levels and concepts urged by the NSES frame-
work. Our lessons contain more than 150 different
activities that are constructed in a very powerful
way—a way to encourage the highest level of student
hands-on, minds-on activity, and a way to stimulate
high levels of concept formation. Our plans are con-
sistent with how children construct their own under-
standing and with constructivist teaching practices.
We use the 4-E learning cycle of Exploration, Explana-
tion, Expansion, and Evaluation. The Exploration phase
prepares students for science as an inquiry process,
while the Explanation phase stimulates learners to
construct conceptual understanding. This fundamen-
tal understanding is Expanded by addressing the
new dimensions of the NSES content standards, such
as the history and nature of science, the interrelation-
ships of science and technology, and science in per-
sonal and social perspectives. Evaluation embeds
assessment in the instruction throughout the cycle
and uses performance-based techniques such as pic-
torial assessment, reflective questioning, and hands-
on assessment. The lessons have been classroom
tested by our own undergraduate and graduate stu-
dents and by the lead teachers (practicing teachers)
previously mentioned.

All chapters and activities are supported by sev-
eral unique appendixes. These are written for preser-
vice and inservice teachers who wish to locate
effective science resources or entire science curricu-
lum projects, and/ or to become involved in networks
or alliances of science teachers through state or fed-
eral agencies.

Of course, at all times we encourage you to try our
book’s ideas your own way. If you do, you will be
learning about teaching science as we advocate for
the students you will teach: by constructing your own



understanding. So you see we hope you will believe
the ideas and information that you see in this book;
more important, we hope that you will try each idea
and learn to understand the complexity and rewards
of effective science teaching from what you do.
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