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Science teachers and researchers have shown that all students are capable of learning sci-
ence. The Art of Teaching Science is designed to help you achieve this vision and important
goal of science teaching. The vision of all students learning science is highly dependent
upon the beliefs we have about science, pedagogy, and students. Students learn when they
are provided the opportunity to experience the richness of science through active inquiry
and collaboration with peers and adults, as well as the tools to promote learning. The con-
text of learning in this vision is humanistic through creative and imaginative encounters
with teachers.

The Art of Teaching Science is rooted in the philosophy and structure of an earlier work,
Minds on Science. The Art of Teaching Science extends this earlier work by providing a
new organization of the context and focusing the preparation of science teachers on pro-
fessional artistry. In this view, the learning to teach process involves encounters with peers,
professional teachers, and science teacher educators. To help readers of this book achieve
this goal, a number of pedagogical leaming tools have been integrated into the text. These
tools involve inquiry and experimentation and reflection through writing and discussion, as
well as experiences with students, science curriculum, and pedagogy. Becoming a science
teacher is a creative process. In the view espoused here, you will be encouraged to “invent”
and “construct” ideas about science teaching through your interaction with your peers,
teachers, and your instructors.

The Art of Teaching Science is a science teaching handbook/methods textbook designed
for the professional development of middle and high school science teachers. The experi-
ential tools in the book allow for its use in pre- and in-service teacher education environ-
ments. Science education in the early part of the twenty-first century will be characterized
by profound changes in our understanding of the goals of science teaching, as well as the
establishment of a new cadre of educators. I have written The Art of Teaching Science to
provide meaningful learning experiences and connections with the most recent research and
understanding of science teaching for this new cadre of science teachers.

The Art of Teaching Science is organized into four parts:

« Part 1: The Art of Teaching Science (a reconnaissance and view of science for all)
e Part 2: The Goals and Curriculum of School Science

* Part 3: Connecting Theory and Practice in Science Teaching

o Part 4: Strategies of Science Teaching

Xv
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THE ART OF TEACHING SCIENCE

I invite you to explore the book experientially. In fact, I have included brief introductory
comments in each chapter under the heading How to Read This Chapter, which I hope will
help you decide how and what to read in the book.

Each chapter is divided into two sections: the first focuses on the content of the major
theme of the chapter; the second is a newspaper-like feature called the Science Teacher
Gazette, which contains a variety of strategies to help you extend your science teaching
learning experience.

Throughout the book you will find a variety of what I call “pedagogical learning tools”
that are based on the belief that we construct our intellectual knowledge of science teaching
and that learning to teach is accelerated by:

hands-on, experiential activity

minds-on, high-level cognitive engagement
socially arranged small-group learning
reflective thinking

I have developed eleven pedagogical learning tools for the book, and you can view them
in Table P.1. Perhaps one of the most important tools is the first, inquiry activities. 1 have
designed forty-two inquiry activities that will give you the opportunity to creatively explore
the dimensions of science teaching to help you construct and extend your professional
expertise. I have begun each chapter with a case study, a problem-solving dilemma based
on actual events about science teaching. You will also find reflective tools, including think
pieces and problems and extensions. These tools should help you think, write, and share
your developing ideas with others.

The Art of Teaching Science will bring you into contact with a worldwide community of
science educators. I had the privilege of interviewing science teachers from Australia,
Botswana, Canada, Chile, Ghana, Japan, Russia, and the United States. I have included
some of their views and insights in chapter sections called Science Teachers Talk, which
contain powerful insights and experiences for you to reflect upon and compare to your own
views of teaching. I hope this feature will help you understand the kind of people that are
your colleagues and what they think about science teaching.

Science teaching also has a very active and influential research community, and I want-
ed you to be able to connect with some of the research and learn how it affects the teaching
of science. Much of the research about science teaching takes place in collaboration with
practicing science teachers. Teams of researchers from universities and science education
development centers work with colleagues in the K-12 school environment to ask questions
about the nature of science teaching. I hope you find these “reports,” called Research Matters,
interesting and informative.

Finally, you will find discussions about science teaching written by educators from
Australia, Chile, China, Ghana, Japan, and Russia (Chapter 4). Science education is a
global community and the science educators from these countries have given us insight into
science teaching in their nation.

Welcome to The Art of Teaching Science. 1 hope you find it an enjoyable experience as
you begin or continue your professional development.
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Table P.1 -Pedagogical Learning Tools

Location in The Art of

Pedagogical Learning Tool  Purpose Teaching Science

Inquiry Activities Science teaching investigations that There are forty-two Inquiry
enable you to reflect on the important Activities located in the first
concepts of teaching science using section of each chapter of
hands-on and minds-on processes. The Art of Teaching Science.

Think Pieces Short essays (generally no more than The Science Teacher Gazette of

Case Studies

Science Teachers Talk

Research Matters

Science-Teaching Literature

Problems and Extensions

On the Web
Readings

Reflective Teaching

Microteaching

two pages) or posters (no larger than

one poster board) that reflect your views
on some topic or subject in science
education.

Brief case study scenarios that engage you
in reflective thinking, role playing, and
discussion of science teaching problems
pertinent to concepts of the chapter.

Craft-talk interviews with several
practicing science teachers.

Consumer-type reports of research from
the National Association for Research in
Science Teaching (NARST) on selected
topics on science teaching.

Brief essays and articles from journals of
science education.

Hands-on and minds-on problems
designed to engage individuals or
cooperative groups in solving problems
about science teaching.

A collection of Internet resources related
to the content of the chapter.

Resources from the science-teaching
literature pertinent to science teaching.
A laboratory encounter with teaching

in which lessons are presented to
develop a reflective approach to

science teaching.

A scaled down version of teaching in
which teachers present 5-10 minute
lessons that are video-taped. Teachers
practice models and strategies of
teaching.

each chapter contains three or
more Think Pieces.

Each chapter begins with one, and
you’ll find more in the the Science
Teacher Gazettes.

Located in most of the Science
Teacher Gazettes. The concept is
introduced in Chapter 1.

Located in most of the Science
Teacher Gazettes.

Located in the Science Teacher
Gazette of most chapters.

Five to seven problems and
extensions are located in each of
the Science Teacher Gazettes.

Located in the Science Teacher
Gazette of each chapter.
Located in the Science Teacher
Gazette of each chapter.
Inquiry Activity 6.1. Sample
reflective teaching lessons are
located in the Science Teacher
Gazette of Chapter 6.

Inquiry Activity 9.1.
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CHAPTER

A Reconnaissance

“The most important discovery made by scientists was
science itself,” said Jacob Bronowski, a mathematician,
philosopher of science, and teacher. What about science
teaching? Have science educators made a comparable
discovery about science teaching? Perhaps the dis-
covery approach to learning itself is one candidate.
Another candidate could be the discovery that students
don’t learn science through direct instruction, and
instead construct their own knowledge from formal and
informal experiences on their own. Maybe the dis-
covery is that science teaching is form of artistry. There
are many candidates for important “discoveries” that
have been made by science educators. If you are inter-
ested in finding out about the world of science teaching
and fascinating discoveries made by science teachers
and researchers about leaming, curriculum, and instruc-
tion, then this book is for you.

We’ll start our exploration of the art of science
teaching with a reconnaissance of the field. Just as a
scout goes out ahead and looks around to get a view of
the scene, so it is with this chapter. You’ll look ahead by
examining and comparing some of your ideas about
science teaching with those of other science teachers.
Before you know it, you’ll be teaching and participating
in science lessons prepared by you and taught to your
peers. Next, you’ll investigate some conceptions about
the nature and philosophy of science and relate this
information to approaches to science teaching such as
inquiry, cooperative learning, and constructivism. We’1l
then introduce you to some students via brief vignettes
designed to capture the intensity, personal dimensions,
and holistic character of the students you’ll teach.

Before you get too far into this chapter, I’d like to
involve you in a case study, a vignette about an aspect
of science teaching. Each chapter of the book will begin
with a case study designed to pique your curiosity and
involve you in some of the key ideas of the chapter

The Art of Teaching Science

through reflection and discussion. Let’s begin with the
case “Kids Are Just Like Scientists.”

The Case

Northside High School is a mathematics and sci-
ence magnet school (grades 9-12) in a large
metropolitan community. The science department
comprises fifteen teachers, three of whom are first-
year teachers. Each of the three first-year teachers
has been assigned to teach two sections of intro-
ductory physical science and three sections of
introductory biology. The veteran faculty in the sci-
ence department are very committed to an inquiry
approach to science teaching. Mrs. Thomas, the
science department head, at the opening science
department meeting reaffirms this by saying that
instruction should be based on the assumption that
“kids are just like scientists.” She points out that
students should be taught to think like scientists,
that the laboratory experiments should reinforce the
way scientists do their work, thereby developing in
students the same skills that scientists use. One of
the first-year teachers (Ms. Jameson), in a private
conversation with the other two first-year teachers,
disagrees with this philosophy. She claims that
some kids simply don’t think the way the scientific
community thinks and shouldn’t be penalized
because of it. She says that other approaches should
be considered in formulating the underlying philo-
sophy of instruction. One of her ideas is that science
instruction should be more application oriented;
that science instruction should show students how
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science relates to their own lives. She wants to dis-
cuss these ideas with Mrs. Thomas. One of the other
beginning teachers suggests that she bring it up at
the next department meeting in a week.

At the next meeting Mrs. Thomas reacts nega-
tively to Ms. Jameson’s ideas. She insists that the kids
she teaches are quite capable of scientific thinking,
and therefore she can’t understand why students in
Ms. Jameson’s classes wouldn’t be capable as well.

The Problem

If you were Ms. Jameson, what would you do in this
situation? How would you respond to Mrs. Thomas?
What could you do to help Mrs, Thomas understand
your view?

How to Read This Chapter

This chapter is a reconnaissance of the profession of
science teaching and also a place to begin the learning-
to-teach process. Some activities are designed to help
you explore some of your prior conceptions about
science teaching (e.g., Inquiry Activity 1.1); others are
designed to have you investigate the ideas that experi-
enced teachers hold about teaching and that students
hold about science. All activities are here to help build
on your prior knowledge and help in the construction of
your ideas about teaching. You might get the most out
of this chapter by skimming the main sections and then
coming back to deliberately move though the chapter.

SECTION 1: A RECONNAISSANCE

Invitations to Inquiry

¢ What are your current views about science teaching?
How do these compare with the views of profes-
sional science teachers?

e In what ways might science teaching be an art?
Do you think that there is artistry to teaching?

¢ What are some major conceptual ideas about
science teaching?

¢ Why do you want to be a science teacher?

* What do science teachers like most about teaching?

¢ What are some of the important characteristics of
science?

¢ Is inquiry teaching a valid method in the secondary
science classroom? What fosters inquiry? Are there
other valid approaches?

® Do scientists and students represent two cultures?
If so, how can these cultures be bridged?

¢ Who are the students we teach? What are they like?
* What characterizes an effective science teacher?

The Artistry of Teaching

Teaching is professional artistry. The Art of Teaching
Science has been designed to provide encounters in
various contexts focused on learning about teaching
through reflection and discussion. I've included a num-
ber of pedagogical tools that I hope will help you build
on and further develop your professional artistry. These
tools involve inquiry and experimentation, reflection
through writing and discussion, as well as experiences
with science curriculum and pedagogy. It is my hope
that these tools will assist you in making explicit, con-
fronting, and enhancing your personal theories about
teaching science.! You’ll find case studies, inquiry activi-
ties, interviews with professional teachers, readings
from the literature, think pieces, problems and exten-
sions, and experiences on the Web. Professional artistry
is contextualized and knowledge about science teaching
is just as tentative as scientific knowledge.

Professional artistry is inherently related to human
imagination and creativity and one’s willingness to
experiment and play. Bronowski uses these four con-
cepts to draw similarities between art and science.
According to Bronowski, “science uses images, and
experiments with imaginary situations, exactly as art
does.”? For the teacher, Bronowski offers this pedago-
gical suggestion:

Many people believe that reasoning, and therefore sci-
ence, is a different activity from imagining. But this is
a fallacy, and you must root it out of your mind. The
child that discovers, sometime before the age of ten,
that he can make images and move them around in
his head has entered a gateway to imagination and to
reason. Reasoning is constructed with movable images
Jjust as certainly as poetry is. You may have been told,
you may still have the feeling that E = mc? is not an
imaginative statement. If so, you are mistaken.’

Developing professional artistry suggests that
teachers need to develop their own knowledge claims
about teaching and learning rather than simply adopting
the knowledge claims of others. Inquiry activities are a
key aspect of The Art of Teaching Science. Embedded
throughout the text, these experiences are designed to
facilitate the construction of knowledge claims about
science teaching. You will find that pedagogical know-
ledge is tentative, and by developing an understanding
that teaching knowledge emerges as does knowledge in
art and science, you also will cultivate professional artistry.
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Teachers exhibit professional artistry in encounters
with their students. When you see them teaching, you
witness their imagination and creativity at play unfold-
ing in the classroom. And, if you return a few days
later, you see again the process at work, but this time
with a different context and activity. The courage to
be creative in a teacher’s encounters with students is
important in our understanding of professional artistry.
May notes that a creative act is an encounter.* Thus, a
teacher’s professional artistry is exhibited as a creative
act in the classroom. According to May, creative cour-
age is the most important kind of courage in that it
results in new patterns upon which a society or a pro-
fession is built. He says, “In our day, technology and
engineering, diplomacy, business, and certainly teach-
ing, all of these professions and scores of others are in
the midst of radical changes and require courageous
persons to appreciate and direct this change. The need
for creative courage is in direct proportion to the degree
of change the profession is undergoing.”™

There is one other dimension of professional artistry.
Tom Brown, one of the teachers interviewed for The
Art of Teaching Science, believes caring is one of the
most important aspects of teaching. He put it this way:
“This may sound too warm and fuzzy but I honestly
believe that my most important role as a teacher is to
care for my students as individuals. As we all know,
high schools can be very impersonal places and many
students have a difficult time finding a way to fit in com-
fortably. It is our job as educators to reach out to our
kids and be empathetic and encouraging.”®

Becoming a teacher is a creative and artistic process.
As you work with peers, your instructors, students, and
mentors, let these encounters be the way you learn how
to teach.

Unifying Themes of Science Teaching

What knowledge do you need to become a science
teacher and how should you acquire it? To help you in
this quest the content in the book has been organized
around a set of unifying themes of science teaching that,
taken as a whole, constitute a partial answer to the ques-
tion. Furthermore, there are a number of learning tools
spread throughout the book that are focused on helping
you develop knowledge not only by reading, but by
actively engaging in inquiry activities, case studies,
think pieces, and other learning devices.

What does a person need to know to be a science
teacher? Some science educators refer to unifying themes
as conceptual themes. A conceptual theme is a big idea,
a unifying notion, an organizational structure. However,
simply “learning about” these themes will not neces-
sarily result in learning how to teach. The artistry of
teaching involves experiencing these themes, reflecting
on your experiences, and moving forward into the realm
of experimenting and risk taking as you learn to teach.

The conceptual themes selected for this book are
well documented in the literature and they make sense
to the practicing science teacher. The themes are
clustered into three categories: the nature of science,
the nature of teaching, and nature of learning and the
learner (Figure 1.1).

Themes of
Science Teaching

! ¥ ¥ 1
The Art of Goals and Linking Practice Strategies of
Teaching Science Curriculum and Theory Teaching Science
: . ' Models of -
Teaching as Science for - || K-8 Science Lol Science ) i | Facilitating
an Art Al Goals and History Curriculum How Students Teachi Strategies Fostering Learning
of Science [+ Learn Science | €acning Thinking in the =
Teaching Science Class
Assessing Internet to
—={ Active Science Science, - Foster Science
9-12 Science J Designing Science J Learning Technology,  |_ | Learning
Curriculum Teaching Materials and Society in the
Science Classroom

Figure 1.1 Unifying Themes.
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INQUIRY ACTIVITY 1.1

Later in this book, you will discover that secondary students come to science class with existing ideas about
the science content that you will teach. Novices in a field of study, like students in your future science class-
es, possess initial conceptions of fields such as earth science or physics. Many of these ideas or initial con-
ceptions are actually misconceptions or naive ideas. Indeed, we might call them “alternative frameworks.”
Nevertheless, these initial ideas represent a good place to begin instruction, Thus, this activity is designed to
help you think about and explore your existing ideas or your frameworks about science teaching. It is not a
pre-test, but rather an opportunity to discuss your initial ideas about science teaching from a problem-oriented
vantage point.

Materials

Index cards
Intormation in Table 1.1

Table 1.1 Exploring Your Initial Conceptions of Science Teaching

Unifying Theme of

Science Teaching

Problem Situation

Assessing Your Initial Conception

Nature of Science

Inclusion: Science
for All

Goals

Curriculum

Learning

Models

Carl Sagan says, “'science is a way of thinking, much more
than it is a body of knowledge."”

A number of schools around the country with large
numbers of at-risk students have adopted an approach
called “integrative learning.” This holistic approach
appears 10 be successful with students who are
disinterested in school and normally end up dropping out.
According to a report on science teaching written by a
prestigious group, the main goal of science teaching is to
produce a scientifically literate society.

The title of a keynote address at a major conference

on science teaching is *“The Science Curriculum:

A Nonchanging Phenomenon!”

You overhear a science teacher explaining to her eighth-
grade earth science class that intelligence is incremental,
not fixed. She believes that this will encourage students to
try harder, especially when learning new and difficult ideas
and concepts.

A first-year teacher uses a nontraditional teaching model
during the first week of school. It is a small group activity
with hands-on materials. Students were asked to use meter
sticks to measure various heights and lengths. Students were
confused. How could they measure something bigger than
the meter stick? One pair of students carved symbols and
words in the meter stick and another group couldn’t decide

whether the smallest marks were centimeters or millimeters.

What is your view of science? Do your
agree or disagree with Sagan? What are
the implications of Sagan’s definition for
science teaching?

How would you teach the at-risk student,
the student who has had a continuous
record of failure in school, and clearly is
prone to drop out of school? Can all
students learn science?

Do you agree with this? Are there other
goals that are worthy and should be an
integral part of science teaching?

What is the science curriculum anyway?
Is it nonchanging, or has the curriculum
changed over the years? Should 1t?

What is your view of intelligence?
Do you think teaching students about
human intelligence might help them
learn science?

Are nontraditional models of teaching
prone to problems and the unexpected?
Should first-year teachers avoid them until
they get their feet wet?



Table 1.1 (cont'd)

Unifying Theme of
Science Teaching

Problem Situation

Assessing Your Initial Conception

Planning

Assessing

Strategies

Management and

At a conference between a student science teacher and her
college supervisor, the student expresses anger that the
students didn’t enjoy the lesson that she had spent three
hours planning. She just cannot believe they were rude
during a lesson she worked so hard to plan.

A teacher announces that he is going to let students work in
small teams on three quizzes each term. The students will
turn in one paper, and each will receive the group’s grade.
The most common strategy used in high school science
teaching is lecture and discussion. Many science teachers
claim that this is an inadequate strategy for most students,
and suggest other strategies.

A fellow student returns from observing high school

How important is planning for lessons?
Does this student teacher have
expectations that are too high? How
would you react in such a situation?

Do you think this is a good idea? Why?
Would you employ such an assessment
plan in your class?

What do you think? Isn’t lecture an
efficient way to teach science? Are there
other strategies that might reach more
students? What are they?

‘What can you infer about the teachers’ view

Facilitation science classes with two maps drawn of the classrooms of classroom management? How does their
visited. view of facilitating learning compare?

Science, A science teacher announces at a departmental meeting What do you think? Should topics like

Technology, that she is going to include the following topics in her these be part of the science curriculum?

Society (STS) survey biology class: ethics and animal rights, birth control ~ Why?
methods, abortion, and AIDS counseling. One teacher
objects, saying, “these are too controversial, we’ll have
half the parents in here.”

Technology At an urban high school, the mathematics and science ‘What do you think of this idea? Do you
departments have decided to offer online versions of their think that offering science courses online
courses. Students at the high school can choose either the would be a better alternative to courses
fact-to-face course or the online course. offered in a classroom?

Procedures

1. Read each of the situations given for the conceptual themes listed in Table 1.1.

2. Write the themes on individual index cards. Shuffle the cards and place them face down on a table
around which four to six students are sitting.

3. Select one person to start. The person selects an index card from the top of the pile to identify the
unifying theme. Read the problem situation associated with the theme aloud to your group. Use the ques-
tions listed in the third column to guide your exploration of the theme. To explore the theme, you can:

a. Give your initial point of view and share it with the group. You can ask other group members if they
agree or disagree.

b. Ask each group member to write a brief statement and then read them aloud to the group.

c. If the problem situation merits it, role play the situation with other members of your group. The
person drawing the card and selecting the method asks for volunteers and directs the role-playing
scene. The enactment should take no more than two or three minutes. Follow the role play with a
discussion session.

Minds-On Strategies

1. How do your initial ideas compare with other students in your class?

2. What is a framework? How do frameworks develop? How can they change?

3. In what ways do you think your initial ideas or frameworks about science teaching reflect the most
recent research and practice of science teaching?
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The conceptual themes should be recognizable to
you and, furthermore, you come to this course with
knowledge and ideas about these conceptual themes. I
suggest that the place to begin your study of science
teaching is to evaluate your present views about
teaching, learning, students, and the curriculum. In
short, what do you bring to this course in terms of
knowledge, attitudes, and appreciation about science
teaching?

Science Teaching: Your Career Choice

For a variety of reasons, you’ve chosen to be a second-
ary science teacher. In studies to find out why people
choose a career in science teaching, interest in the
subject-matter field is rated as the most important
factor.” Is this true for you? Other reasons for choos-
ing a career in science teaching include the following
factors:

¢ a belief that personal abilities are well suited to
teaching;

# desire for opportunities to work with young
people;

¢ faith that teaching contributes to the betterment
of society; and

¢ a longing to change carcers and become a
teacher.

You may also have made a choice between teaching
middle school/junior high and high school.® Perhaps
you are interested in working with early adolescent
students in either a middle school or a junior high
school. Maybe, you’ve decided that you want to work
with older students and have focused your preparation
on high school science teaching. In either case, being
a science teacher will require you to blend knowledge
of science, pedagogy, and how students learn. How
can this be done so that students learn and develop an
appreciation for science and you perceive science as a
rewarding career? What will it entail?

As you begin your study of science teaching, keep
in mind that these conceptual themes will be helpful
organizational ideas for you, but, nonetheless, you
should also acknowledge that having a theoretical base
for these notions would not ensure your success in the
classroom. Teaching requires an integration of practice
(meaning experiences with students, teachers, and
schools) and theory. I have purposely written “practice”
first because we will advocate in The Art of Teaching
Science an experiential approach to learning about

Figure 1.2 Science teaching is a challenging career
choice. Students learn science in environments that foster
active learning, problem solving, and discovery. Source:
Photodisc Collection/Getty Images.

teaching, and thus practical, experiential activities in
classrooms and schools will provide a base for theory
building. There is a good chance that the course you
are taking will also involve some practical work in
a middle school/junior high or a high school. These
opportunities during your teacher prep